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Preface

The present special issue of the journal Bulgarian Chemical Communications contains
selected papers from the presentations delivered at the 7" Bulgarian Peptide Symposium.

The 1% meeting of “Structure and function of peptides, proteins and enzymes* was
held in 1986 in Sofia and ten years later the Bulgarian Peptide Society was established during
the 1% Bulgarian Peptide Symposium in Rila mountain with founders Prof. Ch. Ivanov, Prof.
B. Aleksiev, Prof. D. Petkov, Prof. L. Vezenkov and Prof. L. Kasakov. Till now Bulgarian
Peptide Symposium is a regular scientific conference, taking place every two years.

The 7" Bulgarian Peptide Symposium was held from 10" to 12" June 2016 in the
Educational centre of South-West University — “Bachinovo”, near Blagoevgrad. The
Symposium was proceeded under the auspices of the European Peptide Society (EPS). More
than 70 active scientists from peptides/proteins chemistry, biologists, biochemists,
biophysicists, as well as medical doctors and pharmacists participated by 13 oral and 60
poster presentations. The scientific program was divided into sections on different topics:
amino acids and peptides synthesis, peptide mimetics, biologically active peptides, analytical
methods in peptide chemistry, structure and conformation analysis. The main objection of
such a selection was the consolidation of fundamental research with attempts to its application
at the understanding of the molecular mechanism of pathogenic processes, diagnosis of
diseases characteristic for modern civilization and introduction into practice of a new
generation of drugs that are based on the most biocompatible active substances, undoubtedly
peptides and proteins.

During the symposium there were invited lectures: Prof. Andreas Tzakos - University
of loannina, Greece, Prof. Dirk Tourwe - Free University Brussels, Belgium, Prof. Krzysztof
Rolka - University of Gdansk, Poland. It worths to underline the active participation of young
scientists at 7" Bulgarian Peptide Symposium, both with oral presentations, as well as with
posters. The Scientific Committee evaluated 40 posters presented by young participants. The
winners of the competition for the best posters were: Petya. Hadzhibozheva - Trakia
University, Department of Physiology, Stara Zagora and Dessislava Marinkova, University of
Chemical Technology and Metallurgy, Sofia.


http://bulpepsoc.info/?page_id=188
https://www.researchgate.net/institution/Trakia_University
https://www.researchgate.net/institution/Trakia_University
https://www.researchgate.net/institution/Trakia_University/department/Division_of_Physiology

7th BULGARIAN PEPTIDE SYMPOSIUM

10-12.06.2016, Blagoevgrad, BULGARIA

The financial support from the European Peptide Society, Bulgarian Peptide Society,
and several private companies as FOT OOD, Sigma-Aldrich, Corning, Chromservis OOD,
Bio Compounds, Waters, Globaltest, made it possible to invite several distinguished scientists
and to cover the participation of more than 10 young scientists and students.

April, 2017 Guest editors

Ivanka Stoineva
Reni Kalfin
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The amino acid sequence L-arginyl-glycyl-L-aspartic acid (RGD) is a part of many extracellular proteins. It is a
specific recognition site by integrins. Some synthetic RGD analogues bind specifically with integrin receptors on the
cell membrane, which are over-expressed on the surface of various malignant human tumour and angiogenic endothelial
cells. These peptides exert dual role by: inhibiting proliferation and migration of tumour cells and on the other hand by
inhibiting angiogenesis. In recent years, many RGD cytotoxic agents have been developed, that showed promising
results in vitro and in vivo. Herein we present the synthesis, analysis and biological evaluation of two new RGD
analogues, modified in position 1 with Arg mimetics (Agb or Agp). Our pilot studies on their cytotoxicity were
presented in comparison to parent RGD as standard.

Key words: RGD; biologically active peptides; cytotoxicity

INTRODUCTION due to the metabolic instability of this class of
compounds in the presence of proteases and
peptidases.

We gave our contribution in the field by
developing several RGD peptide analogues with
enhanced cytotoxic activity [4].

In the present report we describe the synthesis,
analysis and biological evaluation of novel RGD
mimetics, in which the arginine residue was
replaced with Agb and Agp (Fig. 1), two of its
structural analogues.

One of the major problems in cancer
chemotherapy is poor selectivity of anticancer
agents to cancer versus normal cells. Although
cancer cells share many common characteristics
with normal cells, certain receptors are over-
expressed on their surface. Among receptors over-
expressed on tumour cells, integrins are particularly
attractive ~ pharmacological  targets.  These
heterodimeric  transmembrane cell  adhesion
glycoproteins have a fundamental role in increasing

migration, invasion, proliferation and survival of 3) HN ﬁ
tumour cells. In addition, integrins have been linked *77 OH
to tumour angiogenesis, which is an essential
process for tumour growth and metastasis [1]. N NH,
The discovery of the minimal peptide sequence r]qH

RGD, which plays a prominent role in cell adhesion
via integrin interaction, has led to a large increase
in biomedical and biomaterials research on this k)

motif. Various RGD-containing peptides have been HN 'i
increasingly developed for adapting to versatile T ™
applications including tumour imaging and therapy, TN N,
drug delivery vector, targeted gene transfer, and N,
biomaterial or tissue engineering [2, 3].

Although RGD analogues have been approved L-Agp (2-armino-3-guarnidino-progionic acd)

for clinical use, their e}pplic_atio_n_is stiII_iqeffective Fig 1. Arginine mimetics: a) L-Agb (2-amino-4-
because of their low bioavailability. This is largely guanidino butyric acid); b) L-Agp (2-amino-3-
guanidine-pronionic acid)

* To whom all correspondence should be sent: . . . L . 7
E-mail: neli_bal@abv.bg © 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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EXPERIMENTAL
Peptide synthesis and analysis

Resins and Fmoc-amino acids used in peptide
synthesis were purchased from Merck (Darmstadt,
Germany) and Iris Biotech GMBH (Germany).
Solvents of dimethylformamide (DMF) and
dichloromethane (DCM) were purchased from
Merck (Darmstadt, Germany). Electrophoretic
experiments  were performed using a
BeckmanP/ACE (Beckman Coulter Inc., Pasadena,
CA, USA).

Synthesis of all peptides was performed by the
conventional and manual stepwise Fmoc solid-
phase synthesis on 2-chlorotrityl chloride resin with
substitution, 1.4 mmol/g. The coupling of each
amino acid was performed in the presence of 3 mol
excess of Fmoc-amino acid, 3 mol excess of N-
hydroxybenzotriazole (HOBt), 3 mol excess of
diisopropylcarbodiimide (DIC), and 5 mol excess
of diisopropylamine (DIPEA) in
dimethylformamide  (DMF).  Completion  of
coupling reactions were monitored by the Kaiser
test and the Fmoc groups were removed by adding
20% piperidine in DMF.

The peptides were cleaved from the resin and
the final deprotection was done in a cocktail
containing trifluoroacetic acid (TFA),
triisopropylsilane (TIPS), thioanisole, and water
(92.5: 2.5: 2.5: 2.5). The crude peptides were
precipitated into cold petroleum ether/diisopropyl
ether (50:50). Then, the precipitate was dissolved in
10% CH3;COOH and desalted by gel filtration on a
Sephadex G25. The chemical purity of peptides
was characterized by RP-HPLC and capillary
electrophoresis.

Cell cultures

The HepG2 cells (human liver hepatocellular
carcinoma cell line) were cultured in Dulbecco
Modified Eagle’s medium (DMEM) (Gibco,
Austria) supplemented with 10% fetal bovine
serum (Gibco, Austria), 100 U/ml penicillin
(Lonza, Belgium) and 0.1 mg/ml streptomycin
(Lonza, Belgium) under a humidified 5% CO.
atmosphere at 37°C. Plastic flasks supplied by
Greiner, Germany, were used to grow the cells.
Cells were trypsinized using Trypsin-EDTA
(FlowLab, Australia) when they reached
approximately 80% confluence. For experiments
the cells in exponential phase of growth after
treatment with Trypsin-EDTA were seeded into 96-
well plates (Greiner, Germany) in a concentration
1.5x10° cells/ml. 24 hours incubation post seeding

(under a humidified 5% CO, atmosphere at 37°C)
allowed the cells to attach to the wells.

Cytotoxicity assay — MTT test

The cultivated cells were treated with RGD and
RGD-analogues (AgbGD and AgpGD) for
cytotoxic effect in a wide concentration range (2 -
0.0039 mM). Untreated cells were used as controls.
Empty wells were blank controls. Cytotoxicity was
measured by colorimetric assay based on
tetrasolium salt MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) (Sigma Chemical
Co.).

The MTT assay is based on the protocol first
described by Mossman [5]. In this assay, living
cells reduce the yellow MTT to insoluble purple
formazan crystals. The peptides were dissolved in
dimethyl  sulfoxide = (DMSO). The final
concentration of DMSO in samples did not affect
the viability of the cells. The assay was performed
on HepG2 cell line.

The assay was performed 72 hours after
treatment with the amino acid analogues. For this
purpose, MTT solution was prepared at 5 mg/ml in
PBS and was filtered through a 0.2 pm filter. Then
1 ml of MTT solution was added to 15 ml DMEM
and 100 pl of this solution were added into each
well, including the cell free blank wells. Then the
plates were further incubated for 3 hours to allow
MTT to be metabolized. After lysis buffer (DMSO:
ethanol (1:1)) was added, optical density (OD) was
determined at a wavelength of 540 nm and a
reference wavelength of 620 nm by ELIZA plate
reader (TECAN, Sunrise TM, Grodig/Sazburg,
Austria).

Cell cytotoxicity determined by MTT assay was
expressed as per cent of dead cells:

% cytotoxicity = (1 — (OD sample — OD blank
control) / (OD control — OD blank control)) x 100.

RESULTS AND DISCUSSION

In our lab a series of arginine analogues have
been designed and synthesized and their cytotoxic
potential has been studied. Guanidinium group of
Arg is crucial for various bioactivities as the
regulation of structure and function of proteins.
There is evidence that if arginine is replaced with a
homologue comprising one or two methylene
groups less (Agb or Agp) (Fig. 1), there is an
improvement in stability of proteins to enzymatic
degradation [6].

As mentioned above we obtained two new RGD
mimetics that contain the sequence Xaa-GD (Fig.
2), where Xaa is structural analogue of Arg with
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shortened side chain: L-Agb (2-amino-4-guanidino
butyric acid) and L-Agp (2-amino-3-guanidine-
pronionic acid).

(o] " [s]
TSN
H '

[,/] . (o] ‘HH,Q

OH
HN .
l Haa: Arvginine and
H,N~ NH analogues, where:

n=1{Agp), n=2 (Agh),
n=23{Arg)

Fig. 2 Arginine and analogues.

A target peptide is assembled on a 2-chlorotrityl
chloride resin by standard Fmoc-SPPS. The N-
terminal amino group of the peptides was protected
with a Fmoc group, and the side guanidine groups
of arginine mimetics with Boc group. After final
deprotection from the resin the peptides were
purified with simple gel filtration on a Sephadex
G25. The obtained purity characterized by RP-
HPLC and capillary electrophoresis, was 87-94%

(Fig. 3).
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Fig 3. Electrophoregramme of AghGD, running
buffer: 20 mMMTris, 5mM H3PO4, 50 mM SDS, pH 7;
Effective capillary length: 290/400 mm

Next we investigated the cytotoxic activities of
RGD and its newly synthesized analogues on
HepG2 tumour cell line using MTT analysis. All
peptides were tested for cytotoxic effect in a wide
concentration range (2 mM - 0.0039 mM) (Fig 4).

The modification of Arg by shortening of its
side chain (in the case of Agb or Agp) didn’t show
significant increase of the cytotoxic effect of the
compounds in comparison to parent RGD molecule.

We also compared the cytotoxic activity of these
analogues with RGD-mimetics modified at the C-
terminus, previously synthesized and reported by us
[7]. It was shown that our new peptides have
weaker cytotoxic effect in comparison to the methyl
ester (RGD-OMe). The cytotoxic activity of some
of the synthesized peptides are demonstrated by

half maximal inhibitory concentrations (IC50
values), shown in Table 1.

Cytotoxiceffect of RGD-analogues onHepG2 cells,
72h aftertreatment
50 —+—RGD
—— Agh-GD
Agp-iaD

Cytotoxicit
b

) A Concentration [ph]

Fig. 4. Cytotoxic effect of novel RGD-analogues on
HepG2 cells after 72 h treatment in concentrations from
2 mM to 0.0039 mM.

Table 1. Comparative table of cytotoxic effect of the
RGD and its analogues (RGD-OMe, Agh-GD and Agp-
GD), in 3T3 and HepG2 cells after 72 h of treatment

[7]1.

Miean IC30 values (mM), after 72h

Celllines
Compounds
3T3 HepG2
RGD* >2mh >2mM
RGD-OME* 0.7380.0504 mM 0.5240.0766 mM
Agb-GD _ >2mM
AppGD 3 >2mM

In conclusion, the modification in the carboxylic
group of RGD peptide even with simple
esterification (RGD-OMe) leads to the highest
cytotoxic effect on HepG2 cells [7] in comparison
with parent RGD molecule and newly synthesized
Agb-GD and Agp-GD analogues.

Acknowledgements: The work was supported by
project No. 34 of the cooperation between ASCR
and BAS in the period 2014-2016.
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(Pestome)

AMUHOKHCENMHHATA TocienoBaTenHoct L-aprunwi-raunui-L-acnaprunoBa kucenuna (RGD) e yact oT MHOTO
MIPOTENHNU OT EKCTPALEIYIAPHUSI MATPUKC U € CTICHU(UIHO MACTO 3a pa3lo3HaBaHE OT MHTErpUHU. HsKkon CHHTETHYHH
RGD ananos3um ce cBbp3BaT CHENU(PHUIHO C HHTETPUHOBU PEUIENTOPH BBPXY KIEThYHATA MeMOpaHa, KOUTO ca
CBPBXEKCIIPECUPAHH TIPH PA3JIMYHHU 3JI0KAYECTBEHW YOBCIIKM TYMOPDHH M AHTMOTCHHU EHIOTENHH KICTKH. Te3n
MENTUIN YIPaKHIBAT JBOWHA POJI Upe3 MHXMOMpaHe Ha mponudepanusiTa U MATPAausITa Ha TYMOPHHU KJICTKH, H OT
Jpyra cTpaHa WHXHOMpaHe Ha aHrnoreHesata. [Ipe3 mocnenHuTe roanHu ca pazpadborenn MHoro RGD muroTtokcnaHn
areHTH, KOUTO TIOKa3BaT 00CIIaBaIy PE3YITaTH UH 6UMpo M UH 6160. B HACTOSIIHS JTOKIIa] HUE MIPEACTaBsIMEe CHHTES,
aHaM3 W IbpBOHAuYaJIHA OMOJIOTMYHA OlleHKa Ha 7Ba HOBM RGD ananora, mogudunupanu B 1-Ba mosunus ¢ Arg
mumetHid (Agb nmn Agp). TsixHaTa HMTOTOKCHYHOCT € CpaBHEHa ¢ Ta3u Ha u3xonHus RGD nenTun, M3mosi3BaH KaTo
CTaHJapT.
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Angiotensin I-converting enzyme plays a central role to the regulation of renin-angiotensin system (RAS). The
inhibitors of ACE are an attractive target for drug design due to its critical role in hypertension and cardiovascular
diseases. The creation of new more effective inhibitors of ACE with less undesirable side effects, requires the search for
new molecular and synthetic design of desired compounds. Another focus is development of functional foods as a
possible prophylaxis for hypertension.

The targeted short peptides -H-lle-Ala-Pro-OH, H-Leu-Ala-Pro-OH, H-Val-Ala-Pro-OH and H-Val-Ala-Trp-OH
were synthesized by Fmoc—SPPS strategy. The newly synthesized peptides were purified by HPLC and characterized by
UPLC and NMR analysis. For determination of ACE inhibitory activity was used modified method of Jimsheena and
Gowda, based on interaction between ACE and the specific synthetic substrate hippuryl-histidyl-leucine (HHL).
Chemically synthesized tripeptides exhibit inhibitory activity comparable to that of a commercially used in medicine
lisinopril

Keywords: cardiovascular diseases (CVD), renin-angiotensin system (RAS), angiotensin-I converting enzyme (ACE),

inhibitors of ACE

INTRODUCTION

Angiotensin | converting enzyme (ACE) is a
zinc and chloride  dependent  dipeptidyl
carboxypeptidase. Its main function is the
activation of the renin- angiotensin system (RAS)
[1,2] by catalyzing the cleavage of two amino acids
from carboxyl terminus of angiotensin | to form the
active octapeptide angiotensin Il, which is an
extremely powerful vasoconstrictor. Many synthetic
drugs as Captopril, Benazepril, Lisinopril,
Enalapril, ect. are widely used in the clinical
practice. All of them have the same mechanism of
action. In recent years studies have been mainly
focused on the identification of effective peptides,
able to inhibit ACE activity with the aim to control
hypertension and prevent cardiovascular diseases.
Most of peptides inhibitors of ACE are relatively
short sequences containing from 2 to 12 amino
acids. Among them di- and tripeptides are more
favorable as potential functional food additives
candidates due to their high antihypertensive
activity and low bitterness. Fernandez et al. [3]
emphasize the role of ACE inhibitor peptides as a
target for drug design resulting from the function of
ACE in cardiovascular and renal diseases.

The aim of this study is to synthesize a short
peptides, as a novel inhibitors of angiotensin-I

* To whom all correspondence should be sent:
E-mail: bkg_1982@abv.hg

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

converting enzyme (ACE), which were predicted to
possess better ACE inhibitory activity and lesser
side effects and as well as potential candidate as
additives in functional foods of hypertension.

EXPERIMENTAL
Synthesis of the peptides

The chemical synthesis of target short peptides
H-lle-Ala-Pro-OH, H-Leu-Ala-Pro-OH, H-Val-Ala-
Pro-OH and H-Val-Ala-Trp-OH was realized by
Fmoc— strategy of solid phase peptide synthesis
(SPPS) or by microwave assisted SPPS, performed
on Syro Wave Peptide Synthesizer from
Biotage.The TBTU/DIPEA method was used for
coupling of each amino acid. For the synthesis of
the peptides with free C-terminal group 2-
chlortrityl chloride resin (CLTR) and Wang resin
were used by us successfully. On each step of the
synthesis was checked for free amino group with
acetaldehyde/chloranil test. The target peptides
were synthesized in similar procedure.

The synthesis begins with the coupling of the
first amino acid Fmoc-Ala-OH to the resin. To the
pre-activated resin are added 4 equiv. Fmoc-Ala -
OH (0,093 g, 0,30 mmol), 4 eq. coupling agent
TBTU (0,9563 g, 0,30 mmol), 8 eq. base DIPEA
(0,7621 g, 0,60 mmol), dissolved in 2 ml DMF. The
reaction mixture was allowed to mix for 1 hour and
30 minutes at a Vortex mixer.

11
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Completion of coupling reactions were
monitored by the Kaiser test and the Fmoc groups
were removed by adding 20% piperidine in DMF.
After completion of the reaction is carried
acetaldehyde / chloranil test and in the case of is
absence of a free -NH; group the reaction continue
with the next step. Deblocking was performed with
20% piperidine solution. The second amino acid -
Fmoc-Val-OH was added in the following way: to 2
ml DMF was added 4 equiv. Fmoc-Val -OH (0,105
g, 0,30 mmol), 4 eq. coupling agent TBTU (0,9563
g, 0,30 mmol) and 8 eq. base DIPEA (0,102 ml,
0,60 mmol). The mixture thus obtained was added
to the resin in the reaction vessel. The reaction
system was of a Vortex mixer for 1.5 h. After this
Fmoc protection is accomplished by blocking with
20% solution of piperidine. The final step of the
synthesis of the tripeptide is its removal from the
resin. The most commonly used reagent for
removal of the synthesized peptide from the resin is
trifluoro acetic acid (TFA). During the reaction are
formed highly reactive carbcations. This requires
the use of quenchers that prevent adverse reactions.
In our case we used water and triisopropyl silane
(TIS). A solution consists of 95% TFA: 2,5% H-0:
2,5% TIS, was added to the resin and reaction
mixture was mixed for 3 h under magnetic stirring
at room temperature. After completion of the
reaction the flask contents were filtered and washed
with TFA, evaporated under nitrogen and
precipitate by diethyl ether under ice. The organic
solvents were removed and the peptides were freeze
drying.

Purification and characterization of target
peptides

The obtained tripeptides were purified by HPLC
and characterized by UPLC-MS and NMR analysis.
!H NMR (600 MHz,DMSO-ds, 3 ppm):data for H-
Leu-Ala-Pro-OH: 4.63 (1H, a -H-Ala), 4.23 (1H,
a -H-Pro), 3.60, 3.41 (2H, 6 -CH2-Pro), 3.21 ( 1H,
a-Leu), 2.33, 1.94 (4H, CH2-Pro), 1,79 (1H y- CH-
Leu) ,1.45, 1.38 (2H, B- CH-Leu), 1.41 (3H, CH3-
Ala), 0,92 (6H, CHs-Leu); lle-Ala-Pro-OH: 4.76
(1H, o-H-Ala), 4.43 (1H, a-H-Pro), 4.03 (1H, o-H-
lle), 3.61, 3.74 (2H, 3-CH-Pro), 2.2 -1.84 (4H,
CH>-Pro), 1.96 (H, p-CH-Ile), 1.56 (3H, CHs-Ala),
0,96 (3H, CHzs-lle), 0.82 (3H, CHs-lle); H-Val-Ala
Pro-OH: 4.56 (1H, a-H-Ala), 4.13 (1H, o-H-Pro),
4.06 (1H, o-H-Val), 3.61, 3.54 (2H, 3-CH»-Pro), 2.2
-1.84 (4H, CH-Pro), 1.94 (H, p-CH-Val), 1.56 (3H,
CHs-Ala), 1.01 (3H, CHs-Val), 0.92 (3H, CHs-Val) ;
H- H-Val-Ala-Trp-OH: 7,49-6.93 (4H Ar Trp),
7.10 (1H Trp) (1H4.90 (1H, a-H-Trp), 4.34 (1H, a-
H-Ala), 3.76 (1H, a-H-Val), 3.31-3,01 (2H, B-CH»-

12

Trp), 1.82 (H, p-CH-Val), 1.50 (3H, CHs-Ala), 0.92
(6H, CHz-Val).

The analyses of the peptides were performed by
UPLC connected with MS detector. The samples
were applied to a column: ACONITY HPLC BEH
C18, 1,7 mm, isocratic gradient elution with mobile
phase: CH3CN/0.1 % TFA:H,0/0.1 % TFA (30:70
v/v) and after that purified with High liquid
performance chromatography - HPLC Agilent
1200, column : RP Synergi 4 Fusion, mobile phase
ACCN:H-0 (30:70 v/iv).

Determination of ACE inhibitory activity of the
peptides

To determine ACE inhibitory activity was used
modified method of Jimsheena and Gowda [4]. The
analysis is based on interaction between ACE and
the specific synthetic peptide hippuryl-histidyl-
leucine (HHL) in borate buffer pH 8,3 at 37°C. The
released hippuric acid (HA) when complexed with
pyridine and benzene sulfonyl chloride (BSC)
forms a yellow color, which is measured at 410 nm.

For each assay, a sample solution of ACE
inhibitor (25ul) with 50 ml of 5 mM Hip-His-Leu
in 125 pl 0,05 M sodium borate buffer with pH 8,3
containing 300 mM NaCl was preincubated at 37°
C for 30 min. with 25ul ACE from rabbit lung, as
obtained mixture was stirred at Vortex mixer for 5
min. The reaction was stopped by adding 100 ul 1IN
HCI, followed by added of freshly distilled 400 ul
pyridine and 200 pl BSC at Vortex mixer for 1 min
and cooled with ice bath. The absorbance was
measured at 410 nm on Thermo Scientific
Evolution 300 UV-VIS.

The extent of inhibition was calculated as
follows:

ACE inhibitory activity (%) =[ 1 — (A/B)] x 100,

Where: A is the absorbance of the sample,
containing enzyme, substrate and inhibitor , B is the
absorbance of the sample, containing enzyme and
substrate.

All measurements were performed in triplicate.
A calibration curve was obtained by plotting the
absorbance at 410 nm versus different hippuric acid
(HA) concentrations. As reference was used
Lizinopril, which inhibit 100 % ACE .

RESULTS AND DISCUSSION

The inhibitors of ACE are among the most
prospective resources at therapy of hypertension,
heart attack, diabetic hypertension as different
cardiovascular diseases. Major efforts worldwide
are directed towards synthesis of effective peptides
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and peptidomimetics, as inhibitors of Angiotensin I-
converting enzyme for the pharmacy and like
supplements for functional foods. It is known that
all experiments on peptide inhibitors of ACE are
conducted with samples isolated from different
natural sources. Biologically active peptides, which
have been identified are contained in a number of
natural and processed food products -milk, eggs,
fish, soya, rice, spinach, different hydrolysates and
etc. [5,6,7,8,9,10,11], whose activity results in the
formation of versatile effects - immunomodulating,
antibacterial, opioid, antithrombotic,
antihypertensive (ACE inhibitors). The design of
peptides for therapeutic purposes requires detailed
information on conformational requirements and
maximum biological activity.

Based on the relationship between structure-
function of ACE inhibitors can be found some
general similarities between them [12]. They are
rich in hydrophobic amino acids on S’, subsite and
many of them contain proline, lysine or arginine as
C-terminal residues. The majority among ACE-
peptide inhibitors are di- or tri- peptides that are
resistant to endopeptidase of the digestive tract and
can be readily absorbed into the blood [13]. The
amounts of these peptides is insignificantly and
vary in milligram amounts. Of interest is to
investigate the inhibitory activity of the chemically
synthesized peptide inhibitors of ACE.

The chosen approach with Fmoc-strategy in
solid phase synthesis, proved particularly effective
and vyields of target peptides in this study were
within 65-77% of the pure substance. Strategy
using 2-Cl-trityl-chloride resin has proved
particularly effective in the synthesis of the proline
tripeptides. The reaction scheme of synthesis of the
H-Val-Ala-Pro-OH is shown on Fig.1.
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All synthesized peptides H-lle-Ala-Pro-OH, H-
Leu-Ala-Pro-OH, H-Val-Ala-Pro-OH and H-Val-
Ala-Trp-OH were identified and characterized by
'H NMR and UPLC. The UPLC chromatogram of
the purified H-Val-Ala-Pro-OH are shown on Fig.2.
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Fig.2. UPLC chromatogram of the purified peptide
H-Val-Ala-Pro-OH

The activity of ACE inhibitors can be
determined by various analytical methods. The
most popular tests for determination of ACE
inhibitory activity of peptides in vitro are based on
spectrophotometric, fluorimetric, colorimetric and
radiochemical methods and chromatographic
techniques. The measurement of 1Cso is a marker
for biological activity, but not for antihypertensive
action.

It is not established a clear relationship between
ACE inhibitors and antihypertensive activity. It is
possible the antihypertensive activity to exceed
expectations or in some cases there is no
antihypertensive activity. The most significant
reasons for this are the oral bioavailability of
studied peptides and mechanisms other than the
inhibition of ACE.
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Fig.1. Reaction scheme of the synthesis of H-Val-Ala-Pro-OH

To determine the ACE inhibitory activity we
used a modified colorimetric method of Jimsheena

and Gowda. The analysis of the ACE inhibitory
activity is based on the interaction of ACE with the

13



B. K. Yakimova et al.: Molecular design and chemical synthesis of peptide inhibitors of Angiotensin | converting enzyme (ACE)

specific synthetic substrate HHL (hippuryl-L-
histidyl-L-leucine) in phosphate buffer with pH 8.3
at 37 ° C, which leads to the release of hippuric
acid and dipeptide histidil- L-leucine (HL).

The released hippuric acid forms a complex with
pyridine and benzenesulfonyl chloride. On fig.3 is
shown a possible mechanism of the reaction of
hippuric acid with pyridine and benzenesulfonyl
chloride.

o
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Fig. 3. A possible mechanism of interaction between
hippuric acid and benzene sulfonyl chloride in the
presence of pyridine

The complex of pyridine and BSC with hippuric
acid gives yellow color and measured at 410nm.
The color intensity is correlated with the
concentration of hippuric acid. In the presence of
ACE inhibitor in the reaction mixture the release of
the product hippuric acid is inhibited, which can
affect the absorbance values.

The determined relative inhibitory activity of
synthesized peptides is shown on Fig.4.
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Fig. 4. Relative inhibitory potential of synthesized
peptides
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The figure shows that the VAP is with the
highest inhibitory activity, and the lowest activity
shows IAK.

The synthesized peptides, H-lle-Ala-Pro-OH, H-
Leu-Ala-Pro-OH, H-Val-Ala-Pro-OH and H-Val-
Ala-Trp-OH be juxtapose with the commercially
used Lisinopril. We hope they will be good
additives in functional foods of hypertension.

CONCLUSION

Important role of RAS in cardiovascular
system causes recently more and more
attention. ACE inhibitors have always been
used as the first line treatment of hypertension
and heart failure. The design and synthesis of
new synthetic structures as H-lle-Ala-Pro-OH,
H-Leu-Ala-Pro-OH, H-Val-Ala-Pro-OH and H-
Val-Ala-Trp-OH that are good inhibitors of
ACE is very promising for receiving a new
drugs for heart diseases and functional foods
for prevention of hypertension.
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MOJIEKYJIEH JU3AWH 1 CUHTE3 HA IENITUJIHU UHXUBUTOPU HA AHTUOTEH3MH |
[NPEBPBINAIINA EH3MM 3A JIEHEHUE U [TPEBEHIIA HA XUITEPTOHUA

b. SIxumoga, /1. IletkoBa H. CToiineBa

Hnemumym no Opeanuuna Xumust ¢ Llenmvp no @umoxumusi, bvreapcka Akademus na Haykume, yn. Axao.I” bonues,
61.9, 1113, Cogpus, Bvacapus

Ioctenuna Ha 30 centemspu, 2016 r.; Kopurupana ua 17 stuyapu , 2017 r.
(Pestome)

XUMepToHUsATa U CHPICYHO-CHIOBUTE 3a00JsBaHHMS Ca €IHM OT Hall-pHUCKOBUTE 3a00JABaHHMA M IIPEICTaBIIABAT
okoio 60% ot obmara craTucTUKa Ha 3abonsBaeMocT y Hac. C BBBEXKIAHETO Ha CHHTCTHYHHTE MHXUOUTOpH Ha
aHTHOTeH3MH mpeBpbiuamus eHsuM (ACE) B KIMHMYHATa NpakTHKAa HACTBIBA HOBa epa B JICUCHHETO Ha TE3U
3a0onsBanus. [lomydeHnTe upe3 TBbpAO (a3eH MENTHICH CHHTE3 HOBH KbCOBEPIKHY nenTHaHN HHXHOuTopu Ha ACE -
H-lle-Ala-Pro-OH, H-Leu-Ala-Pro-OH, H-Val-Ala-Pro-OH u H-Val-Ala-Trp-OH 6sixa npeuuncrenn upe3 HPLC wu
agamm3upanu upe3 UPLC-MS wu SIMP anamm3u. Te mposiBsBaT MHXUOWTOpPHA aKTUBHOCT CpaBHHMA C Ta3d Ha
TBhproBekusi npenapar Lizinopril, xoeto Bomu 10 monmydaBaHeTO Ha BakHa MH(GOpMALMs 3a PA3NIUYHH CHHTCTHYHH
CTPYKTYpU Kato noTteHimainu uHxuoutopu Ha ACE, koeto naBa Bb3MOXKHOCT 33 MOJICKYJIEH JIU3aiiH M CHUHTE3 Ha
JIEKapCTBEHH (OPMHU C SICHO M3pa3eH aHTHXHUIIEPTCH3WBEH e(EeKT NpPU MAlMEHTH CTPajalld OT ChPJAEYHO-ChIOBU
3a0071ABaHUSL.

15



Bulgarian Chemical Communications, Special Issue E, (pp. 16 — 22) 2017

Amino acids amides of anti-influenza drugs: synthesis and biological activities

B. Stoykova', M. Chochkova'”, L. Georgiev', G. Ivanova?, L. Mukova®, N. Nikolova®, L.
Nikolaeva-Glomb?, Ts. Milkova!, M. Sticha*

! Department of Chemistry, South-West University “Neofit Rilski”, 2700 Blagoevgrad, Bulgaria
2 Departamento de Quimica e Bioquimica, Faculdade de Ciéncias, Universidade do Porto,
4169-007 Porto, Portugal
3 The Stephan Angeloff Institute of Microbiology Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
4 Department of Organic Chemistry, Faculty of Science, Charles University, 12843 Prague 2,
Czech Republic

Received October 25, 2016; Revised January 30, 2017

Influenza A viruses are amongst the most severe human pathogens leading to high morbidity and mortality
worldwide. Due to the high mutation rate and the unpredictable potential for influenza pandemic outbreaks, the
development of novel anti-influenza drugs is an undeniably attractive area of research.

In the present study amino acid amides of rimantadine and oseltamivir were synthesized and their in vitro antiviral
activity against influenza A viruses (A/H3N2) was studied. Results revealed that amide modification of N,- and side
chain protected tyrosine, histidine, aspartic- and glutamic acids did not exhibit significant enhancement of the in vitro

effect against influenza A virus strain.

Keywords: amino acids amides, aminoadamantanes, influenza virus neuraminidase inhibitors

INTRODUCTION

Influenza viruses are RNA viruses responsible
for an acute infectious disease, commonly known
as a flu. Those pathogens belong to
Orthomyxoviridae family and they are classified
into three types (A, B and C) on the basis of
differences in their nucleoprotein antigens [1, 2].
Unlike the antigenic stability of influenza type C,
the genetic variation of hemagglutinin (HA) and
neuraminidase (NA) antigens in types A and B
leads to a frequent occurrence of viral mutations
through the mechanisms of antigenic drift and shift.
Thus, a rise to a rapid development of new virus
trains is given which could be a serious threat to the
human population [3, 4].

In recorded world history influenza infection has
generated some of the worst pandemics. The 1918-
1919, influenza pandemic (Spanish flu) swept
across the world in three waves and was
responsible directly or indirectly for over 20 million
deaths-more than doubling the total casualty of the
previous leader, the Black Death [5]. Since then, at
least 3 pandemics and numerous milder localized
influenza epidemics have been recorded.

At the present time, influenza continues to be a
serious threat to human health. Affecting the
population irrespective of age, it causes tremendous
economic losses and also poses a global concern
due to its unpredictable, pandemic potential and

* To whom all correspondence should be sent:
E-mail: mayabg2002@yahoo.com

pathogenesis.

Although vaccination is the mainstay of
influenza prophylactic treatment, this primary
prevention strategy is associated with significant
drawbacks. For instance, annual update is required
due to the widely varying virus prevalence between
years. Moreover, vaccines and circulating virus
strains must be closely matched, and there have
been well recognized vaccine failures [6].

Therefore, effective antiviral agents are of
utmost importance for influenza treatment [7].
Although two clinically relevant classes of anti-
influenza  compounds are available, the
effectiveness of the neuraminidase inhibitors
(oseltamivir, zanamivir) is preferable because of the
high level of resistance to the amantadine
(amantadine, rimantadine) observed worldwide [7,
8].

A promising approach for “resuscitation” the
antiviral properties of M2 ion channel blockers
would be the modification of the structure of the
antiviral compound by incorporating additional
active functional groups. The main goal is
disruption of the proton transport through the virus
membrane via interacting with the transmembrane
domain. A source of such active functional groups
could be amino acids and peptides, which can
finally play key role as inhibitors of enzymes
included in different diseases [9]. The use of amino
acid scaffolds as building blocks during drug
discovery [10] and the unusual role of amino acids

16 © 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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as reactants for important drug-like compounds
[11] (e.g., benzodiazepines) are potentially relevant
for a wide number of applications in the medicinal
chemistry. The conserved backbones and variable
side chains of amino acids along with their high
bioavailability, make them readily enter in
biochemical reactions.

Recently Shibnev V. A. et. al. reported for
several adamantane derivatives with amino acid
residues which inhibit resistant to rimantadine
influenza A virus strains [12]. Subsequently, in
order to investigate the antiviral activity of similar
compounds, we modified anti-influenza agents
(amantadine, rimantadine and oseltamivir) with
amino acid residues.

EXPERIMENTAL
General information

All chemicals were of analytical grade and were
purchased from Sigma-Aldrich. Ethyl (3R ,4R, 5S)-
4-acetamido-5-amino-3-(1-ethylpropoxy)-1-
cyclohexene-1-carboxylate  (oseltamivir)  was
obtained from Aopharm (China).

Melting points were determined using an
apparatus ,,Stuart SMP10“. UV spectra of the

amides were measured with an Agilent 8453 UV-
Vis spectrophotometer. Attenuated total reflectance
infrared spectroscopy (ATR-IR) measurements
were performed using Thermo Scientific Nicolet
iS10 FT-IR device with ID5 ATR accessory
(diamond crystal). *H NMR and *C NMR were
obtained with Bruker Avance I+ 600 and Bruker
Avance Il 400. The ESI mass spectra were
recorded on an Esquire3000 plus instrument. Thin-
layer chromatography (TLC) was conducted on
precoated Kieselgel 60F254 plates (Merck,
Germany). Separation of the compounds by
preparative thin layer chromatography with silica
gel 60 GF254 (Merck, Bulgaria).

Synthesis of anti-influenza drug derivatives
incorporating amino acid residues

The synthesis of the desired molecules is
outlined in Scheme 1. The couplings between
protected amino acid analogues and anti-influenza
drugs were performed  with EDC/HOBt in
tetrahydrofuran [13,14].

The physico-chemical parameters and the IR,
NMR MS spectral data of the compounds 1-8 are as
follows:

[ [0
N M
H
v Code Y
1)  Fmoc- H -Tyr(BuY)- Os
~ ~ o 2) Ac- H -Cys- Os
@ 3) Boc- H -His(Dnp)- Os
@7 4) Boc- CH;  -Tyr(Bzl)- Os
N ‘§_ 5)  Boc- CHs -Tyr(Bzl)- Am
-Tyr(Bzl)-  Rim

Glu(OCHs)- Rim
Asp(OBzl)- Rim

NH 6) Boc- CHs
0 ofv 7) Z-  H
© 8) Boc- H

Scheme 1. General scheme for obtaining amino acid derivatives of anti-influenza drugs

N-(9-Fluorenylmethoxycarbonyl)-O-tert-butyl-L-
tyrosyl-oseltamivir
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(Table 1, Entry 1 (Fmoc-Tyr(Bu")-0s)); Yield:
21 %; mp: 226-228°C; UV (CzHsOH) Amax = 205,
318 nm; IR (ATR)umax: 3283.1, 2969.2, 2929.6,
1717.4, 1645.8, 1537.4, 1506.5, 1237.9, 737.4; *H
NMR (600 MHz, CDCls): 0.86 (t, J= 7.5 Hz, 3H, -
CH.CH3), 0.88 (t, J= 7.2 Hz, 3H, -CH.CHj3), 1.23
(s, 9H, -C(CHzs)s), 1.32 (t, 3H, -OCH:CHj3), 1. 46
(m, 4H, 2 x -CHCHs), 2.02 (s, 3H, -C(O)CHa),
2.31 (m, 1H, =CH-CHy,-), 2.61 (dd, J=17.7, 5.0 Hz,
1H, =CH-CHa-), 2.74 (dd, J=14.4, 11.4 Hz, 1H,
Ar-CHaz:-), 3.10 (br. d, J=14.4 Hz, 1H, Ar-CHx-),
3.40 (m, 1H, >CHCH.CHs), 3.81 (ddd, J=10.6, 9.6,
8.7 Hz, 1H, CHsC(O)NHCH<), 3.92 (m, 1H, -
CH.CHNH-), 4.08 (t, J=8.7 Hz, 1H, -OCH<), 4.19
(9, =7.2 Hz, 2H, -CH,CHs), 4.46 (t, 1H, -CH-CH.-
0), 4.92 (ddd, J =7.4,5.8, 5.4 Hz, 1H, >N-CHCH>-
), 5.04 (d, 2H, -O-CH), 6.65 (s, 1H, =CH-), 6.72
(d, J=8.5 Hz, 2H, Ar-H), 7.06 (d, 2H, J = 8.5 Hz,
Ar-H), 7.66 (1H, -C(O)NH-), 7.54-7.82 (m, 8H, Ar-
H), 80 (1H, CHsC(O)NH-); ESI-MS:
754.3[M+H]", 776.4 [M+Na]".

N-Acetyl-L-cysteinyl-oseltamivir

(Table 1, Entry 2 (Ac-Cys-0s)): Yield: 10 %;
mp: 200-202°C; UV (C2HsOH) Amax = 206 nm; IR
(ATR)umax: 3265.4, 2933.0, 2935.3, 2859.7, 1716.8,
1652.0, 1537.9, 1369.6, 1242.5, 1054.1 cm™; H
NMR (600 MHz, CDCls): & 0.97 (t, J= 7.34 Hz,
3H, -CH,CHj3), 0.99 (t, J= 7.34 Hz, 3H, -CH.CHa),
1.39 (m, 3H, -OCH,CHg), 1.45 (s, 1H, -SH), 1.47
(m, 4H, 2 x -CH2CHs3), 1.89 (s, 3H, -C(O)CHs),
2.03 (s, 3H, -C(O)CHs), 2.28-2.56 (m, 2H, =CH-
CHas-), 2.93-3.19 (m, 2H, -CH,SH), 3.54 (m, 1H,
=CH-CHOCH(CH:CHs),), 3.85 (t, 1H, -
OCH(CH:CHa)z), 3.92 (m, 1H, -CHNHC(O)-), 4.06
(m, 1H, -NH-CHCH»-),4.21 (q, J=7.2 Hz, 2H, -
OCHCHs), 4.82-4.86 (m, 1H, Hay), 6.66 (d, J = 6.2
Hz, 1H, -C(O)NH), 6.77 (d, 1H, =CH-), 7.88 (d,
J=8.5 Hz, 1H, -C(O)NH-), 7.95 (d, J=9.2 Hz, 1H,-
C(O)NH-). ESI-MS: 458.2 [M+H]", 480.1
[M+Na]*.

N,-tert-Butoxycarbonyl-Ngm-(2,4-dinitrophenyl)-L-
histidyl-oseltamivir

(Table 1, Entry 3 (Boc-His(Dnp)-0s)): Yield: 14
%; mp:150-153°C; UV (C2Hs0H) Amax = 207, 265,
300 nm; IR (ATR)umax: 3366.7, 3189.3, 2935.3,
2859.7, 1704.7, 1678.3, 1623.8, 1515.5, 1338.4,
1156.6 cm™; *H NMR (600 MHz, CDCls):: § 0.87
(t, J= 7.5 Hz, 3H, -CH:CHjs), 0.89 (t, J= 7.2 Hz, 3H,
-CH,CHg), 1.31 (t, 3H, -OCH2CHa), 1.42 (s, 9H, -
C(CHs3)3), 1. 46 (m, 4H, 2 x -CH,CHj3), 2.05 (s, 3H,
-C(O)CHa), 2.33 (m, 1H, =CH-CHza-), 2.59 (dd,
J=17.8, 5.2 Hz, 1H, =CH-CH2-), 3.05-3.14 (m, 2H,
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~CHz-im), 3.36 (M, 1H, -CH(CHCHs).), 3.84 (ddd,
J=10.5, 9.6, 8.6 Hz, 1H, CHsC(O)NHCH<), 3.93
(m, 1H, -CH,CHNH-), 4.10 (t, J=8.6 Hz, 1H, -
OCH<), 4.22 (g, J=7.2 Hz, 2H, -OCH,CHs), 4.62-
4.78 (m, 1H, a-CH), 5.73 (d, 1H, J = 8.0 Hz, NH-
Boc), 6.69 (s, 1H, =CH-), 6.86 (s, 1H, Ar'™ -H),
7.63 (s, 1H, Ar™ -H), 7.68 (d, 1H, J = 8.8 Hz
APP-H)  7.89 (IH, -C(O)NH-), 8.05 (1H,
CH3C(O)NH-),8.57 (ddd, J = 8.8, 2.6, 1.6 Hz, 1H,
ArP™-H), 8.89 (1H, Ar°™ -H): ESI-MS: 716.3
[M+H]*, 738.2 [M+Na]".

O-Benzyl-N,-tert-butoxycarbonyl-
N.-methyl-L-tyrosyl-oseltamivir

(Table 1, Entry 4 ( Boc-N(CHa)-Tyr(Bzl)-Os)):
Yield: 46 %; mp ~ 90-94°C; UV (CoHsOH) Amax =
206, 225, 277 nm; IR (ATR)Umax: 3295, 2971, 2933,
2876, 1695, 1651, 1613, 1511 cm®; *H NMR (600
MHz, CDCls): 0.77 (t, J= 7.5 Hz, 3H, -CH,CHs),
0.82 (t, J= 7.2 Hz, 3H, -CH.CHzs), 1.20 (s, 9H, -
C(CHa)3), 1.22 (m, 3H, -OCH2CHa), 1. 41 (m, 4H,
2 X -CH,CHa), 1.77 (s, 3H, -C(O)CHa), 2.28 (m,
1H, =CCHa-), 2.56 (dd, J=17.7, 5.0 Hz, 1H,
=CCHap-), 2.63 (s, 3H, >NCHs), 2.74 (dd, J=14.4,
11.4 Hz, 1H, Ar-CHazs-), 3.05 (br. d, J=14.4 Hz, 1H,
Ar-CHg-), 3.40 (m, 1H, >CHCH,CH3), 3.81 (ddd,
J=10.6, 9.6, 8.7 Hz, 1H, CH3C(O)NHCHK<), 3.92
(m, 1H, -CH,CHNH-), 4.08 (t, J=8.7 Hz, 1H, -
OCHK), 4.14 (q, J=7.2 Hz, 2H, -CH,CH3), 4.7 (1H,
>N-CHCH;-), 5.04 (s, 2H, -O-CH.Ar), 6.65 (s, 1H,
=CH-), 6.90 (d, J=8.1 Hz, 2H, m-Ar), 7.11 (d, 2H,
0-Ar), 7.30 (2H, m-Ar), 7.30 (t, J=7.2 Hz, 1H, p-
Ph), 7.37 (t, J= 7.2 Hz, 2H, m-Ph), 7.41 (d, J=7.2
Hz, 2H, o-Ar), 7.66 (1H, -C(O)NH-), 7.92 (1H,
CH;C(O)NH-); BC NMR (150 MHz, DMSO-ds):
9.1 ( -CHxCHs3), 9.4 ( -CH.CHs), 14.1 (-O-
CH,CHa), 22.7 (-CHs), 25.3 (>CHCH,CHg), 25.8
(>CHCH2CHjs, isomer), 27.7 (3 x -CHgs), 27.9 (3 x -
CHg, isomer), 29.9 (>CHy), 30.9 (>NCH3), 334
(>CH>), 47.5 (-HN-CHK<), 47.9 (-HN-CH<, isomer),
53.0 (-C(O)HN-CH<), 59.0 (>NCHCH-), 60.5 (-
OCHCHa), 69.1 (-OCH2Ph), 74.7 (-OCH<), 78.9 (-
OCHK<), 81.3 (-OCH<, isomer), 114.6 (=CH-, Ar),
1275 (=CH-, o0-Ar), 127.7 (=CH-, p-Ar), 1284
(=CH-, m-Ar), 129.8 (=CH-, Ar), 137.2 (=CH-),
137.9 (=CH-, isomer), 129.3 (=Cq), 137.7
(=CHC(0)-), 154.6 (-O(O)C-NCHs3), 156.9 (OCq,
Ar), 165.5 (155.4 (-O(0)CC=), 169.8 (HNC=0),
170.0 (-NH-C(O)CHa); ESI-MS: 580.3 [M+H-
Boc+H]*, 624.2 [M+H-56]*, 680.4 [M+H]*, 702.4
[M+Na]*.
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0O-Benzyl- N-tert-butoxycarbonyl- N,-methyl-L-
tyrosyl-amantadine

(Table 1, Entry 5 (Boc-N(CHz3)-Tyr(Bzl)-Am)):
Yield: 52 %; mp ~ 110-114°C; UV (C2HsOH) Amax
= 206, 226, 277 nm; IR (ATR)uma: 3368, 2971,
2909, 2847, 1677, 1662, 1512, 1453, 1388, 1363
cm®; *H NMR (600 MHz, DMSO-dg): 1.28 (s, 9H,
-C(CHzg)s), 1.60 (6H, 3 x >CH), 1.90 (6H, 3 x
>CHy), 1.99 (3H, 3 x >CH-), 2.68 (3H, >NCHa),
2.75 (m, 1H, >CHCHaa-), 2.97 (dd, J=14.2, 5.2 Hz,
1H,>CCHa-), 4.62 (1H, >NCHCH>-), 5.04 (s, 2H, -
O-CH:Ar), 6.90 (2H, m-Ar), 7.13 (2H, 0-Ar), 7.31
(t, J=7.2 Hz, 1H, p-Ph), 7.37 (t, J= 7.2 Hz, 2H, m-
Ph), 7.41 (d, J=7.2 Hz, 2H, 0-Ar); C NMR (150
MHz, DMSO-dg): 27.9 (3 x -CHs), 28.8 (3 x >CH-),
30.3 (>NCHs), 36.0 (3 x >CH), 40.9 (-CH,CH<),
50.8 (-HN-Cq), 58.4 (>N-CHCH-), 60.1 (>N-
CHCHy-, isomer), 69.1 (-OCH.Ph), 78.7 (-
(O)C(CHs)3), 114.6 (>CH-, Ar), 127.6 (>CH-, o-
Ar), 127.7 (>CH-, p-Ar), 128.3 (>CH-, m-Ar),
129.8 (>CH-, Ar), 137.2 (=CH-), 137.9 (=CH-,
isomer), 129.3 (=Cq), 137.7 (=CHC(0)-), 154.9 (-
OOCN), 156.8 (OCq, Ar), 169.7 (-HNC=0); ESI-
MS: 419.2 [M+H-Boc+H]*, 463.1 [M+H-56]",
519.2 [M+H]*, 541.2 [M+Na]".

O-Benzyl- N,-tert-butoxycarbonyl- N,-methyl-
L-tyrosyl-rimantadine

(Table 1, Entry 6 (Boc-N(CHa3)-Tyr(Bzl)-Rim)):
Yield: 57 %; mp ~ 89-93°C; UV (C2HsOH) Amax =
205, 226, 277 nm; IR (ATR)umax: 3399, 3257, 2974,
2902, 2883, 1678, 1660, 1641, 1509, 1446, 1391,
1364 ¢cm™; 'H NMR (600 MHz, DMSO-dg): 0.86
(d, 3H, -NHCHCHa), 1.30 (s, 9H, -C(CHa)3), 1.42
(6H, 3 x >CH), 1.60 (6H, 3 x >CH), 1.89 (3H, 3 x
>CH-), 2.72 (3H, >NCHa), 2.82 (m, 1H, >CHCHaa),
3.00 (m, 1H,=CCHz), 351 (br. s, 1H, -
NHCHCHs), 4.80 (1H, >NCHCH,-), 5.04 (s, 2H, -
O-CH,Ar), 6.90 (2H, m-Ar), 7.16 (2H, o-Ar), 7.30
(t, J=7.0 Hz, 1H, p-Ph), 7.37 (t, J= 7.0 Hz, 2H, m-
Ph), 7.41 (d, J=7.0 Hz, 2H, o-Ar); 150 MHz *C
NMR (150 MHz, DMSO-dg): 14.0 (-CH3), 27.7 (3 x
-CHs), 28.0 (3 x >CH-), 30.2 (>NCHs), 34.2
(>CHy), 36.6 (3 x >CH>), 37.9 (3 x >CH>), 51.9 (-
HN-CH<), 58.4 (>N-CHCH>-), 59.0 (>N-CHCH_-,
isomer), 69.1 (-OCH,Ph), 78.7 (-OC(CHz)s), 114.6
(>CH-, Ar), 127.6 (>CH-, 0-Ar), 127.7 (>CH-, p-
Ar), 128.4 (>CH-, m-Ar), 129.6 (>CH-, Ar), 137.2
(=CH-), 137.9 (=CH-, isomer), 129.3 (=Cq), 137.7
(=CHC(O)-), 154.9 (-OOCN), 156.8 (OCqg, Ar),
169.5 (HNC=0); ESI-MS: 447.1 [M+H-Boc+H]*,
491.3 [M+H-56]*, 547.3 [M+H]*, 569.2 [M+Na]*.

7-Methyl ester of N.-(Carbobenzyloxy)-L-
glutamyl-rimantadine

(Table 1, Entry 7 (Z-Glu(OCHz3)-Rim)): Yield:
42 %; mp ~ 132-134°C; UV (C2Hs50H) Amax = 208
nm; IR (ATR)Umax: 3292, 2902, 1730, 1690, 1647,
1514, 1454 cm; 'H NMR (600 MHz, DMSO-ds):
0.89 (3H, >CHCHgs), 1.3-1.7 (12H, 6 x -CH.-;
rimantadyl-), 1.78 (1H, >CHCHz,-), 1.89 (4H, 3 X
>CH-, rimantadyl-, + 1H >CHCHa-), 2.34 (m, 2H,
-C(O)CHy-), 3.48 (m, 1H, -HNCHCH>-), 3.58 (s,
3H, -OCHg), 4.04 (m, 1H, -NHCHCHs), 5.02 (2H, -
O-CHy-), 7.2-7.5 (5H (Ar) + 2H >NH); *C NMR
(150 MHz, DMSO0-d6): 14.1 (1C, >CHCHg), 27.7
(-CH.CH.C(0)-), 27.7 (3C, >CH-; rimantadyl-),
30.0 (-CH,CH,C(0)-), 35.4 (Cq), 36-39 (6C, -CH>-;
rimantadyl-), 51.3 (1C, -OCHs), 52.0 (-HN-
CHCHs), 54.0 (-C(O)HN-CH<), 65.4 (-OCH,-),
127.0-128,5 (5 x =CH-), 155.8 (-CH,OC(O)-),
170.4 (-HNCHC(O)NH-), 172.7 (-C(O)OCHs).
ESI-MS: 457.1 [M+H]*, 479.1 [M+Na]*.

[-Benzyl ester of N-tert-butoxycarbonyl-L-
aspartyl-rimantadine

(Table 1, Entry 8 (Boc-Asp(OBzl)-Rim)): Yield:
54 %; mp ~ 71-74°C; UV (CoHs50H) Amax =207, nm;
IR (ATR)umax: 3331, 2979, 2919, 1729, 1695, 1655,
1514, 1393, 1367 cm?; *H NMR (600 MHz,
DMSO-ds): 0.89 (d, 3H, >CHCHs), 1.39 (s, 9H, -
C(CHa)3), 1.42-1.63 (12H, 6 x -CH,-; rimantadyl-),
1.89 (3H, 3 x >CH-; rimantadyl-, 2.89 (m, 2H,
>CHCH,C(0)0-), 3.46 ( m, 1H, -HNCHCHy-),
4.32 (m, 1H, -NHCHCHj3), 5.12 (s, 2H, -O-CH,-),
7.06-7.37 (5H (Ar) +2H >NH); C NMR (150
MHz, DMSO-dg): & 14.0 (1C, >CHCHs), 27.7 (3 x
-CHs), (-CH2C(0)-), 28.1 (3C, >CH-; rimantadyl-),
36.4-36.6 (6C, -CH,-; rimantadyl-), 37.7 (-CH-),
51.1 (-HN-CH(CHs)-), 52.2 (-HN-CH<), 65.5 (-
OCHg>-), 78.4 (-OC(CHs3)3), 127.7-127.9 (5 x =CH-
), 128.3 (=Cq), 136.1 (=CHC(O)-), 155.3—(C-
OC(0)-NH-), 169.8 (-HNCHC(O)NH-), 170.1 (-
C(O)OCHy-); ESI-MS: 385.1 [M+H-Boc+H]",
429.0 [M+H-C(CHs)s+H]*, 485.1 [M+H]*, 507.3
[M+Na]*.

Antiviral activity assay

Cells and viruses. MDCK cells for the
propagation of influenza virus A originated from
the collection of the Stephan Angeloff Institute of
Microbiology, Bulgarian Academy of Sciences,
Sofia, Bulgaria, and were grown in a growth
medium containing Dulbecco modified
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Table 1. Effect of the amino acids linked to rimantadine, amantadine and oseltamivir against the influenza virus
A/Aichi/2/68 (H3N2)

MTC CCso® 1Cso SI
Entry Compound
(uM) (uM) (CCso/ICs0)
1 Fmoc-Tyr(But)-Os 100 306.47+20.92 -
2 Ac-Cys-Os 100 307.14+11.94 -
3 Boc-His(Dnp)-Os 56 140.99+20.24 -
4 Boc-N(CHs)-Tyr(Bzl)-Os >1000 -
5 Boc-N(CHs)-Tyr(Bzl)-Am 0.3 1.00+0.57 -
6 Boc-N(CHs)-Tyr(Bzl)-Rim 100 -
7 Z-Glu(OCHjs)-Rim 3200 -
8 Boc-Asp(OBzl)-Rim 32 10.12+1.60 -
Rimantadine 100 175 0.2 875
Amantadine 100 330 1.6 206

CCso: 50% cytotoxic concentration; MTC: maximal tolerance concentration; Sl: selective index;
2Data are shown as mean £ SD of four independent determinations

Eagles” medium (DMEM) (Gibko BRL, USA),
supplemented with 10 % fetal bovine serum, 10
mM HEPES buffer (Merck, Germany) and

antibiotics  (penicillin 100 1U mL* and
streptomycin 100 ug mL™?). The cells were cultured
as confluent monolayers in a humidified

atmosphere containing 5 % CO; at 37 °C.

Influenza virus A/Aichi/2/68 (H3N2) from the
collection of the Stephan Angeloff Institute of
Microbiology, Bulgarian Academy of Sciences,
was grown in MDCK cells in a maintenance
medium of Dulbecco modified Eagles’ medium
(DMEM) (Gibko BRL, USA), containing 0.5 %
fetal bovine serum, 10 mM HEPES buffer and
antibiotics, as well as 3 mg mL? trypsin (Gibco
BRL).

Cytopathic effect (CPE) inhibition test.
Monolayer MDCK cells in 96-well microplates
(Costar, USA) were inoculated, following the
removal of the growth medium, with 0.1 mL virus
suspension containing 100 CCIDsy (cell culture
infectious dose 50 %). After 1 h at 37 °C for virus
adsorption, the innoculum was washed out and
replaced by 0.1 mL of non-cytotoxic 0.5 logio
dilutions in the maintenance medium of the newly
synthesized compounds. Each dilution was applied
in quadruplicate. Cells that were not inoculated
with virus were left for cell controls (with only
maintenance medium) and toxicity controls (with
respective dilution of the compound in the
maintenance medium). Cells inoculated with virus
but not treated with a compound were left for virus
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controls. Then cells were incubated for 48 h in a
humidified atmosphere with 5 % CO, at 37 °C or
until the virus specific cytopathic effect had
destroyed 100 % of the cells in the virus control
wells. Then cells were stained according to the
neutral red uptake procedure and the percentage of
CPE inhibition, if present, was calculated using the

following formula [15]:

% CPE = (ODtest sample — ODvirus control)/(ODtoxicity
contro—ODyvirus control)— 100.

RESULTS AND DISCUSSION
Chemistry

Despite the extensive efforts have been invested
in designing of potential influenza antivirals, the
continuing risk of a future pandemic flu remains
very real.

Emerging from the restoration of the antiviral
activity of amino acid analogues with anti-influenza
drugs [12], herein we modify the anti-viral drugs
amantadine, rimantadine and oseltamivir with
amino acid moiety. The synthetic route for amino
acid analogues is outlined in Schemes 1. As shown,
the synthesized amides were obtained in low to
good vyields by the classical EDC/HOBt method of
peptide chemistry [13, 14]. The desired compounds
(1-8) were purified by preparative thin layer
chromatography and their structures were assessed
by means of melting points, UV, IR, 'H-NMR, $3C-
NMR and ESI-MS.
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ESI-MS spectra in positive mode of ionization
clearly reveal that the monitored base peaks are
consistent to anticipated adducts [M+H]*, [M+Na]*
for all target compounds. The formation of amide
bond is confirmed in *H-NMR spectra by presence
of a signal for amide proton at 6 ~ 6.5-7.5 ppm.
Whereas *C-NMR spectra show a signal at about &
~175 ppm for carbonyl carbon of amide bond.
Additional information is collected from IR spectra
bands. The observed absorbance at ~1640-1680 cm’
! corresponds to N-C=0 group.

Biological activity

According literature data the protection of o-
amino- and side chain polar functional groups of
amino acids produced the very active anti-influenza
compounds [12]. These promising results enforced
us to study antiviral activity of protected amino
acid analogues with amantadine, rimantadine and
oseltamivir.

Preliminary  antiviral  activities of the
synthesized compounds (1-8) against influenza A
(H3N2) were evaluated in vitro through their ability
to prevent cytopathic effects (CPE) in influenza A
virus (H3N2) infected Madin-Darby canine kidney
(MDCK) cells. The data of the tested amides (Table
1) were compared to the positive controls-
amantadine (Am) and rimantadine (Rim).

The newly synthesized compounds did not
reveal an enhanced antiviral activity as compared to
the generic antivirals.
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2 lenapmamenm no xumus u 6uoxumus, Yuuespcumem ¢ Ilopmo, 4169-007 Hopmo, Hopmyaanus.
SUncmumym no muxpobuonozus ,, Cmegan Anzenos “, Bvreapcka axademus na naykume, Cogpus, Bvieapus
4 enapmamenm no opzanuuna xumus, Kapnos ynusepcumem, 12843 Ipaza 2, Yexus

Tloctenmna Ha 25 okromBpu 2016 r.; Kopurupana na 30 sayapu, 2017 r.
(Pesrome)

I'punauTe BHpycH THI A ca cpel Hal-BUPYJICHTHHUTE PECIMPATOPHU IAaTOTEHM, BOJCIIM A0 3HAYUTETHA
3a00JIeBaEMOCT M CMBPTHOCT. Bricokara 4ecToTa Ha aHTUT€HHH BapUallMy HA TPUITHUS BUPYC € PUYMHA 32 Bb3HUKBAaHE
Ha NMMaHACMUYHU BSpI/IBOBe. ETO 3410 Chb31aBaAaHCTO HAa HOBU HpOTI/IBOI‘pI/IHHI/I Cpe}ICTBa € NU3KJIHYUTCIHO anaKTI/IBHa
H3CIe0BaTENICKa 00IaCT.

B HacTosI1eTO U3CNeBaHe ¢ pa3riieaH CHHTE3a U € U3CJICBaHa MPOTUBOTPUITHATA AKTUBHOCT HA aMUHOKHUCEIMHHU
aMUIM Ha PUMaHTaJWH U OCeaTaMUBHp. V3MHUTBaHETO 3a aHTHBUPYCCH e(eKT ¢ mpoBeAeHo iN Vitro cmpsiMo rpuiicH
Bupyc T A (A/H3N2). Pesynrarute OT CKpHHUHra IOKa3BaT, Y€ aMUAHOTO CBHP3BAHE HA AMUHOKHCEIWHHUTE
aHano3u (THPO3UH, XUCTUANH, aCIIAParMHOBA M [NIyTAMHUHOBA KHCEJIWHH) C OCEITAMUBUD M PUMAHTAJUH HE BOIAT 10
MOBHUINIABaHE MPOTHBOBUPYCHATA AKTHBHOCT CHPSMO M3MUTBAHUSI [IIaM.
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Delta-opioid receptor (DOR) takes part in the control of chronic pain and emotional responses. Therefore it is an
interesting object for QSAR modelling and molecular docking studies with delta-opioid selective enkephalin analogues.

The purpose of this study is to find the structure-activity relationship of a series of delta-opioid selective enkephalin
analogues, basing on the quantitative parameters of in vitro bioassay (efficacy, affinity and potency) and the results of the
molecular docking with three models of DOR: (1) a theoretical model of DOR (PDBe:1ozc); (2) a model of DOR with
crystal structure (PDBid:4¢j4); (3) a model of DOR obtained by homology modelling (named Model B). The relationship
of the quantitative parameters of in vitro bioassay with the results from the molecular docking was modelled with first to
third degree polynomials and surface fitted method.

We suggest that the polynomial surface fitting of the third order has the best fit, assessed by least squares method for
model of DOR obtained by homology modelling. Hence, the third order of polynomial could be used for determining the
relationship structure-biological activity between the three models of DOR and a series of delta-opioid selective

enkephalin analogues.

Key words: QSAR, Docking, Ligand-receptor interaction, GOLD, Delta opioid receptor.

INTRODUCTION

Computer modelling and quantitative structure-
activity relationship (QSAR) approaches have
played a major role in the search and prediction of
new biologically active substances based on the
properties of compounds with known biological
activities.

This research paper discusses QSAR modelling
and approaches of computer and mathematical
modelling to establish relationships between
molecular structure of  investigated compounds
and their biological effects.

By computer modelling of the ligand-receptor
interactions it was analyzed relationships between
virtual data analogues of endogenous opioid
peptides and experimental data for the same activity
in experiments on isolated tissues.

The discovery of novel potent and selective
ligands to the delta-opioid receptor (DOR) is related
with a large amount of investigations with
enkephalin analogues. The enkephalins are
endogenous  opioid  peptides  (enkephalins,
endorphins or dynorphins) [1-4] and they are
typically assigned to mu-, kappa-, and delta- opioid
receptors.

In the last years computer-aided drug design has
extensive impact in the field of the drug design and

* To whom all correspondence should be sent:
E-mail: sapundzhi@swu.bg

the natural sciences [5]. The design of selective and
effective ligands for DOR is related with most
researchers with different enkephalin analogues.
These analogues were synthesized and biologically
tested in previous studies [6,7]. According to the in
vitro results and the mathematical model of a partial
agonism [8], it could be calculated with the explicit
formulas the potency (concentration, which produce
50% of the maximal response of the tissue — /Cjsp),
the affinity (reciprocal of the dissociation constant,
K,) of the respective analogues and relative efficacy
(erg]).

There are two broad categories of computational
techniques in virtual screening: 1) a ligand-based
screening uses pharmacophore maps and QSAR,
which requires knowledge of some ligands that
exhibit the desired bioactivity; 2) a structure-based
virtual screening uses molecular docking of ligands
into a protein structure by applying the scoring
function to estimate the probability that the
compound will bind to the biological target (in our
case models of DOR) [9,10].

We would like to find a relationship between the
values of quantitative parameters of in vitro tests
(erer, K4, ICsp) and the results of the molecular
docking (the minimum energy conformation for
each ligand-receptor complex, the scoring functions
to calculate binding affinities of protein-ligand
complexes based on experimental structure and data

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 23
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from in vitro bioassay, etc.) in order to predict
biological activity of chemical compounds.

To achieve the goal the following tasks should be
solved: 1) performance of molecular docking
calculations of the models of DOR and o-selective
enkephalin analogues, and calculation of the total
energies of formed ligand-receptor complex after
molecular docking experiments and (2) finding a
function z = f{x,y) from some class polynomials, that
fits given n distinct data points {(x; y; z;/"=1 in R>
by the least square method.

MATERIALS AND METHODS

Objects

Receptor-DOR
Three models of DOR were used:
(1) a theoretical model of DOR (PDBe:lozc),
published in Protein Data Base (www.rcsb.org) [11];

(2) a model of DOR with crystal structure
(PDBid:4ej4) [12];

(3) a model of DOR obtained by homology
modelling (named Model B) [13];

Ligands

Eleven ligands, investigated for their potency,

selectivity and efficacy to DOR with in vitro
bioassay in previous study [6,7,8] were selected for
docking studies with the models of DOR.
The primary structures of the used ligands are
presented in Table 1 (including selective ligand
DPDPE ([D-Pen2,5]-enkephalin, selective d-opioid
receptor agonist [14] and endogenous enkephalins
([LeuS]- and [Met5]-enkephalin) and their
analogues.

Table 1. Ligands used in this study.

Primary structure

Mouse vas deferens

Ligand 1Cso (nM) Ka (nM) Crel

Tyr-D-Pen-Gly-Phe-D-Pen DPDPE 6.18+1.17 180+£35 30.2+10.0
Tyr-Gly-Gly-Phe-Leu [Leu’]-enk 11.4542.06 54.9+13.1  5.8+1.0
Tyr-Gly-Gly-Phe-Met [Met*]-enk 18.91+£2.15 48.4+7.5 3.6+£0.3
Tyr-Cys(Bzl)-Gly-Phe-Leu [Cys(Bzl)?, Leu’]-enk 8.30+1.40 68.5£29.7  9.3+£3.2
Tyr-Cys(Bzl)-Gly-Phe-Met [Cys(Bzl)?, Met*]-enk 9.53+1.20 23.84£3.0 3.5+0.3
Tyr-Cys(O2NH2)-Gly-Phe-Leu [Cys(O.NH>)?, Leu®]-enk 1.2940.31 36.4+16.4  29.249.5
Tyr-Cys(O2NH2)-Gly-Phe-Met [Cys(O.NH2)?, Met’]-enk 2.22+0.45 14.1£5.4 7.3+2.0
Tyr-D-Cys(O2NH2)-Gly-Phe-Leu [DCys(O,NH>)?, Leu®]-enk 11.40+2.01 73.4+12.7  7.4+£19
Tyr-D-Cys(O2NH2)-Gly-Phe-Met [DCys(O,NH,)?, Met’]-enk 75.96+11.67 463+161 7.1£1.8
Tyr-HCys(O2NH2)-Gly-Phe-Leu [HCys(O,NH>)?, Leu®]-enk 31.92+5.10 76.4+7.1 3.4+0.2
Tyr-HCys(O2NH2)-Gly-Phe-Met [HCys(O,NH,)?, Met’]-enk 16.09+1.90 55.7+6.1 4.5+0.3

Software
Docking procedure

The structures of 11 ligands were prepared for
docking in the software Avogadro (open source,
http://avogadro.openmolecules.net/).

All docking calculations were performed with the
software GOLD (Genetic Optimisation for Ligand
Docking) 5.2 using all four scoring functions
available in the program: ChemPLP, GoldScore,
ChemScore and ASP (Astex Statistical Potential)
scoring functions, [15,16,17,18]. The DOR belong to
the GPCRs, characterized by seven putative
transmembrane domains. It is known from the
literature that the residues within 10 A around an
aspartic acid residue at position 128 (Aspl128) in
transmembrane domain 3 of the DOR contributes to
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the conformation of the receptor binding pocket
[19].

The total energies for obtained ligand-receptor
complex after docking procedure in GOLD 5.2 were
calculated by software Molegro Molecular Viewer
(MMV  Version 2.5) using MolDock scoring
function [20].

Correlation and fitting methods

Finding the correlation between the quantitative
parameters of the in vitro tests (e, K4, ICsp) and the
docking results (scoring functions) for the three
models of DOR was carried out in software
GraphPad Prism 3.0
(http://www.graphpad.com/scientific-software/
prism). In this investigation the Pearson's correlation
coefficient was used, which is a measure of the
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correlation (linear dependence) between normally
distributed variables.

M
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Where s is the number of points; m is the number
of ligand-receptor complexes; z is a dependent
variable, x and y are independent variables. The
values of zi, z»..., z, represent the values of in vitro
parameters; the values of xi, x2..., xn represent the
result from the docking procedure (scoring
functions); the values of yi, y»..., ya represent the
total energies for ligand-receptor complex; ajj are the
parameters of the model; n - the degree of the
polynomial (0 <i+ j <n), which gives the number of
coefficients to be fit and the highest power of the
predictor variable.

To investigate the fitting behaviour of degree of
some polynomial functions, it was carried out a set
of fittings, starting from the first-degree to the third-
degree polynomial. The Surface Fitting Toolbox of
MATLAB was applied for analysing the
behaviour of one variable which depended on
more independent variables and the individual
model could be interpreted as a surface fitting
function of the experimental data by least
squares method (http://www.mathworks.com/
products/ matlab) [21]. The following
parameters are used to evaluate the goodness of
fit:

SSE (Sum of squares due to error) — this
parameter represents the total deviation of the
response values from the curve fit to the
response values, where the value of SSE near to 0
shows that the model has a smaller random error
component and then the fit will be more useful for
prediction [22, 23].

R-Square (R’) — this parameter measures how
successful the fit is in explaining the variation of the
data and it is defined as the ratio of the sum of
squares of the regression and the total sum of squares
about the mean. The values of R°closer to 1 indicate
that a greater proportion of variance is accounted by
the model [22, 23].

Adjusted R-square — this parameter is the best
indicator of the fit quality when two models are
comparing. The adj/R’ statistic can take on any value
less than or equal to 1, with a value closer to 1
indicating a better fit [22,23].

RMSE (Root Mean Squared Error) — this
parameter presents the standard error of the

The fitting of experimental data can be
presented as follows (Eqns.1,2):
regression and an estimate of the standard deviation
of the random component in the data. The values of
RMSE closer to 0 indicates a fit that is more useful
for prediction [22,23].

RESULTS AND DISCUSSION
Docking results

The molecular docking experiments with the
three models of DOR ((1) a theoretical model of
DOR (PDBe:lozc), (2) a model of DOR with crystal
structure (PDBid:4ej4) and (3) a model of DOR
obtained by homology modelling (named Model B))
and all 11 ligands were carried out with software
GOLD 5.2 and all four scoring functions embedded
in the program:GoldScore, ChemScore, ASP and
ChemPLP.

The active site of the DOR is the residues within
10 A around an Aspl28 residue [19]. Molecular
docking with GOLD 5.2 generates several probable
ligand binding conformations at the active site
around the protein target - DOR. The scoring
functions in GOLD 5.2 are used to rank these ligand
conformations by evaluating the binding density of
each of the probable complexes. Docking results
show the relative pose prediction performance of
GOLD 5.2 by all scoring functions the values of
which are calculated by using only the best scored
pose for each binding site or the solution with the
highest score.

When the results were analysed we found
correlation between the docking results (the values
of all four scoring functions available in GOLD 5.2)
and the values of in vitro bioassay (ICsp, K4 or eer).
The correlation between these data was assessed by
the Pearson's correlation test in GraphPad Prism 3.0
[22]. The highest values of the Pearson’s correlation
coefficient for the theoretical model of DOR
(PDBe:1ozc) were obtained between the values of
GoldScore  scoring function from docking
experiments and the values of ew from in vitro
parameters (R= -0.7209) [24]. Significant
correlations were obtained for the model with crystal
structure of DOR (PDBid:4¢j4) between the values
of ASP scoring function and e, from in vitro
parameters (R= -0.6366); and the values of
ChemPLP scoring function and eri from in vitro
parameters (R=-0.6742) [12]. The highest value of
the Pearson’s correlation coefficient for Model B of
DOR was obtained between the values of ASP
scoring function and the values of ICsy from in vitro
parameters (R= -0.86) [5,25]. These data indicate
that GOLDS5.2 software gives reliable results in the
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docking of the 11 delta-opioid ligands with three
models of DOR [26,27,28,29].

In order to investigate the appropriate
relationship between biological activity of the delta-
opiod ligands and docking results (the values of all
four scoring functions in GOLD 5.2 it was applied
the Surface Curve Fitting Toolbox in software
MATLAB.

The total energies of the ligand-receptor
complexes, which are formed after molecular
docking with the three models of DOR and the best
pose of the corresponding ligands, were calculated
by MolDock scoring function in software MMV 2.5
[20].

By using a polynomial least squares surface
fitting technique, a first to a third order polynomial
was fitted to the experimental data in both the X-axis
and Y-axis. The experimental data can be represented

as follows:1) the values of Z represent the values of
in vitro parameters (e, K4 or ICsp) which were
obtained by Mathematical model of partial agonism

[2]; 2) the values of X represent the result from the
docking procedure- the wvalues of GoldScore,
ChemScore, ChemPLP and ASP scoring functions;
3) the values of Y represent the total energies for

ligand-receptor complex — the values of MolDock
scoring function [20] for the ligand-receptor
complexes forming after the docking with
corresponding scoring functions.

The best results of the parameters used for
surface fitting in MATLAB of the three models of
DOR can be represented as follows: 1) for DOR
(PDBe:1ozc): the values of z represent the values of
er from in vitro parameters, the values of x represent

the values of GoldScore function, the values of y
represent the values of the total energy for ligand-
receptor complexes; 2) for DOR (PDBid:4ej4): the
values of z represent the values of e,.; from in vitro
parameters, the values of x represents the values of
ChemScore function and the values of y represents
the values of the total energy for the ligand-receptor
complexes; 3) for Model B of DOR: the values of z
represent the values of /Csy from in vitro parameters,
the values of x represents the values of ASP function
and the values of y represents the values of the total
energy for the ligand-receptor complexes. The
values of the main parameters used for surface fitting
in MATLAB for the three models of DOR are
presented in Table 2. The surface fitting by third
degree of the polynomial of the experimental data
from Table 2 for the three models of DOR is
presented in Fig.1 (A,B,C).

All polynomial models from first to third degree
were evaluated on how well they fitted the data and
how precisely they could predict. The models were
estimated with the statistical criteria of goodness of
fit — SSE, R’, adjusted R’, RMSE. The results
obtained for the statistic parameters are presented in
Table 3.

As it can be seen from the results in Table 3 the
goodness of fit statistics shows that the obtained
model for fitting of the data for three models of DOR
with the third degree for x and the third degree for y
is a good one. The polynomial model of third degree
is with the highest values of R’ for the three models
of DOR and the value closer to 1 indicating that a
greater proportion of variance is explained by the
model.

Table 2. The values of the main parameters used for surface fitting in MATLAB for the three models of DOR
((1) a theoretical model of DOR (PDBe:10ozc), (2) a model of DOR with crystal structure (PDBid:4ej4), (3) a
model of DOR obtained by homology modeling (named Model B)).

Ligands DOR (PDBe:10zc) DOR (PDBid:4ej4) DOR (Model B)
Values Values Values
of Values of  Values  of Values of  Values  Values of | Values of of
Gold Mol Dock  of ers  Chem MolDock  of ers  ASP score | MolDock ICso
Score Score

[Cys(Bzly’, Leu’]-enk 64,68 -107.022 9.3 38.91 -170.657 9.3 20.26 -77.135 8.3

[Cys(Bzl)’, Met']-enk 81,49 -89.091 3.5 35.19 -125.108 3.5 25.16 -98.91 9.53

[Cys(O,NH,)?, Leu®]-enk 67,72 -97.619 29.2 28.48 -118.805 29.2 22.66 -99.678 1.29
[Cys(O:NH;)*, Met*]-enk 73,91 -91.246 7.3 25.82 -87.343 7.3 26.18 -88.498 2.22
[DCys(O:NH,)?, Leu®]-enk | 74,73 -84.852 7.4 31.84 -136.187 7.4 2431 -66.115 11.4
[DCys(O,NH,)?, Met’]-enk 75,13 -86.221 7.1 31.55 -139.449 7.1 -12.82 897.265 75.96
[HCys(O,NH,)?, Leu’]-enk 57,67 -109.709 30.2 32.75 -100.702 30.2 19.58 -75.943 6.18
[HCys(O;NH,)%, Met’]-enk | 68,43 -62.774 3.4 26.55 -112.164 3.4 18.87 -90.567 31.92
DPDPE 78,65 -93.301 4.5 29.23 896.877 4.5 23.84 -80.137 16.09
[Leu’]-enk 73,42 -81.869 5.8 31.62 -119.009 5.8 22.45 -104.149 11.45
[Met’]-enk 73,26 -118.971 3.6 32.22 -106.792 3.6 33.9 -112.752 18.91
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Table 3. The goodness of fit for the polynomial models obtained by least squares method for the three models of

DOR in MATLAB.
DOR (PDBid:1ozc)
Degree -
SSE R’ Adj R? RMSE
First 443.5817 0.5446 0.4308 7.4463
Second 167.1000 0.8285 0.6569 5.7810
Third 0.0092 1.0000 0.9999 0.0960
DOR (PDBid:4ej4)
Degree -
SSE R’ Adj R? RMSE
First 940.0461 0.0350 -0.2063 10.8400
Second 895.3748 0.0809 -0.8383 13.3819
Third 0.9631 0.9990 0.9901 0.9814
DOR (Model B)
Degree
SSE R’ Adj R? RMSE
First 752.844 0.8318 0.7897 9.7011
Second 287.3484 0.9358 0.8716 7.5809
Third 0.0246 1.0000 0.9999 0.1568

Table 4. The mean values (confidence bounds) of the coefficients of the third order polynomial model chosen as
optimal model for the three models of DOR.

Mean (with 95% confidence bounds)

Coefficients

DOR (PDBe:1ozc) DOR (PDBid:4ej4) DOR (Model B)
aoo 11.51 (9.823,13.19) -188.4 (-705.4; 373.7) 416.5 (319.1; 514)
aw -11.07  (-16.13, -6.008) 1855 (-17.99; 3279) -2420 (-3089; -1751)
ao -22.37  (-33.1,-11.64) -828.1 (-4019; 2363) 111.7 (-248.9; 472.4)
ax 16.71 (14.65, 18.78) 740.8 (48.93; 1433) -3299 (-3796; -2801)
an 3.451 (-6.742, 13.64) 1.3 (-397.5;2.639) -2.164 (-2.687; -1.639)
a2 -0.6185 (-3.866, 2.629) 839.8 (-1929; 3609) -1.439 (-1.829; -1.049)
aso -12.15  (-14.89,-9.411) 83.1 (29.72; -136.5) -864.7 (-989.5; -739.8)
an 19.03  (11.96, 26.11) 2506 (119.9, 4892) -1.301 (-1.493; -1.109)
an 44.7 (29.97, 59.43) 2.3 (-1630; 4.563) -4.613 (-5.623; -3.602)
aos 14 (7.377,20.62) 4556 (-1526; 1.065) -3.382 (-4.211; -2.552)

The values of SSE for the cubic polynomial for
the three models of DOR are close to 0. Therefore
this value of SSE shows that the model of third-
degree has a smaller random error component and
then the fit will be more useful for prediction. The
values of Adj R’ for the cubic polynomial for the
DOR are closer to 0 and indicate a fit that is more
useful for prediction. This shows that the obtained
polynomial model for the surface fitting data is a
good model and it explains a high proportion of the
variability in experimental data, and it is able to
predict new observations with high certainty
[11,12,13].

The best results for fitting of experimental data for
the three models of DOR according to the results in

three models of DOR are less than 1. This statistic
parameter is a good indicator of the fit quality when
two models are compared and with a value closer to
1 indicating a better fit. The values of the RMSE for
the third degree of polynomial for three models of

Table 2 were obtained for surface fitting by a cubic
polynomial in three-dimensional for determining the
relationship between biological activities and
docking results of investigated compounds. By using
a polynomial least squares surface fitting technique,
a third order polynomial was fitted to the data and it
is represented as the following Eqns.(3):

f(X’y):a00-|-a10*)(+a01*y-I-aZO*)(Z-I-all*x*y-l-aOZ*yz-l- a‘30 *Xs +a21 *Xz * y+a12 * X y2 +a03 * y3 (3)
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The coefficients of the surface fitting for the three
models of DOR by a cubic polynomial in three-
dimensions are presented in Table 4.

The efficacy as a function of the values of
GoldScore function and the values of the total energy
for the formed complexes for DOR (PDBe:10ozc)
was presented in Fig.1A). The efficacy as a function
of the values of GhemScore function and the values
of the total energy for DOR (PDBid:4ej4) was
presented in Fig.1B). The potency as a function of
the values of ASP function and the values of the total
energy for Model B was presented in Fig.1C).

cac i / / >
Effic: b / v,
e
0 l ‘ '/////// 7 i
= WIE el
& 5 W77 2
NN\ ”
0~ 777 """ /Mz 2]

ASP Score I Total Energy

Fig. 1. A 3D surface fitting of experimental data with third
degree of polynomial, which represent the biological
activity of the ligands as a function of the values of
scoring function from docking procedure and the values
of the total energy for ligand-receptor complex: (A)
Model of DOR (PDBe:lozc); (B) Model of DOR
(PDBid:4ej4); (C) Model B. The polynomial surface
fitting model was obtained by Surface Fitting Toolbox in
MATLAB.
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Significant correlations is established between
the values of ASP function and the values of ICsy
from in vitro tests complexes, (R=0.9120) for Model
B of DOR. The established correlations between
these parameters are important because they give the
best description of the fitting of experimental data
with polynomials of two variables. The relationship
between the values of docking experiments and the
values of ASP function for Model B of DOR is also
confirmed by the fitting of experimental data with a
third order polynomial with two. Therefore the
model of DOR developed by homology modelling
allows to optimally determining the binding affinity
by ASP scoring function.

A graphic chart representation of the relationship
between the three numeric variables in 2D is
presented in Fig.2: 1) the values of the GoldScore
function and the values of the total energy are for X
and Y axes for DOR (PDBe:10zc), where the values
of e.; are for contour levels; 2) the values of the
ChemScore function and the values of total energy
are for X and Y axes for DOR (PDBid:4ej4), where
the values of e, are for contour levels; 3) the values
of the ASP function and the values of total energy are
for X and Y axes for Model B, where the values of
the ICso are for contour levels. For the fitting by a
cubic polynomial in 3D the contour plot (Fig.2)
makes it easier to see points that have the same
height. The main advantage of this chart is that it
allows for precise examination and analysis of the
shape of the surface.

Polynomial models are commonly used as
empirical models for curve fitting of data, because
they have a simple form and two essential respects:
a quantitative - the degrees of the polynomials (the
number of parameters of model) and a qualitative -
the regression function is linear in terms of the
unknown parameters. Thus, we can use the
polynomial models to find the optimal regression
coefficients using the method of least squares.

CONCLUSION

The obtained model for the experimental data
showed good fitting properties and significant
predictive ability. Therefore this model of third-
degree polynomial is suitable for determine the
relationship structure-biological activity. The ASP
scoring function and total energy obtained from
docking could be used for describing the biological
activity of newly designed compounds. This would
be helpful in shortening the drug design process.
Analysis and comparison of the data from in vitro
tests and docking studies could help to better
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Fig. 2. A 2D contour plot of the 3D surface in the Fig.1:
X represents the values of scoring functions from GOLD
5.2 and Y represents the values of total energy from MMV.
(A) Model of DOR (PDBe:lozc); (B) Model of DOR
(PDBid:4¢ej4); (C) Model B. These diagrams were
generated with the MATLAB.

understand the relationship between the biological
effects of ligands and docking studies and to answer
whether the models of the biological
macromolecules (DOR) correspond to the real 3D
structure.
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Fig. 3. The Residuals Plot for the obtained polynomial
models of the third degree: A) Model of DOR
(PDBe:lozc); B) Model of DOR (PDBid:4¢j4); C) Model
B of DOR.
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QSAR MOJEJIMPAHE U JOKUHI" EKCITEPUMEHTHU C TP MOJIEJIA HA 5-OITMOUIEH
PELIEIITOP
®. U. Canynmxu'*, T. A. JIsum6osa®, H. C. Ilenuesa!, I1. 5. Munauos'

'FOz03anaden ynusepcumem ,, Heogpum Puncku”, Bvaeapus, 2700 brazoeezpad
2Uncmumym no monexynapna buonozus, bvizapcka axademus na naykume, Bulgaria, 1113 Sofia
SUncmumym no mamemamuxa u ungpopmamuxa, bvazapcka Axademus na Hayxume, Bulgaria, 1113 Sofia

IMoctemuna Ha 30 centemBpu 2016 r.; Kopurupana va 07 mapt, 2017 r.
(Pesrome)

Henra-ommonnuus penentop (JOP) ygacTtBa B kOHTpona Ha XpOHHYHATa OOJKAa ¥ €MOIMOHANHHUTE peakiuu. Eto
3amo JIOP e wmHTepeceH obekr 3a QSAR MonmenupaHe W JOKHHT €KCHEPUMEHTH C JENTa-ONMHONIHU CEJICKTHBHU
eHKe()aTMHOBY aHAJO3H.

LenTa Ha TOBa M3CiIeBaHE € Jla CE HAMEPH BPb3KaTa CTPYKTypa-aKTHBHOCT Ha CEPHsI OT JeTa-ONHOMIHH CEIEKTHBHI
eHke(haIMHOBH aHaJI03u, 0a3upaiiky ce Ha KOJIMUECTBEHUTE MapaMeTpH OT in Vitro nacienBanus (€(puKacHOCT, apuHUTET
1 TIOTEHTHOCT) U Pe3yNTaTH OT MOJIEKYJICH JOKUHT ¢ Tpu Mozena Ha JIOP: (1) teopernuen moxen Ha JIOP (PDBe: 1ozc);
(2) mogen va JIOP ¢ kpucranna crpykrypa (PDBid: 4¢j4); (3) moaen Ha JIOP monydeH upe3 XOMOJIOKHO MOJCIUpPaHe
(napeuen Model B). buonorumyHara akTHBHOCT Ha JIeNTa-CENEKTHBHUTE €HKe(hAIMHOBM aHaJlo3W € OIMCaHa upe3
TPUMEPHO MOJEIHpPaHE C MOJMHOM Ha JIBE MPOMEHIHMBH OT TPETa CTEICH, IPH KOETO in Vifro mapaMmeTpure aQpuHUTET,
€(pUKaCHOCT W TOTCHTHOCT Ca TPEACTaBCHH KaTo (PYHKIMH OT CTOHHOCTHUTE Ha CKOPUHT (YHKIUATA OT JOKHWHTA U
TOTaJHATa CHEPT s HA (OPMUPAHUTE JIUTaH]-PEICIITOPHI KOMIUTEKCH. ToBa € euH HauuH 3a onpeneisine Ha QSAR.
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Synthesis and characterization of new endomorphin analogs with N-terminal
phosphonate
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Endomorphins are small endogenous neuropeptides that are produced by the body and act to reduce pain. They are
tetrapeptides with the highest known affinity and selectivity for the p-opioid receptor. This report refers to the synthesis
and characterization of novel endomorphin analogues containing phosphonate moiety. The new endomorphins with N-
terminal phosphonate were prepared using solid phase peptide synthesis by Fmoc chemistry. The phosphonate moiety
was incorporated by modification of Kabachnik-Fields reaction. The crude neuropeptides were purified on a reversed-
phase high-performance liquid chromatography and the molecular weights were determined, using electrospray
ionization mass-spectrometry, and also determining of the specific angles of optical rotation.

Keywords: Opioid peptides; Endomorphin analogues; Peptide synthesis

INTRODUCTION

The numerous endogenous opioid peptides
(endomorphins, enkephalins, nociceptin, etc.) and
the exogenous opioids (such as morphine) exert
their effects through the activation of receptors
belonging to four main types: p, 8, k and €. The
endomorphins are a group of endogenous opioid
peptides consisting of endomorphin-1 (H-Tyr-Pro-
Trp-Phe-NH,) and endomorphin-2 (H-Tyr-Pro-Phe-
Phe-NH,). They are tetrapeptides with the highest
known affinity and selectivity for the p-opioid
receptor. Since chronic pain is notoriously difficult
to treat using currently available therapeutics, the
development of analgesics represents a major
pharmaceutical objective. Endogenous opioids are
intensively and extensively studied in search for a
new powerful analgesic, lacking the adverse effects
of most alkaloid opioids. Some of the greatest
achievements in medicine in theoretical and in
clinical aspect are connected with the research on
pain and especially on the development of analgesic
drugs [1-6].

Phosphonopeptides are phosphorus analogues of
naturally  occurring peptides containing a
tetrahedral phosphorus atom. Their importance is
obvious from the fact that they have been widely
used as enzyme inhibitors and, as happens in
catalytic antibody research, because they can be
considered as stable mimetics of tetrahedral
transition states in ester and amide hydrolysis and
formation [7-10]. To date, several efficient
synthetic routes have been developed for synthesis
of phosphonopeptides and phosphinopeptides,

* To whom all correspondence should be sent:
E-mail: pepi_37@abv.hg

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

containing C-terminal  a-aminoalkylphosphinic
acids [11-10]. As part of our research, the synthesis,
the characterization and the biological activity of
new series of small peptides  with
aminophosphonates moiety as NOP receptor ligands,
have previously been described [13-14].

Herein, we report the synthesis and
characterization of novel endomorphin analogues
containing  phosphonate  moiety. The new
endomorphins with N-terminal phosphonate were
prepared using SPPS by Fmoc  (9-
fluorenylmethoxy-carbonyl) chemistry. The
phosphonate  moiety was incorporated by
modification of Kabachnik-Fields reaction. All of
the newly synthesized peptide was C-terminal
amides. It has been determined that the peptides
with C-terminal amide group are more resistant to
enzyme degradation and that their conformation
suits better the interaction with p-opioid receptors
[15,16].

RESULTS AND DISCUSSION

The new endomorphin analogues with N-
terminal phosphonate shown in Table 1 were
prepared with good yield by solid phase synthesis
using TBTU, an efficient peptide-coupling reagent.
Rink-amide resin was used as a solid-phase carrier.
All coupling reactions were performed, using for
amino acid/TBTU/HOBt/DIEA/resin a molar ratio
of 3/2.9/3/6/1. A 20%-piperidine solution in N,N-
dimethylformamide (DMF) was used to remove the
Fmoc group at every step. The phosphonate moiety
was incorporated by modification of Kabachnik-
Fields reaction. The peptidyl-resin with deprotected
amino group, as amino-component, was treated
with paraformaldehyde or benzaldehyde, as
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carbonyl component, in the presence of
triethylamine in methanol and dimethyl hydrogen-
H-phosphonate. With both the aliphatic and
aromatic aldehyde the reaction conditions were the
same. The reaction mixtures, monitored by Kaiser
test, were stirred at 65-70°C for 7 h and gave the
expected endomorphin  analogues containing
phosphonate moiety 1-6.

The coupling and deprotection reactions were
checked by the Kaiser test. The cleavage of the
synthesized peptide from the resin was done, using
a mixture of 95 % trifluoroacetic acid (TFA), 2.5 %
triisopropylsilan (TIS) and 2.5 % water.

After filtration of the exhausted resin, the
solvent was concentrated in vacuum and the residue

triturated with cool ether. The purity of the peptides
was checked by RP-HPLC, column:
SymmetryShield™ RP-18, 3.5y, (50 x 4.6mm),
flow: 1 ml/min, H2O (0.1 % TFA)/CHsCN (0.1 %
TFA), gradient 0—100 % (15 min) and 100 % (4
min). The crude peptides were purified using semi-
preparative HPLC, column XBridge™ Prep C18
10um (10 x 250mm), flow: 5Sml/min, H.O (0.1 %
TFA)/CH3CN (0.1 % TFA), gradient 20—70 % (20
min). The ESI mass spectra were recorded with a
platform 1l quadrupole mass spectrometer fitted
with an electrospray source. Optical rotations were
measured with a Perkin Elmer 341 polarimeter.

Table 1. Analytical data of synthetic peptides.

Ne Peptides

CESI MS: (MH)*
b tR, min

[a]o® ()

calculated found
1 0 o 4 1 -29 6.17 6103  611.2
o | | __—~N—cH-C—nNH,
H,N—CH-C—N C—N—cH-C C‘H
2 (‘3H J AHZ l '
-
2 o 0 o w1 -26 7.12 732.3 733.7
cho\UiH CNCHZUCHCH M/Nfi‘:Hf(:fNH
HCO/ C‘Hz oH [
7
3 o 0 o w1 -28 7.53 808.8 809.6
N E—UC‘*H”’@/N L
/ \ b, il
@ @
4 o oy I -31 458 571.6 572.2
ﬁ A7H7CH—Q/N7(\:H7C7NH2
HzN*i:*C—U C\H2 CH,
5 o 0 o u -27 6.20 693.7 694.7
H3CO\H7 _H_¢ j_ ‘-nch Q/Ni(\:H e
6 o 0 i -32 7.05 769.8 770.3

3 Optical rotation in methanol (¢ = 1) at 20 °C; ® tr is the retention time determined by HPLC; ¢ The mass ion (MH*) was

obtained by electrospray mass spectrometry.

32



P.T. Todorov et al.: Synthesis and characterization of new endomorphin analogs with N-terminal phosphonate

Fmoc-Rink Amide MBHA resin

Deprotection: 20% piperidine/DMF

Wash:  3x1 min. DMF
3x1 min. DCM
3x1 min. DMF

-NH;- Rink Amide resin
3eq. Fmoc — Phe/DMF
3eq. HOBt/DMF
3eq. TBTU/DMF
Wash by protocol

Fmoc —Phe— NH — Rink Amide resin

l Repeat step A

- Phe— NH — Rink — Rink Amide resin

3eq. Fmoc — AAyDMF
3eq. HOBt/DMF

3eq. TBTU/DMF
Wash by protocol

Fmoc — AA; — Phe— NH - Rink Amide resin

l Repeat step A

— AA3— Phe— NH - Rink — Rink Amide resin

Step A

Coupling

Coupling

The reactions of condensation with the appropriate | A,z phe, /Trp
Fmoc - amino acid and deprotection (Step A)
are repeated until the desired length peptide

Tyr — Pro - AA; —Phe— NH — Rink Amide resin

Scheme 1. Solid Phase Peptide Synthesis of endomorphin analogues.

0
O RCHO  (R=-H, -CeHy)
+

CH;0H
—p—0CHs
I ™ocH;
0
i 0 i
HICOH_‘U l—%—cx{—(‘l/ﬁi?{ic*mo
/ T~Z—HEN—CH-C—N CH,
H;CO 5
N Z=CHy CH, tH
CH-CgH;
4
o
0
O TFA/ H,0/ TIS
0
[ i '
H;C0—_ ﬂ _CH_(!/, —?H—C—NHE
/ T~Z—HN—CH-C—N CH,
H;00 CH
Z=CHy CHy !
-CH-CgH;
v
HN

OH

e RCHO  (R=-H,-Cell5)
CH30H +
p—0CH;

H_g\‘ocw

<|) 0
o 0 |
HBOO“--..J 0 | | H—ca-cR
I Lol
/g Bt
B0 z | ‘ CHy
Z=1CHy CH, B

CHCeH
OO
]
a a
H;CO, U g ﬁ ? k CHD) NH,
T — / — WHTLT Ny
o —F—cn-c |
H]CO/ Z—NH (ltﬂ C—x | o8
=-CHy; CH, HC
CH.CH;

Scheme 2. SPPS of endomorphin-1 and endomorphin-2 analogues.



P.T. Todorov et al.: Synthesis and characterization of new endomorphin analogs with N-terminal phosphonate

The synthetic routes for preparation of new
endomorphin analogues are shown in Scheme 1
and Scheme 2.

CONCLUSION

We describe the synthesis and characterization
of novel N-modified analogues of endomorphin-1
and endomorphin-2 with phosphonate moiety. The
newly synthesized compounds were obtained by
solid-phase peptide synthesis - Fmoc-strategy.
The phosphonate moiety was incorporated by
modification of Kabachnik-Fields reaction. The
neuropeptides were purified on an RP-HPLC and
the molecular weights were determined, using ES-
MS, and also determining of the specific angles of
optical rotation. The biological trials are in the
progress.
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CHUHTE3 1 OXAPAKTEPU3MPAHE HA HOBU N-MO/JUOUNITNPAHU AHAJIO3U HA
EHIAOMOP®UHUTE C ®OCOPOHATEH OCTATHK

Iersp T. Tomopos”, Ilers H. Tenena, 3natuna H. Ienosa, Emunus J. Haitnenosa

Xumuxomexuonoeuuen u Memanypeuuen Ynueepcumem, Kameopa ~Opeanuuna xumus”,
1756 Coghus, bvreapus,

[ocrermna va 07 oktomBpH, 2016 r.; Kopurupana Ha 18 sayapu, 2017 T.
(Pesrome)

EnmomopduHUTE Ca MKy €HAOICHHHU ONMMOMIHH HETTHIHN, KOUTO CE MPOU3BEXKIAT OT OpraHu3Ma M JACHCTBAT 3a
HamassiBaHe Ha Oosikara. Te ca TeTpamenTuau C Hali-BUCOK aQHUTET U CEJISKTUBHOCT KbM |L-OMMOUIHUS PELENTOp.
B crarusta Hue ommcBaMe CHHTE3a U OXapaKTEpU3UPAHETO HA HOBU €HAOMOP()HHOBM aHAJO3W, ChIbPIKAIIA
¢dbocdonarna rpyna. HoBure N-moaudumnmpanu anano3u Ha eHgoMopdunute, ¢ GpochoHaTeH OCTaThK 0fXa TMOTYyISHH
C TIOMOIITa Ha TBBpAOdA3eH MenTHACH cHuHTe3. DOoCPOHATHUAT OCTAaThK Oelle BbBEAEH upe3 MOoAudUKanus Ha
peakiusara Ha Kabaunuk-Owinc. HeBpomentuaure Osixa TPEYUCTEHM C TMOMOIITa Ha o00OpaTHO-(hazoBa
BHCOKOC(CKTHBHA TEYHA XpoMaTorpadus, 0sixa OmpeJesicHH W MOJCKYJIHATE UM MacH, U3IOI3BANKU eIeKTPOCIIpei
HOHM3aIIMOHHA MACCIIEKTPOMETPHS, a CHIO TaKa M CHCHU(UIHUATE BIITU HA ONTHYHO BBPTEHE.
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Anti-inflammatory effects of newly synthesized derivatives of indomethacin with 3-aminospirohydantoins and 3-
amino-5-methyl-5-phenylimidazolidine-2,4-dione, have been studied. It was found that the compounds tested possess an
inhibitory activity on acute inflammation, but not stronger than that of indomethacin. The structure of spirohydantoin

residue influences the effects of the new molecules.

Keywords: Inflammation, Indomethacin, 3-aminospirohydantoins, 3-amino-5-methyl-5-phenylimidazolidine-2,4-dione

INTRODUCTION

Non-steroid anti-inflammatory drugs (NSAD)
are widely used in therapy of inflammation, fever
and pain. The main mode of their action is the
inhibition of cyclooxygenase (COX) isoenzimes
COX1 and COX2.Thus they suppress the synthesis
and reduce the amount of prostaglandins, which
increases during inflammation. Irrespective of their
numerous side effects the drugs of this group
(aspirin, paracetamol, indomethacin, ibuprophen,
diclofenac, etc.) are still commonly prescribed in the
cases of acute and chronic inflammatory diseases
because of their remarkable effectiveness.

Different substituted hydantoins and their
derivatives have also revealed various activities,
including inhibition of allergy reactions, mediated

by  serotoninergic, cholinergic, adrenergic,
dopaminergic mediatory systems [1 - 6].
Spirohydantoin  derivatives are intensively

synthesized and studied like drugs for mental
diseases such as schizophrenia, anxiety and/or
depression [7], antitumor agent [8] and in
inflammatory processes of allergic diseases such as
asthma, allergic rhinitis, and atopic dermatitis. It was
found also that indomethacin shares partly the same
mechanism on allergic inflammatory processes as
spirohydantoin derivatives [9]. That is why in the
present study we tested the possible anti-
inflammatory effect of the newly synthesized by
Marinov et al. [10] compounds, derivatives of
indomethacin with 3-aminospirohydantoins and 3-
amino-5-methyl-5-phenylimidazolidine-2,4-dione.

* To whom all correspondence should be sent:
E-mail: e_naydenova@abv.bg

EXPERIMENTAL
Materials

The new amides shown in Table 1 were prepared
with good vyield by interaction of a series of 3-
aminospirohydantoins and 3-amino-5-methyl-5-
phenylimidazolidine-2,4-dione with indomethacin.

Methods

The anti-inflammatory activity of the new
compounds was tested on male Wistar rats (160-
200g), using a carrageenan-induced paw edema
model. Acute inflammation was induced by
intraplantar (i.pl.) injection of 0.1 ml A-carrageenan
(CG, 1%, wl/v) into the right hind paw. The
compounds in a volume of 0.1 ml/100g was
administered intraperitoneally (i.p.) 30 min before
the induction of the CG-inflammation. The paw
volume was measured plethysmographically (Ugo
Basile, Italy) before the injection of CG, to obtain a
control value, and then every 60 min for a period of
4 hours. Data are expressed as edema rate (%).
Values for each group represent the mean +SEM of
5-7 animals. The effects of derivatives, as well as of
indomethacin have been compared to that of the
control group.

To make the results comparable, we tested the
effects of derivatives in equimolar doses, relative to
indomethacin 3mg/kg. All compounds investigated,
as well as the referent drug indomethacin were
suspended with Twin 80 in saline. The rats in the
control group were injected only with saline. All
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institutional and national guidelines for care and use
of laboratory animals were followed.

Statistics

The data were statistically analyzed by one-way
ANOVA (Dunnett post hoc test), P<0.05 being
accepted as the minimum level of statistical
significance of the established differences.

RESULTS AND DISSCUSION

The compounds shown in Table 1 have been
tested.

Our study has shown, that most of newly
synthesized compounds exert an anti-inflammatory

effect, but none of them possesses efficacy, stronger
than that of indomethacin. The effects of compounds
1-4 (in which a spirohydantoin residue is
incorporated) on acute inflammation are presented
on fig 1, 2 and 3. Comp 1 with C5- ring in
spirohydantoin moiety did not improve the anti-
inflammatory properties of indomethacin. Applied
in a concentration, equimolar to 3mg/kg
indomethacin, it decreased the paw volume
significantly, compared to the control, in the first
120 min of observation, but the effect was not
significant to the end of the experiment.

120
.0
£100 - _I— _I_ _I_
=
=]
> 80 -
2 ER
o 60 - .
= -
& 40 - - e
8 [ iiii .
S 20
E iiii
= Sa . e

—

2

Time(h) 3 4

OControlseIndometacin 2mgfkg 30 priorto CG @1 30" priorto C6 @3 30" priorto CG

Fig. 1. Anti-inflammatory effect of indomethacin (3 mg/kg) and its derivatives 1 and 3 in doses equimolar to
indomethacin, applied 30 min prior to carrageenan (CG).Values represent the mean + SEM of 6-8 animals. Statistically
significant differences versus control with CG *p<0.05; **p<0.01.
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Time (h) 3 4
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EE6 30 priorto CG
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Fig. 2. Anti-inflammatory effect of indomethacin (3 mg/kg) and its derivatives 4, 5 and 6 in doses equimolar to
indomethacin, applied 30 min prior to carrageenan (CG).Values represent the mean + SEM of 6-8 animals. Statistically
significant differences versus control with CG *p<0.05; **p<0.01.
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Table 1. Structures of new compounds

Ne /FW

Structure

1
C26H25CIN4Os
508.95

2
C27H27CIN4Os
522.98

3
CasH29CIN4Os
537.01

4
C28H20CIN4Os
537.01

5
C29H25CIN4Os
544,99

6
Ca0H25CIN4Os
556.99

7
C31H27CIN4Os
571.02

8
C34H25CIN4Os
605.04
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B Indometacin 3mg/kg 30° prior to CG
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Fig. 3. Anti-inflammatory effect of indomethacin (3 mg/kg) and its derivatives 2, 7 and 8 in doses equimolar to
indomethacin, applied 30 min prior to carrageenan (CG).Values represent the mean + SEM of 6-8 animals. Statistically
significant differences versus control with CG *p<0.05; **p<0.01.

The expanding of the ring (C6 instead of C5) in a
spirohydantoin residue eliminated completely the
anti-inflammatory capacity of the new substance
(comp. 2, fig 3). This compound did not affect the
increase of rats paw, induced by carrageenan, the
rise being comparable to that of the controls (fig 3).
However, the experiments have shown that the
attachment of a methyl group in the C6 cycle (comp.
3 and 4) recovered the inhibitory potency of
derivatives on inflammation and leads to effects,
comparable with that of equimolar concentration
indomethacin. It was found also that the rate of
suppression is irrespective of the position of the
methyl group- the percentage of inhibition evoked
by the two isomers were very similar during the
entire period of observation. It could be suggested
that methyl group leads to conformational changes,
affecting the activity.

In the second group (5-8) compounds 6 and 8 in
dose equivalent to 3mg/kg indomethacin trend to
reduce, but not significantly, the increase of
inflamed paw volume, while comp.5 and comp.7
inhibited the inflammation as strong as
indomethacin.

CONCLUSIONS

The results obtained showed, that most of the
tested derivatives of indomethacin with 3-
aminospirohydantoins and 3-amino-5-methyl-5-
phenylimidazolidine-2,4-dione, poses an anti-
inflammatory activity but not stronger than that of
indomethacin. The structure of spirohydantoin
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residue influences the anti-inflammatory activity of
the newly synthesized compounds.
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W3cnenBanu ca NpOTUBOBB3MAIUTEIHUTE eeKTH Ha HOBOCHHTE3UPAHU MPOU3BOJAHN HA HWHIOMETAI[HH ChC CEPUS OT
3-aMIHOCTIMPOXHJAHTOMHA U 3-aMHHO-5-MeTWI-5-()eHITUMIIA30TUANH-2,4-THOH. YCTaHOBCHO €, Ye H3CIICABAHUTE
ChEIMHEHUS TOTHCKAT BH3MATUTEIHHS MPOIIEC, HO HE TTO-CUIIHO OT MHIOMETAlMHA. Y CTAHOBEHA € 3aBHCHMOCT MEXIY

CTPYKTYypaTa Ha CIIMPOXUAAHTONHOBHA OCTATBK U NPOSIBCHUSL C(I)CKT.
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This article presents the synthesis of new amides, based on the interaction of a series of 3-aminospirohydantoins and
3-amino-5-methyl-5-phenylimidazolidine-2,4-dione with Indomethacin. The target compounds were prepared with the
aim of developing new products with anti-inflammatory properties. The structures of all obtained amides were verified
via physicochemical parameters, FTIR-ATR, Raman, *H and *3C NMR spectroscopy.

Keywords: Synthesis, Indomethacin, 3-aminospirohydantoins, 3-amino-5-methyl-5-phenylimidazolidine-2,4-dione

INTRODUCTION

The synthesis and research of different types of
biological activity of 3-aminospirohydantoins were
reported in previous works of ours. The
anticonvulsive effect of a series of 3-
aminocycloalkanespiro-5-hydantoins with 5-, 6-, 7-,
8- and 12-membered rings (Figure 1) was
investigated. The results obtained from the
conducted experiments showed the absence of
anticonvulsive activity. The tested cyclohexane-,
cycloheptane- and cyclododecane- derivatives even
induced seizures [1].

H o]
N
[ NH,
o}
n=0-3,7
Fig. 1. 3-Aminocycloalkanespiro-5-hydantoins
The  cytotoxic  effect of  3-amino-9'-
fluorenespiro-5-hydantoin ~ (Figure 2) on the

retinoblastoma cell line WERI-Rb-1 and its
antimicrobial activity against both Gram-positive
Staphylococcus  aureus and  Gram-negative
Escherichia coli bacteria and the yeasts Candida
albicans were examined. It was found that this

* To whom all correspondence should be sent:
E-mail: e_naydenova@abv.bg

compound could not serve as potential anticancer
agent, but it showed pronounced antibacterial
activity against the bacteria Escherichia coli and no
activity towards Staphylococcus aureus and
Candida albicans [2].

Fig. 2. 3-Amino-9'-fluorenespiro-5-hydantoin

An evaluation of the antimicrobial action of 3-
amino-6-methyl-1,3-diazaspiro[4.5]decane-2,4-dion
(Figure 3a), 3-amino-8-methyl-1,3-diazaspiro[4.5]
decane-2,4-dione (Figure 3b), 3-amino-8-ethyl-1,3-
diazaspiro[4.5]decane-2,4-dione (Figure 3c) and 3-
amino-8-propyl-1,3-diazaspiro[4.5]decane-2,4-
dione (Figure 3d) was also performed. The studied
compounds showed no activity against Gram-
positive bacteria Staphylococcus aureus and
Bacillus subtilis, Gram-negative bacteria
Escherichia coli, Pseudomonas aeruginosa and
Salmonella abony, the yeasts Candida albicans and
Saccharomyces cerevisiae, the molds Penicillium
chrysogenum and Aspergillus niger, the plant
pathogenic fungi Fusarium oxysporum and Pythium
ultimum and a plant pathogenic bacterium
Pseudomonas syringae [3].

40 © 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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X
H
o
N\K
Y
N
[ ONH,
o

a)X=Me-,Y=H-;b) X=H-, Y =Me-;c) X=H-, Y =
Et-; d) X=H-, Y =Pr-
Fig. 3. Substituted 3-aminocyclohexanespiro-5-
hydantoins

The aim of the current research is to present the
synthesis of new organic compounds with potential
anti-inflammatory properties. The interaction of 3-
aminospirohydantoins and 3-amino-5-methyl-5-
phenylimidazolidine-2,4-dione with Indomethacin
was studied for this purpose.

EXPERIMENTAL
General

All used chemicals were purchased from Merck
and Sigma-Aldrich. The melting points were
determined by a SMP-10 digital melting point
apparatus. The purity of the compounds was
checked by thin layer chromatography on Kieselgel
60 Fs4, 0.2 mm Merck plates, eluent system (vol.
ratio): ethyl acetate : petroleum ether = 1 : 2. The
elemental analysis data were obtained with an
automatic analyzer Carlo Erba 1106, giving results
within £ 0.2 % of the calculated values. The
Attenuated Total Reflection FTIR (ATR) spectra
were registered on a Bruker FT-IR VERTEX 70
Spectrometer by ATR accessory MIRacle™ with a
one-reflection ZnSe element (Pike). The stirred
crystals were pressed by an anvil to the reflection
element and the spectra were measured from 4500
cm* to 600 cm at resolution 2 cm™ with 16 scans.
The Raman spectra (the stirred crystals placed in
aluminium disc) were measured on a RAM Il
(Bruker Optics) with a focused laser beam of 200-
500 mW power of Nd:YAG laser (1064 nm) from
4000 cm? to 51 cm? at resolution 2 cm™ with 25
scans. The NMR spectra were taken on a Bruker
Avance Il + 600 MHz spectrometer, operating at
600.130 and 150.903 MHz for H and C,
respectively, using the standard Bruker software.
The chemical shifts were referenced to
tetramethylsilane (TMS). The measurements in
DMSO-ds solutions were carried out at ambient
temperature.

Synthesis of amides 4a-4h (Scheme 1) [4]

A mixture of Indomethacin (3.58 g, 0.01 mol,
Figure 4) and 0.01 mol of the corresponding 3-
aminospirohydantoins (3a-3d and 3f-3h) and 3-

amino-5-methyl-5-phenylimidazolidine-2,4-dione
(3e, 2.05 g, 0.01 mol) was dissolved in 50 ml of
tetrahydrofuran with stirring at room temperature.
N,N'-dicyclohexylcarbodiimide (DCC, 2.06 g, 0.01
mol) was added to the reaction mixture and the
latter was left overnight. After this interaction, the
N,N'-dicyclohexylcarbamide formed was filtered
off and 1 ml of glacial acetic acid was added to the
filtrate for removing of the unreacted reagent. After
filtration, the solvent was evaporated to dryness and
the amides obtained (4a-4h) were recrystallized
from ethanol.

RESULTS AND DISSCUSION

The synthesis of the target compounds (4a-4h)
was performed in accordance with Scheme 1. The
cycloalkanespiro-5-hydantoins (2a-2d) and 5-
methyl-5-phenylimidazolidine-2,4-dione (2e) were
synthesized by the Bucherer-Lieb method [5],
based on the interaction between the corresponding
ketones (la-le), sodium cyanide, ammonium
carbonate and ethanol. The 2'3'-dihydro-2H,5H-
spiro[imidazolidine-4,1'-indene]-2,5-dione (2f) and
spiro[fluorene-9,4'-imidazolidine]-2',5'-dione  (2h)
were obtained in accordance with Nagasawa et al.
[6]. The 3',4'-dihydro-2H,2'H,5H-spiro
[imidazolidine-4,1'-naphthalene]-2,5-dione (29)
was prepared in accordance with Marinov et al. [7]
through a modification of the method reported by
Sarges et al. [8]. The 3-aminoderivatives (3a-3h)
were synthesized by a treatment of compounds 2a-
2h with concentrated hydrazine hydrate, following
a modificated technique [4] of the previously
published procedures [1, 2, 7, 9]. Compounds 3a-
3h were subjected to an interaction with
Indomethacin (Figure 4) in accordance with the
DCC-method [10], resulted in the formation of the
corresponding amides (4a-4h).

The physicochemical parameters, FTIR-ATR,
Raman and NMR spectral data of the synthesized
compounds (4a-4h) are listed in Tables 1-4
respectively.

o HiC \
HO )/ N/\Q\CI

_0

H,C

Fig. 4. Indomethacin (INN, BAN), Indomethacin
(AAN, USAN, BAN), /Systematic name: 2-[1-(4-
chlorobenzoyl)-5-methoxy-2-methyl-indol-3-yl]acetic
acid/
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Scheme 1. Synthesis of amides 4a-4h

Table 1. Physicochemical parameters of compounds 4a-4h

)

v

No* Systematic name

Yield, %

M. p., °C

R f**

2-[1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-
4a indol-3-yl]-N-(2,4-dioxo-1,3-diazaspiro[4.4]nonan-
3-yl)acetamide

2-[1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-
4b***  indol-3-yl]-N-(2,4-dioxo-1,3-diazaspiro[4.5]decan-
3-yl)acetamide
2-[1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-
4c indol-3-yl]-N-(6-methyl-2,4-dioxo-1,3-
diazaspiro[4.5]decan-3-yl)acetamide
2-[1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-
4d indol-3-yl]-N-(8-methyl-2,4-dioxo-1,3-
diazaspiro[4.5]decan-3-yl)acetamide
2-[1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-
4e indol-3-yl]-N-(4-methyl-2,5-dioxo-4-
phenylimidazolidin-1-yl)acetamide
2-[1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-
indol-3-yl]-N-(2,5-dioxo-2',3"-
dihydrospiro[imidazolidine-4,1'-indene]-1-yl)-
acetamide
2-[1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-
indol-3-yl]-N-(2,5-dioxo-3',4'-dihydro-2'H-
spiro[imidazolidine-4,1'-naphthalene]-1-
yl)acetamide
2-[1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-
4h indol-3-yl]-N-(2',5'-dioxospiro[fluorene-9,4'-
imidazolidine]-1'-yl)acetamide

4f

49

85

83

92

94

87

91

224-225

234-235

188-189

236-237

148-149

186-187

207-208

181-182

0.65

0.57

0.45

0.52

0.63

0.54

0.51

0.46

* The compounds numbering is in accordance with Scheme 1.
** Eluent system (vol. ratio): ethyl acetate : petroleum ether =1 : 2.
*** Ref. 4.
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Table 2. FTIR-ATR spectral data (cm™) of compounds 4a-4h

Valiph. vC=0 vCcC
Ne VNH VCH (arom.) vc=0 ] VCN
Vas Vs (amide) (arom.)
4a 3279 3022 2933 2854 1798, 1736, 1706 1681 1596 1371
4b* 3253 3001 2926 2856 1800, 1735, 1705 1681 1599 1372
4c 3165 3057 2932 2859 1766, 1731, 1708 1647 1590 1343
4d 3266 3019 2929 2856 1786, 1727, 1683 1656 1591 1356
4e 3280 3015 2930 2857 1795, 1741, 1692 1678 1595 1369
4f 3221 3008 2931 2852 1794, 1737, 1715 1690 1592 1378
49 3223 3014 2931 2855 1792, 1737, 1715 1687 1593 1379
4h 3282 3018 2930 2853 1798, 1740, 1687 1660 1573 1358
* Ref. 4.
Table 3. Raman spectral data (cm™) of compounds 4a-4h
Ne mw VYmax, cmt
4a 250 3069, 2930, 1679, 1591, 1446, 1372, 1259, 1224, 1150, 1089, 831, 756, 412
Ab* 200 3068, 3002, 2928, 2852, 1782, 1738, 1680, 1590, 1577, 1447, 1393, 1350, 1222,
1182, 1124, 1066, 830, 736, 663
3072, 2930, 1728, 1689, 1680, 1649, 1616, 1580, 1457, 1395, 1226, 1093,
4c 250 242, 413
3070, 2932, 1682, 1651, 1610, 1458, 1396, 1369, 1356, 1223, 1090, 739,
4d 200 11
3069, 2929, 1693, 1679, 1613, 1579, 1456, 1396, 1369, 1089, 904, 754
4e 500 401
3068, 2932, 1667, 1652, 1620, 1591. 1447, 1394, 1366, 1226, 1090, 758,
4f 250 409
4 200 3068, 2929, 1787, 1651, 1626, 1593, 1580, 1459, 1434, 1387, 1266, 1177,
g 1090, 973, 760, 741, 402
3070, 2945, 1672, 1648, 16109, 1583, 1458, 1395, 1372, 1229, 1089, 739,
4h 200
416
* Ref. 4.

Table 4. NMR spectral data of compounds 4a-4h

Ne

IH NMR (DMSO-ds), 4 / ppm

4a

4b

4c

4d

4e

4f

49

1.22-1.73 (m, 4H, CHy), 2.15 (s, 3H, CHs3), 3.74 (s, 3H, CHs), 6.68-7.58 (m, 7H, CH), 7.70 (s,
1H, NH, urea), 8.79 (s, 1H, NH, sec. amide)

1.39-1.86 (m, 10H, CHy), 2.22 (s, 3H, CHa), 3.38 (s, 3H, CHj3), 6.16-6.77 (m, 3H, CH, indole),
7.43-7.64 (m, 4H, CH, benzene), 7.83 (s, 1H, NH, urea), 8.95 (s, 1H, NH, sec. amide)

1.08 (s, 3H, CHa), 1.42-1.95 (m, 8H, CHy, cyclohexane), 2.29 (s, 3H, CHz3), 2.47 (s, 2H, CH,
cyclohexane), 3.30 (s, 2H, CHy), 3.76 (s, 3H, CH3), 6.18-6.73 (m, 3H, CH, indole), 7.42-7.68
(m, 4H, CH, benzene), 7.87 (s, 1H, NH, urea), 9.10 (s, 1H, NH, sec. amide)

1.11 (s, 3H, CHj3), 1.54 (s, 1H, CH, cyclohexane), 1.38-1.89 (m, 8H, CHy, cyclohexane), 2.33 (s,
3H, CHs), 3.35 (s, 2H, CHy), 3.82 (s, 3H, CHs), 6.29-6.81 (m, 3H, CH, indole), 7.48-7.76 (m,
4H, CH, benzene), 7.94 (s, 1H, NH, urea), 10.2 (s, 1H, NH, sec. amide)

1.85 (s, 3H, CHs3), 2.23 (s, 3H, CHs), 3.55 (s, 2H, CHy), 3.74 (s, 3H, CH3), 6.56-7.02 (m, 7H,
CH), 7.49 (m, 5H, CH), 7.71 (s, 1H, NH, urea), 8.84 (s, 1H, NH, sec. amide)

2.25 (s, 3H, CHs3), 2.49 (s, 2H, CHy, indane), 3.02 (s, 2H, CH>, indane), 3.43 (s, 2H, CH>), 6.68-
6.91 (m, 3H, CH, indole), 7.24-7.36 (m, 4H, CH, indane), 7.41-7.63 (m, 4H, CH, benzene), 7.87
(s, 1H, NH, urea), 8.58 (sec. amide)

1.51 (s, 2H, CHy, 1,2,3,4-tetrahydronaphtalene), 1.72 (s, 3H, CHs), 2.07 (s, 2H, CHy, 1,2,3,4-
tetrahydronaphtalene), 2.73 (s, 2H, CH2, 1,2,3,4-tetrahydronaphtalene), 3.01 (s, 2H, CHy), 3.75
(s, 3H, CHg), 6.13-6.92 (m, 3H, CH, indole), 6.95-7.15 (m, 4H, CH, 1,23/4-
tetrahydronaphtalene), 7.20-7.61 (m, 4H, CH, benzene), 7.94 (s, 1H, NH, urea), 8.99 (s, 1H,
NH, sec. amide)

43
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Table 4 - continuation.

44

Ne

IH NMR (DMSO-ds), 3 / ppm

4h

4a

4b

4c

4d

4e

4f

49

4h

4a

4b

4c

4d

4e

4f

2.15 (s, 3H, CHs), 3.27 (s, 2H, CHy), 3.76 (s, 3H, CHs), 6.22-6.71 (m, 3H, CH, indole), 7.39-
7.47 (m, 4H, CH, benzene), 7.31-7.88 (m, 8H, CH, fluorene), 8.11 (s, 1H, NH, urea), 9.8 (s, 1H,
NH, sec. amide)

13C NMR (DMSO-ds), 6 / ppm
191.1 (C=0), 175.7 (C=0, amide), 168.4 (C=0, spirohyd. ring), 156.1 (C=0, spirohyd. ring),
138.1 (CH, indole), 136.1 (CH, indole), 134.5 (CH, benzene), 129.3 (CH, benzene), 113.3 (CH,
indole), 66.5 (spiro C-atom), 55.8 (CH3), 29.2 (CH,), 25.8 (CH,), 25.1 (CHy), 13.7 (CHs3)
189.9 (C=0), 176.6 (C=0, amide), 165.7 (C=0, spirohyd. ring), 156.4 (C=0, spirohyd. ring),
132.2 (CH, benzene), 139.6 (CH, benzene), 114.4 (CH, indole), 108.3 (CH, indole), 104.9 (CH,
indole), 62.4 (spiro C-atom), 56.3 (CH3), 33.1 (CHa, cyclohexane), 29.2 (CH, cyclohexane),
26.9 (CHjy, cyclohexane), 19.8 (CHa, cyclohexane), 13.4 (CHs)
192.3 (C=0), 178.6 (C=0, amide), 167.6 (C=0, spirohyd. ring), 158.2 (C=0, spirohyd. ring),
132.6 (CH, benzene), 129.6 (CH, benzene), 114.3 (CH, indole), 108.3 (CH, indole), 104.5 (CH,
indole), 69.1 (spiro C-atom), 58.8 (CHs), 35.4 (CH, cyclohexane), 30.8 (CHa, cyclohexane),
27.2 (CHa, cyclohexane), 25.3 (CH, cyclohexane), 20.5 (CH>, cyclohexane), 17.4(CH,), 13.2
(CHg)
195.2 (C=0), 178.6 (C=0, spirohyd. ring), 171.3 (C=0, amide), 158.2 (C=0, spirohyd. ring),
133.4 (CH, benzene), 130.6 (CH, benzene), 115.4 (CH, indole), 110.1 (CH, indole), 105.7 (CH,
indole), 64.1 (spiro C-atom), 58.3 (CHs), 31.6 (CH2, cyclohexane), 29.4 (CH,), 28.6 (CH,
cyclohexane), 26.4 (CHa, cyclohexane), 19.3 (CHs), 14.1 (CHs)
188.1 (C=0), 172.6 (C=0, amide), 168.4 (C=0, hyd. ring), 156.1 (C=0, hyd. ring), 138.1 (CH,
indole), 135.6 (CH, indole), 134.6 (CH, benzene), 131.6 (CH, benzene), 131.2 (CH, benzene),
130.6 (CH, benzene), 115.0 (CH, benzene), 111.7 (CH, indole), 68.3 (C), 55.8 (CHgs), 29.9
(CHy), 25.3(CH3), 13.6 (CHs>)
190.5 (C=0), 172.3 (C=0, amide), 167.9 (C=0, spirohyd. ring), 158.2 (C=0, spirohyd. ring),
132.3 (CH, benzene), 130.6 (CH, benzene), 129.5 (CH, indane), 126.3 (CH, indane), 115.5 (CH,
indole), 108.3 (CH, indole), 106.1 (CH, indole), 68.5 (spiro C-atom), 55.8 (CHs), 32.1 (CH,
indane), 25.8 (CHy, indane), 24.8 (CHz, aliph.), 13.7 (CH53)
189.6 (C=0), 174.1 (C=0, amide), 168.4 (C=0, spirohyd. ring), 157.8 (C=0, spirohyd. ring),
138.2 (CH, benzene), 136.1 (CH, benzene), 134.5 (CH, 1,2,3,4-tetrahydronaphthalene), 131.7
(CH, 1,2,3,4-tetrahydronaphthalene), 130.7 (CH, indole), 129.5 (CH, indole), 112.3 (CH,
indole), 65.2 (spiro C-atom), 55.8 (CH3), 39.6 (CH_, 1,2,3,4-tetrahydronaphthalene), 39.4 (CHs,
1,2,3,4-tetrahydronaphthalene), 29.5 (CH,, 1,2,3,4-tetrahydronaphthalene), 27.6 (CHy), 13.7
(CHg)
192.6 (C=0), 171.3 (C=0, amide), 168.2 (C=0, spirohyd. ring), 158.4 (C=0, spirohyd. ring),
132.3 (CH, benzene), 130.1 (CH, benzene), 129.2 (CH, fluorene), 128.4 (CH, fluorene), 127.1
(CH, fluorene), 125.9 (CH, fluorene), 113.3 (CH, indole), 108.4 (CH, indole), 104.3 (CH,
indole), 67.2 (spiro C-atom), 56.6 (CHs), 29.4 (CH,), 12.8 (CH3)

13C DEPT 135 (DMSO-ds), 6 / ppm

138.1 (CH, indole), 136.1 (CH, indole), 134.5 (CH, benzene), 129.3 (CH, benzene), 113.3 (CH,
indole), 55.8 (CHa), 29.2 (CH>), 25.8 (CH>), 25.1 (CH>), 13.7 (CH3)
132.2 (CH, benzene), 139.6 (CH, benzene), 114.4 (CH, indole), 108.3 (CH, indole), 104.9 (CH,
indole), 56.3 (CHs), 33.1 (CHj cyclohexane), 29.2 (CHj, cyclohexane), 26.9 (CHs,
cyclohexane), 19.8 (CHy, cyclohexane), 13.4 (CHa)
132.6 (CH, benzene), 129.6 (CH, benzene), 114.3 (CH, indole), 108.3 (CH, indole), 104.5 (CH,
indole), 58.8 (CHs), 35.4 (CH, cyclohexane), 30.8 (CH, cyclohexane), 27.2 (CH,
cyclohexane), 25.3 (CH>, cyclohexane), 20.5 (cyclohexane), 17.4 (CHy), 13.2 (CHs)
133.4 (CH, benzene), 130.6 (CH, benzene), 115.4 (CH, indole), 110.1 (CH, indole), 105.7 (CH,
indole), 58.3 (CHs), 31.6 (CHa, cyclohexane), 29.4 (CH,), 28.6 (CH, cyclohexane), 26.4 (CH,
cyclohexane), 19.3 (CHs), 14.1 (CHs)
138.1 (CH, indole), 135.6 (CH, indole), 134.6 (CH, benzene), 131.6 (CH, benzene), 131.2 (CH,
benzene), 130.6 (CH, benzene), 115.0 (CH, benzene), 111.7 (CH, indole), 55.8 (CHzs), 29.9
(CHy), 25.3 (CH3), 13.6 (CH3)
132.3 (CH, benzene), 130.6 (CH, benzene), 129.5 (CH, indane), 126.3 (CH, indane), 115.5 (CH,
indole), 108.3 (CH, indole), 106.1 (CH, indole), 55.8 (CHs), 32.1 (CHa, indane), 25.8 (CH,
indane), 24.8 (CHy, aliph.), 13.7 (CHj3)
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Table 4 - continuation.

Ne 'H NMR (DMSO-ds),  / ppm

138.2 (CH, benzene), 136.1 (CH, benzene), 134.5 (CH, 1,2,3,4-tetrahydronaphthalene), 131.7
(CH, 1,2,3,4-tetrahydronaphthalene), 130.7 (CH, indole), 129.5 (CH, indole), 112.3 (CH,
indole), 55.8 (CHs), 39.6 (CH;, 1,2,34-tetrahydronaphthalene), 39.4 (CHy,
1,2,3,tetrahydronaphthalene), 29.5 (CH,, 1,2,3,4-tetrahydronaphthalene), 27.6 (CH), 13.7 (CHs)
132.3 (CH, benzene), 130.1 (CH, benzene), 129.2 (CH, fluorene), 128.4 (CH, fluorene), 127.1
4h  (CH, fluorene), 125.9 (CH, fluorene), 113.3 (CH, indole), 108.4 (CH, indole), 104.3 (CH,

indole), 56.6 (CHs), 29.4 (CH5), 12.8 (CHa)

4g

2. P. Marinova, M. Marinov, Y. Feodorova, M.

CONCLUSIONS Kazakova, D. Georgiev, V. Lekova, P. Penchev, N.

Indomethacin derivatives with 3-amino-1,3-
diazaspiro[4.4]nonane-2,4-dione, 3-amino-1,3-
diazaspiro[4.5]decane-2,4-dione, 3-amino-6-methyl
-1,3-diazaspiro[4.5]decane-2,4-dione,  3-amino-8-
methyl-1,3-diazaspiro[4.5]decane-2,4-dione, 3-
amino-5-methyl-5-phenylimidazolidine-2,4-dione,
1-amino-2',3'-dihydro-2H,5H-spiro[imidazolidine-
4,1'-indene]-2,5-dione, 1-amino-3',4'-dihydro-
2H,2'H,5H-spiro  [imidazolidine-4,1'-naphthalene]-
2,5-dione and 1'-aminospiro[fluorene-9,4'-
imidazolidine]-2',5'-dione were successfully
synthesized. The structures of the amides obtained
were proven by physicochemical parameters, FTIR-
ATR, Raman, *H and *C NMR spectroscopy.
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Craruata TIpeaCcTaBs CHHTE3 Ha HOBM aMUAHM, OCHOBAaH Ha B3aWMOJEHCTBHETO Ha cepus OT 3-
AMHUHOCIIMPOXU/IAHTOMHU ¥ 3-aMHUHO-5-MeTmi-5-penmnmumunazommani-2,4-qnon ¢ Munomeranuu.  lleneBute
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Ha BCHYKH TIOJlydEHH aMHUIU OsXa MOTBBPJAEHH upe3 Qusnkoxumuunu napamerp, FTIR-ATR, Pamanosa, 'H u 13C
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In the present study, we investigated the toxicological and pharmacological effects of four benzazepine derivatives
comprising modified dipeptides holding the residue of the N-(3, 4-dichlorophenyl)-D,L-Ala-OH. The newly synthesized
compounds were tested for acute intraperitoneal toxicity (LDs,), potential antidepressant activity and for improvement
of cognitive function in mice. The results indicated that one of the newly synthesized compounds showed lower toxicity
(3 times) and antidepressant activity in forced swim test in comparison with the reference substance Mirtazapine. The
compounds didn’t reverse scopolamine-induced memory deficit in mice and this result indicated lack of cholinergic

activity.

Key words: benzazepine derivatives, Alzheimer’s disease, depression, mirtazapine, mice.

INTRODUCTION

Psychiatric disturbances affect as many as
90% of patients with Alzheimer’s disease (AD)
and are a major focus of treatment. Depression
is one of the most frequent psychiatric
complications of AD, affecting as many as 50%
of patients. In this context, depression is a
significant public health problem that has a
serious consequences for patients and their
caregivers [1].

Identifying depression in someone with
Alzheimer's can be difficult, since dementia can
cause some of the same symptoms. Examples of
symptoms common to both depression and
dementia include: apathy, loss of interest in
activities and hobbies, social withdrawal,
isolation, trouble concentrating, impaired
thinking [2].

The present study is devoted to the
pharmacological and toxicological
investigations of newly synthesized benzazepine
derivatives including dipeptide residue. In order
to evaluate the most active compounds we use
standard tests for antidepressant activity and
memory-induced deficit in animals.

MATERIALS AND METHODS
Compounds
The investigated compounds (synthesized in
University of Chemical Technology and
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Metallurgy-Sofia) comprise
heterocycle, connected with
dichlorophenyl)-D,L-Ala-OH [3] Scheme 1.
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Scheme 1. Chemical structure of new compounds
and reference compound mirtazapine.
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Treatment solutions

Test compounds were homogenized with 1-2
drops of Tween 80, dissolved in distilled water and
administered intraperitoneally (i.p.) in dose 1/20
part of LDs, in forced swim and passive avoidance
tests — compound 1 in dose 54 mg/kg, compound 2
in dose 48 mg/kg, compound 3 in dose 71 mg/kg,
compound 4 in dose 82,5 mg/kg. The reference
compound mirtazapine was also dissolved in
distilled water and administered intraperitoneally in
dose of 5 mg/kg. Compounds were administered in
a volume of 10 ml/kg body weight. The newly
synthesized compounds are with similar molecular
weights (between 556 and 645 g/mol).

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Animals

Male albino mice line H, 25-32 g body weight.
The animals were housed according GLP
instruction of animal care, water and food being
supplied ad libitum; animal room temperature 22 +
3 °C; humidity 30 %; lighting schedule 12 h
light/dark cycle. Animals were trained and tested
during light part of the cycle. The studies were
approved by the Institutional Animal Care
Committee at the Medical University of Sofia,
Bulgaria.

Toxicity test

The newly synthesized compounds were tested
for acute intraperitoneal toxicity (LDsp). The acute
toxicity (LDs,) was estimated by OECD-425 FDA
method on male mice (12-15 mice per studied
compound), line H, weight 25-30 g and the data are
presented as mg/kg body weight [4].

Forced swim test

In a single session, mice (8 per group) are forced
to swim in a narrow cylinder from which they
cannot escape - 13 cm in diameter and 24 cm high,
containing water (22°C) to 10 cm. Thirty minutes
after intraperitoneal administration of the tested
compound, the animals are placed in water
containing cylinders and their behavior was
observed for 6 minutes [5].

From the second minute onward, immobility of
each mouse is recorded.

Scopolamine-induced amnesia in mice

The scopolamine test is performed in groups of
6 male mice weighing 25-32 g in a one-trial,
passive avoidance paradigm. Thirty minutes after
i.p. administration of 3 mg/kg scopolamine
hydrobromide, each mouse is individually placed in
the bright part of a two-chambered apparatus for
training (Gemini Avoidance System, San Diego,
California). After a brief orientation period, the
mouse enters the second darker chamber. Once
inside the second chamber, the door is closed which
prevents the mouse from escaping, and a 1 mA, 3-s
foot shock is applied through the grid floor. The
mouse is then returned to the home cage. Twenty-
four hours later, testing is performed by placing the
animal in the bright chamber. The latency time in
seconds for entering the second darker chamber
within a 5 min test session is measured
electronically. The test compounds were
administered 90 min before training. A prolonged
latency indicates that the animal remembers that it

has been punished and, therefore, does avoid the
darker chamber [6].

STATISTICAL ANALYSES

The data were processed on personal computer
using standard Student t-test.

RESULTS AND DISCUSSION

The newly synthesized compounds are less toxic

after i.p. administration than reference substance
mirtazapine with LDs, values between 958 and
1650 mg/kg body weight (Figure 1).
The results showed that compounds 1, 2 and 3
decrease the duration of immobility in forced swim
test in mice. There is significant difference between
mirtazapine group treated with 5mg/kg and group
of compound 2 with dose 48 mg/kg (Figure 2, p
<0.05).
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Fig. 1. Comparison between LDs, values of
mirtazapine and newly synthesized compounds

The results showed that single administration of
scopolamine (3 mg/kg, i.p.) impaired memory
processes which is demonstrated with decrease in
latency time. Compounds 1-4 didn’t reverse
scopolamine-induced memory impairment and
didn’t cause statistically significant increase in
step-trough latency in comparison with the control

group.
250 -
200
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0
control 2 3 1
aroup

Mirtazapine 1
Fig. 2. The effects of compounds on the duration of
immobility in the forced swim test in mice (n=8). * p<
0,05 (two tailed Student t-test)

Duration of immobility (sec)

Compounds 2, 3 and 4 prolonged latency times
in comparison with mirtazapine (Figure 3).
Acquisition trial is the first trial before
administration of scopolamine and compounds. On
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the second day the trial is conducted 30 minutes
after scopolamine administration in dose 3 mg/kg
i.p. and the retention trial is on the third day 24 h
after scopolamine and 90 min after i.p.
administration of compounds. For control group
were performed only acquisition trial on the first
day and retention trial on the second day.
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Fig. 3. Effects of investigated compounds and
mirtazapine on scopolamine-induced memory deficit on
passive avoidance task (n=6)

Mirtazapine is an atypical antidepressant,
centrally active presynaptic alpha 2-antagonist,
which increases central noradrenergic and
serotonergic neurotransmission. The enhancement
of serotonergic neurotransmission is specifically
mediated via 5-HT, receptors, because 5-HT, and
5-HT; receptors are blocked by mirtazapine. Both
enantiomers of mirtazapine are presumed to
contribute to the antidepressant activity, the S(+)
enantiomer by blocking a2 and 5-HT, receptors and
the R(-) enantiomer by blocking 5-HT5; receptors.

The histamine Hj-antagonistic activity of
mirtazapine is responsible for its sedative
properties. Mirtazapine is generally well tolerated.
It has practically no anticholinergic activity and, at
therapeutic doses, has practically no effect on the
cardiovascular system [7].

Mirtazapine was used as a reference substance
in acute toxicity, forced swim and passive
avoidance experiments because of benzazepine
ring, which is reason for chemical similarity to
newly synthesized compounds.

Many of the primary symptoms of depression
(depressed mood, low self-esteem, guilt, difficulty
in concentration, suicidal ideation, thoughts of
death) are by their nature difficult to model in
animals. This problem is further confounded by
their unknown etiology. Most theories of
depression concur in suggesting that stressful life
events play an important role [8].

The first tests for screening antidepressants were
based on pharmacological interactions. The most
common of these was reserpine antagonism. Not
only had reserpine sometimes been associated with
the induction of depression in humans, it also was
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known to cause depletion of neuronal stores of
monoamines. It was effective in detecting
antidepressants with mechanisms of action similar
to those already in clinical use (inhibitors of
monoamine uptake and metabolism), thereby
demonstrating the predictive validity of reserpine
antagonism.

The advent of atypical antidepressants, such as
iprindole and mianserin, that showed little or no
activity in these tests, necessitated the search for
new screens that were not Dbased on
pharmacological interactions. One of the earliest
was the forced swim or “behavioral despair” test,
in which rodents become immobile when forced to
swim in a restricted space from which there is no
exit [5]. During the past 20 years, the behavioral
despair test, in both rats and mice, has become one
of the most widely used antidepressant screens in
experimental pharmacology [9].

The forced swim and tail suspension procedures
are best viewed as simple tests for antidepressants
rather than as models of depression, because the
dependent variable (immobility) is a direct reaction
to the test itself and does not persist outside the test
situation. There is no obvious induction of a
“depressive state,” although there are elements of
construct validity (stressful inducing conditions,
decreased behavioral output). Rodents forced to
swim in a narrow space from which there is no
escape adopt, after aninitial period of vigorous
activity become a characteristic immobile posture,
moving only when necessary to keep their heads
above the water. The animals’ immobility was
hypothesized to show they had learned that escape
was impossible and had given up hope. Immobility
was therefore given the name “behavioral despair.”
It was subsequently found that immobility could be
reduced by a wide range of clinically active
antidepressant drugs. This simple behavioral
procedure has since become a useful test for
screening novel antidepressants [5].

There is a data that in Porsolt test mirtazapine
showed decreased immobility time, but only after a
14 days treatment [10].

The administration of antimuscarinic agent to
young human volunteers produces transient
memory deficits [11]. Analogously, scopolamine
has been shown to impair memory retention when
given to mice shortly before training in a dark
avoidance task [12]. The ability of a range of
different cholinergic agonists to reverse the
amnesic  effects of scopolamine are well
documented [13].

Disruption of cognitive performance by
antidepressants has been documented for the
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tricyclics, and occasionally observed with other
compounds such as fluoxetine. The antidepressant
mirtazapine has been reported to induce less
disruption in tests of psychomotor performance
than classical antidepressant drugs in both man and
rats. The potential advantage of mirtazapine over
other antidepressants in sparing cognitive function
was investigated using an autoshaping task. The
effects of mirtazapine were compared with a
number of clinically available antidepressant drugs:
imipramine,  amitriptyline,  desipramine  and
fluoxetine. The results showed that, in rats,
mirtazapine is less likely to interfere with some
aspects of cognition, in this case the ability to
acquire and use new information [14].

Acute LDs, of mirtazapine is 600-720 mg/kg in
mice after oral administration [15] and 320 mg/kg
after i.p. administration which indicate that this
compound is slight toxic. New compounds are 3 to
5 times less toxic than standard after intraperitoneal
administration.

CONCLUSION

Our results indicates that the most perspective is
compound 2, which possess low toxicity (958
mg/kg) after i.p. administration in mice, reduce
immobility in forced swim test in comparison with
control group, mirtazapine and other compounds.
Compound 2 and other newly synthesized
compounds didn’t reverse scopolamine induced
memory impairment and this result indicates that
compounds didn’t possess cholinergic activity.
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N.N. Kocramurosa'*, H.JI. Jlanues', I.H. Hukonosa!, JI.T. Besenkos?, U. sanos, M.I". ['eopruena®

! Kameopa no gapmaronoeus, papmaxomepanus u moxcuronocusi, Papmayesmuuern gpaxysmem, yi. ,, /ynas* 2, 1000
Cogus (Pvacapus)
2 Xumuxomexnonoauuen u memanypeuyetr ynusepcumem, 6yn.” Knumenm Oxpuocku” 8, 1756 Cogpus (Bvaeapus)

Hocrenmna Ha 25 okToMBpH, 2016 1.; Kopurupana Ha 20 despyapu, 2017 1.
(Pestome)

B HacTOAMOTO €KCIEepUMEHTaTHO MPOYYBaHE, MPEACTaBsIME TOKCHKOJOTUYHHUTE W (apMaKOJOTHYHU e(PeKTH Ha
YeTUpH OEH3A3ENMHOBY MTPOM3BOIHH, ChAbPXKANK Moaupuuupanu aunentuan ¢ N-(3,4-auxnopodenun)-D,L-Ala-OH
B N-kpas. Ha cpemuHeHusTa Oemie ompenelcHa ocTpa HWHTparnepuTtoHeanmHa TOKCHIHOCT (LDsg), moTeHnumamHara
AHTHJCTIPECUBHA aKTUBHOCT H BIIMSHUETO BBPXY KOTHUTUBHUTE (DYHKIIMU Ha MUINKH. Pe3ynraTure mokasBart, 4e €IHO
OT HOBOCHHTE3UPAHHUTE CHCANHCHHS ITOKA3Ba IMO-HUCKAa TOKCUYHOCT (3 ITBTH) M aHTUACTIPECUBHA AKTUBHOCT B J103a 48
MI/KT TEJICCHO TerJIo MpH TecTa 3a NpuHyAuTenHo IryBaHe (forced swim test) cripsMo pedepeHTHOTO BEIIECTBO
MuprazanuH. CheIMHEHHUATA HE IPEMaXxBaT CKONOJIAMUH-HHIYIIUPAHUS TAMETOB JAS()UIUT MPU MUIIKH, KOSTO TOBOPH
3a JIUTICA Ha XOJMHEPTHYHA aKTUBHOCT.
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Homology model of a selected single-chain variable fragment (scFv) inhibitory antibody Al is generated using
Generalized Born/\Volume Integral (GB/VI) methodology and MMFF94 force field. Comparative analysis of scFvAl
homology model and ghC1q chains is further used to find conformational and electrostatic similar regions, crucial for

the biological binding regions in C1q globular heads.

Key words: homology modeling, anti-C1q scFv

INTRODUCTION

Phage-displayed single-chain variable fragment
(scFv) antibodies obtain serious advantages that
make them preferable tool for application in
research, laboratory diagnostics and medicine.
Recent progress in antibody engineering together
with the microbial expression systems are
milestones for design and production of antibodies
for numerous applications [1]. Variety of selection
and screening strategies could be wused to
simultaneously derive many high-affinity scFv with
different relevance [2]. Importance of their diverse
collection relies on high specificity and selectivity
of antibodies, while offering distinct biological
profiles in tissue distributions of unique molecules
[3].

Clq is the recognizing first subcomponent of the
classical complement pathway, which undergo a
conformation transition by its activation, exposing
neo-epitopes. Naive phage library is used to create
a single-chain variable fragment (scFv) antibody,
that mimics the globular head regions of native C1q
(ghC1q). It is further used in in-silico modelling to
characterise crucial for biological binding regions
in C1q globular heads.

EXPERIMENTAL

scFv Al construction and sequencing

‘Griffin’ library, provided by Greg Winter,
MRC, Cambridge, UK, is used to create large,
nonimmunized fully human scFv repertoires [4],

* To whom all correspondence should be sent:
E-mail: marangelov@gmail.com

with high specificity of binding to human self-
antigens [5]. This kind of library construction of
naturally rearranged V genes in a phagemid vector
ensures natural diversity in length of the VH CDR3
and a higher number of functional scFv [2]. ScFv
Al, showing functional mimicry with only to the
globular head region of Clq, is obtained after
several panning rounds. pHENZ region, containing
genes for scFv Al is amplifyed by using in-situ
polymerase chain reaction (PCR) of the Escherichia
coli  clone and primers LMB3 (5-
CAGGAAACAGCTATGAC-3") and fd-SEQ1 (5'-
GAATTTTCTGTATGAGG-3)), using
amplification programm of Liners et al. 2005 [6].
The product is purfied and further send for iboth
sides sequencing (Macrogen Europe). Derived
sequence is deposited in GenBank under accession
number KX981596 .

Homology Search

Searches for protein structures that are
homologous to a query sequence are performed on
a database of protein structures and sequences that
have been clustered into families. A scan is
performed to create an initial list of candidates
using a generalized version of the FASTA
methodology [7]. Expectation value (E-Value) is
determined for each sequence and low E-Values,
that correspond to good scores were used as
evaluation criteria.

Homology Model of scFv Al

We performed alignment of the target sequence
to the selected parts of best scored selected proteins
according to the modified version of Needleman

50 © 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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and Wunsch algorithm [8] with sequence alignment
imposed on amino acid BLOSUM 62 substitution
matrix. Homology Model is carried out by
Boltzmann-weighted randomized modeling
procedure using coulomb and generalized Born
implicit solvent [9] interaction energies. Best
models were further refined by Merck Molecular
Forcefield MMFF94 [10] for all energy
minimization.

Comparative analysis of scFvA1 homology
model and ghC1q chains

Sequence comparison of crystallized globular
heads domains of human Clg, according to the
1PK6 PDB and H-chain of generated homology
model of scFv Al is performed, using secondary
structure information of those sequences having
associated atomic coordinates. The target sequence
is sequence-to-group aligned to each one of ghClq
chains. Manual alignment is used for refining CDR
frames of scFv Al H-chain and loops in A-, B- and
C- ghC1g.

RESULTS AND DISCUSSION
Sequence and structure similarity analysis

Analysis of the CDR3 regions of scFv clones
from the library, both VH and VL, shows
considerable variability in their length, which is
similar to the distribution of the length of CDR3 in
unselected library.

>Amino acid sequence of H-chain scFv Al

ScFv Al nucleotide sequence is translated to
amino acids (Fig. 1), compared to deposited germ-
line V genes and most likely CDR regions in both
VL and VH were predicted in VBASE?2 [11]. Heavy
chain V segment is of the IGHV4 family, while the
one of the light chain used IGKV1 subgroup. No J-
segment is discovered in the VL, but the junction in
VH participated as expected in the CDR3 formation

The scFv A1 model

Sequence alignment is performed using MOE
[12] software with database deposited scFv
antibodies by BLOSUM 62 algorithm as
substitution scoring matrix, with algorithm penalty
for gap opening -12 and gap extension -2 and
evaluated with E-value accepted 1.e2. The first
five hits (PDB ID: 1YNL, 1A5F, 1ETZ, 1DEE,
1AD9) showing statistically significant similarity,
the most similar one having E ~ 2.2, were chosen
for further analysis (Fig. 2).

Further multiple sequence alignment determines
the correspondences between residues of selected
related protein chains employing sequence-derived
and structure-based information. BLOSUM 62
substitution matrix is chosen as based on observed
alignments and immunoglobulin  superfamily
having many specific members.

RCSSRSRGAGLLKPSETLSLTCAVYGGSFSGYYWSWIRQPPGKGLEWIGEINHSGSTNYNPSLKSRVT
ISVDTSKNQFSLKLSSVTAADTAVYYCARSHSAAWGQGTLVTVS

>Amino acid sequence of L-chain scFv Al

DIQLTQSPSFLSASVGDRVTITCRASQGISSYLAWYQQKPGKAPKLLIYAASTLQSGVPSRFSGSGSGT

EFTLTISSLQPEDFATYHCQQLNSY

CDR analysis of H-chain scFv Al
GGSFSGYY....__ INHSGST..._ ARSHSAA
----CDR1---> <--CDR2--> <---CDR3----
CDR analysis of L-chain scFv Al

QGISSY....._ AAS......_ QQLNSY
----CDR1---> <--CDR2--> <---CDRS3----

Fig. 1. ScFv Al H- and L-chain amino acid sequence, derived from nucleotide sequence, using standard genetic code in

VBASE?2, with predicted CDR 1, 2 and 3 in H- and L-chains.
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Fig. 2. Comparison of scFv VL and VH structure to
high scored similar PDBs of crystallized antibodies,
shown in different colors. CDR1, 2 and 3 of VH is
visualized as CPK.

Homology model of scFv Al is generated using
Generalized Born/Volume  Integral  (GB/VI)
methodology and MMFF94 force field (Fig. 3).

Fig. 3. Representation of the known 3D structure of
crystallized antibodies in red and the generated model
backbone of scFv Al in color coding (yellow beta-
structure, blue for loops).

Fig. 4. CDR1 H-chain scFv Al according to the
model: GGSFSGYY dark color and A-chain of Clq:
TTNKGLF; light color.
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ScFv Al H-chain and ghC1q comparison and loop
similarity analysis

ScFv A1l CDR1, 2 and 3 were compared loop by
loop with C1q separate chains loop. Similarity in
using AA coding is: polar + and — separately; polar
uncharged and nonpolar. Backbone is analyzed only
as amino acid side chain (R) polarity due to the
mobility of R in solution, and not as a chain
position in the loop. The following color coding is
formed according to amino acid R-chain properties
analysis (Table 1):

Table 1. Good correlation of R polarity between Clq
globular head chains and CDR loops of H-chain scFv Al
is achieved for B-chain and CDR2, A-chain and CDR1
and C-chain and CDR3.

CRT
IActy
Belg
Cclg

R2
Aclq
Bclg
Cely

R3
Aclg
Bclg
Cclq 112119 |V G /

R,H,K -> positively charged in darker gray; D,E -> negatively
charged in dark gray; S,T,N,Q,P,C -> polar uncharged (H-
bonds) in gray; GAV,I,LLLM,FY,W -> hydrophobic in light
gray.

CONCLUSIONS

Based on the nucleotide sequence of an
inhibitory scFv Al, a structural 3D model of
resulting polypeptide chain is generated, as
homology model according to alignment on the
deposited crystallized scFv PDBs. The resulting
structure is used to find conformational (Fig. 4) and
electrostatic similar regions between homology
structure and native human C1g globular heads.
This similarity helps to clarify crucial recognising
regions from C1lq molecule. The presented model
will be further helpful giving insights into new scFv
binding properties that represent a step toward
understanding the recognition mechanisms of Clq
and their biological targets.
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In silico UBCJIEIBAHE HA EJJHOBEPW>XXHU AHTUTEJIA (scFv), CTPYKTYPHO [IOAOBHU
HA HATHUBHUTE IJIOBYJIAPHU ®PAI'MEHTU HA Clq

M.A. Parrenos!”, H.X. Tonoposa?, .T. IaueBa®”

Y Unemumym no opeanuuna xumus ¢ Llenmvp no pumoxumusa (MOXL{D), Bvrzapcka akademus na naykume, yi. “Axao.
I bonues” 6n. 9, 1113 Coghus, bvreapus
2 Uncmumym no 6uopasnoobpasue u exocucmemuu uscneosanus (MBEH), Bvnzapcka Axademus na Hayxume, yn.
“FOpuii I'aeapun” 2, 1113 Coghusa, bvreapus
8 Buonozuuecku gpaxynmem, Coguiicku ynusepcumem “Ce. Knumenm Oxpudcku”, 6yn. “Ipazan Llankos” 8, 1164
Cogus, Bvacapus

TToctenmna Ha 29 centemBpu 2016 r.; Kopurupana Ha 4 ¢peBpyapu, 2017 1.
(Pe3rome)

I'eHepupaH € XOMOJIOXKEH MOJICII Ha M30paHo eIHOBEPKHO MHXHOHMpaIno aHTuTsuIo (Single-chain variable fragment
(scFv) Al mocpenctBom anropurbMa Generalized Born/Volume Integral (GB/VI) u  MMFF94 cumnoBo moie.
AHan3MpaH € XOMOJIOXHHS Mozaea Ha SCFVAL cmpsmo rmoOynapuute ¢dparmentd Ha Clq (ghClq) pesyararture ot
aHaJM3a ca M3IMOJ3BaHHU 32 OTKpUBaHE HA KOH(GOPMALMOHHM U €JEKTPOCTATHYHHM PErMOHM Ha MojoOue, KPUTHYHU 32
OuosornuHuTe GPyHKLIUH Ha CBBbp3BaHe B oOyiaapHuTe pernonu Ha C1g.
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Small peptides can provide useful models for studying the interaction forces responsible for the structure and
activity of larger proteins. One approach is to study small peptide by “protecting” the ends with groups that eliminate
the functionality of the N and C terminus. The synthesis of dipeptide containing aromatic amino acid was carried out by
well know procedures - method of mixed anhydrides was applied, where N-protected Phe and C-protected Ala react in
the presence of Piv-Cl. The FT-IR- spectral analysis in solid state was used for characterization and elucidation of
typical bands of the investigated compound. The obtained results for the IR-bands of amide C=0-NH fragments and
other vibrations of the aromatic residues can be provids a structural information about the configuration of amide O=C-
NH group in the peptide molecules and corresponding amide planes in the peptide molecules.

Key words: amino acids, dipeptide H-Phe-Ala-OH, IR - spectral analysis

INTRODUCTION

Phenylalanine is one of the twenty biologically
naturally occurring amino acids that can be found
in protein. It contains an amino group, a phenyl ring
and a carboxylic group. It is an essential amino
acid.

Small, biologically active peptides were first
described about 40 years ago. Bioactive peptides
are specific protein fragments, that have a positive
impact on body functions or conditions and may
ultimately influence on the health [1]. Upon oral
administration, they may affect the major body
systems - namely, the cardiovascular, digestive,
immune and nervous systems, depending on their
amino acid sequence. Essentially, these molecules
play a hormonal role: they act at specific receptor
sites at different locations in the organism. Mostly
the peptides are transported from the site of release
to the site of biological activity through the blood
or lymphatic fluid.

Many studies of receptor binding have been
carried out to determine the affinity and specificity
of the peptides for the target cells. Different kinds
of analysis have been undertaken to understand
better the mechanisms of recognition, binding and
signal triggering when the peptide interacts with the
cellular surface. It became clear, that peptides might
have tremendous potential for medical and
pharmaceutical applications.

The short peptides are potential drug candidates
for pharmaceutical and biotech industries. Synthetic
short peptides are also extensively developed as

* To whom all correspondence should be sent:
E-mail: chapkanov@swu.bg
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agonistic or antagonistic ligands, that function in a
similar manner to antibodies, soluble receptors and
protein ligands. Characterization of the peptides in
solution is often performed in the presence of
organic solvents, which can presumably generate
the structure bound to the target surface and also
enhance the solubility of the peptides [2].

There have been several spectroscopic studies
on the behavior of many amino acids and peptides
including phenylalanine and on complexes
involving amino acids, organic molecules and metal
ions [3-8]. Infrared spectroscopy is often used for
obtaining both structural and conformational
information ~ from  biological ~ samples,
especially proteins [9-14] and amino acids [15—
18].

On the other hand, the possibilities of the IR-
and especially IR-LD spectroscopy have been
demonstrated in series of papers, dealing with the
IR-characteristic band assignment and structural
elucidation of small peptides [19-22]. As a part of
these systematic study our aim is to be presented
the synthesis of the dipeptide . -phenylalanyl- -
alanine (H-Phe-Ala-OH) and examination of the
correlation IR-spectroscopic characteristics-
structure of the dipeptide depicted in Fig. 1.

- [}
EI51T o
[T

Fig. 1. Chemical diagram of the Phe-Ala-OH and
zwitterionic structure.

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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EXPERIMENTAL
Synthesis

Boc-Phe-OH (1): Phenylalanine (1.7 g, 10 mM)
was added to the solution of NaHCO3 (0.9 g, 10.5
mM) in 25 ml water and was cooled to 0°C. A
solution of Boc,O (2.3 g, 10.5 mM) in 25 ml i-
PrOH was added to this mixture. The reaction
mixture was stirred for 24 hours at room
temperature. The process was monitored by TLC
CT1 (CHCI;3 : MeOH : H»0, 80 : 30: 5). At the end
of the process i-PrOH was evaporated, aqueous
solution was acidified with dry NaHSO, to pH 3
and three extractions with EtOAc were made (3 X
30 ml). Combined organic layers were washed with
saturated solution of NaCl, dried over Na»SO.,
filtered and EtOAc was evaporated. Pure Boc-Phe-
OH crystalized on air and 2.5 g (98 %) was
obtained.

HCI.Ala-OMe (2): 10 ml Methanol were cool to

-10°C and SO.Cl (2.9 ml, 40 mM) was added
dropwise. After 5 min alanine (1.8 g, 20 mM) was
added. The reaction was completed after 2 hours,
methanol was evaporated and white crystal product
(2.3 g (76 %) was obtained.
Boc-Phe-Ala-OMe (3): Boc-Phe-OH (1.5 g, 6 mM)
and NMM (0.66 ml, 6 mM) were dissolved in THF
(20 ml) and were cooled to -10°C. Piv-CI (0.74 ml,
6 mM) was added carefully at this temperature.
After 10 min a solution of HCI.Ala-OMe (0.9 g, 6
mM) in THF (10 ml) with EtsN (0.9 ml, 6 mM) was
added. The reaction completed after 24 hours. THF
was evaporated under reduced pressure, residue
was dissolved in EtOAc (30 ml) and was washed
consequently with NaHCOs (3 x 30 ml), NaHSO4
(3 x 30 ml), and water to pH 7. Organic layer was
dried over Na,;SO, and EtOAc was evaporated. 1.1
g (53 %) was obtained.

Boc-Phe-Ala-OH (4): Fully protected dipeptide
3 (1.1 g, 3.1 mM) was dissolved in mixture of
dioxane : water 1:1 (20 ml). A drop of methanol
solution of thymolphthaleine was added and after
that 1N NaOH was added dropwise until color of
the solution (blue) remained constant. Dioxane was
evaporated and aqueous solution was acidified with
dry NaHSO4 to pH 3. The dipeptide was obtained
from aqueous solution with EtOAc extractions (3 x
20 ml). Combined organic layers were washed
with water to pH 7, dried over Na»SO4 and
EtOAc was evaporated. 0.8 g (73%) product
was obtained.

Phe-Ala (5): Boc-Phe-Ala-OH (0.8 g, 2.5 mM)
was dissolved in CH,Cl; (2 ml) and TFA (1 ml) was
added. The reaction completed in 1 hour at room

temperature. The solvent was evaporated and the
crude product was purified by column purification.

Methods

The IR-spectra of the compound were recorded
using a Thermo Scientific Nicolet iS10 FT-IR
spectrometer (4000 — 400 cm?) with ATR
accessory. A spectral resolution of = 4 cm™ was
used and 64 scans were accumulated. The solid
state IR spectra were recorded using ATR accessory
and technique.

RESULTS AND DISCUSSION

Peptides and proteins play an important role in
modern biology. A key step in peptide production is
the formation of the peptide bond, which involves
amide bond formation [23]. The process usually
requires activation of a carboxylic acid moiety in
the presence of coupling reagents. Activation
consists of the replacement of the hydroxyl group
of the carboxylic acid with a leaving group as the
acid would otherwise simply form salts with the
amine. The reaction of the activated intermediate
and the amine is known as the coupling
reaction and the activators are coupling
reagents [24].

The dipeptide, Phe-Ala was synthesized using
synthetic scheme shown in Fig. 2. Method of mixed
anhydrides was applied, where N-protected Pro and
C-protected Ala reacted in the presence of Piv-Cl.
In order to obtain free dipeptide, protecting groups
(Me ester and Boc-group) were removed
subsequently. Alkaline hydrolysis was used for
ester removal and acid hydrolysis — for Boc-group
deprotection. Crude product was purified by gel
filtration.

Phe Ala
a b
(1) Boc—— 0OH H,N——— OMe (2
C
Boc OMe (3)
Boc d OH )
e
H,N OH ()

Fig. 2. Synthesis of _-phenylalanyl-_-alanine: a)
Boc,0, NaHCOs, i-PrOH, H,0; b) SO.Cl, MeOH; c)
Piv-Cl, NMM, Et:N, THF; d) 1IN NaOH, dioxin:H.O
(1:1); TFA, CHCl,.

IR-spectral analysis

Like in our previous investigations on peptide
systems [25, 26], the vibrational analysis support
well the experimental IR-characteristic bands only
assigned to molecular motions of
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functional groups which does not participate in
intermolecular interactions in solid-state.

The obtained results about the investigated
compound are assigned on the basis of known IR-
data about similar systems. The characteristic IR-
bands of the dipeptide H-Phe-Ala-OH are listed and
assigned in Table (1). The comparison and
assignment of the solid-state IR-spectra of the
studied compound is done, using the statement that
pure dipeptide stabilize HsN*, R-COO" (Phe-Ala-
OH) as a zwitterion with characteristic IR-spectral
bands of -NH3* and -COO-groups.

The IR-characteristic bands assignment shown
in Table 1 is done by preliminary deconvolution
and curve-fitting on the IR-spectroscopic patterns.
The spectral analysis shows the presence of bands
assigned of the protonated amino group -NHs" in
the 3300 — 2400 cm region. The broad maximum
for studied compound in this region corresponds to
symmetric and asymmetric stretching vibrations of
protonated NHs*-group.

The IR-spectrum of H-Phe-Ala-OH s
characterized with an intensive band of vnn at 3250
cmt, The obtained low frequency shifting is a result
of the participation of NH amide group in
intermolecular interactions. The discussed band is
low-frequency shifted too in corresponding
hydrochloride of H-Phe-Ala-OH with ~70 cm™*
supposing the participation of the NH group in
strong hydrogen bonding (Tabl.1).

The 5aSNH3+, S’aSNHer, and SSNHs, bending maxima
are at about 1690 - 1620 cm ™! region. The observed
two bands at 1692, 1684 cm™! characterized
asymmetric banding vibrations (6*nns"). The band
at 1546 cm™ is assigned to the symmetric banding
vibrations (8°\ws*). The amide | bands of the
peptide is observed about 1679 cm™, while the
amide Il (1525 cm™) is strongly depends of the type
of intermolecular interactions. The typical COO-
maxima are in the 1600 — 1400 cm* spectral range.
The character of the band at 1610 cm™ and 1403
cm? are assigned and belonging to the asymmetric
and symmetric stretching modes of COO-fragment
(V¥*coo™ and v°coo’) in the molecule.

The protonation of the zwitterionic dipeptide
leads to disappearance of the characteristic IR-
bands of COO, i.e. v®c00, Vcooo and an
observation of the bands of COOH group. The
protonation leads to disappearance of the typical -
COO" maxima in 1600-1400 cm™ spectral range.
The character of the 1610 cm™ and 1403 cm™ bands
as v®coo” and vScoo” in H-Phe-Ala-OH is confirmed
in addition by the obtained IR-spectrum of
protonated form as hydrochloride salt. It is
characterized with the disappearance of the maxima
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above and a new peak at 1735 cm? is appeared,
which correspond to v c-o stretching vibration of
the restored COOH group in the salt.

Table 1. IR-characteristic bands of Phe-Ala-OH and
Phe-Ala-OH.HCI

Assignment v H-Phe-Ala- H-Phe-Ala-
(cmb) OH. OH.HCI
VANHa", v NHa",
s 4 3200 — 2700 3200 - 2700
V'NH3
VOH 3365 3400
VNH 3275 3200
8%NH3*, 8 ¥ NHs* 1692, 1684 1654, 1650
ONhst 1546 1511
Vc=0 (COOH _ 1735
group)
ve=o (Amide I) 1679 1670
Snn (Amide 1) 1525 1571
v¥co0” 1610 -
Vicoo™ 1403 -

CONCLUSSION

The dipeptide H-Phe-Ala-OH was synthesized
by well know method of mixed anhydrides in the
presence of Piv-Cl. The spectral investigation,
inclucuds IR-characteristic bands determination of
the studied dipeptide H-Phe-Ala-OH were carried
out.

Acknowledgements: This work was supported
by Scientific Research Fund of SWU”N. Rilski”, Ne
RP-B3/16/2016.
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CHUHTE3 1 NY-OT CIIEKTPAJIHO U3ACHABAHE HA JUITEIITUAN C APOMATHA
AMHWHOKUCEJIMHA

T. E. I3umb6osBal, P. K. l'eoprues?, A. I'. YankbHoB?"

YUnemumym no monexynspua 6uonozus, Bvreapcka axademus na naykume, yi. Axad. I. Bonues 21, 1113 Cogpus
(Pvreapus)
2I0z03anaden ynueepcumem ,, H. Puncku“, yn. ,, M. Muxaiinoe“ 66, 2700 Bnazoeszpad (Bvreapus,)

Tloctenmna Ha 04 oxromBpu 2016 r.; Kopurupana na 06 mapt, 2017 r.
(Pestome)

Masnkure HenTHAN MOTaT Ja MPeCTaBIABAT MOJIE3HH MOJIENH 32 N3ydaBaHe CHIINTE Ha B3aUMOJCHCTBUE, OTTOBOPHHI
3a CTIpyKTypaTa M aKTHBHOCTTa Ha TmoO-TojeMH mnpoTeMHH. CHHTE3pT Ha [IUNENTHA, CBIBPXKAIl apoMaTHa
aAMHHOKHCENIMHA € M3BBPIIEH M0 J100pe M3BeCTHAa METOMKA - NMPIJIOKEH € METOJa Ha CMECEHUTE aHXUAPHUAU, KbJIETO
aMHHOKHCenuHNUTe (eHmnananud e N-3amnmrena, a anaauH C-3aliiTeHa pearupar B NIPUCHCTBHE HA MUBAIOMI XJIOPHI.
Cnexrpanansatr UY-OT ananus B TBBPAO CHCTOSHHE MOXKE Jia C€ M3MOJI3BA 3a JIONBIHHUTEIHO OXapaKTepH3UpaHE U
W3SACHABAaHE HAa THUNWYHM HMBHLIM OT H3CIEIBAHOTO CheAWHEHHE. lloydeHuTe pe3ynTard 3a HMBHIMTE Ha aMHJ
¢parmenture (C=0, NH), kakTo ¥ Ha JIpyrd MBUIM OT apOMaTHHS OCTaThbK MOTraT Aa JajaT IoJie3Ha CTPYKTYpHa
nH}popMaIs OTHOCHO KOH(DUTYypanusITa Ha aMHIHATA TPyIa U ChOTBETHUTE aMHJHN PaBHUHH B TIETITHIHUTE MOJIEKYIIH.
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At present, two classes antivirals of influenza virus are available: the neuraminidase inhibitors (oseltamivir,
peramivir, zanamivir) and the M2 proton channel blockers (amantadine and rimantadine). Since vaccination and
existing antiviral therapy and rapid emergence of M2 proton channel blockers resistance cannot guarantee protection
against influenza, battling this virus remains important health care task that requires design and development of new
drugs. In the search of new prodrugs effective against influenza virus were synthesized thiazole analogues with
amantadine and rimantadine (RS) -1 - (1-adamantyl) ethanamine) and their antiviral activity was studied [1]. The
chemical stability of them was studied at pH 1 and 7.4 temperature of 37°C. An HPLC method was developed for

quantification of the unchanged ester concentration.

Keywords: adamantanes, thiazole, chemical stability

INTRODUCTION

Modification  of antiviral agents by
peptidomimetics, with chemical structures different
from the natural peptides but maintaining the same
ability to interact with specific receptors, is of great
interest [2]. Based on the known structure/activity
relationship we designed a new series of analogues
of  amantadine and rimantadine with
peptidomimetics [3].

Novel rimantadine and amantadine analogues
have been synthesized with amino acids containing
thiazole and thiazole rings and their activity on the
Influenza virus A/Hongkong/68 have been
explored. The rimantadine analogues with thiazole
ring showed moderate activity against influenza
virus A/Hongkong. The remaining compounds
were considerably less effective.

The object of this study was to assess the
chemical stability of some of the synthesised
adamantane esters with peptidomimetics at pH 1.0
and pH 7.4 at 37°C [4].

EXPERIMENTAL
General information

Chemicals
Acetonitrile for HPLC the buffer components
HCI, Na;H2PO, of the purest grade, were purchased
from Merck (Germany). The Grace Vidac
chromatographic column was used (USA).

* To whom all correspondence should be sent:
E-mail: ivastankova@abv.hg

Chromatography

Chromatography was carried out isocratically,
on a modular KNAUER HPLC system (Germany),
consisting of a Smartline Pump 1000, a Smartline
Manager 5000 solvent degasser, an injector with a
20 pl loop and a Smartline UV Detector 2600 diode
array. The analyses were controlled and the data
were acquired with EuroChrom software. The
mobile phase consisted of acetonitrile/water in a
ratio of 30:70 or 50:50 v/v depending on the
polarity of the compound and a flow rate 1 ml/min
was used. The detection was performed at relevant
Amax for the respective compound (range 252-262
nm).

Kinetic study

A single chromatographic method was used to
detect the studied adamantane esters with thiazole
rings containing amino acid glycine in agqueous
buffer solutions at pH 1.0 (0.1 M HCI) and pH 7.4
(phosphate buffer). Twenty microlitres of each
sample were injected into a reverse phase HPLC
C18 column. The mobile phase consisted of
acetonitrile/water at a ratio of 30:70 or 50:50 v/v
depending on the polarity of the compound. The
analyses of the esters of amantadine and
rimantadine with amino acid containing thiazole
rings were validated. The specificity of the method
was investigated by observing potential interference
between the esters of amantadine and rimantadine
and its parent drug. No interfering peaks were
presented in the chromatograms. The linearity of
the relationship between the peak area and
concentration was determined by analysing six
standard solutions in a concentration range of 0.1-
1.0 mmol/l. For all analytes, the relationship
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between the peak area ratio of the drug to the
internal standard and concentration was linear over
the entire examined concentration range. The
correlation coefficients of the calibration curves
were greater than 0.997. For all of the examined
compounds the coefficient of variation calculated
for the six analysed samples did not exceed 5%.
Hydrolysis of adamantane esters with thiazole rings
containing amino acid Glycine was studied at pH
1.0 (HCI) and pH 7.4 (phosphate buffered saline).
Stock solutions of the prodrugs were prepared and
used immediately for stability studies. Aliquots (9.8
ml) of the buffer were placed in a screw-capped
vial and allowed equilibrate at 37°C. A prodrug
stock solution (0.2 ml) was added to the buffer. The
vial was placed in a constant shaker bath set at
37°C and 60 rpm. Each sample was directly
analysed by HPLC.

RESULTS AND DISCUSSION

The chemical stability of adamantane esters:
HCI-2-aminomethyl-thiazole-amantadine (1), HCI-
2-aminomethyl-thiazole-rimantadine  (2)  was
studied under experimental conditions of biological
relevance, i.e. at pH 1 and pH 7.4, at a temperature
of 37°C. The compounds were synthesised as
previously described. The structures of the
compounds under investigation are presented on
Fig. 1.

HCI. H,N S
X / o H HCI.NH—\(m o

HCI.Gly-Thz-4-amantadine (1) HCLGly-Thz-4-rimantadine (2)

Fig.1.Adamantaneesters with peptidomimetics

It was established that, under the described
experimental conditions, some esters underwent
decomposition by hydrolysis [5]. The hydrolysis
followed apparent first order kinetics, and the rate
constants (K) were obtained as slopes from the
semi-logarithmic plots of the unchanged ester
concentration versus time. The chemical stability
was assessed by means of the decomposition half-
lives:

2
bp= InE

Chemical stability measurements revealed that
the thiazolyl esters of amantadine and rimantadine

were relatively unstable at acidic pH (Tabl.1., Fig.
2).

15 Pk
— -,
g S
o 1
S
_‘05 /
Sl
+

0 100 200 300 400
t,min

HCI-2-aminomethyl-thiazole-amantadine (1)

In (2o
*\

HCI-2-aminomethyl-thiazole-rimantadine (2)

Fig. 2. Decrease of the concentration of the esters at
pH 1.0 (HCI)

In (G o)
*\

HCI-2-aminomethyl-thiazole-amantadine (1)

InpCanl)
o)

-

\

HCI-2-aminomethyl-thiazole-rimantadine (2)

Fig. 3. Decrease of the concentration of the examined
prodrugs in buffer solution at pH 7.4 (phosphate buffer)
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Table 1. Half-lives (h) of thiazole analogues of
amantadine and rimantadine at 37°C.

Compounds pH=1 pH=7
1 0.53h 1.03h
2 1.48h 6.05h

The  HCI-2-aminomethyl-thiazole-amantadine
(1) and HCI-2-aminomethyl-thiazole-rimantadine
(2) were less stable than the Boc-thiazole-OH at pH
1.0. Esters (1) and (2) manifest lower stability at pH
7.4. It was proved that the compound (2) is stable
at the pH 7.4 (Fig. 3, Table 1.).

CONCLUSION

The chemical stability of thiazolyl esters of
amantadine (1) and rimantadine (2) was studied in
experimental conditions simulating some relevant
biological medias (pH 1.0 and 7.4, 37°C). Test
compounds are stable at pH 7.4 and 37°C where the

highest stability manifests Boc-thiazole with
rimantadine (t1/2=6.05 h) at pH 1.0 and 37°C the
most stable is analogues of Boc-thiazole with
rimantadine (t1/2=1.48 h).

Acknowledgements: The authors gratefully
acknowledge financial support from South-West
University “Neofit Rilski” — grant RP-A9/16.
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XNMHNYHA CTABUJIHOCT HA TUA30JIOBU ITPOM3BOJHN HA PUMAHTAJIMH U
AMAHTAJIUH

K. Yyukos, JI. Murpesa, B. Mapkosa 1. Ctankosa

Kameopa no xumus, FOz03anaden ynueepcumem ,, Heogpum Puncku”, y. ,, Mean Muxaiinos Ne 66, 2700
brazoesepao, bvreapus

Ioctenuna Ha 25 oxromBpu 2016 r.; Kopurupana Ha 7 mapr, 2017 r.
(Pesrome)

HoBu anano3u Ha aMaHTaIWH M PUMaHTAJUH ChABPXKAIIM THA30JI0B NMPBCTEH 0sfXa CHHTE3MpaHW U Oe M3clieBaHa
NPOTHBOBUPUCHATA UM aKTUBHOCT CIPSIMO TpulieH BUpyc [1].

XuMu4HaTa cTaOMIIHOCT HAa THA30JI0BUTE NPOM3BOJAHN Ha aMaHTAIWHA M pUMaHTaauHa Oe u3ciensana mpu pH=1,
pH=7.4 u T=37°C c u3nox3BaHe Ha BUCOKOS(EKTUBHA TEIHA XPOMATOTpAPHSL.
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The biological activity of adamantane derivatives is due to the symmetry and steric bulkiness of the structure and the
significant lipophilicity of the rigid hydrocarbon framework. This enables them to penetrate easily through biological
membranes. Therefore, modification of organic compounds by an adamantyl radical changes significantly their
biological activity, often enhancing it. A large number of strains that are completely resistant to amantadine are
currently known. The number of resistant influenza strains increases every year because of spontaneous mutations in the
virus genome. This necessitates expanded research on the reasons for the development of resistance and ways of

overcoming it by creating new antiviral drugs [1].

Keywords: adamantanes, amino asids, amino acid amides, antiviral activity

INTRODUCTION

Amantadine was a drug that was once used to
treat the influenza virus A. The influenza virus A
became resist to amantadine due to the misuse of
the drug. In 2005 the drug was used in China as a
way to treat the avian influenza. The Chinese gave
approximately 2.6 billion doses of amantadine to
the chickens, which is what caused it to become
resistant [2]. The avian flu threat served as a
catalyst for scientist to prepare a new antibiotic that
could be used to treat the drug-resistant bacterial
and viral strains [3]. According to Plumb’s
Veterinary Drug Handbook, amantadine is safe to
use in small animals and equine. It also states that
amantadine is still able to treat some influenza
viruses, but they have found that the greatest
interest in its use is treating chronic pain. The
influenza virus it is able to treat is found in equine
and is known as equine-2 influenza virus. The
handbook states that amantadine is safe for humans
and that it is no longer used for fighting the
influenza virus but used in Parkinsonian Syndrome
[4]. Amantadine is an amino-analogue of
adamantane.

Our goal was to modify amantadine with L-
Valine, L-Alanine and L-Lys and to investigate
their antiviral activity against influenza virus A
(H3N2) (Scheme 1). The structures of new
analogues were confirmed by NMR and MS
analyzes.

EXPERIMENTAL
General information

All amino acids (N-(tert-Butoxycarbonyl)-L-

alanine, N-(tert-Butoxycarbonyl)-L-valine and N*-

* To whom all correspondence should be sent:
E-mail: rchayrov@swu.bg

bis-Boc-L-lysine  dicyclohexylammonium salt),
amantadine hydrochloride, as well as isobutyl
chloroformate (IBCF), triethylamine (TEA), were
purchased from Sigma Aldrich (FOT, Bulgaria).
Dichloromethane was obtained from Fisher
Chemical (Bulgaria) and further was distilled.
Chloroform was of reagent grade and used without
further purification. Thin-layer chromatography
(TLC) was conducted on precoated Kieselgel
60F254 plates (Merck, Germany).

The NMR experiments were recorded on Bruker
Avance Il 600 or Bruker Avance IlIl 400
spectrometer, operating at 600.13 and 400.15 MHz
for protons respectively. The measurements in
CDCls solutions were carried out at ambient
temperature (300 K) and tetramethylsilane (TMS)
was used as an internal standard. The UV spectra of
the compounds were measured with an ‘‘Agilent
8453’ UV-vis spectrophotometer. Electrospray
lonisation (ESI) and EIl mass spectra were recorded
corresponding on an Esquire 3000 and MAT 8230.

General procedures. Synthesis of 3a - ¢

The tert-butyloxycarbonyl (Boc) amino acids
(Boc-Val-OH, Boc-Ala-OH, Boc-Lys(Boc)-OH)
(69 mmol) were dissolved in 2 ml CH.Cl,. The
solution was cooled to -15°C, added TEA (69
mmol) and dropwise isobutyl chloroformate (69
mmol). The amantadine (46 mmol) were dissolved
in 2 ml mix CH,CIl,/CHCIs in ratio 1:1, added TEA
(46 mmol). After 15 min the solutions were mixed
and stirred for 1,5h at -15°C. The mixture was
poured into 5% NaHCO3, extracted with CHCI3,
washed with brine, dried over Na2SO4 and
concentrated in vacio. The residues was purified by
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TLC on Kieselgel 60F254 using the solvent system
chloroform/ methanol (95:5).

The resulting white solid, Boc-Valyl-
Amantadine, Boc-Alanyl-Amantadine and oil Boc-
Lysinyl(Boc)-Amantadine were dissolved in 2 mi
of 50% TFA/ CHCl, and stirred at 0°C for 1h to
remove the Boc group.

Boc-Valyl-Amantadine (Boc-Val-Am) - M\W. =
350,5;

ESI-MS: 723.4 [2M+Na]*, 389.1 [M+K]*, 373.2
[M+Na]*, 351.2 [M+H]*; *H NMR (CDCls) /600
MHz/ & (ppm): 0.901 (d, J=6.8 Hz, 3H), 0.937 (d,
J=6.5 Hz, 3H), 1.435 (s, 9H), 1.664 (br t, 6H),
1.985 (s, 6H), 2.03 (overlapping, 1H), 2.06 (s, 3H),
3.705 (br t, J= 7.9 Hz, 1H), 5.09 (d, J= 8.2 Hz, 1H),
5.478 (s, 1H).

After removing the Boc group - white powder, 36%
yield;

ESI-MS: 523.2 [2M+Na]*, 273.1 [M+Na]*

Boc-Alanyl-Amantadine (Boc-Ala-Am) - M.W.
=322,5;

ESI-MS: 667.2 [2M+Na]*, 361.1 [M+K]*, 345.1
[M+Na]*, 323.1 [M+H]"; *H NMR (CDClIs) /600
MHz/ & (ppm): 1.30, (d, J=7Hz, 3H), 1.44 (s, 9H),
1.66 (s, 6H), 1.973 (s, 6H), 2.065 (s, 3H), 4.024 (br
s, 1H, CH), 5.024 (br s, 1H, NH), 5.796 (br s, 1H,
NH).

After removing the Boc group — white powder,
58% yield:;

ESI-MS: 467.1 [2M+Na]*, 245.0 [M+Na]*

Boc-Lysinyl(Boc)-Amantadine (Boc-Lys(Boc)-
Am) - M\W.=479,7;

ESI-MS: 981.4 [2M+Na]*, 502.2 [M+Na]*, 480.3
[M+H]*; *H NMR (CDCls) /600 MHz/ & (ppm):
1.44 (s, 18H, Me), 1.40-1.90 (m, 6H, CH,), 3.11 (br
s, 2H, CHy), 4.13 (br s, 1H, CH), 4.80 (br s, 1H,
NH), 5.44 (br s, 1H, NH).

After removing the Boc groups — white to yellow
powder, 28% vyield;

ESI-MS: 581.8 [2M+Na]*, 302.1 [M+Na]".

Viral suspension is from the collection of the
section "Virology" of the "Stefan Angelov"
Institute of Microbiology, Bulgarian Academy of
Sciences.

The virus is cultured in a maintenance
environment DMEM (Dulbecco's Modified Eagles's
Medium) (Gibco BRL, USA) with 0.5% fetal veal
serum, 10 mM HEPES (Merk, Germany) and
antibiotics  (penicillin 100 Ul / mL and
streptomycin 100 pg / mL) at 37 ° C in the presence
of 5% CO2. After seeding in microtitre plates,
MDCK cells were incubated at 5 % CO2, 37 °C and
95 % humidity for 48 h. Thereafter, the cell culture
medium was aspirated and serially diluted
compound concentrations in fresh cell culture
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medium  were added (100  pl/well; 2
parallels/concentration, dilution factor 2). Six
untreated wells were used as cell control (negative
control). 72 h after compound addition and
incubation cell were stained with a crystal
violet/methanol solution. After dissolving away the
stain, the optical density (OD) of individual wells
was determined in a Dynatech microplate
Photometer (550 /630 nm) and compared with
the mean optical density of the 6 cell controls.

Amantadine

NH,
; )=0 N
>< (i) 2 HN @v) R
o) N 0
\/.:o R
o
Jac
2a-c

R (if)

HO

(o]

Boc-AA
lac

R = CH(CH;), - Valine (2) R = CH; - Alanine (b) R = (CH;),NH; - Lysine (c)

Scheme 1. (i) EtsN, CH,CL/CHCIs 1:1, -15°C; (ii)
EtsN, IBCF, CHyCly, -15°C, 15min; (iii) 1,5h, -15°C;
(iv) TFA/ CHCl3

RESULTS AND DISCUSSION

We presents test results for the ability of the
prepared compounds to inhibit virus A/H3N2 strain
Aichi and the cytotoxic activity of the compounds
on MDCK cell culture.

Antiviral activity of the compounds was studied
at a concentration of 5ug/mL. The percent
inhibition of the compounds given in Table 1 is the
arithmetic mean.

It can be concluded by analyzing the results that
the antiviral activity is depends by the length the
carbohydrate chain. There is an optimal size and
structure.

As we can see in the table branched chain amino
acids valine did not show activity, even it’s
hydrophobic portion together with the lipophilic
carbocyclic adamantane created the optimum
structure for penetrating the membrane bilayer of
the wvirus capsule and disrupting replication
processes valine derivative (3 a) behaved no
antiviral activity on A(H3N2) virus. Compound 3 b
represented amantadine linked to the amino acid
alanine. It slightly inhibited A(H3N2). The
moderate inhibition activity of this compound
possibly is due to its compact structure, which fit
into M2 protein envelope and partially obstructs
proton conduction.
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Table. 1. Antiviral activity against influenza virus A
(H3N2) and cytotoxicity of the amantadine derivatives.

Cytotoxicity Inhibition
Compounds (CCs0) (ICs0)
Val-Am (3 a) 189.02 0
Ala-Am (3 b) 211.16 33.28
Lys-Am (3 ¢) 206.13 15.32
Amantadine > 200 n/a

Based on the activity of the ornithine derivative,
which Shibnev and etc. report, we synthesized close
structural analog — lysinyl-amantadine (3 c¢). The
activity of the compound was slightly less than that
of 3 b. Carbohydrate chain is much longer compare
to 3 b, but in this derivative are two amino groups,
which increase the basic properties and inclination
to formation hydrogen bonds with M2 protein [5].

CONCLUSION

We synthesized and tested three compounds of
amantadine analogues with the amino acids valine,
alanine and lysine. The new analogues 3 a-c were

evaluated for their antiviral activity towards
influenza virus A(H3N2). This study shows that the
antiviral properties of amantadine amino acid
derivatives could resuscitation the antiviral
properties and the resistance was overcome.

Acknowledgements: The authors gratefully
acknowledge financial support from South-West
University “Neofit Rilski” — grant RP-A9/16.
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AMAHTAJZIMHOBU AHAJIO3U — CUHTE3 1 BUOJIOTUYHA AKTUBHOCT

P. Yaiipos'*, JI. Mykosa?, A. I'eis608?, 5. Mutpes®, U. Crankoa!

1Kameopa no xumus, FOz03anaden ynueepcumem ,, Heogpum Puncku”, yx. ,, Mean Muxaiinos Ne 66, 2700
bnacoesepao, bvreapus
2HHcmumym no mukpoouonozus ,,Cmegan Aneenog”, yn. ,,Axao. I'eopeu bonueg” o1. 26, 1113 Coghus, Beaecapus
SUncmumym no opeanuuna xumus ¢ Llenmwp no umoxumus, yn. ,, Axao. I'eopau Bonues” 61. 9, 1113 Cogpus,
bwaeapus

[ocrermna va okromBpu 30, 2016 r.; Kopurupana Ha 25 ¢espypu, 2017 T.

(Pesrome)

HpOCTpaHCTBCHOTO PA3MNOJIOKCHUEC, 3HAYUTCIHATA J'II/IHO(I)I/IJ'IHOCT, JICCHO HpEMHUHABaHEC Mpe3 OHOJIOTHYHHTE
M6M6paHI/I Ha aMUHOKHUCCIIMHUTE Ca MPUIYNHUTE, KOUTO OKa3BaT BJIMAHHC BHPXY IMOBUIIICHA OMOJOTMYHATA AKTUBHOCT

Ha TCXHU NPOU3BOJHU C aMaHTaJHA.

W3BecTHH ca roisiM Opoil TPUIMTHU IIaMOBE PE3UCTEHTHH KbM amaHTaguHa. TexHusAT Opoil ce yBennuaBa BCsAKa
TOJMHA 3apajyl CIIOHTAHHW MYTallid BHB BHUpPYyCHUS reHoM. Ch3aBaHe HA HOBM aMHHOKHCEIMHHHM aHAJIO3W Ha
aMaHTa/iHA ca Bb3MOXHOCT 3a MPEOI0siBaHe Ha pe3rcTeHTHOCTTA [1].
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The hyper production of melanin is a reason for malignant melanoma, the most life-threatening skin cancer.
Recently, tyrosinase inhibitors attract a lot of attention because of their ability to influence the activity if this key
enzyme. Such kind of compounds is increasingly used as ingredients in cosmetic creams and products. Peptides
containing aspartic or glutamic acid residues usually do not bind very well to tyrosinase. Strong tyrosinase-binding
peptides always contain one or more arginine residues, often in combination with phenylalanine, while lysine residues
can be found equally among nonbinding peptides as well as moderate tyrosinase-binding peptides. The presence of the
hydrophobic, aliphatic residues valine, alanine or leucine appears to be important for tyrosinase inhibition. Therefore,
good tyrosinase inhibitory peptides preferably contain arginine and/or phenylalanine in combination with valine,
alanine and/or leucine. A special place is given to peptides, because of their good bioavailability and low or lack of
toxicity.

Herein, we report the kinetic investigation, inhibitory activity and 1Cso of two peptide amide of galanthamine Boc-

Asp(norGal)-Asp-Leu-Ala-Val-NH-Bzl and Boc-Asp(norGal)-Asp-Leu-p-Ala-Val-NH-Bzl.

Key words: peptides, enzymes, inhibitors; pharmaceutical application

INTRODUCTION

Tyrosinase (EC 1.14.18.1.)) is a metaloenzyme
containing Cu*? as a cofactor in the active side that
catalysis two districts reaction of melanin synthesis,
the hydroxylation of a monophenol and the
bioconversion of o-diphenol to the corresponding
o-quinone [1]. The latter undergoes several
reactions to form melanin (figure 1).

Currently a great interest is the involvement of
melanin (one of the most common pigments
including in human skin) in several dermatological
disorders. The hyper production of melanin is a
reason for malignant melanoma, the most life-
threatening skin cancer. Recently, tyrosinase
inhibitors attract a lot of attention because of their
ability to influence the activity if this key enzyme.
Such kind of compounds is increasingly used as
ingredients in cosmetic creams and products [2]. A
special place is given to peptides, because of their
good bioavailability and low or lack of toxicity [3].
Herein, we report the Kinetic investigation and
inhibitory activity of two peptide amide of
galanthamine Boc-Asp(norGal)-Asp-Leu-Ala-Val-
NH-Bzl and Boc-Asp(norGal)-Asp-Leu-p-Ala-Val-
NH-Bzl.

* To whom all correspondence should be sent:
E-mail: sp_yaneva@uctm.edu

MATERIALS AND METHODS
Tyrosinase inhibition activity

All  kinetic  investigations  and ICso
determinations were done using an optical
biosensor with tyrosinase from mushrooms (EC
1.14.18.1), immobilized onto hybrid membranes
synthesized by sol-gel technology. Synthesis of
used membranes containing cellulose acetate
propionate with high molecule weight (~25 000)
(CAP), methyl triethoxysilane (MTES) and co-
polymer of acrylamide/acrylonitrile is described in
[4]. The quantity of protein immobilized onto the
membranes, was determine using Lowry’s
methodology [5]. Initially, the activity of the
immobilized tyrosinase was measured without
presence of inhibitor. Diphenolase activity was
determined spectrophotometrically with 10 mM
substrate L-DOPA (L-3,4-dihydroxyphenylalanine)
as a substrate, at 25 °C, using spectrophotometer
with optical fibers (AvaSpec, Avantes, USA).

The diphenolase activity does not show any lag
period. The dopachrome assay was performed. The
increase in absorption at 475 nm, due to the
formation of dopachrome (g 475 = 3 600 M-tcm™),
was monitored as a function of time. The activity is
expressed as mole of L-DOPA oxidized per minute.
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H:N—CH—C—OH

CH:

=S melanin
=]

L-DOPA quinone

Melanocyte

Melanin

Fig. 1. Two stages of tyrosinase participation in melanin synthesis

1 ml of 0.001M potassium phosphate buffer
(pH=7) and 1 ml 13.3x10° M L-DOPA were
stirring. Further, synthesized peptides at different
concentrations from 5 uM to 100uM were diluted
in 1.0 ml of 0.001M potassium phosphate buffer
(pH=7). 50mg of membranes with the immobilized
enzyme were added directly to the solution and
were incubated together for 30 min at 25° C. The
membranes with immobilized tyrosinase, were
moved out from the solution and the residual
activity was measured following the procedure
according to Worthington [6].

Peptide inhibitors were synthesized according to
methodology described in [7]. They all are amides
or esters of natural galanthamine with following
structures:

Boc-Asp-(norGal)-Asp-Leu-Ala-Val-NH-Bzl —
inhibitor 1- (14);
Boc-Asp-(norGal)-Asp-Leu-B-Ala-Val-NH-BzI
inhibitor 2- (1,).

The inhibitory effects of all the analyzed
Tyrosinase inhibitors was calculated by measuring
the difference in the enzyme activity before and
after incubation with inhibitor. The measurement
was done at 460 nm for 5 min.

The inhibition percentage was calculated according
to equation.

Inhibition (%) = [(Eo - Ei)/Eo]*100,

Where Ey is the initial inhibited sensor activity and
E is the inhibited sensor activity. The sensitivity of
the biosensor toward tyrosinase was measured.

RESULTS AND DISCUSSION

A lot of scientific groups are investigated
peptides with different structures as potential
inhibitors of tyrosinase in order to estimate role of
different amino acids for inhibitory activity.
Schurink et al. reveal that strong peptide based
tyrosinase inhibitors always contain one or more
arginine residues, often in combination with
phenylalanine. In addition they prove that the
presence of hydrophobic, aliphatic residue like

valine, alanine or leucine is key factor for
tyrosinase inhibitory potential [3]. In contrary, Noh
et al. describe series of 22 tripeptides combined
with kojic acid where all compounds with strong
inhibitory activity against tyrosinase contain
minimum one hydrophilic amino acid [8]. Many
researchers studied inhibitors from natural sources
such as silk, yogurt and more [9-12]. A lot of other
examples appear in the scientific literature but
finally one is clear that still there is no exactly
defined structure-activity relationship for peptide
containing molecules and their anti-tyrosinase
activity. That’s why we studied inhibition activity

of two peptide containing analogues of
norgalanthamine  including  combination  of
hydrophobic (Leu, Ala/B-Ala, Val) and one

hydrophilic (Asp) residue. C-terminus of aim
peptides is modified as benzylamide in order to
have hydrophobic properties. In addition, both aim
peptide analogues differ by the presence of Ala or
B-Ala in their structure in order to evaluate their
influence on inhibitory activity.

All investigations for inhibitory activity of both
compounds are made using optical biosensor
containing tyrosinase immobilized on hybrid
matrix. Initially, we made the calibration curves
with inhibitors.

90 -

% of Inhibition

T T
9 100 110

inhibitor concetration, Mx10™®

Fig. 2. Calibration curves for free and immobilized
tyrosinase with the peptide inhibitors I, I
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Table 1. Ki value for I; and I, for free and immobilized tyrosinase

COAQQ;?:;?{O& Ki free tyrosinase, Mx10® Ki immobilized tyrosinase, Mx10®
Mx106
|1 |2 |1 |2
5 0.65 0.29 1.84 1.25
25 2.75 1.61 3.11 3.47
50 4.82 3.99 5.68 6.36
75 5.92 5.95 7.56 7.09

They are illustrated on Figure 2 in the presence
of tyrosinase at 13.3x10° M concentration. The
calibration curves exhibited linear response in the
concentration range 5.10°° + 100.105M.

=1 =2

ICso, MX10%
f_ w2
N
8

Free and immobilized enzyme

Fig. 3. ICso determined for I, and I, for free and
immobilized tyrosinase

After drawing the calibration curves, the 1Cso
values for the used inhibitors are determined and
they are shown in figure 3.

The results shown ICsy for free enzyme is

57.4.10°% and 62.17.10°M for 1, and I,
respectively. IC for immobilized tyrosinase was
calculated 60.91.10° and 68.36.10° M for I, and
I.
The wvalues of Ki for both inhibitors
concentrations for free and immobilized
tyrosinase are presented at Table 1. The results
showed that inhibitors act as uncompetitive for
tyrosinase.

After the spectrophotometric determination of
inhibitory activity of peptide derivatives of
galanthamine, samples containing substrate L-
DOPA, enzyme and inhibitor were stored in the
dark at t = 4 °C for 30 days. Periodically on the
first, 15th and 30th day the samples are measured
to determine the effect of the inhibitors in time
and final product formation - melanin. The results
of the tests show that both inhibitors have
excellent inhibitory properties against tyrosinase,
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by suppressing formation of melanin for a period
of - longer than 15 days.

CONCLUSIONS

The results from our study shows that
inhibitors of two peptide amide of galanthamine
Boc-Asp(norGal)-Asp-Leu-Ala-Val-NH-Bzl and
Boc-Asp(norGal)-Asp-Leu-p-Ala-Val-NH-Bzl
acting uncompetitive against tyrosinase. The
obtained peptides could find potential applications
into the medical cosmetology and prevention of
diseases related to pigmentation disorders.
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N3CJIIEABAHE NHXNBUTOPHATA AKTUBHOCT BbPXY TUPO3MHA3A HA IIEIITU/JHU
AHAJIO3U HA TAJTAHTAMUWH

C.A. Sluesa®, JI.A. Mapunkosa?, JLW. Unnesa®, JI.T. Bezenkor®, , J.K. Horosa?, JI.JI. [lananes?

Xumuxomexuonozuuen u memanypeuuer ynugepcumem, Cogus 1756, bvneapus, 8 6yn. Ce. Knumenm Oxpuocku,
! Kameopa Ocnoeu na xumuunama mexnonozus
2 Kameopa Buomexnonozus
8 Kameopa Opeanuuna xumus

IMoctrermmna Ha 4 oxromBpy, 2016 r.; Kopurupana Ha 20 depyapu, 2017 r.
(Pesrome)

Xwunep npon3BOACTBOTO HAa MEJNAHWH € NIPUYHHA 33 BH3HUKBAHETO HA MAJINTHEH METAHOM — BHJ arpeCHBEH PakK Ha
KoxaTa. XunoyHKIUsITa HA MEJTaHUH B OpraHU3Ma ce OTKIIIOUBA BCE II0-YECTO CPEIIaHOTO 3a00JABaHe, CBBP3AHO ChC
3ary6a Ha HIUIrMCHTAllMs — BHUTWIIHUIO. B MNOCJIICAHUTC TOAWHH I/IHXI/I6I/ITOpI/ITe Ha THUpO3HHa3aTa KAaKTO H HEHUHHUTE
aKTMBATOPW MpUBJINYAT BHUMaHHETO Ha W3CJIENOBATENUTE, 3apajld CIHOCOOHOCTTA Jla Ce MOBJIHSBA JEHCTBHETO Ha
eH3uMa. To3u BUJ ChEAMHEHNUS BCE MO-YECTO CE BKIIIOYBAT KATO ChCTaBKA B KO3METUYHU KPEMOBE U NMPOAYKTH

[Mentumy, cpaBpKAIIM OCTATHIM HA aCMIAPTUHOBA M TIIyTAMHHOBA KHCEJIMHH, OOMKHOBEHO HE Ce CBBbp3BaT jJ00pe ¢
TUPpO3MHAa3aTa. E(beKTI/IBHO CBBP3BAHE CC IMOCTUTa C NENTUAN, CHABPIKAIINU €AUH WA IMMOBEYC aprMHUHOBU OCTATBHIH,
4yecTo 3aeAHo ¢ GeHmnananud. OT Opyra cTpaHa JU3MHOBHUTE OCTaTHIIM MMAT JBOMCTBEH XapakTep M CE CPElaT KakTo
IIPU HECBBP3BAIINTE, Taka W IPH YMEPEHO CBBP3BAIIMTE THpO3WHA3aTa menTuiau. [IpucheTBHEeTO Ha XUAPOPOOHUTE
anuQaTHU OCTATHIM BAJIMH, AJJAHWH WJIM JICBIWH ca Ba)KHH 32 MHXHOMpPAaHETO Ha THpo3uHa3zara. CiexoBarenHo, 1o0pu
THUPO3WHA3HU MHXUOUTOPH ca MENTHIUTE CHIBPXKAIIM B ChCTaBa CH aprHHMH W/WIM (EHUIATaHWH 3aeIHO C BaJMH,
alaHWH W/win neBnuH. MHXMOWTOpHTE C MEeNTHIHA CTPYKTypa ca OCOOCHO MOIXOIAINM 33 HMPHIIOKEHHE MOPAIH
TSAXHATa HaTypaJHa IPUPOJa U HUCKA MM OTCHCTBAIAa TOKCHYHOCT.

B Hacrosmara pabora nokjagBaMe M3clieBaHETO Ha MHXMOUTOpHara akTHBHOCT M ICso Ha JBa menTuaa aMUAHU
aHanmo3u Ha ramantamuH Boc-Asp (norGal) -Asp-Leu-Ala-Val-NH-Bzl u Boc-Asp (norGal) -Asp-Leu-p- Ala-Val-NH-
Bzl.
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Cinnamic and hydoxycinnamic acid esters (o, S-unsaturated esters), functional derivatives of cinnamic acids
(cinnamic, ferulic, sinapic, caffeic) are secondary plant methabolites derived from phenylpropanoid pathway.
Cinnamates, of both natural and synthetic origin, continue to elicit great interest due to diversity of biological activities
they possess, such as: antioxidant, antimicrobial, anticancer, anti-inflammatory, anti-tyrosinase and etc.

Herein, the reduction of N.. and side chain protected amino acids to N-protected amino alcohols and the coupling of
the latest with hydroxycinnamic (sinapic and ferulic) acids is described. 1,1-Diphenyl-2-picrylhydrazyl (DPPH®)
scavenging activities of hydroxycinnamates were compared with their corresponding N-hydroxycinnamoyl amino acid
amides. Free hydroxycinnamic acids were used as positive controls. The results indicated that N-hydroxycinnamoyl amino
acid amides exhibited lower scavenging ability than the corresponding free hydroxycinnamic acids, but higher one than
hydroxycinnamates.

Keywords: N-protected amino alcohols, hydroxycinnamates, N-hydroxycinnamoyl amino acid amides, DPPH*

scavenging activity

INTRODUCTION

Cinnamic (3-phenyl propenoic) acid and its
patterns  with  different  hydroxylated and
methoxylated phenyl moiety: p-coumaric (4-
hydroxycinnamic acid), ferulic (4-hydroxy-3-
metoxycinnamic acid), caffeic (3,4-
dihydroxycinnamic acid), sinapic (3,5-dimetoxy-4-
hydroxy-cinnamic acid)) acids, belong to a diverse
group of phenolic compounds. These secondary
plant metabolites are biosynthesized via shikimate
pathway that is involved in plant adaptation to
environmental stress (e. g. microbial pathogens,
mechanical wounding, UV irradiation, salinity) [1].
They are found in higher plants predominantly as
free cinnamic acids and may occur either in their
conjugated forms: amides (conjugated with mono-
or polyamines, amino acids, or peptides); simple
esters or cinnamates (derived from corresponding
cinnamic acids and alcohol component of quinic
acid, shikimic acid, and tartaric acid, and their sugar
derivatives) [2]. In particular, chlorogenic acids are
the most commonly occurred natural esters of
caffeic, ferulic, p-coumaric acids with quinic acid
[3,4]. Being important biosynthetic polyphenolic
intermediates in green coffee, chlorogenic acids are

* To whom all correspondence should be sent:
E-mail: mayabg2002@yahoo.com
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known with numerous bioactive properties, mostly
related to their antioxidant activity [5-7].

Besides antioxidant activity, cinnamates have
been regarded as photoprotectors, antimicrobials,
and effective as anticancer, anti-inflammatory,
analgesic, antimicrobial and antithrombotic agents
[8-11].

Whereas hydroxycinnamates with alcohols,
phenols, saccharides and flavonoids are common
phytochemical constituents, those with the
participation of the OH group of the side chain of
amino acids are very scanty. There are only few
reports of such metabolites - caffeic acid esters,
derived from insects: O-caffeoyltyrosine from
Aonidiella aurantii (California red scale), O-
caffeoylserine from Phenacoccus herreni (Cassava
mealybug) [12, 13] and from plant origin: L-O-
caffeoylnomoserine  [14]. In  addition, O-
caffeoylserine has been also synthetically obtained
[15].

The revealed pharmacological activities of
hydroxycinnamic acid esters and their small
guantities in plants, evoked the interest of organic
researchers to design their synthetically analogues.

Ester functionalization of cinnamic acids
comprises classical procedures-accomplished via
cinnamoylchloride [16], N,N'-dicyclohexyl-
carbodiimide (DCC) [17] or BOP [18] as coupling
agents. Moreover, those compounds can also be
obtained using Wittig reaction under different

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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conditions [19-22] and as well as green esterification
procedures [23-27].

Considering the importance of phenolic
compounds, e.g. hydroxycinnamic acid esters for
removal of oxidative stress, and thus to prevent
lifestyle-related diseases such as cancer, diabetes or
heart diseases, herein we prepared hydroxycinnamic
acid esters and tested them as scavengers against
DPPH radical.

EXPERIMENTAL
General information

All amino acid derivatives, ferulic (3-methoxy-4-
hydroxy-cinnamic, FA), sinapic (3,5-dimethoxy-4-
hydroxy-cinnamic, SA) acids, as well as isobutyl
chloroformate (IBCF), 4-methylmorpholine
(NMM),  4-(dimethylamino)pyridine  (DMAP),
dicyclohexylcarbodiimide (DCC), NaBHi, 1,1-
diphenyl-2-picrylhydrazyl radical (DPPH®) were
purchased from Sigma Aldrich (FOT, Bulgaria).
Tetrahydrofuran was obtained from Fisher Chemical
(Bulgaria) and further was distilled over LiAlH4 and
stored under argon. All other solvents were of
reagent grade and used without further purification.

Thin-layer ~ chromatography  (TLC)  was
conducted on precoated Kieselgel 60F254 plates
(Merck, Germany). Separation of the compounds by
preparative thin layer chromatography with silica gel
60 GF254 (Merck, Bulgaria).

The NMR experiments were recorded on Bruker
Avance IIl 600 or Bruker Avance Il 400
spectrometer, operating at 600.13 and 400.15 MHz
for protons respectively. The measurements in
CDCl; solutions were carried out at ambient
temperature (300 K) and tetramethylsilane (TMS)
was used as an internal standard. The UV spectra of
the compounds were measured with an ‘‘Agilent
8453’> UV-vis spectrophotometer. Electrospray
lonisation (ESI) and EI mass spectra were recorded
corresponding on an Esquire 3000 and MAT 8230.
Attenuated total reflectance infrared spectroscopy
(ATR-IR) measurements were performed using
Thermo Scientific Nicolet iS10 FT-IR device with
ID5 ATR accessory (diamond crystal).

N-protected amino acids (Boc-Cys(Bzl)-OH (1a)
and Boc-Val-OH (1b) were converted into
corresponding alcohols Boc-Cys(Bzl)-ol (2a) and
Boc-Val-ol (2b), following a modified procedure
developed by Kokotos [28] (Scheme 1).

General procedures

Synthesis of 2a, b (a modified method reported
by Kokotos [28]. A solution of 1.6 mmol N-protected
amino acid (1a, b) in 10 ml dry THF is cooled to
—15°C and added 0.18 ml (1.6 mmol) N-

methylmorpholine. Isobutyl chloroformate (0.24 ml,
1.7 mmol) is added dropwise to make sure that the
internal temperature does not rise above -10 °C.
About 5-8 minutes later, to the white suspension of
formed isobutylcarbonic acid mixed anhydrides[29]
is added 0.104 g (2.74 mmol) NaBH, in 10 ml THF,
and for a period of 10 min abs.CH3OH (5 ml) is
added dropwise. Stirring is continued and the
progress of the reaction is monitored by thin layer
chromatograms (hexane:ethylacetate=1:1).

At the completion of the reduction (2h) the
solvent is evaporated under reduced pressure. The
residue is dissolved in ethylacetate and is washed
twice consequently with 5% NaHSOs, 5% NaHCOs
and finally with saturated sodium chloride solution.
The organic phase is dried over Na;SQ,, filtered and
the solvent removed in vacuo. The obtained crude
product is purified by preparative thin layer
chromatography (hexane:ethylacetate= 3:1).

S-Benzyl-N-(tert-butoxycarbonyl)-L-cysteinol
(Boc-Cys(Bzl)-ol) (2a) white crystal, 61% vyield;
ESI-MS: 617.1 [2M+Na]*, 595.1 [2M+H]*, 336.3
[M+K]*, 320.1 [M+Na]*, 298.2 [M+H]*; IR
(ATR)umax: 3342.65, 1679.47, 1527.03, 1340.92,
1311.44, 1284.20, 1164.34, 1004.33, 698.47 cm'*;

N-(tert-butoxycarbonyl)-L-valinol (Boc-Val-ol)
(2b) yellow oil, 53% yield;

'H NMR (CDCls, 5 ppm): 0.9 (dd, 6H, -CH(CHs).),
1.2 (s, 9H, -C(CHg)3), 1.8-1.84 (m, 1H, -CH(CHs).),
3.4-3.6 (m, 3H, -CH;0H, -NH-CH<), 4.8 (br. s, 1H,
NH); EI-MS: 57.1, 73, 116.1, 130, 172.1, 203 [M™];
IR (ATR)umax:3318.1, 3189.5, 2978.6, 1679.7,
1366.5, 1289.4, 1150.7, 1011.8, 908.9, 772.0, 699.4

Esterification of cinnamic acids with N-
protected amino alcohol [30]. Cinnamic acids (1.5
mmol), DCC (1.5 mmol) and DMAP (0.0224 mmol)
are dissolved in 10 mL of dry THF. The reaction
mixture is stirred under argon at 0°C and then, after
10 min N-protected amino alcohol (0.6 mmol) is
added. The mixture is kept under vigorous stirring
and cooling (0°C) for 60 min and then is allowed to
stand at room temperature overnight. The residue of
dicyclohexylcarbamide is filtered and washed with
cold ethylacetate. The combined solutions are
evaporated under vacuum and the residue is purified
by column chromatography on silica.

Ferulate of Boc-Val-ol, 35% vyield. uv
(C2HsOH) A max = 203, 218, 236, 328 nm; IR
(ATR)umax: 3335.5, 2959.6, 2932.1, 1707.2, 1627.4,
1592.3, 1510.9, 1365.5, 1269.7, 1246.7, 1157.4,
1119.8, 1029.32, 978.9 cm; *H NMR (CDCls) /600
MHz/ 6 = 0.9 (dd, 6H, -CH(CHs),), 1.2 (s, 9H, -
C(CH3)3), 1.8 (m, 1H, -CH(CHg)z), 3.7 (S, 2H, -
OCH3-), 3.8 (s, 3H, -OCHgs), 4.1 (m, 1H, -NH-CH<),
5.0 (br.s, 1H,NH), 6.2 (d, 1H, J=15.5 Hz, -CH=CH-
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), 7.00-7.03 (m, 3H, Ar-H), 7.5 (d, 1H, J=15.5 Hz, -
CH=CH-); ESI-MS: 380.2 [M+H]*, 409.12
[M+Na]*

Sinapate of Boc-Val-ol, 49 % vyield. UV
(CoHsOH) A max = 203,229, 329 nm; IR
(ATR)Umax: 3376.3, 2936.4, 2844.2, 1704.6, 1632.7,
1594.5, 1456.2, 1419.11, 1338.1, 1275.2, 1204.2,
1111.6, 980.1, 822.8 cm™; *H-NMR (CDCls) /600
MHz/ & = 0.9 (dd, 6H, -CH(CHs),), 1.2 (s, 9H, -
C(CHas)3), 1.8 (m, 1H, -CH(CHz3)2), 3.7 (s, 2H, -
OCHgy-), 3.8 (s, 6H, 2 x-OCH3), 4.2 (m, 1H, NH-
CH), 5.6 (br. s, 1H, NH), 6.5 (d, 1H, J = 15.5 Hz, -
CH=CH-), 6.7 (s, 2H, Ar-H), 7.5 (d, 1H, J = 15.5 Hz,
-CH=CH-); EI-MS: 57.1, 207.1, 308, 238.1, 336.2,
353.2,409.2 [M*].

Ferulate of Boc-Cys(Bzl)-ol, 20 % yield. UV
(C2HsOH) A max = 203,217, 236, 327 nm; IR
(ATR)umax: 3343.4, 1679.7, 1526.6, 1364.7,
1340.9, 1311.3, 1284.1, 1163.2, 1076.9, 1003.9,
698.6 cm™; 'H NMR (DMSO-ds, ppm): & 1.42 (s,
9H, -C(CHs)3), 3.21 (dd, J=14.2, 5.2 Hz, 1H,
CHCHy,), 3.4 (dd, J=14.2, 4.6 Hz, 1H, CHCHa),
3.66 (d, J=5.6 Hz, 2H, -S-CH-Ph), 3.73 (s, 3H,
OCHs), 4.42 (d, 2H, -CH:-O -), 4.87 (ddd, J= 7.0,
5.2,4.6 Hz, 1H, CHCH2), 5.82 (br. s, 1H, OH), 6.28
(d, J=7.0 Hz, 1H, NH), 6.32 (d, J=15.6 Hz, 1H,-
CH=CH-), 6.93 (d, J=8.0 Hz, 1H, m-ArH), 7.01 (d,
J=1.6 Hz, 1H, 0-ArH),7.06 (dd, J=8.0, 1.6 Hz, 1H,
0-ArH), 7.24 (m, 5H, Ar-H), 7.57 (d, J=15.6 Hz, 1H,
-CH=CH-); EI-MS: 57.1, 91.0, 177.1, 473.3 [M*]

Sinapate of Boc-Cys(Bzl)-ol, yield 25 %

UV (C:HsOH) A max = 203,228, 330 nm: IR
(ATR)umax: 3392.8, 1705.1, 1597.5, 1507.1,
1456.8, 1418.8, 1108.3, 870.4, 659.0 cm:; 'H NMR
(DMSO-ds, ppm): & 1.42 (s, 9H, -C(CHs)s), 3.71

la: Boc-Cys(Bzl)-OH; R=CH,-S-CH,-C,H,
1b: Boc-Val-OH; R=CH(CH,),

%\oku/‘\( ° i)
OH >_/0«o " on

(dd, J=14.2, 5.2 Hz, 1H, CHCH.), 3.4 (dd, J=14.2,
4.6 Hz, 1H, CHCHz,), 3.68 (d, J=5.6 Hz, 2H, -S-
CHa-Ph), 3.73 (s, 6H, 2x OCHs), 4.51 (d, 2H, -CH,-
0-), 4.63 (ddd, J= 7.0, 5.2, 4.6 Hz, 1H, CHCH2),
5.72 (s, 1H, OH), 6.28 (d, J=7.0 Hz, 1H, NH), 6.32
(d, J=15.6 Hz, 1H, =CH), 6.7 (s, 2H, Ar-H), 7.28-
7.51 (m, 5H, Ar-H), 7.59 (d, J=15.6 Hz, 1H, =CH);
EI-MS: 57.1, 91.0, 207.1, 238.1, 266.1, 386.3,
447.1, 503.3 [M*].

RESULTS AND DISCUSSION

Herein, in order to elucidate the antiradical
activity of cinnamic acid esters, we firstly obtained
synthetically the amino alcohols (used as
intermediates).

By applying a modified method [28], the NaBH4
reduction of protected amino acids (Schemel; 1a,b)
into corresponding amino alcohols (2a, b) was
occurred by means of in situ formed
isobutylcarbonic acid mixed anhydrides in THF.
However, the establishment that the reducing power
of NaBH4in THF increases when methanol is added
drop-wise [28] enforces us to accomplish the
reaction in the same manner. The expected amino
alcohols were isolated on silica gel by preparative
thin layer chromatography (hexane:ethylacetate) in
moderate yields.

The hydroxycinnamic acid esters (Table 1, 3a-d)
were prepared by esterification of sinapic- (SA) and
ferulic (FA) acids with compounds 2a, b using
DCC/DMAP method [30]. The structures of desired
hydroxycinnamates were elucidated by UV, IR,
ESI(EI)-MS and *H-NMR spectroscopic analyses.

2a: Boc-Cys(Bzl)-ol
2b: Boc-Val-ol

Scheme 1. i) IBCF/NMM, THF, -15°C ii) NaBH4, CH3:0OH
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Table. 1. Structures of hydroxycinnamic derivatives studied and their DPPH®-scavenging activity.

RSA %
Compounds 3.6 MM
R R Y 20’
0]
R N NH-Boc
O/Y
Y
HO
OCH, 3a-d
FA ester of BocCys(Bzl)ol (3a) H - -CH2-S-Bzl  27.0+0.1
SA ester of BocCys(Bzl)ol (3b) OCHs - -CH2-S-Bzl  29.9+0.2
FA ester of BocVal-ol (3c) H - -CH(CH3),  17.6+0.2
SA ester of BocVal-ol (3d) OCHgs - -CH(CH3),  19.7+0.1
0]
0
R N H
N
\(lkoRl

HO q Y

da-

ocH,

FA-Cys(Bzl)-OEt* (4a) H CoHs  -CH.-S-Bzl  38.4+1.2
SA-Cys(Bzl)-OEt*(4b) OCHjs CHs  -CH,-S-Bzl  47.4+2.4
FA-Val-OCHjs (4c) H CHs -CH(CHs); 30.8+0.2
SA-Val-OCHjs (4d) OCHjs CHs -CH(CHz)2  35.1%0.1
Sinapic acid (SA) - - 68.0+0.3
Ferulic acid (FA) - - 45.2+0.1

% RSA—percent radical scavenging activity; % RSA = [ADbSsi6nm (t = 0) - ADSsi6nm(c = ) X L00/AbSs16nm(t = 0)]; Sinapic-and

ferulic acids were used as standards.

*The RSA of hydroxycinnamoylamides were previously reported [32] and were used for comparison.

The values of the proton-proton vicinal coupling
constants (3Juwn about 15.5 Hz) measured for the
olefinic protons of feruloyl- and sinapoyl moieties
define E configuration of the double bond of the
studied compounds (3a-d).

Highlighting the valuble role of
hydroxycinnamic acid derivatives as antioxidants,
the search for new, more effective and better radical
scavengers is a major challenge.

1,1-Diphenyl-2-picrylhydrazyl radical (DPPH-)
scavenging activity

Being stable and commercially available organic
nitrogen radical, DPPH" is often used for primary
assessment of antioxidant activity. DPPH method
gives rapid and highly reproducible results, therefore
we applied this method to estimate and compared the
radical scavenging abilities of the synthesized
hydroxycinnamic acid derivatives (esters and
amides).

As shown in Table 1, % RSA values of
hydroxycinnamic acid (sinapic and ferulic) and their
derivatives are presented for 20-min reaction period
(3.6 mM), as proposed by Nenadis et al. [31].

The DPPH  scavenging  activity  of
hydroxycinnamates (3a-d) was compared with those
of corresponding previously synthesized amides
(4a-d). Results obtained indicated that amide
derivatives (4a-d) were found to be more potent than
corresponding hydroxycinnamic esters (3a-d). The
established increase of antiradical activity in
hydroxycinnamoyl amino acid amides may be due to
the presence of other hydrogen-donating amide
group. By comparison of DPPH activity of studied
esters and amides with their corresponding free
cinnamic acids the higher radical scavenging ability
of the parent acids was established. Actually, N-
sinapoyl amide of cysteine (SA-Cys(Bzl)-OEt (4b))
showed similar DPPH scavenging activity as ferulic
acid was [32]. Moreover, our results are in a good
correlation with those presented elsewhere, that
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introduction of additional methoxyl group in an
ortho-position to a hydroxyl group (such as in
sinapic acid series, Table_1) is an important for the
radical scavenging activities of phenolic acids.

CONCLUSION

In our study N-protected amino alcohols were
chemically obtained and further used as intermediate
analogues for synthesis of hydroxycinnamates.

The sinnapic and ferulic acid derivatives (esters
and amides) were tested and compared for their in
vitro antiradical activity towards DPPH radical. It
was found that N-hydroxycinnamoyl amino acid
amides showed better radical scavenging activity
than the corresponding hydroxycinnamates, whereas
the free hydroxycinnamic acids (used as standards)
remained the most active ones in this test.

Acknowledgements: The authors gratefully
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CHUHTE3 U U3CJIEABAHE HA PA/IUKAJI-YJIABAIIIA AKTUBHOCT HA
ECTEPU HA KAHEJIEHUTE KNUCEJIMHA

M. Youkona'*, B. Croiikosal, I. Iletpona’, H. I'vomkosal, I'. Banosa?,
M. uxad, 11, Munkosa®

1Kamedpa no xumus, FOeozanaden ynusepcumem ,, Heogpum Puncku“, ya. ,, Mean Muxaiinog Ne 66, 2700
bnacoesepad (Bvacapus)
2 [lenapmamenm no xumus u 6uoxumus, Yuuespcumem 6 Iopmo, yi. Kamno Anezpe c/n, 4169-007 Ilopmo
(Illopmyzanus)
3 lenapmamenm no opzanuuna xumus, Kapnoe ynueepcumem, Xnasoea 2030/8,
12843 Ilpaca 2 (Hexus)

Ioctenuna Ha 10 okromBpu, 2016 r.; Kopurupana ua 20 siuyapu, 2017 1.
(Pestome)

Kanenenara, XuapokcuKaHeneHuTe KuceianHu ((epynoBa, cHHaNoBa, KadeeHa) U TEXHUTE €CTEpH MPEICTaBISIBAT
BTOPUYHU PACTUTEIHM METa0OJIHMTH, OMOCHHTE3MpaHH OT (EHUIIPONAaHOUAHHUS MeTabonuTeH NbT. [IpuponHuTe
XUJPOKCUIIMHAMATH W TEXHUTE CHHTETUYHH aHAJIO3W NPHUBIMYAT BHUMAHUETO HAa M3CJIEJOBATENUTE MOPAIH MINPOKHS
CIEKTBP OT OHWOJIOTMYHM  aKTUBHOCTH  KaTO:  aHTHOKCHAAHTHA, aHTUMHUKpOOHWAlIHAa, MNPOTHBOTYMOPHA,
NPOTHBOBB3MAIUTEIHA, THPO3UHAZHO-HHXHOUTOPHA U IP.

B Hacrosimero m3ciienBaHe € pasriefaHa peayKUWs Ha KapOOKCHIIHATa Ipyna Ha 3allUTEHH aMHHOKapOOKCWIIHH
kucenHn Ha Ng -MACTO M B cTpaHu4yHaTa Bepura. Crex ecrepuduuupaHe Ha IONYYEHUTE aMHUHOAIKOXOJIH C
XUAPOKCHKaHENICHH (CHHAIIOBa U (pepyJIoBa) KHCEINHN, HOBOCHHTE3UPaHUTE IPOU3BOIHH Ca ITOUI0KEHH Ha U3CIIeABaHe
3a paadKadylaBsAlla aKTUBHOCT chupsmo 1,1-Jnudenmn-2-mukpunxunpasmioB panukan (DPPH). Pesynrature ot
AQHTHPAJAUKAIOBaTa aKTUBHOCT Ha XHAPOKCHUIIMHAMATHUTE Ca CPABHEHH C TE3H HA ChOTBETHUTE XUAPOKCHIIMHAMOMIAM U
C aMHHOKapOOKCWIIHM KucenuHH. KaTo cTaHaapTHH aHTHOKCHIAHTH Ca W3IOJI3BaHU CBOOOJHHUTE XUAPOKCHUKAHEICHH
KHCEIIMHU. YCTaHOBEHO €, Y€ XHJIPOKCHIMHAMOWIIAMUAMTE IO0Ka3BaT MO-HHCKA aHTUPAJAUKAIOBA AKTHBHOCT OT
CHOTBETHHUTE CBOOOJHU XHPOKCHKAHEJICHU KUCEIMHH, HO TI0-BHCOKA OT Ta3W Ha XUIPOKCHIIMHAMATHUTE.
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Targeting critical apoptosis regulators is a promising strategy for development of new classes of anticancer drugs.
Herein, we focused on synthesis and study of novel bi-functional AVPI-RGD hybrid peptides. Despite of, being
functionally different motifs of separate proteins, AVPI and RGD peptides are still both known for their pro-apoptotic
potential and therefore interesting objects of pharmacology design. Herein, we report for hybrid molecules and their
monomeric subunits. Fmoc solid phase peptide strategy (SPPS) was preferred as synthesis method, whereas proline and
arginine residues were subjected to modifications. Cytotoxic potential of molecules was examined by initial screening
over two cell lines — HepG2 and MDA-MB-231 cells — by MTT colorimetric assay. It was found that almost all tested
compounds had weak or none cytotoxic effect when they were used as single agents. However, we showed that AVPI-
RGD hybrids exert comparatively higher cytotoxic effect than individual AVPI and AVHYPI peptides .

Ke ywords: AVPI, RGD, apoptosis, SPPS

INTRODUCTION

Resistance to apoptosis is an important hallmark
of cancer cells and partly reason for their resistance
to conventional anti-cancer treatment. Vast number
of 1AP-inhibitors, Smac-mimetics, AVPI-, and
RGD- mimetics, have been synthesized over the
past decade, as new promising agents for
overwhelming higher apoptotic thresholds of cancer
cells, as some of them have entered clinical trials
[1].

Inhibitors of apoptosis proteins (IAP) are
important regulators of processes - cell death and
survival. At this time, 8 different IAP proteins are
known in mammals. Three of them (clAP-1, clAP-
2, XIAP) are well recognized as regulators of
apoptosis. These functions they perform either by
directly inhibiting caspases (XIAP) or by
interfering formation of death-receptor complexes
(CIAP1, ClIAP2).

Distinctive for these 1APs is the presence of N-
terminal BIR (baculoviral IAP repeat) domains and
C-terminal RING domain - essential for their anti-
apoptotic effects. While BIR domains mediate the
interaction with caspases, RING domain exhibits
ubiquitin-E3 ligase activity so IAPs can promote
their own as well as proteasome degradation of
binded-partner molecules.

Function of clAP-1/2 is mainly dependent on
their RING domains. On the other hand, XIAP is
known to bind directly and inhibiting initiator

* To whom all correspondence should be sent:
E-mail: m.geo@abv.bg
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(caspase-9) and effector (caspases-3 and -7)
caspases via its BIR3 and BIR2-linker regions,
respectively [2].

AVPI (Ala-Val-Pro-lle) is a tetrapeptide
sequence of the N-terminus of the mature pro-
apoptotic Smac protein. AVPI itself is the major
IAP-binding motif (IBM) in mammals, and fruit
flies. Via its AVPI motif Smac directly interacts
with BIR2 and BIR3 domains of 1APs, releasing
inhibitory effect of XIAP and stimulating c-1APs
autoubiquitination and proteasomal degradation [3,
4], that ultimately re-activates apoptosis.

Smac is localized in  mitochondrial
intermembrane space, but it is released into the
cytoplasm upon apoptotic stimuli. Several studies
established inverse correlation between Smac
expression levels and cancer progression so
prompted the development of Smac- and/ or AVPI-
mimetics as therapeutic agents [5, 6]. Some of them
are reported to be efficient in the induction of
apoptosis in tumorigenic cells as single agents,
others - in combination with different therapeutic
agents (cisplatin, doxorubicin, etoposide, TRAIL,
etc) [1, 7-9].

The RGD (L-arginyl-glycyl-L-aspartic acid)
peptide sequence is found in many proteins of
extracellular matrix, as well as in intracellular
proteins such as caspases. RGD is also known to
interact with specific over-expressed proteins on
the membrane of cancer cells (example - avf3,
avps integrins). That sets RGD-peptide motif as an
advantageous tumor-targeting ‘device’ for selective
inhibition and elimination of cancer cells that is still

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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an overwhelming problem for most of the drugs
[10].

Regarding that synthesis of hybrid-peptides,
combining two or more pharmacological effects is
an advantageous pharmacological approach, we
focused on synthesis of new AVPI-RGD hybrid
molecules and examination of their cytotoxic
potential.

EXPERIMENTAL
Peptide design, synthesis and analysis

Synthesis of all peptides was performed by the
conventional and manual stepwise Fmoc solid-
phase synthesis on 2-chlorotrityl chloride resin with
substitution, 1.4 mmol/g. The coupling of each
amino acid was performed in the presence of 3 mol
excess of Fmoc-amino acid, 3 mol excess of N-
hydroxybenzotriazole (HOBt), 3 mol excess of
Diisopropylcarbodiimide (DIC), and 5 mol excess
of diisopropylamine (DIPEA) in
Dimethylformamide (DMF). Completion  of
coupling reactions were monitored by the Kaiser
test and the Fmoc groups were removed by adding
20% piperidine in DMF.

The peptides were cleaved from the resin and
the final deprotection was done in a cocktail
containing trifluoroacetic acid (TFA),
triisopropylsilane (TIPS), thioanisole, and water
(925:25:25:2.5).

The crude peptides were precipitated into cold
petroleum ether/diisopropyl ether (50:50). Then, the
precipitate was dissolved in 10% CH;COOH and
desalted by gel filtration on a Sephadex G25.

Peptides’ purity was characterized by RP-HPLC
and capillary electrophoresis.

Cell cultures

Both cell lines (HepG2 and MDA-MB-231)
were cultured in Dulbecco Modified Eagle’s
medium (DMEM) (Gibco, Austria) supplemented
with 10% fetal bovine serum (Gibco, Austria), 100
U/ml penicillin (Lonza, Belgium) and 0.1 mg/ml
streptomycin (Lonza, Belgium) under a humidified
5% CO; atmosphere at 37°C. Cells were trypsinized
using Trypsin-EDTA (FlowLab, Australia) when
they reached approximately 80% confluence. The
cells in the exponential phase of growth after
treatment with Trypsin-EDTA were seeded into 96-
well plates (Greiner, Germany) in a concentration
of 1x10* cells/well for further MTT assay.

Cytotoxicity assay - MTT test

Cell  cytotoxicity —was  determined by
colorimetric assay based on tetrasolium salt MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) (Sigma Chemical
Co.). The MTT assay is based on the protocol first
described by Mossman [11]. In this assay, living
cells reduce the yellow MTT to insoluble purple
formazan crystals, dissolved later in lysis buffer
(1:1, ethanol : DMSO).

Cell suspension (100 ul) was added to each well
of 96-well plates except for blank control wells.
Cells were treated 24 h later with newly
synthesized peptides in a wide concentration range
(2 mM - 0.004 mM), and incubated for further 72 h.
Then MTT was added followed by 3-hour
incubation. MTT absorbance was read by ELIZA
plate reader (TECAN, Sunrise ™,
Grodig/Sazburg, Austria) at a wavelength of 540
nm and a reference wavelength of 620 nm. Cell
cytotoxicity determined by MTT assay was
expressed as the percentage of dead cells:

% cytotoxicity = (1 - (OD sample — OD blank
control)/(OD control - OD blank control)) x 100.

RESULTS AND DISCUSSION

We focused our work on synthesis and study of
the cytotoxic effect of bifunctional AVPI-RGD
hybrid peptides over two cell lines.

a)
o

e Y
/ \
(o}
o/ ANH
H 3 3
N 1
H:N I"N : Conjugation with RGD and
\ analogues
o} \ !
\ !
WA/
-~

A= L-Pro
D-Pro
L-HydroxyPro

| Haa: Arginine and
analogues, where:
n=1(Agp); n=2Agb),
n=73(brg)

Fig. 1. Functional subunits: a) AVPI analogues;
b) Tripeptide XaaGD and analogues

Regarding the data about Smac- and AVPI-
mimetics and pharmacophore regions of AVPI, we
decided to modify the proline at position 3 in AVPI
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(Fig. 1a). We synthesized original AVPI peptide
with L-Pro, and next Hydroxy-Pro (HyP) instead of
proline itself. Next we prepared two new RGD
analogues, containing an Arg-mimetic (Agb or
Agp) with shortened side chain (with one or two —
CH2— groups respectively), in order to improve the
stability and cytotoxicity of RGD molecule (Fig.
1b). Next corresponding AVPI-RGD hybrids were
made. All peptides were synthesized by stepwise
Fmoc solid-phase peptide strategy.

Analysis

The purity of the crude peptides characterized
by RP-HPLC and capillary electrophoresis, was 87
— 97% (Fig. 2). All synthesized peptides were
found to be stable in aqueous solution even after 72
hrs period and different values of pH, available
physiologically.

0,05 —

0,04 -

0,03

0,02 -

[mAU]

Cytotoxicity

Next we performed initial screening for
cytotoxic potential of peptides by colorimetric
MTT analysis. Peptides were tested in a wide
concentration range (2mM - 0.004 mM). The assay
was performed on two cell lines - HepG2 cells
(hepatocellular carcinoma cells) and MDA-MB-231
cells (breast cancer cells) recommended by
literature data.

It was found that almost all tested compounds
had weak or none cytotoxic effect when they were
used as single agents (Fig. 3). Still that is in
concordance with the literature data describing
most of the AVPI- and Smac-mimetics as agents
sensitizing cells to chemotherapeutics. Regarding
that we are going to test our peptides with agents
initiating apoptotic pathways, particularly TRAIL
(cytotoxic death ligand) and cisplatin (triggering
intrinsic pathway).

Ala-Val-Hyp-lle-Agp-Gly-Asp

/

0,00 —

T T T
(0] 5 10 15 20

Time[min]

Fig. 2. Electrophoregramme of Ala-Val-HyP-lle-Agp-Gly-Asp.
Conditions: Capillary: fused silica, 50/375 pm, 30,4/40,6; BGE: 20 mM Tris, 5 mM H3PQO4, 50 mM SDS; pH 8,6; U
=15kV,1=38 uA; T=23°C; 6,9 mbar, 10 s; UV 200 nm.

Cytotoxic effect of AVPIl-analogues on HepG2 cells, after 72h

100

AVHYPI-AghGD

a0 \\

80 \ AVHyPI-RGD

70 \
§ co \ AVPI-RGD
:g 50 \
Sl 2N N\
z X N/ \

10 \\// \\ AVPI

o T T \76{—?—'4—.

-10

-20

Concentration [utM]

Fig. 3. Comparison of cytotoxic effect of AVPI-RGD-hybrids and AVPI / AVHYPI structural subunits on HepG2 cells
after 72 h treatment (MTT-dye reduction assay).
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Cytotoxic effect AVPI-RGD on two different cell lines,
after 72 h treatment

100

90

H HepG2 cell line

80

70

W MDA-MB-231 cell line

60
50

40
30

Cell cytotoxicity, %

10 +

-10 2060 1666

Concentration, uM

Fig. 4. Comparative graph of cytotoxic effect AVPI-RGD-hybrid over two different cell lines (HepG2 and MDA-

MB-231) after 72 h treatment.

Nevertheless, we showed that AVPI-RGD
hybrids exert comparatively higher cytotoxic effect
than individual subunits - AVPI, AVHyPI (Fig. 3).
One of the hybrids - Ala-Val-HyP-lle-Agb-Gly-Asp
(AVHyPI-AgbGD), double modified, showed
higher activity, so we may speculate it is caused by
the substitution of Arg amino acid in RGD with its
analogue Agb.

Besides that, cytotoxic activity of peptides over
both cell lines was compared, as it was shown
slightly higher effect of AVPI-RGD on HepG2
cells in comparison to MDA-MB-231 cells (Fig. 4).

That pilot experiments directed us to further
examination of peptides over the same and
additional cell lines, in search for repeatability and
selective effect over different cells. We need further
combination of these peptides with other cytotoxic
agents in search of sensitizing effect.
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CHUHTE3 U AHAJIM3 HA HUTOTOKCHUYHUA ITOTEHLIMAJI HA HOBU AVPI-RGD
XUBPUJIHMU IIEITTUIN

M.T. T'eopruesa, P.JI. Jleuera, T.H. [1aiimanoBa

Hnemumym no Monexkyaapna 6uonoeus ,,Axao. Pymen Llanes”, bvreapcka Axaoemus na Hayxume, yia. Axao. I
bonues, 6n. 21, 1113 Cogpus, bvaeapus

Mocrenuna Ha 30 centemBpu, 2016 r.; Kopurupana ua 18 pespyapu, 2017 r.
(Pestome)

Pa3paboTBaHETO Ha arcHTH, MOBJIUABAIINA CCIICKTUBHO KPUTUYHU ATIONTOTHYHH PErYJIaTOPU B PAKOBUTE KJICTKH, €
ofeliaBaia CTpaTerusi 3a pa3BUTHE Ha HOBH IO-CEJICKTHMBHU M e(EKTHBHH KJIACOBE MPOTHBOPAKOBHU JieKapcTBa. B
HACTOSINHUSA TOKJIa HUE ce (POKYyCHpaxMe BbPXY CHHTE3 U M3CJCIBaHEC HA UTOTOKCHYHMS MOTeHIMAN Ha HoBu AVPI-
RGD xubpunuu nentugu. AVPI- 1 RGD- nmentuaaute mociaeIoBaTeIHOCTH ca MO3HATH ChC CBOSI MPO-allONTOTHYCH
noreHuyan. ToBa TM NpeBbpHA B UHTEpeceH 00EKT Ha (papMaKOJIOTHUeH JAW3aiiH Mpe3 NOoCIeTHOTO JeceTuierue. Upes
Fmoc tBppmodazen nenrtuner noaxon (SPPS) mme cuntesmpaxme AVPI-, RGD-anano3n, KakTo U CHOTBETHHUTE UM
KOHIOTAaTH. XWMAYHH MOAM(UKAaIuM OsXa HANpaBeHH B aMHUHO-KHCEIMHHUTE OCTATBIM HAa NTPOJIWH W apTUHHH.
LUTOTOKCHIHHAT MOTCHIIHAN HAa TMENTHANTE Oellle M3CleBaH BbPXY IBE PA3INYHU paKkoBH KieThuHH JuHUHN (HepG2,
MDA-MB-231) upe3 MTT Tecr. Ilpn mppBoOHAaYaTHUTE H3CICABaHUS, OCIIe YCTAHOBCHO, Y€ MENTHAWTE, MPIIaraHu
CaMOCTOSATEIHO, UMAT CJ1a0d WM HAMAaT OUTOTOKCHYCH e(eKT. BBIpekn ToBa, mokazaxMe, 4ye KOHIOTATHTE MMAT IIO-
BHCOKa aKTUBHOCT B cpaBHeHHe ¢ menrtuaure AVPI u AVHYPI.
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Photodynamic therapy with a photosensitizer functionalized with biologically active compounds such as amino
acids or short peptides appears to be a promising strategy for targeted-oriented therapy. The photodynamic process is
based on effective action between a photosensitizer, atmospheric molecular oxygen and specific light from visible to
near infrared spectra (630 — 850 nm). Thus results in generation of singlet oxygen and other reactive oxygen species
which can oxidize the varieties of biomolecules with consequential photocytotoxicity. Particular functionalization of
phthalocyanine macrocycle with biologically-active units as amino acids and peptides aims to improve the solubility of
the molecule of phthalocyanine as well as to enhance the cellular uptake of the photosensitizer and to improve the

selectivity to the pathogenic cells.

The study presents optimization of several synthetical pathways for synthesis of tetra- and octa- aminophenoxy
substituted Zn (11) phthalocyanines which functional groups namely aminophenoxy- moiety is a suitable unit for

coupling through amide bond.

Keywords: phthalodinitriles, photosensitizer, Zn (1) phthalocyanine, amide bond, photodynamic therapy

INTRODUCTION

The photosensitizer conjugation to different type
biomolecules such as cell penetrating, cell specific
or biologically active amino acids or short peptides
has been well documented as successful method to
enhance the selectivity, intracellular delivery and
efficacy of photodynamic method [1-7]. Peptides
are attractive molecules for drug functionalization
due to their relatively small size (<50 amino acid
residues) which make them non-immunogenic, with
a good tissue penetration, including crossing
malfunctioning blood-brain barrier, and many of
them interact with a given biological target without
eliciting significant toxic responses. Peptides can be
easily modified, allowing alterations in the
sequence and straightforward conjugation to other
chemical substances including phthalocyanine
photosensitizers [8-10].

Phthalocyanines (Pcs) have been developed as a
prospective second generation photosensitizers for
biomedical applications, especially the metal
complexes (MPcs) coordinated with diamagnetic
ions [11-13]. The known MPcs show strong
absorption (extinction coefficient € > 10° M?* cm?)
at far red wavelengths (> 670 nm) and strong
singlet  oxygen generation abilities. The
macrocyclic molecule is flexible to structural
modifications which allow the binding on

* To whom all correspondence should be sent:
E-mail: meliha_aliosman@yahoo.com

peripheral or non-peripheral position of different
functional groups and also at the central metal ion
for the metals with higher that 2 coordination
number. It is also possible to bind bulky axial
substitution groups. The photophysicochemical
properties of MPcs are strongly dependent on the
substituents around the Pc aromatic core or the
central ions. The proper functionalization of MPc
macrocycle aims to intense the absorption in the red
region of visible light, to have non-toxic effect in
the absence of light, to be selective for the targeted
cells and to the normal tissue with an efficient
generation of singlet oxygen. A large number of
new photosensitizers have been proposed for
clinical PDT; however their properties have still
several limitations [14, 15].

Amino groups have ability of strong interaction
and moreover the covalent bonding with
biologically active molecules through carboxylic
group. Hence, they are preferred functionalizations
for preparation of pathogenic cell targeting
photosensitizer [16].

One possible  synthetical pathway for
preparation of amino- substituted phthalocyanines
started from synthesis of amino- substituted
phthalodinitriles as precursors followed by
cyclotetramerization reaction. Nyokong et. al.
successfully ~ synthesized  tetraaminophenoxy
substituted In(l1) phthalocyanine in quinoline in
the presence of urea [17].
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Most of the reported amino- substituted
phthalocyanines involved phthalocyanine formation
from nitro- substituted phthalodinitriles followed by
cyclotetramerization reaction to obtain nitro-
substituted phthalocyanine and by reduction to the
amino- substituted phthalocyanines. There are
reports about the possible reaction routes for
synthesis of aminophenoxy- functionalized zinc(Il)
phthalocyanines [18-22]. Wohrle and co-authors
obtained tetra aminophenoxy substituted Zn(ll)
phthalocyanine by reduction of the nitro analogs
with SnCl, [18]. The group of Prof. Ahmet Gul
obtained the aminophenoxy phthalocyanine by
reduction of the nitro groups using hydrazine
hydrate and 10% Pd/C [21]. Nyokong et. al.
synthesized the octa- aminophenoxy substituted
phthalocyanine by the reduction of nitro analogs
with sodium sulfide nonahydrate [20]. The
applications of phthalocyanine complexes as
photosensitizers require the use of biocompatable
and diamagnetic metal ions to obtain the
phthalocyanine complexes for PDT.

The study presents the optimization of the
synthetical pathways for synthesis of tetra- and
octa- aminophenoxy-  substituted Zn  (Il)
phthalocyanines. The altering of the reaction
conditions of the chemical procedures was applied
in order to obtain high yield and purity of the target
compounds.

EXPERIMENTAL
General

All reagents and solvents were of reagent-grade
guality obtained from commercial suppliers. All
solvents used for  synthesis such as
dimethylformamide (DMF), tetrahydrofuran (THF),
1-pentanol were dried or distilled and stored over
molecular sieves (3 A) before experiments. The salt
zinc acetate (hydrate), was dried in Glass oven over
P,0Os. The catalyst 1,8-Diazabicyclo[5.4.0Jundec-7-
ene (DBU) was used as received. The purity of the
products was tested in each step using thin layer
chromatography (TLC). Silica gel 60 A was
purchased from Merck. All reactions were carried
out under nitrogen atmosphere. FT-IR spectra were
recorded on a Perkin Elmer Spectrum 100
spectrometer. *H NMR spectra were recorded on a
Varian 500 MHz spectrometer (Gebze Technical
University, Turkey) in DMSO-dsCDCls-d; for
compounds 1, 2, 2a and on Bruker 600 MHz
spectrometer (Institute of Organic Chemistry with
Centre of Phytochemistry) in DMSO-ds solutions
for compounds 1a,3,4,5,6.
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Synthesis
Synthesis of 4-(4-nitrophenoxy) phthalonitrile (1)

4-Nitro phthalonitrile (1 g, 5.78 mmol) was
dissolved in dry DMF and 4-nitrophenol (0,960 g
6.93 mmol) was added and stirred at room
temperature under nitrogen atmosphere. Dry,
powdered K,COz (800 mg, 5.79 mmol) was added
as a base. After 24 h second portion K>COs; (800
mg, 5.79 mmol) was added. The mixture was
stirred until the ending of the starting 4-nitro
phthalonitrile. Reaction was monitored by TLC.
Then the reaction mixture was poured into ice
water and stirred for 15 minutes. The obtained
white precipitate was filtered off, washed several
times with cold water dried under vacuum at 80 °C.
Yield: 1.4 g (91 %). Molecular formula:
C14H7N303. Molecular weight: 265,22 g/mol. FT-IR
[Vmax/em™]: 3108, 3078, 3037 (CH arom), 2232 (-
C=N), 1580, 1343 (-NOy), 1512, 1481 (ARC=C),
1246 (Ar-O-Ar), 1309, 1213, 948, 849, 758; 'HMR
(d:-CDClg), 8, ppm: 8.39-8.35 (d, 2H, CH), 7.87-
7.85 (d, 1H, CH), 7.45 (d, 1H, CH), 7.40-7.38 (d,
1H, CH), 7.24-7.22 (d, 2H, CH).

Synthesis of 4-(4-aminophenoxy) phthalonitrile (1a)

4-Nitro phthalonitrile (1 g, 5.78 mmol) and 4-
aminophenol (0.693 g, 6.35 mmol) were put in a
round bottom flask and dry DMF was added while
stirring. Dry potassium carbonate (1.6 g 11.56
mmol) was added when the mixture above became
clear and after 24 h second portion potassium
carbonate (0.800 g 5.78 mmol) was added. The
reaction was carried out under argon atmosphere
for 48 h. Then the solution was poured into ice
water. The precipitated solid product was filtered
off, washed with excess of water and then dried in a
vacuum at 50 °C. Yield: 1.3g (91 %). Molecular
formula: Ci4sHgN3O, Molecular weight: 235.25
g/mol. FT-IR [Vmax/cm™]: 3456, 3375 (NH.), 3108,
3073, 3047 (CH arom), 2236 (-C=N), 1598, 1608
(NH), 1508, 1485 (ARC=C), 1204, 1253 (C-O-C).
'H-NMR (ds-DMSO), 8, ppm: 8.03-8.01 (d, 1H,
CH arom), 7.60-7.59 (d, 1H, CH arom), 7.25-7.23
(dd, 1H, CH arom), 6.86-6.83 (dt, 2H, CH arom),
6.64-6.62 (dt, 2H, CH arom), 5.17 (s, 2H, NH,).

Synthesis of 4,5 bis (nitrophenoxy) phthalonitrile
)

The reaction was carried out at different reaction
conditions such as time, temperature and ratio in
order to improve the purity and yield. A solution of
4,5-dichlorophthalonitrile (1 g, 5.08 mmol), and p-
nitrophenol (2.11 g, 15.24 mmol) in dry DMF was
heated while stirring at 90 °C under argon
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atmosphere with the presence of dry K,COs (5,52 g
40 mmol) which was added in portions. Reaction
was monitored by TLC. After finishing the starting
phthalonitrile the reaction mixture was added to ice
water to get precipitation and was filtered off,
washed with excess of water. Obtained product was
purified with column chromatography with eluent
dichloromethane. Yield: 0.200 g (10%). Molecular
Formula: CxH10N4Os, Molecular weight: 403
g/mol. FT-IR [vma/cm™]: 3105, 3077, 3037 (CH
arom), 2238 (-C=N), 1581, 1345 (NO), 1519, 1482
(ArC=C), 1271 (Ar-O-Ar). *H-NMR (ds-DMSO0), 3,
ppm: 8.30-8.29 (d, 4H, CH arom), 7.52 (s, 2H, CH
arom), 7.06-7.04 (d, 4H, CH arom).

Synthesis of 4,5 bis (aminophenoxy) phthalonitrile
(2a)

A solution of (1 , 5.08 mmol) 4,5-
dichlorophthalodinitrile and (1.66 g, 15.2 mmol)
aminophenol in dry DMF was heated while stirring
at 90 “C under argon atmosphere with the presence
(5.52 g, 40 mmol) dry K,CO3 which was added in
portions. The mixture was stirred until finishing the
starting nitrile, and then the reaction mixture was
added to ice water to precipitate and filtered off,
washed with excess of water. The obtained crude
product was purified by column chromatography
with eluent dichloromethane /acetone (9:1) Yield:
0.880 g (51%). FT-IR [vmad/cm™]: 3443, 3355 (-
NH>), 3110, 3047, 3000 (CH arom), 2226 (-C=N),
1581, 1495 (ArC=C), 1204 (C-O-C). 'HMR (ds-
DMSO0), 8, ppm: 7.29 (s, 2H, CH), 6.85 (d, 4H, CH
arom), 6.62 (d, 4H, CH arom), 5.15 (4H, NH,).

Synthesis of 2(3), 9(10), 16 (17), 23(24) tetra (4-
nitrophenoxy) substituted Zn (I1) phthalocyanine
@)

The mixture of 920 mg (3.47 mmol) of
compound 1was dissolved in 4 mL 1-pentanol and
158 mg (0.86 mmol) anhydrous zinc(ll) acetate and
12 drops of DBU were added and stirred at reflux
under nitrogen atmosphere. The reaction was
monitored by TLC. When the reaction finished,
then reaction mixture was cooled to room
temperature from 137 °C and precipitated in
hexane, filtrated and washed with excess of hexane,
methanol and ethanol. The obtained crude product
was purified by column chromatography with
eluent CHCI3/THF (10:1.5) Yield: 680 mg (69%).
Molecular Formula: CssH2sN12012Zn, Molecular
weight: 1126.29 g/mol. FT-IR [vma/cm™]: 2928
(CH arom), 1644, 1586, 1339 (NO,), 1514, 1487
(ArC=C), 1393, 1236, 1110, 1084, 942, 847, 726.

UV-Vis (DMF) Amax (log €): 675 (4.07), 610 (3.31),
350 (3.71). HMR (de-DMSO), 5, ppm: 8.47-8.40
(m, 6H, CH Ar , 8.35-8.29 (m, 6H, CH Ar), 7.96-
7.90 (m, 4H, CH Ar)), 7.73-7.53 (m, 10H, CH
arom), 7,33-7.30 (d, 2H, CH arom).

Synthesis of 2,3,9,10,16,17,23,24 octa nitrophenoxy
substituted Zn(Il) phthalocyanine (4)

830 mg (1.97 mmol) 4,5 bis (nitrophenoxy)
phthalonitrile 2 was dissolved in 4 mL 1-pentanol
and then 90 mg (0.49 mmol) anhydrous zinc(ll)
acetate and 14 drops DBU were added and stirred
under reflux at nitrogen atmosphere. The reaction
was monitored with TLC. Then reaction mixture
was cooled to room temperature and precipitated in
hexane, filtrated and washed with excess of hexane,
methanol and ethanol. The obtained crude product
was purified by column chromatography with
eluent CHCIs/EtOH (10:1) Yield: 680 mg (82 %).
Molecular Formula: CgoHaoN1s0sZn. Molecular
weight: 1674,67 g/mol. FT-IR [vma/cm™]: 3099,
3075(CH arom), 1520, 1342(NO), 1515, 1488
(ArC=C), 1217. UV-Vis (DMF) Amax (log €): 675
(3.34), 645 (2.42), 610 (2.42), 350 (3.11). HMR
(ds-DMSO0), 8, ppm: 8.74 (s, 4H, CH arom), 8.22-
8.20 (m, 17H, CH arom), 7.95 (s, 1H, CH arom),
7.81 (s, 2H, CH arom), 7.40 (s, 12H, CH arom),
7.20-7.19 (d, 4H, CH arom).

Synthesis of 2(3), 9(10), 16 (17), 23(24) tetra (4-
aminophenoxy) substituted Zn (11) phthalocyanine

Q)

520 mg (0.46 mmol) of compound 3 was
dissolved in dry THF, then (40 mg) Pd/C was
added and stirred under hydrogen atmosphere at ice
bath. The reaction was monitored by TLC. Reaction
mixture was filtrated to remove the Pd/C and
washed with excess of DMF and the solvent was
vacuum evaporated with pump. Yield: 280 mg (70
%). Molecular Formula: CsgHssN1204Zn; Molecular
weight: 1006,36 g/mol. FT-IR [vma/cm™]: 3351,
1603 (NH), 2925,2855 (CH arom), 1505, 1483
(ArC=C), 1392, 1335, 1260, 1234. UV-Vis (DMF)
Amax (log €): 685 (3.01), 615 (2.26), 350 (2.89).
'HMR (ds-DMSO), 8, ppm: 7.95 (s, 6H, CH arom),
7.77-7.75 (d, 2H, CH arom), 7.25-7.24 (d, 4H, CH
arom), 7.05-7.04 (d, 3H, CH arom), 6.87-6.85 (d,
6H, CH arom), 6.65-6.64 (d, 7H, CH arom) 5.16 (s,
8H, NH,).
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Scheme 1a, b. Reaction routes for synthesis of tetra- and octa- aminophenoxy substituted Zn(Il) phthalocyanines. Reagents and
conditions for procedures:a) and b) (i) Zn acetate, DBU, 1-pentanol; (iia) dry DMF, Hz, Pd/C, ice bath; (iib) Ethanol, SnCl2/ HCL;

(iic) DMF, Na2S.H:0.

Synthesis of 2,3,9,10,16,17,23,24 octa
aminophenoxy substituted Zn(I1) phthalocyanine
(6)

500 mg (0.31 mmol) of compound 4 was
dissolved in dry DMF, then (80 mg) Pd/C was
added and stirred at ice bath under hydrogen
atmosphere. The reaction was monitored by TLC.
Reaction mixture was filtrated to remove the Pd/C
and washed with excess of DMF and the solvent
was vacuum evaporated. Yield: 400 mg (90 %).
Molecular Formula: CgHssN1sOsZn, Molecular
weight: 1434 g/mol. FT-IR [vmax/cm™]: 1613 (NH),
1504, 1399 (ArC=C), 1200, 1079. UV-Vis (DMF)
Amax (log €): 679 (3.52), 647 (2.96), 615 (289), 301
(3.73). HMR (de-DMSO), 3, ppm: 8.22-8.20 (m,
20H, CH arom), 7.20-7.19 (d, 20H, CH arom), 4.37
(s, 16H, NH).

RESULTS AND DISCUSSION
Synthesis and characterizations

Two different reaction pathways were applied to
obtain the desired tetra- and octa- aminophenopxy
Zn(1l) phthalocyanines (Scheme 1 and 2). First
reaction route shown in Scheme 1 started with
synthesis of the corresponding nitrophenoxy-
substituted phthalodinitriles, followed by the
formation of the phthalocyanine molecules and by
reduction of the nitro units to obtain the desired
zinc(11) aminophenoxy substituted phthalocyanines.
Synthetic procedure of nitrophenoxy substituted
phthalonitriles is presented in Scheme 1a and 1b.
The starting compounds  4-(4-nitrophenoxy)
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phthalonitrile (1) and 4,5-bis-(nitrophenoxy)-
phthalonitrile (2) were prepared by modification of
the known reaction procedure described elsewhere
[20, 23]. Compounds (1) and (2) were synthesized
with the starting 4-nitrophthalonitrile and 4, 5-
dinitrophthalonitrile and p-nitrophenol in presence
of K3;COjs in dry DMF under nitrogen atmosphere.
The base catalyzed nucleophilic aromatic
displacement reaction takes place. To obtain
compound (2) different reaction conditions such as
time, temperature and ratio in order to have high
purity and vyield were tried. The most proper
reaction pathway is shown in Scheme 1b. The IR
spectra of (1) and (2) confirmed the characteristic
vibrations of the -C=N stretching with sharp and
narrow peak at position at 2232 cm™and also the
characteristic vibrations of NO group at positions
1345, 1580 cm™ and 1345, 1581 cm?, respectively.
The 'H-NMR spectra of the phthalonitriles (1) and
(2) were consistent with the predicted structures.

Tetra and octa nitrophenoxy- substituted Zn(ll)
phthalocyanines were synthesized according to the
literatures [20-22]. The cyclotetramerization of the
compounds (1) and (2) was carried out in the
presence of anhydrous ZnCl, and DBU as catalyst
in 1-pentanol at 140 °C under nitrogen atmosphere
(Scheme 1la and 1b). The IR spectra of Zn(ll)
phthalocyanines (3) and (4) clearly indicates the
cyclotetramerization  of  the  phthalonitrile
derivatives (1) and (2) with the disappearance of
the -C=N peak at 2232 cm™. The *H-NMR spectra
of the starting phtalonitriles (3) and (4) were
consistent with the predicted structures.
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Tetra- and octa- aminophenoxy substituted
Zn(1l) phthalocyanines (5) and (6) were synthesized
by reduction of the nitro groups of compounds (3)
and (4) with reaction procedures which is given in
Scheme la and b. Several reduction procedures
with different reducing agents were tested namely
Na,SxH,O (a) and tin dichloride/HCI (b) which
resulted to compounds (5) and (6) [18-22]. The
most efficient reduction method was the reaction
procedure of bubbling hydrogen gas in nitro-
phthalocyanine solution in the presence of 10%
Pd/C at ice bath. This synthetical approach was
described for the first time in this study (Scheme la
and b, iia). In the IR spectra of compound (5) and
(6) the —NH> group was observed as strong peaks at
1603 and 1618 cm?, respectively and the
characteristics NO2 groups were disappeared which
clearly established the formation of the target
compounds. The *H-NMR spectra of (5) and (6) in
deuterated DMSO solutions showed broad singlet
band attributed to the —NH; protons at 5.16 and
4.37, respectively.

T
H@(é“b

2) NC. NH,

NC’

NH

HN-@°Q\r ‘/p @ 2
N=N© o; ‘ ©N“z
Scheme 2a, b. Synthethic routes of tetra- and octa-
aminophenoxy substituted Zn(Il) phthalocyanines. Reagents

and conditions for procedures: a) and b) (i) Zn acetate, DBU,
1-pentanol.

T &

H,l NHz

Zn(ll) phthalocyanines (5) and (6) were
obtained by the second pathway which is shown in
Scheme 2a and b. In this case the starting
phthalonitriles ~ were  directly  used  for
cyclotetramerization reaction. This allows reducing
the step of the reduction reaction. For this reason
the phthalonitriles (1a) and (2a) were prepared.
Compound (5) was successfully obtained from the
phthalonitrile (1a) in presence of anhydrous ZnCl,
and DBU as catalyst in 1-pentanol at refluxing
temperature under nitrogen atmosphere. However
the obtained crude product was with limited
solubility. zn(ll) phthalocyanine (6) was not
obtained from the phthalonitrile (2a). Different
reaction conditions were selected to obtain the

compound (6) such as solvent, temperature,
presence of catalyst and without catalyst and metal
salt (ZnCl,) to speed the complex formation.
Another pathway by passing through metal free
phthalocyanine was also carried out, but the
reaction was not completed. The possible reasons
could be the high reactivity of the amino groups
which tent to form hydrogen bond between them
and also of the steric hindrance effect. Therefore
this synthetic pathway was not sufficient.

Ground state electronic absorption and
fluorescence spectra

The electronic absorption spectra of Zn(ll)
phthalocyanines (5) and (6) were recorded in DMF
on a Perkin Elmer Lambda 25 UV/Vis
Spectrometer. (Fig.1). They showed characteristic
absorption bands in the visible region with
absorption maximum at 683 nm for compound (5)
and 679 nm for compound (6), respectively. In the
UV region the second B band was recorded. ZnPc
(5) was observed with band at around 350 nm with
half of the intensity of absorption of the Q band. A
sharp and intense B band at around 375-378 nm
was observed for ZnPc (6). The obtained spectra
showed monomeric behavior which is evidenced by
a single, narrow Q band typical for metallated
phthalocyanine complexes.
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Fig.1. Absorption spectra of Zn(ll) phthalocyanines (5) and (6)
in DMF at concentration 12 uM.

In phthalocyanine chemistry the aggregation is
usually depicted as a coplanar association of rings
or physical conjugation throughout the substituents
which are progressing from monomer molecule to
dimer and higher associate of molecules. This
phenomenon depends on the concentration, nature
of the solvent, substituents, central metal ions and
temperature [24]. The formation of oligomers of
phthalocyanines for PDT usage should be avoided
because of the lack of the proper photochemistry
such as life-time and quantum yield of the triplet
state of the photosensitizer. In order to evaluate the
aggregation behavior of the studied ZnPc (5) and
(6) the Beer’s law was proven. The absorption
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spectra were recorded in DMF for the concentration
range between 3-16 uM for compound (5) and 12-2
uM for compound (6) in room temperature. The
recorded spectra showed that, the intensity of the Q
band increased with increment of the concentration.
The new bands did not occur which suggested the
lack of the formation of aggregates.

Fluorescence emission spectra of compounds (5)
and (6) were recorded on a Perkin Elmer LS 55
Spectrometer at excitation 610 nm for the diluted
solutions in DMF (Fig.2). The fluorescence
emission maxima are red shifted as compared to the
absorption maxima, which are as followed: 690 nm
with a shift of 7 nm for compound (5) and 685 nm
(6 nm shift) for compound (6).
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Fig.2. Fluorescence spectra of Zn(ll) phthalocyanines (5) and
(6) recorded in DMF. Excitation wavelength at 610 nm was
used.

CONCLUSION

Tetra- and octa- aminophenoxy  Zn(ll)
phthalocyanines were synthesized by following
different reaction schemes. The efficient, simple
and modified reaction conditions were chosen in
order to obtain the products in a high yields and
purity. A newly proposed synthetical pathway via
reduction of the nitro- groups of tetra- and octa-
nitrophenoxy- Zn(ll) phthalocyanines using as
reducing agent hydrogen gas, cooling and 10%Pd/C
was applied for the both Zn(Il) phthalocyanines
with amonophenoxy- substitutions.
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M. B. Amocman?, U. 3. Enesal, U. B. Croitnesal, M. [lypmym?, B. H. Manrapesa®
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dotonuHamMuyHaTa Tepanus ¢ GOTOCCHCHOMITN3aTOPH, QYHKIIMOHAIH3UPAHH C OMOJIOTHYHO aKTUBHU ChEAMHECHUS
KaTO aMHMHOKHMCCJIMHHN HJIIM KBbCH IICHNTHIHN CC sBABA oGemaBama CTpaTerus 3a HacOo4Y€HaTa KbM Taprera Tepamus.
@®oTOMMHAMUYHHAT TPOLEC € pe3yiraT OT e(PEKTUBHOTO B3aHMMOJCHCTBHE Ha (POTOCEHCHOMIU3ATOp, arMoc(epeH
MOJICKYJICH KHCIOPOJ M CreliduyHa CBETIIMHA OT BUAMMATa M Onm3kata wHppadepBeHa obmact (630-850 um). B
pe3yJiTaT Ha TOBa Ce FeHEepUpPaT CUHIIETeH KUCIOPO. U APYTH PEaKTHBOCIIOCOOHH KUCIOPOAHH (POPMHU, KOUTO MOTaT Jia
OKHCIIABAT OMOMOJIEKYJIH C TTOCIeIBAIa IUTOTOKCHIHOCT. DYHKIIMOHAIN3NPAHETO Ha (DTAOMAaHOBUS MAaKPOLIIUKBII C
OMOJOTMYHO-aKTHBHHU HENTHAM IEIH Ja MOJA0OpH pPa3TBOPUMOCTTa Ha (TAJIOIMAHMHOBATA MOJIEKYJa, KaKTO M Ja
MOBUIIY KJICTBYHOTO YCBOSBaHE Ha (hOTOCEHCHOMIM3AaTOpa M 1a MOJO0OpH TapreTHaTa My CEJIEKTHBHOCT CIIPSIMO
opraHend. [lenTnan KaTto KIETHYHO NMPOHHUKBAIIN, KJICTHYHO CIENU(UYHH, OMOJOTHYHO-aKTUBHU IIENTHAM, PELEITOP
CBBP3BAIlll CEKBEHIMH, BBTPEKJICTHYHO JIOKAJIM3MpAIIX CEKBEHIMM MOraT Ja IIOBHINAT JCHCTBHETO Ha
¢oTocencnOmIM3aTopa 4Upe3 BOifHAa €()EKTHBHOCT CIPSIMO LEJIEBUTE KICTKH M THKAaHM, M3BECTHO KaTO CHHEPIHYHA
(bOTOZ[I/IHaMI/I‘IHa TCpanurd U NenTugHa MUTOTOKCUIHOCT.

HaCTOfIH_[OTO Hay4YHO HU3CJICABaHC IMPCIACTaBA ONTHUMHU3HUPAHCTO Ha HAKOJIKO CUHTCTUYHU NbTHUIIA 3a CHHTE3 Ha
TeTpa- U OkTa amuHodeHokcu 3amecteHu nuHkoBU (1) ¢ranonmanuny, 4yusto (yHKIMOHAJIHA Tpyma, HapedeHa
aMHHO(CHOKCH- TPYIa ¢ MOIXOIsIIa SMHHIA 32 CBhP3BAHE C OMOJOTHYHO-aKTUBHH MICTITHIH.
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Since last century studying the properties of various heterocyclic compounds including pyrrole, as anti-
inflammatory and anti-pain agents is explored strongly. It is interesting to note that a number of molecules containing in
its structure pyrrole heterocycle are approved as drugs with diverse activities in medical practice.

Design of a series of substituted with specifically modified pyrrole heterocycle at N-terminus amino acids was done.
The aim compounds were synthesized in acid conditions using Paal-Knorr reaction between substituted pyrrole and
natural amino acids. Further, after purification and characterization antibacterial activity against model Gram positive
(Bacillus cerreus 1085), Gram negative (Pseudomonas fluorescens) microorganisms and fungi (Candida lipolytica)
were studied by means of standard disk diffusion method. The highest activity against model strain Gram positive
bacteria (Bacillus cereus 1085) show compounds Pyr-lle (1d) and Pyr-B-Phe (1f). The best activity against model Gram
negative microorganism (Pseudomonas fluorescens 1442) was revealed for compounds Pyr-Met (1e) and Pyr-B-Phe
(1f). All tested compounds have not any activity against model strain fungi Yarrowia lipolytica 3344. Compound Pyr-p-
Phe (1f) shows strong bacteriostatic effect against strain Bacillus cereus 1085.

Key words: pyrrole, Paal-Knor reaction, Bacillus cerreus 1085, Pseudomonas fluorescens, Candida lipolytica

INTRODUCTION

Since last century studying the properties of
various heterocyclic compounds including pyrrole,
as anti-inflammatory and anti-pain agents is
explored strongly [1]. It is interesting to note that a
number of molecules containing in its structure
pyrrole heterocycle [2, 3] as well as unnatural
amino acids are approved as drugs with diverse
activities in medical practice [4-6]. Pyrrole
derivatives are essential in finding new drugs with
pharmacological activity as anti-inflammatory,
cytotoxicity, in vitro cytotoxic activity against
tumors [7], in the treatment of hyperlipidemia [8],
etc. Pyrrole-containing heterocyclic derivatives
show biological activity as COX-1/COX-2
inhibitors and cytotoxic activity against different
human tumor models [9]. They also show
antioxidant [10], anticonvulsant [11], HIV-

inhibiting  action [12]. Pyrrole heterocycle
participate in the classic Non-steroidal anti-
inflammatory ~ drugs  (NSAIDs):  Tolmelin,

Zomepirac and Klopirac, and in recent years their
important biological activity is confirmed in many

* To whom all correspondence should be sent:
E-mail: dancho.danalev@gamail.com
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investigations in different directions [13-15].

Design of a series of substituted with
specifically modified pyrrole heterocycle at N-
terminus amino acids was done. The targeted
products (fig. 1) were synthesized via Paal-Knorr
cyclization by condensation of seven amino-acids
(a-g), acting as primary amines and 1,4-dicarbonyl
compounds. The later was prepared by C-alkylation
of commercially available B-dicarbonyl compound
with w-bromoacetophenone and then used in situ
[16].

NH,,
R O
R
1 a-g OH
7B\ R = residue for:
N CHg4 a: Ala e: Met
X 0 b: Val f:Phe
R c:leu g:Trp
OH d: lle

where 1a-1g: X = Cl, Ry = COOC;Hs.

Fig.1. Structure of pyrrolylamino acids tested for
antibacterial activity

Herein we report the antibacterial activity
against model Gram positive (Bacillus cerreus
1085), Gram negative (Pseudomonas fluorescens)

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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microorganisms and fungi (Candida lipolytica) by
means of standard disk diffusion method.

EXPERIMENTAL
Material and Methods

Pseudomonas fluorescens 1442, Bacillus
cerreus 1085 and Yarrowia lipolytica 3344-
microbial strains were supplied by the National
Bank for Industrial Microorganisms and Cell
Cultures (NBIMCC). Salts for nutrient medium
were obtained from Merck (Germany). Glucose and
bovine serum albumin (BSA) were obtained from
Fluka (Switzerland). Agar and LB for nutrient
microbial growth mediums were obtained from
Sigma-Aldrich. Sterile disks impregnated with
Gentamicin (10pg) and Fluconazole (25pg) were
supplied by FOT (Bulgaria).

Cell cultures

Bacillus  cerreus 1085, Pseudomonas

fluorescens 1442 and Yarrowia lipolytica 3344
were cultivated on solid agar nutrient medium
containing meat extract, peptone, glucose, NaCl at
30°C for 24 h. After incubation process the
bacterial colonies were picked up and suspended in
liquid nutrient medium containing LB and 10%
glucose for 24h in water bath shaker at 30 °C, pH
7.2-7.4. Further the cells were suspended in fresh
liquid medium, containing LB and 10% glucose
and the biomass was used for investigation of
antimicrobial activity.
The yeast colonies were suspended in liquid
nutrient medium containing yeast extract, malt
extract, peptone and 10 % glucose. The biomass
was cultivated for 24h in water bath shaker at 30°C,
pH 6.

Standard disk diffusion test was used for
studding of antimicrobial activity of target
compounds. Discs impregnated with Gentamicin
(10pg) and fluconazole (25ug) were used as refers.

Standard DNS method was used for
determination of glucose consumption by Bacillus
cereus 1085.

RESULTS AND DISCUSSION

The activity of newly synthesized compounds
are tested against model Gram negative
microorganisms - Pseudomonas fluorescens 1442,
Gram positive microorganisms - Bacillus cerreus
1085, and fungi - Yarrowia lipolytica 3344.

All impregnated sterile disks with different
concentration of N —pyrrolyl amino acids (la-1g),
are incubated in petri dishes with biomass of strain
Bacillus cerreus 1085. 24 hours later obtained
inhibition zones are measured and all data are

summarized in table 1. Sterile disks impregnated
with 10png Gentamicin (commercially available)
were used as check samples.

Table 1. Inhibition zones in mm for tested
compounds la-1g at concentrations 50mM and 25mM
against B.cereus

Zone of inhibition

Zone of inhibition of B. Cereus at

Test of B. Cereus at 50

. 25mM
compound mM concentration .
concentration
[mm] [mm]
la 10 no effect
1b 13 10
1c 11 9
1d 16 15
1f 15 14
19 8 8
Gentamicin 23 23

As it can be seen from the data in table 1, the
highest activity reveals compounds Pyr-lle (1d) and
Pyr--Phe (1f) at both 50mM and 25mM
concentrations. Bacillus cereus1085 is resistant
against compounds 1a, 1c and 1g at 50 mM and 25
mM concentrations. According to compound 1b
Bacillus cereus 1085 is moderately sensitive at 50
mM and microorganism is resistant at 25mM.
Because of the good activity of compounds 1d and
1f they were also tested at 10 mM concentration.
The obtained inhibition zones are 10mm which
show that at this concentration strain Bacillus
cereus 1085 is resistant.

Table 2. Inhibition zones in mm for tested
compoundsla-1g at concentrations 50mM and 25mM
against Pseudomonas fluorescens 1442

Zone of Zone of
Test inhibition of Ps. inhibition of
compound Fluorescens at  Ps.fluorescens
50 mM [mm]  at 25 mM [mm]
la 13 no effect
1b 10 8
lc 10 9
1d 15 11
le 20 no effect
1f 23 12
1g no effect no effect
Gentamicin 23 23

The same methods were used for determination
of antibacterial activity of newly synthesized
compounds against Gram negative microorganism
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Ps. fluorescens 144. All studies were done again at
25mM and 50mM concentrations.

Sterile disks impregnated with 10pg gentamicin
(commercially available) were again used as check
sample. Results are summarized at table 2.

Data in table 2 show that compounds 1b, 1c and
1g have no activity against strain Pseudomonas
fluorescens 1442. Strain is moderately sensible to
compounds 1a and 1d at 50mM concentration, but
it is resistant at concentration 25mM.Compounds
le and 1f have strong antibacterial activity at 50
mM concentration but strain is resistant at 25 mM

All compounds did not exhibit any antifungal
activity against model strain Yarrowia lipolytica
3344,

Investigation of antimicrobial activity of
Bacillus cereus 1085 in presence of compound Pyr-
S-Phe

Monitoring of bacterial growth is an additional
method for investigation of antibacterial
Monitoring of bacterial growth is an additional
method for investigation of antibacterial properties
of compounds. Herein, we studied biomass growth
of Bacillus cereus 1085 in presence and absence of
compound 1f. For this purpose we used blank
sample without compound and biomass in presence
of 10 mM concentration of 1f. The absorbance of
the biomass were measured at 590 nm
spectrophotometrically during 98h of incubation
time (Fig.2)

oD

590

—a— Bacillus cereus 1085
—e— Bacillus cereus 1085+1f (10mM)

T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

Incubation time

Fig. 2. Growth curves of Bacillus cereus 1085 in
presence and absence of 1f

From the figure is noticed that lag-phase of the
cells without compound 1f is shorter in comparison
of those in presence of investigated compound. The
cells are rapidly entered into exponential phase
lasting up to 32 hours. After that the growth of cells
is in steady state but don’t enter in the stationary
phase until the end of the incubation time. In terms
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of cultivation of test compound (1f) is observed a
longer initial phase, approximately 10 hours of
incubation time. The exponential phase is
prolonged to 28h. After that is observed the
stationary stage of the cells culture. It can be
concluded from the obtained data that compound 1f
shows bacteriostatic effect to test microorganism
Bacillus cereus.

In addition, the dynamic of glucose
accumulation by Bacillus cereus cells in presence
and absence of Pyr-B-Phe (1f) compound by using
DNS method (Fig.3) were studied.

—=&—Bacillus cereus 1085
Y00 | e Bacillus cereus 1085 +1f

0,8

0,6 4

044

0,2

Concentration of glucose, mg/ml

e

0,0

0 10 20 30 40 50 60 70 80 90 100
Incubation time, h
|g? Glucose accumulation of Bacillus cereus |

presence and absence of Pyr-B-Phe (1f)

The figure shows that the nutrient source
accumulation by Bacillus cereus cells in the terms
of cultivation without 1f is proportional of the
incubation time. In the presence of Pyr-p-Phe (1f)
the assimilation of glucose begins after 10h of
incubation time. The glucose is accumulated
completely up to 35h of incubation time.

CONCLUSION

Antibacterial activity against model Gram
positive (Bacillus cerreus 1085), Gram negative
(Pseudomonas fluorescens) microorganisms and
fungi (Candida lipolytica) of six newly synthesized
pyrrolylamino acids were studied. The obtained
results show that the highest activity against model
strain  Gram-positive bacteria (Bacillus cereus
1085) show compounds Pyr-lle (1d) and Pyr-p-
Phe (1f). The best activity against model gram
negative microorganism (Pseudomonas fluorescens
1442) was revealed for compounds Pyr-Met (1e)
and Pyr-p-Phe (1f). All tested compounds have no
any activity against model strain fungi Yarrowia
lipolytica 3344.

Bacteriostatic effect is observed onto growth of
Bacillus cereus cells in the presence of Pyr-p-Phe
(1f).
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CHUHTE3 1 AHTUBAKTEPUAJIHA AKTUBHOCT HA AMMHOKHWCEJIMHU
MOAUPUILTMPAHU CBHC CIITEHMONYHO 3AMECTEH I[TNMPOJIOB XETEPOLIMK'BJI

C.I1. Bnagumuposa?, /1. JI. Jlananes!”, JI. A. Mapunkosa?!, P. H. Paiixosal, . C. Manosal, C. P.
Mapunosa, /. U. Mapunosa®, C.A. Suepa®

Xumuxomexnonozuuen u Memanypauuen Yuusepcumem, Cocus, 1756, Bvneapus, 6yn. Knumenm Oxpudcku 8,
kameopa buomexuonocus
2Xumurxomexnonozuven u Memanypauuen Yuueepcumem, Cogpusi, 1756, Bvreapus, 6ya. Knumenm Oxpuocku 8,
xameodpa Opeanuuen Cunmes u I opusa
SXumurxomexnonozuven u Memanypauuen Yuueepcumem, Coghusi, 1756, Bvreapus, 6ya. Knumenm Oxpuocku 8,
xkamedpa OCHOBU HA XUMUYHUME MEXHON02UU

[ocrermna va okromBpu, 2016 r.; Kopurupana na 15 sayapu, 2017 r.
(Pesrome)

CgoiicTBara Ha pa3INYHK ChEIMHEHHS, ChABPIKAIIH MHPOTIOB XETEPOIIMKBII CE M3CIIEBAT MIUPOKO OT HAYAIOTO HA
BEKa KaTO MPOTHUBOBB3MAIMUTEIHH M MPOTUBO-OONKOBH areHTH. VIHTEpEeCHO e, ChI0 Taka, 4Ye peauiia MOJEKYIH,
ChIbPIKAIIH TUPOJIOB XETEPOIIMKBII Ca TOKA3aHH JIEKAPCTBA ¢ PA3HOOOpa3Ha aKTHBHOCT B MEUIIMHCKATA MPAKTHKA.

Beme HanpaBeH Au3aiiH Ha cepusi OT AMHHOKHCENWHH, 4MUTO N-Kpai € BKIIOYEH B CICHU(PHYHO 3aMECTCHH
MHUPOJIOBU NMPOU3BOAHM. LleneBuTe chenuHeHUs OXa CHHTE3UpaHK B KHcesa cpea 1o peakuusrta Ha [Taan-Kuaop mexmy
3aMeCTeH MUPOJN W MPUPOJHM aMHHOKUcenuHH. Cliell NMPeYucTBaHE M OXapaKTepH3UpaHe, CheAMHEHHsATa Osxa
MOJJIOKEHU Ha M3CIIe/IBAHMUS 32 aHTHOAKTepHalHa aKTUBHOCT crpsaMo monennu ['pam nonoxutennu (Bacillus cerreus
1085), I'pam orpunarenau (Pseudomonas fluorescens) mukpooprannsmu u r6u (Candida lipolytica) upes usnonssane
Ha CTaHAapTeH IUCKOBO-AN(y3moHeH MeTonx. Hal-BHCOKAa aKTHBHOCT CpPEIly MOICTHHS ['paM TOJOKHTENCH IMaM
MUKpoopranusmu (Bacillus cereus 1085) nokasaxa ceenunenusrta Pyr-lle (1d) u Pyr-p-Phe (1f). Haii-no6pa aktuBHOCT
[0 OTHOIIEHWE Ha MojenHure I'pam otpunarennd Mukpoopranusmu (Pseudomonas fluorescens 1442) Gere
ycraHoBeHa 3a chenuueHusta Pyr-Met (le) u Pyr-p-Phe (1f). Beuuku TecTBaHM CheMHEHUs HE TOKa3aXa aKTHBHOCT
copsmMo  MozenHusT maM re6u  Yarrowia lipolytica 3344. Cwemunenwero Pyr-p-Phe (1f) moxassa cuien
GakTeprocTtaTHieH eexT crpsMo MoaenHus mam Bacillus cereus 1085.
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An acetylcholinesterase inhibitor (AChEI) or anti-cholinesterase is a compound that inhibits the cholinesterase

enzyme from breaking down acetylcholine, increasing both level and duration of action of the neurotransmitter ACh.
AChEIs occur naturally as venoms and poisons; they are used as weapons in the form of nerve agents, and as
constituents of medicines for Myasthenia Gravis treatment. They are used to increase neuromuscular transmission to
treat Glaucoma and Alzheimer disease (AD) as well as an antidote to anticholinergic poisoning.
Herein, we report the kinetic investigation of five peptide amide and esters of galanthamine Boc-Val-Asn-Leu-Ala-Gly-
Ogal, Boc-Val-Asn-Leu-Ala-Val-Gly-Ogal, Boc-Asp-(nhorGal)-Asp-Leu-Ala-Val-NH-Bzl, Boc-Asp-(norGal)-Asp-Leu-
B-Ala-Val-NH-Bzl, Boc-Asp-(norGal)-Val-Asn-Leu-B-Ala-Val-NH-Bzl, inhibitors of AChE. In addition, ICso values
(50 % inhibition effect on the enzyme) according to AChE were determined. Finally, we compare the obtained ICsp
values for synthetic peptides with those of two pesticides Parathion and Carbofuran, well know ACHEI’s.

Key words: peptides, enzymes, inhibitors; pharmaceutical application

INTRODUCTION

Acetylcholinesterase (AChE) (E.C.3.1.1.7) is a
serine hydrolase that catalyzes the hydrolytic
degradation of acetylcholine to choline and acetic
acid. According to cholinergic hypothesis AChE is
one of both choline esterases (together with
butyrylcholine esterase BuChE) which plays key
role for progression of Alzheimer’s disease [1].
One of possible approaches for treatment of
patients with Alzheimer’s disease is using of
acetylcholinesterase inhibitors (AChEls) [2].
AChEIs could have different origin, extracted from
natural sources (galanthamine, huperzine A, uleine
etc.) [3-6] or synthetic (including
organophosphates, carbamates, peptides, etc.) one
[7-10]. Parathion and carbofuran are compounds
that belongs to two main groups of pesticides-
organophosphorus (OPs) and carbamates. They are
still widely used in veterinary practice and in
agriculture as fungicides, insecticides and
herbicides. Since carbamates, as well as OPs, are
AChE inhibitors, both compounds cause similar
toxic acute effects and symptoms derived from
poisoning. The principal difference between OPs
and carbamate induced inhibitory action is that the
AChE-OP complex is much more stable than

* To whom all correspondence should be sent:
E-mail: sp_yaneva@uctm.edu
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AChE-carbamate, making carbamates the potential
candidates for the treatment of Alzheimer’s disease
[8].

Herein we report the acetylcholine esterase
inhibition activity of several synthetic peptide
amide and esters, derivatives of natural AChEI
galanthamine. We also obtained ICso values for
synthesized hybrid structures and additionally, we
compared these data with those for two synthetic
pesticides: one from the OP group and one
carbamate.

EXPERIMENTALS
AChE inhibition activity

All  kinetic  investigations  and ICso
determinations were done using an optical
biosensor  with  Acetylcholinesterase  (AChE)

(EC.3.1.1.7) from Electrophorus electricus (electric
eel), Type VI-S, AChE from electric eel,
immobilized onto hybrid membranes synthesized
by sol-gel technology. Synthesis of used
membranes containing cellulose acetate propionate
with high molecule weight (~25 000) (CAP),
methyl triethoxysilane (MTES) and
Polyamidoamine  (PAMAM)  dendrimers is
described in [11]. The quantity of protein
immobilized onto the membranes, was determine
using Lowry’s methodology [12]. Initially, the
activity of the immobilized AChE was measured

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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without presence of inhibitor. The experimental
procedure was run at 25° C in 1 ml of 0.1M sodium
phosphate buffer (pH 8) containing 90 pul of ACh
iodide (7.5 AM) and 45 ul of 5,5°- dithiobis-2-
nitrobenzoic acid (DTNB, 10 uM) and stirring.
Further, newly synthesized compounds at different
concentrations from 5 uM to 100uM were diluted
in 1,5 ml of 0,1M sodium phosphate buffer (pH 8).
50mg of membranes with the immobilized enzyme
were added directly to the solution and were
incubated together for 30 min at 25° C. The
membranes with immobilized AChE, were moved
out from the solution and the residual activity was
measured following the procedure according to
Elman’s method with DTNB reagent [13].

Peptide inhibitors were synthesized according to
methodology described in [14]. They all are amides
or esters of natural galanthamine with following
structures:
Boc-Asp-(norGal)-Asp-Leu-B-Ala-Val-NH-BzI
(1), Boc-Asp-(norGal)-Asp-Leu-Ala-Val-NH-Bzl
(1),  Boc-Asp-(norGal)-Val-Asn-Leu-s-Ala-Val-

NH-Bzl (Is), Boc-Val-Asn-Leu-Ala-Val-Gly-OGal
(1s), Boc-Val-Asn-Leu-Ala-Gly-OGal (Is)

The inhibitory effects of all the analyzed
AChEIs (the newly synthesized peptides, as well as
the pesticides) was calculated by measuring the
difference in the enzyme activity before and after
incubation with inhibitor. The measurement was
done at 412 nm for 8 min.

The inhibition percentage was calculated according
to equation.
Inhibition (%) = [(Eo - Ei)/E]*100,

Where Ey is the initial inhibited sensor activity and
E is the inhibited sensor activity. The sensitivity of
the biosensor toward ACh was measured.

RESULTS AND DISCUSSION

Galantamine is one of the most selectively
inhibitors of AChE which is one of the commonly
used inhibitors to treat patients with mild to
moderate AD. Therefore, syntheses of novel
peptides compounds containing galantamine
analogues are very important.

Calibration curve of inhibitor I,

Inhibition [%]

I | T
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\

¥ = 7.170Be+005 X + 21.956 H i
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e o5 o6 o7
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Calibration curve of inhibitor Ig

T T T
[Y = 9.42050+005 X + 17.528 l
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Fig. 1. Calibration curves for free AChE and the peptide inhibitors I, 1, and Is
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Table 2. 1Csq values for the synthesized and the some pesticides

. . 1Cso
Symbols Amino acid sequence [M x10°]
I1 Boc-Asp(norGal)-Val-Asn-Leu-p-Ala-Val-NH-BzI -
I2 Boc-Asp(norGal)-Asp-Leu-B-Ala-Val-NH-BzI 40.70+0,10
I3 Boc-Asp(norGal)-Asp-Leu-Ala-Val-NH-BzI 38.30+0,18
Iy Boc-Val-Asn-Leu-Ala-Val-Gly-OGal 39.11+0,12
Is Boc-Val-Asn-Leu-Ala-Gly-OGal 34.46+0,07
Gal* galanthamine 5.00
Parathion 1.75%*
Carbofuran 0.65**
* data from literature [15], **both values are x10-1°
Table 3. The values of Ki for different newly inhibitors concentrations for immobilized AChE
Inhibitor
concentration, Ki (Mx10¢) MTES (AChE)
(Mx10°9)
I1 l4 Is
5 0.45624 0.26209 41.482 0.21175
25 3.85745 1.51692 2.28114 1.43737
50 5.62258 4.79799 5.46817 3.36793
75 9.28964 6.96592 8.72065 9.52302

In this part examination of the effect of some
types of those newly synthesized inhibitors that
were designed in [14] was achieved. In addition,
their 1Cso values (50% inhibition effect on the
enzyme) against AChE were determined. Five
different peptide inhibitors, galantamine derivatives
were investigated. The results showed that four of
them (Is, 14, 12 and 11) have inhibitory effect towards
the enzyme AChE. Surprisingly compound Is has
no inhibitory effect towards enzyme, but it reacts as
an activator. Therefore, the study was continued
only with the other four inhibitors (Is, l4, 1> and 11).
Initially, we made the calibration curves with
inhibitors 1, I, 14 and Is. They are illustrated on
Fig. 1 in the presence of ACh at 7,5uM
concentration. The plots appear linear response for
concentration of the inhibitor from 5 pM to 100pM.

After drawing the calibration curves, the ICs
values for the newly synthesized inhibitors are
determined and they are summarized in Table 2.
The ICso values for the inhibitors Iy, I2, 14, and Is, for
immobilized AChE on MTES hybrid membranes is
presented in Table 2. These values are obtained
from the experimental work and compared to the
obtained ones from the mathematical model.

The values of Ki for different newly inhibitors
concentrations for immobilized AChE are presented
at Table 3. The results showed that all newly
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inhibitors compound I3, I, l4 and Is act as
competitive inhibitor for immobilized AChE.

ICso values for the novel peptides compounds
inhibitors for immobilized AChE on MTES hybrid
membranes, obtained from experimental work and
theoretical mathematical model were compared
using simple regression analysis. The results are
shown on a regression line in Figure 2 The obtained
regression equations for different inhibitors are as
follows:
l1:Y = 3.4243 X — 251.95, correlation (r) = 0.782.
I: Y =5.1909 X — 405.52, correlation (r) = 0.696;
l4: Y =0.47351 X + 7.0091, correlation (r) = 0.239;
Is: Y = 3.854 X — 261.21, correlation (r) = 0.7501;

A good correlation existed between the results
of experimental method and theoretical
mathematical model for inhibitors Is and I,. Data
from these statistical calculations confirmed the
precision of the proposed model.

As it can be seen from the table 1 four of five
galanthamine derivatives have inhibition activity
and the ICsp values are in micromolar range, but
they are 7-8 times lower than those of natural
galanthamine. The comparison of obtained data
shows that carbamate and phosphororganic
pesticides are one million times more potent
inhibitors of AChE. Eventhough, looking to the
ICso values for both pesticides, carbofuran seems
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stronger inhibitor than parathion, it is actually less
toxic because of the inhibition mechanism.
Carbamates are considered to be safer than OP
insecticides that irreversibly inhibit AChE causing
more severe cholinergic poisoning.

It is proved that OP as well as the
organochlorine pesticides that are also irreversible

inhibitors, are toxic to the nervous system,
reproductive organs, and endocrine system.
Moreover, they can cause cancer and increase the
risk of developing Alzheimer’s disease. As a result
of their wide use in agriculture, traces of them can
further be found into animal tissues, milk, honey,
eggs, etc.

IC;, for inhibitor | for immobilized AChEinto MTES hybrid membrane

140 T T T

Theoretical IC50 [uM]
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0
Experimental IC50 [uM]
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+
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IC, for inhibitor I, for immobilized AChE into MTES hybrid membrane
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Theoretical IC50 [uM]

IC5, for inhibitor I for immobilized AChE into MTES hybrid membrane

50 60
Experimental IC50 [uM]

Theoretical IC50 [uM]

80
Experimental IC50 [uM]

Fig. 2. 1Cso correlation curve for the newly compounds inhibitor 14, I2, 14 and Is and immobilized AChE onto MTES

hybrid membrane
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ANETHIIXONTMHECTEpa3eH HHXUOUTOP WIIM aHTH-XOJIMHECTEPa3HO BEIECTBO € CheJUHEHHE, KOETO HHXHOUpa eH3uMa

XOJIMHECTepa3a KaTo OJIOKMpa alleTHUIIXOJMHA, KOETO BOJM [0 YBelIMYaBaHe KakTO Ha HHUBOTO, Taka u
MPOIBIDKUTEIIHOCTTA Ha ICHCTBUE HA HEBPOTPAHCMUTEPA AlETHIIXOJIHH.
ATETUIIXOTMHECTEPA3HOTO MHXUOUPaHe MOXKE Jia Bb3HUKHE NMPHU BB3ACHCBTHE HA PAa3JIMYHHU OTPOBU M TOKCHHHU BBPXY
opranu3ma. CBoiicTBaTa Ha TO3M TUII MHXUOWUTOPH Ca M3CJIEABaHH U NPUIIAraHU KaTO OPBKHE 32 MACOBO MOpa3siBaHe, a
OT JIpyra CTpaHa ce BKJIIOYBAT B ChCTaBa HA JIKAPCTBA 32 PAa3IMYHU 3a00JISIBAHUS KaTO MHACTeHHs rpaBuc. ChIO Taka
ce mpuiarar 3a yBellMuaBaHE Ha HEPBHOMYCKYJIHHHS NPEHOC Ha MMITYJICH, IIPH JIeYeHHE Ha Tilaykoma, OojecTra Ha
AuxaiiMep, KakTo M KaTo MPOTHBOOTPOBA IIPU aHTHUXOJIMHEPTUYHO OTPaBsIHE.

B Hacrosimara pabota, HHE JOKJIazBaMe Pe3yiATaTHTE OT KMHETUYHHWTE M3CIE/BaHMS HA IET MEeNTHAA, aMUIHU U
eCTepHM aHano3u Ha ramantamuH: Boc-Val-Asn-Leu-Ala-Gly-Ogal, Boc-Val-Asn-Leu-Ala-Val-Gly-Ogal, Boc-Asp-
(norGal)-Asp-Leu-Ala-Val-NH-Bzl, Boc-Asp-(norGal)-Asp-Leu-B-Ala-Val-NH-Bzl, Boc-Asp-(norGal)-Val-Asn-Leu-
B-Ala-Val-NH-Bzl, kato noTeHunaaHn MHXHOMTOPU Ha aueTiIMXojuHecTepasa. OnpeseneHu ca croiHocture Ha ICso
(50% wuHxuOWpaHe aKTUBHOCTTA HAa €H3MMA) CIPSIMO aleTHIIXOJUHECTEpPa3a. B OMbIHEHHWE HHUE CpaBHSIBAME
noJyueHure croiHocTH 3a 1Cso ¢ Te3u Ha JBa MOJIEITHM MECTUIM/A, KOUTO ca A00pe M3BECTHU MOIIHK MHXHOUTOPU HA
alleTHIXOJIMHECTEPA3aTa.
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Two new sorbents, silica gel modified with Cystine (Sig-Cys-S-S-Cys) and silica gel modified with N-
Benzyloxycarbonyl-L-Methionine (Sig-Z-Met-OH) were prepared and examined for quantitative extraction of Au (111)
from hydrochloric acid solutions. Several parameters affecting the sorption efficiency such as pH of the sample
solution, sorption time, eluent type and volume were optimised in order to achieve quantitative extraction of Au (I11).
Experiments performed showed that under optimized conditions the degree of Au (l11) sorption does not exceed 43 %
by using Sig-Cys-S-S-Cys whereas Sig-Z-Met-OH enables fast and quantitative retention of Au (I11) from 0.1-0.01 mol
L HCI and could be used for the separation and preconcentration of Au (111). The analytical procedure was developed
for the determination of Au in gold containing cosmetics based on two steps: solid phase extraction of Au (111) and
measurement of extracted Au by ICP-OES. The limit of detection achieved is 0.1 ug g* Au in the face cream and the
relative standard deviation varied in the range 6-11% for the concentration range 0.1-1 pg g Au in the face cream. The
accuracy of the developed analytical procedure was verified by direct analysis using ICP-MS.

Keywords: solid phase extraction, noble metals, atomic spectrometry

INTRODUCTION

Platinum group elements (PGEs) and gold are
distributed at very low concentration in the earth
crust. The typical concentration of gold in ore is in
the range of 5-30 g/t [1]. However, their application
in electrical and electronic industries, in medicine
and in jewelry leads to their spread in the
environment where significant quantities of noble
metals are converted into bioavailable forms,
mainly as chloro or organic complexes [2-5].
Despite the elevated anthropogenic PGEs levels,
their concentration remains quite low for direct
instrumental determination and usually analytical
procedure which includes preliminary separation
and concentration of analytes has to be used [6]. As
a rule reliable results could be obtained after careful
optimization of the parameters of analytical method
which combines the application of sensitive
analytical thechniques such as ICP-MS, ICP-OES
or ETAAS with suitable enrichment procedure.
Solid phase extraction technique using different
kind of solid sorbents ensures high enrichment
factor, rapid phase separation and the ability of
combination with different detection techniques [7].
Silica gel has been widely used as a sorbent or as a
support due to its good mechanical and chemical
properties, high porosity, large surface, resistance to

* To whom all correspondence should be sent:
E-mail: petya_dukova@yahoo.com

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

swelling, as well as high thermal stability. The
extraction efficiency and selectivity of silica gel has
been improved by its physical and chemical
modification with variuos chemical reagents, in this
way suitable functional groups have been
chemically or physically bonded to the reactive
sites on the silica surface. Chelating agents with N-
and S- containing groups are highly efficient for the
selective sorption of noble metals and could be
used for physical modification of silica gel [8, 9].

In the presence of HCI noble metals
chlorocomplexes could form stable ion associates
with protonated nitrogen-containing reagen and
guantitatively retained on the surface of silica gel
[9, 10].

The immobilization of chitosan and amino acids
such as glycine, valine, leucine, serine and lysine
has been already used as an approach for
preconcentration of Au (Ill), Pt (IV) and Pd (II)
[12-14]. Recently Hastuti et al. [15] used L-
arginine functionalizaed silica gel as an effective
adsorbent for gold (111), Mladenova et al. prepared
and studied sorbent based on cysteine modified
silica gel for preconcentration and separation of
noble metals Au (111), Pd (11), Pt (11), Pt (1V) [16].

The aim of the present work is to prepare silica
gel sorbents physically modified with sulfur
containing amino acids Z-Methionine  (N-
Benzyloxycarbonyl-Methionine)  and  Cystine
(unmodified), and to investigate their sorption
efficiency towards Au (lll). Additionally our
interest is to examine the reliability of physical
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functionalization of silica particles and to check out
if the simplified preparation technique provides
satisfactory results. Analytical application of
sorbents prepared for Au determination in
cosmetics is presented.

EXPERIMENTAL
Reagents

All chemicals were of analytical reagent grade
and were used without further purification. The
stock standard solution for Au (I11) (1000 mg L™?)
was Sigma-Aldrich (Germany) in 5% HCI.
Working standard solutions for Au were prepared
daily by appropriate dilution of the stock standard
solution. Silica gel for column chromatography
<0.063 mm, >230 mesh ASTM, the amino acids
cystine and L-methionine and N-
(Benzyloxycarbonyloxy) succinimide were
purchased from Sigma-Aldrich Ltd. Analytical
grade sodium bicarbonate (NaHCOs;, Sigma-
Aldrich, Germany), acetone (CHs;COCHSs;, Sigma-
Aldrich, Germany), ethyl acetate (CH3;COOC;Hs,
99.8%, Sigma-Aldrich, Germany) and sodium
sulfate (Na;SOs4, Merck, Germany) were used for
synthesis of N-Benzyloxycarbonyl-L-methionine.
HCI (37%), HNO; (68%) and NHs (25%) were
purchased from Merck, Germany.

Apparatus

FAAS measurements were carried out on a
Perkin- Elmer AAnalyst 400 spectrometer, with
air/acetylene flame under optimal instrumental
parameters, ensuring maximal signal to noise ratio.
The light source was hollow cathode lamps for Au.
The spectral bandpass and wavelengths used were
as recommended by the manufacturer. The
wavelength used for Au AAS measurement is 242.8
nm. ICP-OES measurements were performed on an
ICP-OES spectrometer Ultima 2, Jobin Yvon under
optimized instrumental parameters  using
wavelength 242.795 nm.

A Milestone Ethos 900-Mega Il microwave
oven with a PTFE-vessel rotor was employed for
samples digestion.

The centrifuge K-1000 (KUBOTA Corporation,
Osaka, Japan) was used for the centrifugation of
modified silica sorbent in batch experiments.

Synthesis of N-Benzyloxycarbonyl-L-methionine
(Z-Met-OH) [17]

The suspension of L-methionine (1.5 g, 10
mmol) in deionized water water (20 mL) was
prepared and mixed with NaHCOs; (0.84 g, 10
mmol) and 25 mL acetone. Then N-
(Benzyloxycarbonyloxy) succinimide (2.5 g, 10

96

mmol) was added and the reaction mixture was
stirred at room temperature overnight. After
evaporation of the acetone in vacuo, the aqueous
layer was acidified with 1 mol L HCI to pH 2.5
and extracted with ethylacetate (3 x 20 mL). The
combined organic phases were washed with brine,
dried over anhydrous Na,SO, and evaporated in
vacuo.Yield (65%); mp 67-69°C.

Preparation of modified silica gels: silica gel
modified with Z-methionine and silica gel modified
with cystine

The silica gel modified with Z-Methionine (Sig-
Z-Met-OH) and silica gel modified with Cystine
(Sig-Cys-S-S-Cys) were prepared following the
procedure described by Bartyzel et al. [18] and
further optimized by Petrova et al. [19].

The commercially available silica gel was
activated by refluxing with concentrated HCI for 4
h, because the commercial silica gel possesses a
low concentration of suitable surface silanol
groups, required for further modification.
Thereafter it was filtered, washed with deionized
water until the filtrate was neutral and dried in an
oven at 150 °C for 12 h to remove surface adsorbed
water. The activated silica gel was refluxed
separatelly with the modifiers Z-methionine or
cystine in ratio 9:1 w/w in an acetone media for 8 h.
Finally the mixture was vigorously stirred at room
temperature to complete the solvent evaporation
and then dried at 40°C for 1 h.

Sorption/dessorption studies

Agueous standard solution (10 mL) containing
Au (10 mg L™') was mixed with 50 mg of the
sorbent in the presence of various concentrations of
HCI. The mixture was shaken for 10-40 min with
an electric shaker and then centrifuged. In order to
investigate the degree of sorption supernatant
solution was removed and analyzed by FAAS as
effluate. The sorbent was washed with deionized
water and Au was eluted from the sorbent particles
with different eluate solutions. In order to
investigate the degree of elution, metal ion content
in eluate was determined by FAAS after sorbent
centrifugation. The degree of sorption, D%, and
elution, R% is calculated using the following
equations:

D% = [(Cinitial — Ceffivate)/Cinitiar] X100,
R%:[(Cinitial — Cefﬂuate)/Celuate] x100,

where Cinitiar 1S the initial amout of Au, Cefiyate IS the
amount of Au measured in the supernatant (effluate
solution) and Ceae IS the amount of Au measured
in the eluate solution.
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Determination of Au in cream samples

Digestion of cream samples: All plastic and
glassware were soaked in 5% HNOs solution for 24
h and rinsed with deionized water before use.

The cream sample was dried in an oven at 105 °C to
constant weight and then stored in desiccator.
About 0.3 g of the dried sample was directly
weighed into PTFE digestion vessel. Then 10.0 mL
HCI (37%) and 3.5 mL HNO; (68%) were added
and the mixture was left at room temperature for 24
h. The MW digestion programme was as follows:
10 min at 250 W; 5 min at 400 W; 5 min at 500 W;
5 min at 600 W. After cooling, the solution was
guantitatively transferred in a volumetric flask and
diluted up to 25 mL with 0.02 mol Lt HCI [20].

Determination of Au: 20 mL of above prepared
solution of digested cream sample were transferred
in a centrifuge tube, 50 mg sorbent was added and
mixture was shaken for 30 min. After centrifugation
the sorbent was washed with deionized water and
eluted with 1 mL 0.7 mol L! thiourea in 2 mol L™!
HCI. The concentration of Au in an eluate obtained
was measured by ICP-OES.

RESULTS AND DISCUSSION

Optimization of the experimental conditions
for SPE of Au (l11)

Influence of pH on Au (111) sorption

The pH of the solution is an important factor
influencing the degree of sorption because it affects
the protonation of the functional groups on the
sorbent surface and also defines the chemistry of
Au ions.

The effect of the HCI moilarity on Au (IlI)
adsorption was investigated in batch mode for the
two studied sorbents by varying the HCI
concentration in the range 0.01 - 2.7 mol LY,
applaying the procedure described in section 2.5.
The results obtained are presented in Table 1.

The quantitative sorption of Au (lIl) on Sig-Z-
Met-OH was achieved at HCI concentration in the

range 0.1-0.01 mol L™ reaching 96-98%. The high
degree of Au (I11) sorption on Sig-Z-Met-OH in the
presence of HCI might be explained with the fact
that Au (IlII) forms anionic chlorocomplexes
[AuCls]" whereas amino- and S-methyl thioether
groups on the sorbent surface are protonated and
thus charged positively [13,14,21,22,23]. Therefore,
the Au (Ill) adsorption is due to the strong
electrostatic attraction between the positively
charged adsorbent surface and negatively charged
chloride complex of Au [15,24].

The two sorbents differ remarkably in their
extraction efficiency toward Au (I11). Theoretically
more considerable sorption capacity is expected for
Sig-Cys-S-S-Cys due to the presence of two amino
groups and two S atoms in the cystine molecule
([HOOC(NH2)CHCH.S-]2) in comparison with Sig-
Z-Met-OH (Z-NH-CH(CH2CH2SCH3)-COQOH),
with one amino group and one S atom per mol
amino acid. However it is obvious that Sig-Cys-S-
S-Cys does not ensure satisfactory extraction (less
than 44 % for all HCI molarities studied) of Au
(11), whereas the sorption on Sig-Z-Met-OH is
higher in the whole acidity range. One probable
explanation for this observation could be very slow
kinetics of sorption on the surface of Sig-Cys-S-S-
Cys, as it was mentioned in the literature [23].
Another reason could be the formation of large ion
associates which cannot be quantitatively sorbed on
the surface of this material as discussed by A.
Dubenskiy et al. [25]. Due to the low sorption
activity or slow kinetics of sorption process on the
surface of Sig-Cys-S-S-Cys, further studies were
performed only with Sig-Z-Met-OH sorbent.

Influence of contact time

The kinetics of the Au (IIl) sorption was
investigated in a batch system following the
procedure described in section 2.5. It was found
that the quantitative sorption was reached within 30
min, which is sufficiently fast for practical
applications. The effect of contact time on the Au
(11) ions adsorption is presented in Fig. 1.

Table 1. Degree of sorption of Au (Il1) on Sig-Z-Met-OH and Sig-Cys-S-S-Cys. Data represent an average of three

independent experiments

Degree of sorption, %

Sorbent 001molLY  01molL? 1molL?  2molL?  27molL?
HCI HCI HCI HCI
Sig-Z-Met-OH 96+3 98+5 92+3 85+4 80+5
Sig-H-Cys-Cys-OH 18+4 1843 4244 10£3 445
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Fig. 1. Adsorption kinetic curves for the Sig-Z-Met-
OH (Msorbenyy = 50 mg, V = 10 mL, Cay gy = 10 mg L),
Data represent an average of three independent
experiments.

Selection of appropriate eluent for Au (111)
desorption

Very important factors affecting the extraction
efficiency of particular sorbent are the type, volume
and concentration of the eluent used for quantitative
removal of sorbed metal ions. A series of eluents,
presented in Table 2 were tested in order to find the
most suitable eluent for desorption of Au(lll).

The summarized results (Table 2) showed that the
highest recovery was achieved by using 0.7 mol L™
thiourea in 2 mol L™! HCl as an eluent.

By varying the eluent volume (from 1 to 10 mL)
it was found that the optimal volume for full
desorption of Au (I11) was 1 mL.

ANALYTICAL APPLICATION

The prepared Sig-Z-Met-OH sorbent was
examined under optimized chemical parameters for
SPE of Au (Ill) from cosmetics samples, digested
using the analytical procedure described in section
2.6. The recovery experiments were performed by
spiking cream sample with known amount of Au
(111) before MW digestion. Recoveries achieved for
spiked cosmetic samples varied between 90 and
103%, confirming the applicability of Sig-Z-Met-
OH for Au determination in cosmetic creams (Table
3). Analytical procedure developed permits
quantification (LOQ) of 0.1 ug g* Au in cosmetic
cream sample. Relative standard deviations for the
concentration range 0.1-1 ug g* Au in cream
sample varied between 6-11 % (Table 3).

The procedure was applied for the determination
of Au (lI) in gold-containing face cream,
purchased from the market. The sample was
digested according to the procedure described in
section 2.6 and the developed SPE-ICP-OES
method was used for Au quantification. Further, the
results obtained by the proposed method were
compared with direct Au determination in the same
face cream. Results (0.62+0.07) ug g* obtained by
SPE-ICP-OES and (0.68+0.06) ug g obtained by
direct ICP-MS (performed in external lab)
determination agreed very well (Student t-test, 95%
confidence limit) thus demonstrating that there are
no statistically significant differences between the
results obtained by the two methods and confirming
the accuracy of developed SPE-ICP-OES method
for Au determination in cosmetic creams.

Table 2. Effect of eluent type and concentration on the desorbtion of gold ions

Eluent R,%
0.5 mol L' NaClo, and 0.5 mol L' thiourea in1 molL™" HCI 6745
0.7 mol L™ thiourea in 2 mol L™ HCI 98+2
0.1 mol L™ thiourea in 1 mol L™ HCI 70+5
0.5 mol L' NaClO, in0.1 mol L™ HCI 3246
96 % ethanol 2547
0.01 mol L' EDTA in methanol 30+6
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Table 3.Analytical figures of merit for the developed SPE-ICP-OES method for Au determination in cosmetic creams
(three parallel determintions).

Added, pg g’ Found, (meansd) pg g RSD, % Recovery, %
0.20 0.18+0.03 11 90
0.50 0.51+0.04 8 102
1.0 1.03+0.06 6 103
9. P. Tzvetkova, R. Nickolov, Journal of the University
CONCLUSION of Chemical Technology and Metallurgy, 47, 498

Two new sorbents Sig-Cys-S-S-Cys and Sig-Z-
Met-OH were prepared by simple non-covalently
amino acid bonding on the silica surface and were
examined for SPE of Au (Ill). The influence of
various important factors such as pH, contact time,
eluent type, concentration and volume were
studied and Au (IIl) sorption mechanism was
proposed. The experiments demonstrated that the
guantitative Au (I11) sorption is achieved with Sig-
Z-Met-OH in 0.1 mol L HCI reaching degree of
sorption 98+2 %. The developed, optimized solid
phase extraction procedure combined with ICP-
OES measurements is applied for the
determination of Au in gold-containing cosmetics.
The accuracy of proposed analytical method was
verified by parallel direct analysis with ICP-MS
and recovery tests.
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CWINKATEJI, MOAM®ULNPAH C AMUHOKUCEJIMHU KATO COPBEHT 3A
TBBPAODPA3ZHA EKCTPAKLIMS HA Au (111)

I1. Ilerposal”, U. Kapamxosa?, M. Youxosal, 1. Jlakosa?, M. Kapamxos®

! [0z03anaden ynusepcumem ,, Heogpum Puncku“, Ilpupodo-mamemamuuecku ¢paxyrmem, Kameopa no
, Xumus “, 66, Hean Muxaiinos, 2700, Frazoesepad, bvicapus
2 Coqpuiicku ynueepcumem ,, Ce. Knumenm Oxpuocku”, @axynmem no ,, Xumus u gpapmayus“, 1, 6yn. Joicetimc
bayuep, 1164 Cogus, bvreapus
8 Bwneapcka Axademus na Hayxume, Ieonoocxu Hucmumym, , Cogpus 1113, Bvreapus

Toctenmna Ha 10 nexemspu, 2016 r.; Kopurnpana na 05 mapt, 2017 r.
(Pesrome)

CuHTe3WpaHN ca [1Ba HOBH copOeHTa- cmimkaren, mMomuuiupan c¢ muctuH (Sig-Cys-S-S-Cys) m cunmkared,
momudunupan ¢ N-OemsmmokcukapOonmi-L-metnonnn (Sig-Z-Met-OH). UscnenBanm ca TeXHHTE COpPOLMOHHU
cBoMcTBa 3a koimuecTBeHa excTpakiug Ha Au (III) u3 pastBopu Ha conHa kucenuHa. ONTUMM3HpPaHU ca HAKOJIKO
napameTbpa, 3acsraily copOIHMOoHHaTa eeKTUBHOCT, karo pH Ha pas3TBopa, BpemeTo 3a copOums, Buaa U odema Ha
eJIyeHTa, C LleJl IocTurane xoaumuecTBeHa ekcrpakius Ha Au (III). ITokazaHo e, 4e Ipu ONTHMAaJIHU YCIIOBHSI CTETIEHTa
Ha copOrms He HaaxBepisa 43%, usnonssaiiku copdenta Sig-Cys-S-S-Cys, mokaro Sig-Z-Met-OH ocurypsiBa 0bp3a u
konnuecTena copouus Ha Au (I11) B 0.1-0.01 mol L't HCI u moxe na Gbjie U3MO0NI3BaH 3a pa3jie/sIHe ¥ KOHIEHTPUPAHE
na Au (II). TIpennmoxena e ananuThyHa mporeaypa 3a onpexaensae Ha AU (I1l) B 3maro-chabpikaiia KO3METHKA,
BKJIFOYBAIIA JBE CTHIKH: TBhpAoGasHa excrpakuus Ha AU (1) u onpenenste Ha ussieuenure Au ionu ¢ ICP-OES.
IMocturnarute rpanuiy Ha oTkpuBane ca 0.1 pg g Au B KpeM 3a nuie, KaTo OTHOCHTENTHOTO CTAHAAPTHO OTKIOHEHHE
Bapupa B rpanmnure 6-11% 3a koHmenTpamuoneHn mmTepBan 0.1-1 pug g Au B kpema 3a jmne. TodHOCTTa Ha
pa3paboTeHaTa aHAIUTHYHA MIPOLIEAYpa € JoKazaHa upe3 aupekteH aHamms ¢ |ICP-MS.
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characteristics and hydrolysis of raffinose
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The shaking fermentation of fungal strain Penicilium chrysogenum sp.23 on soy meal resulting in a high o-
galactosidase yield of 4200 U/l and was accompanied by the excretion of invertase activity. An ultrafiltration method
was applied to obtain enzyme product and further purification procedure was developed to obtain pure a-galactosidase.
The optimal parameters pH 4.5-5.0 and temperature 50°C of a-galactosidase fraction were determined by using p-
nitrophenyl-a-D-galactopyranoside as substrate. The hydrolysis of raffinose catalyzed by a-galactosidase in the
presence of side excreted invertase was followed by HPLC analysis. The results were compared with data from
raffinose hydrolysis of a-galactosidase without any traces of invertase using fungal strain Humicola lutea 120-5. It is
shown clearly that the presence of invertase in this case provoked a significant transformation of the raffinose to

melibiose and fructose mainly.

Key words: a-galactosidase, Penicillium chrysogenum sp.23, invertase, hydrolysis of raffinose

INTRODUCTION

Human consumption of soy products is
increasing due to their high nutritional value,
acceptable price as well as their health effects, such
as reduction the cardiovascular diseases,
osteoporosis and cancer risks [1]. In spite of these
advantages, they also contain a certain amount of
oligosaccharides of raffinose type, which are not
assimilated by humans and non-ruminants animals
causing flatulence and discomfort. They pass on
intact into the large intestine, where anaerobic
microorganisms  ferment them and cause
gastrointestinal disturbances [2]. Degradation of
these oligosaccharides from soybeans and legumes
foods to low molecular weight compounds such as
glucose and fructose is necessary to reduce
substantially or completely prevent of the flatus
formation (flatulence). Many researchers have
noted the degradation of these oligosaccharides
using a mixed crude enzyme system consisting of
alpha-galactosidase and invertase [3]. The main
problem is that the hydrolysis of these
oligosaccharides as raffinose does not run
completely to the formation of galactose, glucose
and fructose, and in the hydrolyzate were found
significant amounts of melibiose.

a-Galactosidase (EC 3.2.1.22) and invertase (EC
3.2.1.26) with official name B-fructosidase are
enzymes belonging to the class of hydrolases,

* To whom all correspondence should be sent:
E-mail: istoineva@yahoo.com

subclass  glycosidases (3.2.1) i.e enzymes
hydrolyzing glycosyl oxygen compounds. a-
Galactosidase is an enzyme which is a glycoprotein
with a carbohydrate and a protein part in a ratio of
1:6. It catalyzes the hydrolysis of non-reducing a-1,
6 linked galactose residues of different substrates,
including linear and branched oligosaccharides,
polysaccharides, and synthetic substrates such as p-
nitrophenyl-a-D-galactopyranoside [4]. This
enzyme is widely distributed in microorganisms,
plants and animals [4]. Among all the sources of a-
galactosidases, the fungal o-galactosidases were
most suitably exploited for their biotechnological
applications mainly due to their extracellular
localization, acidic pH optima, and broad stability
profiles.

At present, the industrial applications of o-
galactosidase are related to the beet sugar industry,
pulp and paper industry, soy food processing, and
animal feed processing [5, 6]. Another important
application of a-galactosidase is its use in blood
group transformation, the treatment of Fabry’s
disease and xenotransplantation [7,8 ].

The invertase is an enzyme that has the ability to
hydrolyze a-1,2 glycosidic bonds, and thus
degrades sucrose to glucose and fructose in a ratio
of 1:1 [9]. There are several isoforms of invertase,
differing in pH optimum of activity, which may be
neutral, acid or alkaline [10]. The enzymatic
activity of invertase has been characterized mainly
in plants [11] and microorganisms [12,13].

In the present study we describe the production,
purification, pH and termal stability of an a-
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galactosidase from Penicillium chrysogenum sp. 23.
The special attention was focused on to the
raffinose hydrolysis in the presence of the
secondary enzyme invertase.

EXPERIMENTAL
Medium and culture conditions

In this research we used mesophilic filamentous
strain Penicillium chrysogenum sp.23, cultivated as
a source of extracellular a—galactosidase The fungal
culture was maintained on beer agar slants. Five ml
of spore suspension (approximately 2x10° — 10%°
spores/ml) were added to flasks (500 ml capacity)
containing 50 ml of soy meal extract (SME) which
is an extract of waste processing of soy protein
isolates with 5% dry content. The cultivation was
carried out stationary on rotary shaker at 30°C. In a
laboratory bioreactor (working volume 3 [) the
cultivation conditions were 30°C, agitation 600 rpm
and aeration 1.0 I/mint. Samples were taken in
different hours of cultivation and at the end of the
fermentation process fungal biomass was separated
from the culture fluid by filtration through paper
filter. The filtrate was used for assaying a-
galactosidase and invertase activity. After the
fermentation, the culture supernatant was subjected
to ultrafiltration for concentration and desalination
and after that it was lyophilized, as in that form the
enzyme retains activity for a long time.

Enzyme assay

a—Galactosidase activity was assayed by the
modified method of Dey et al. [14], which is very
accurate and sensitive, using 0,003 M p-
nitrophenyl-a-D-galactopyranoside  (pNPG) as
substrate at pH 5.5 supporting by 0.1 M citrate-
phosphate buffer. The reaction mixture was
incubated at 50°C for 15 min. The reaction was
stopped by the addition of 0.1 M sodium carbonate.
The amount of p-nitrophenol released was
measured from absorbance at 405 nm. One unit (U)
of a—galactosidase activity is defined as the amount
of enzyme liberating 1 pmol of p-nitrophenol per
min under the described conditions and corresponds
to 16.7 nkat.

Invertase activity was determined using sucrose
as a sSubstrate [15] and the reducing sugars
produced was then determined by the dinitro-
salicylic acid method [16] using glucose as
standard. One unit of the enzyme was defined as
the amount of protein necessary to produce 1 pmol
glucose equivalent in 1 ml of solution per minute at
pH 5 and 37°C. The absorbance was measured at
530 nm.
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The data presented are mean values of triplicate
assays. Standart deviations values were always
smaller than 5 % of the mean value.

Determination of protein content by Lowry
method

To determine the protein content was used the
method of Lowry [17]. The method is based on the
colorimetric measurement of the blue coloration
which is obtained as a result of the reaction of the
peptide bonds in proteins with copper ions under
alkaline conditions and reduction of
phosphotungstic acid and phosphomolybdic acid
from Folin—Ciocalteu reagent. The amount of
protein is determined from a standard curve using
bovine serum albumin with different concentrations
(0-100 pg/ml). The absorbance was measured at A
=750 nm. All measurements were performed in
triplicate.

a-Galactosidase purification

For separation and purification of enzyme
sample were used gel-filtration and ion-exchange
chromatography. The lyophilised enzyme sample
(700 mg) was dissolved in 5 ml 0.02 M sodium-
acetate buffer pH 5.5 and applied on Sephadex Gioo
column (80 x 2.5 cm) equilibrated with 0.02 M
sodium acetate buffer with pH 5.5. The absorbance
was monitored at A=280 nm. The proteins were
eluted at a flow rate of 18 ml/h and 3.8 ml fractions
were collected. Fractions of the active peak after
gel-filtration  chromatography containing o—
galactosidase and invertase activity were pooled
and were applied on DEAE-cellulose column (16
cm x 1.7 cm), equilibrated with 0.02 M sodium
acetate buffer with pH 5.5. Proteins were eluted at a
flow rate of 30 ml/h, with a linear gradient of NaCl
(0.1-0.5 M).Fractions containing o—galactosidase
and invertase activity were pooled, lyophilized and
used in further studies.

HPLC analysis of saccharides hydrolysis

HPLC analysis was performed with a Agilent
1100 chromatograph equipped with Evaporative
Light-scatering detector. An analytical column
LiChrosorb NH; (250-4 mm, 5 um) was applied for
carbohydrates separation. Sample injection was via
a Rheodyne injector equipped with a 10 ul sample
loop. The mobile phase consisted of
acetonitrile/water (70:30 v/v) for separation and
flow rate was fixed at 1 ml/min. Peak identification
of the chromatographs was done by comparing the
retention time with the standards - galactose,
glucose, sucrose, raffinose and melibiose were
purchased from Sigma. Stock solutions of mono-,
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di- and trisaccharides were prepared with equal
concentrations - 10 mg/ml, 0.1 M citrate-phosphate
buffer with pH 5.5, which was used for the enzyme
hydrolysis.

After determination the retention times of the
standart sugars it was conducted the hydrolysis of
raffinose catalyzed by the enzyme sample from
Penicillium chrysogenum sp.23 with the activity -
2U. The reaction mixtures contained 100 pl 0.05
mmol raffinose in 800 pl 0.1 M citrate-phosphate
buffer with pH 5.5, 2 units of the enzyme and 100 pl
buffer. The reaction mixtures were incubated at 40 C
for 5 min, cooled and applied to HPLC.

To prove the effect of invertase accompanying
a-galactosidase produced by strain Penicillium
chrysogenum sp.23, were conducted comparative
kinetic studies using pure a-galactosidase produced
by strain Humicola lutea 120-5 with the activity -
2U and without invertase activity.

Determination of pH optimum and pH stability

The effect of pH on the enzyme activity was
established by 0.1 M citrate - phosphate buffer with
different pH from 2.6 to 7.0. The enzyme activity
was measured by the method described above using
the  synthetic  substrate  p-nitrophenyl-a-D-
galactopyranoside. The amount of p-nitrophenol,
which releases the enzyme was determined
spectrophotometrically at SPECORD UV VIS at A=
405 nm.

The pH stability was determined by incubating
the suitably diluted enzyme in the above buffers
incubated at room temperature for 2 h and for 24 h
at 4°C and measuring residual enzyme activity at
pH 4.5 , 50°C and reaction time 15 min by the
modified method of Dey et al.

Thermal stability experiments of the enzyme

The thermal stability of a-galactosidase was
investigated by measuring the residual activity of
the enzyme after incubation at different
temperatures in the range from 25 ° to 70° C. The
diluted with distilled water enzyme solutions were
incubated for 2 h at a thermostat and the activity of
the samples was measured under standard
conditions described above.

RESULTS AND DISCUSSION

The fungal strain Penicillium chrysogenum
sp.23 produces high levels extracellular a-
galactosidase in combination with invertase, like
other eukaryotic microorganisms. After the
fermentation, the cultural supernatant was subjected
to ultrafiltration for concentration and desalination.

The cultural supernatant was lyophilized because in
that form the enzyme retains activity for a long
period of time. After purification of the a-
galactosidase by gel filtration on Sephadex G-100
column, we registered two closed protein fractions,
which have a common enzymatic activity of 65.6 U

(fig.1)
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Fig 1. Elution profile of «o-galactosidase from

Penicillium chrysogenum sp.23 on Sephadex G-100
column

The fractions of the active peaks after gel
filtration on Sephadex G-100 column were
subjected to ion exchange chromatography on
DEAE-cellulose column (16 c¢cm x 1.7 cm),
equilibrated with 0.02 M sodium acetate buffer
with pH 5.5. Proteins were eluted at a flow rate of
30 ml / h, with a linear gradient of NaCl (0.1-
0.5M). There is one major peak, having the a-
galactosidase activity of 27 U, which was eluted
with a linear gradient at a concentration of 0.3 M
NaCl (fig,2).
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Fig.2. Elution profile of the a-galactosidase from
Penicillium chrysogenum sp.23 on DEAE-cellulose
column

It was established that the active fraction
exhibiting o-galactosidase activity coincides with
that of invertase activity. After DEAE ion-exchange
chromatography the two enzymes are still not
separated. This procedure resulted in a partially
purified o-galactosidase fraction, which has and
invertase activity with specific enzyme activity of
30 U/mg, purification factor 65.2 and recovery
level about 28 %.
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The results of the purification of the enzyme are
summarized in the Table 1. =

Table 1. Summary of protein content, enzymatic activity Galastsse EClacsse

and yield at different purifaction steps of extracellular o- N
galactosidase produced by Penicillium chrysogenum F §
sp.23 3 fwo‘ N }l | Sucrose
Total Total Specific T e \
Pwification  proten activity activity S Tokd \
11§ 7 a Aty Aty - R
. ' - factor  [%] ] ~ Melibiose
[mg]  [U] [Umg _ of
BT ‘ b Raffinose
A0 966 046 1 100 | l I ﬁ
extract ‘ | Ill ](
Gel-filtartion 9 656  7.28 158 67.9 ’ |ll ;ll ;'\
VO AU\
N at .- v ! —
RIS 7 0 852 2 )
chromatography Fig 3. HPLC chromatogram of a standard mixture of

sugars (mobile phase -acetonitrile: water (70:30 v/v, flow
rate -1 ml/min)
Kinetic studies were performed by using HPLC

. . . . Kinetic studi ing HPLC lysis of th
analysis for tracking the hydrolysis of raffinose INEUICSUCIES "Using analysis ot the

using two different enzymes from fungal strains- hydrolysis of raffinose catalyzed by Penicillium
Penicillium chrysogenum sp.23 and Humicola lutea  Chrysogenum sp.23 showed the presence of fructose
120-5. and depletion of raffinose. The appearance of a new

peak for a disaccharide, probably is due to the a-
glucosidase activity produced by Penicillium
chrysogenum sp.23 invertase. The presence of
invertase  activity in the o-galactosidase
preparations could contribute to the complete
hydrolysis of the raffinose oligosaccharides,
because they are substrates for both enzymes

The HPLC analysis of the kinetic study with
enzyme from fungal strain Humicola lutea 120-5
clearly shows that the enzyme does not possess
invertase activity (fig.3, fig.4)

(fig.5).
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Fig 4. HPLC chromatograms of the hydrolysis of raffinose catalyzed by the enzyme sample from Humicola lutea. 120-5
with o- galactosidase activity - 2U.
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Fig. 5. HPLC chromatograms of the hydrolysis of raffinose catalyzed by an enzyme preparation of Penicillium
chrysogenum sp.23 with a- galactosidase activity - 2U.

The obtained results show that the partially
purified enzyme sample from Penicillium
chrysogenum sp.23 should be particularly
beneficial in the processing of soy crops for food
purposes because of action of the two enzymes.
This makes «o-galactosidase of Penicillium
chrysogenum sp.23 very promising for application
in the food industry, since this enzyme has a much
higher activity compared to the a-galactosidases
produced by other strains.
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Fig. 6. Effect of pH on o-galactosidase activity and
stability.
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Fig. 7. Effect of the temperature on a-galactosidase
activity and stability

It was established that the enzyme has a pH
optimum 4.5-5.0, and pH stability extends over a
wide range of 4.5-6 (fig.6).

The temperature optimum of o-galactosidase
was 50°C, and the enzyme is stable from 25 to
40°C, at 45°C the activity falls to 80%, at 50°C
falls to 72% and at 60°C the activity is completely
lost (fig.7).

Most a-galactosidases are stable over a broad
range of activity. For example the a-galactosidase
from Penicillium sp. F63 CGMCC1669 has an
optimum pH of 5.0 and an optimum temperature of
45 degrees C. The enzyme is stable between pH 5.0
and 6.0 below 40°C [14].

CONCLUSION

In this paper was proven that the fungus strain

Penicillium chrysogenum sp.23 produces both
enzymes o-galactosidase and invertase. By gel-
filtation chromatography was partially purified a
crude extract of the enzyme sample obtained from
Penicillium chrysogenum sp.23. The purification
was  achieved of  a-galactosidase  from
accompanying substances by ion exchange
chromatography, but does not achieve separation of
the invertase and a-galactosidase from each other.
This requires the research of more efficient
methods for the separation of the two enzymes.
The ability of fungus strain of Penicillium
chrysogenum sp.23 to produce both a-galactosidase
and invertase makes it especially attractive for
industrial applications. Due to the synergism of
action of the two enzymes it is expected fast
hydrolysis of oligosaccharides in soy foods and
legumes releasing digestible monosaccharides and
removing discomfort of flatulence.
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AJIOA-TAJTAKTO3UIA3A OT PENICILLIUM CHRYSOGENUM SP.23: IIPEUMICTBAHE,
XAPAKTEPUCTHUKU U XUIPOJIN3A HA PAOMHO3A B I[TPUCBCTBHUETO HA
NHBEPTA3A

b. K. SIkumosga, b. I1. YHopGanos, U. b. Crolinesa

Jab. Xumus u 6uogusuxa na benmvyu u enzumu, Uncmumym no Opeanuuna Xumus ¢ Llenmop no @umoxumus,
bvneapcka Akademus na Haykume, yn. Akad.I’ bonues, 61.9, 1113, Cogus, Bvreapus

Ioctenuna Ha 30 centemBpy, 2016 r.; Kopurupana na 3 ¢pespyapu, 2017 r.

(Pesrome)

B ToBa m3cnenpane ycraHoBuxme, ue mambT Penicillium Chrysogenum sp.23 moske ma mpomyipa eJHOBPEMEHHO
0-raaKTO3M/1a3a M MHBEPTA3a ¢ MaKCMMAaJHa eH3uMHa akTusHOCT (4000 U.1™) koraro ce u3mon3Ba eKCTPaKT OT COEBO
OpamHo, chabpkamy 5% cyxo BemecTBo kato cpema. OmperneneHu ca ontuManaute mnapamerpu pH 4,5-5,0 m
temreparypa 50°C Ha o-ranakro3uzaasara (pakius 4pe3 M3IoN3BaHe Ha p-HUTpo(eHWI-a-D-ramakronupaHo3ua karo
cybcTpar. XuaponausaTta Ha paHO3a KaTalu3upaHa OT 0-TajlakTo3H/a3a, ChI'bTCTBaHa OT MHBEPTA3a € perucTpupaHa ¢
BHUCOKOC()EKTUBHA TEYHA XpOMaTorpadus.

YcraHOBEHO €, Ue B IPUCHCTBUE HA MHBEpTa3a ce Halonasa mpeoodpa3yBaHe Ha paduHO3aTa IaBHO 10 MeINOHo03a
n ¢pykroza. EH3nmMHaTa xuaponuza Ha paMHO3HUTE OJUI03aXaphau, KOATO C€ OCBIIECTBSBA OT O-TaJaKTO3WAa3a
W/WIM MHBEPTa3a B COCBUTE CEMEHA U3II0JI3BaHM B XpaHaTa Ha YOBEKa U )KUBOTHUTE BOJH JI0 MOA0OOPsSBaHE HA HEHHHTE
XPaHUTEIHA CBOWCTBA M 3HAUMTEIHO HaMalsiBa WJIM OTCTpaHsBa cToMmammHus auckoMdopt. [Tomyuenute pesynraTu
MOKa3BaT, e YaCTHYHO MPEUYNCTEH eH3uMeH mnpenapar ot Penicillium chrysogenum sp.23 6u 6um MHOTO MoOsE3eH mpu
npepaboTKaTa Ha COeBH KYJATYPH 3a XPAHUTENHH ILIEJIH, ThH KaTo Ce pealu3upa CHHEPrH3bM B JICHCTBHETO HA JBara
€H3HUMa.
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Lipoxygenase (LOX) is an enzyme, found in many plants and animals, which catalyses the oxygenation of
polyunsaturated fatty acids (PUFA) to form fatty acid hydroperoxides. The latter are present in a wide range of
biological organs and tissues, particularly abundant in grain legume seeds (beans and peas) and potato tubers.
Lipoxygenase from different sources, catalyses oxygenation at different points along the carbon chain, which is referred
as regio - specificity. Such specificity has significant implications for the metabolism of the formed hydroperoxides into
a number of important secondary metabolites. According to the literature, it is known that primary alcohols and amines
inhibit lipoxygenase activity. Herein, we report our studies on inhibitory effect of natural amino acid serine on
lipoxygenase, isolated from avocado. The affinity of LOX is higher with L-Ser, compared to D-Ser. It means that
natural amino acid is more compatible for the enzyme, but at the same time Ki values reveal that D-Ser has stronger
inhibitory effect against LOX from avocado.

L-Serine shows competitive type of inhibition against LOX and for D-Serine the inhibition type of enzyme

catalyzed reaction is mixed.

Key words: Lipoxygenase, inhibitors, serine, amino acid

INTRODUCTION

Lipoxygenases catalyze the oxidation of
unsaturated fatty acids and have a wide range of
biomedical applications. In mammals, LOX aid in
the production of leukotrienes and lipoxins, which
regulates responses in inflammation and immunity
[1, 2]. Thus, LOX inhibitors have been used as drug
agents for treatment of inflammatory diseases such
as asthma, atherosclerosis, and psoriasis [3]. In
addition, LOX inhibitors are promising cancer
chemotherapeutics [4-7]. Numerous kinetic studies
of LOXs have been carried out using soybean
LOX-1 [8] and human LOX [9] with linoleic acid
(LA) as a substrate [10]. They all reveal the same
mechanism of action (Figure 1), where the pro-S
hydrogen atom from carbon atom C11 of LA is
transferred to the Fe(lI1)-OH cofactor, forming a
radical intermediate substrate and Fe(Il)-OH: [8,
11]. Authors also described that a subsequent
reaction with molecular oxygen could be further
realized and it eventually leads to
hydroperoxyoctadecadienoic acid and Fe (I111)—OH

[8].

* To whom all correspondence should be sent:
E-mail: dancho.danalev@gamail.com

LOX pathway has become important therapeutic
target for prevention of different inflammatory
diseases and cancer treatments. The Food and Drug
Administration (FDA) approved drugs for diseases,
caused by LOX, but some of them have been
reported to exhibit various side effects [12]. Hence,
it is essential to implement specific inhibitor which
will not interfere with the other normal
physiological functions (Fig. 2).

In this global context finding new inhibitors of
LOX could be a promising alternative as
chemotherapeutics for prevention and treatment of
different diseases, where LOX plays a key role.

LOX can be inhibited by several natural
products, including flavonoids [14, 15], thiourea
and the derivatives [16-18], etc. Rioux N. et al.
conclude in their work that alcohols and primary
amines are good LOX inhibitor [7]. Taking into
account this information, we decided to study the
effect of amino acid serine for its ability to inhibit
LOX.

EXPERIMENTAL
Chemicals

Linolenic acid was purchased from Sigma
Aldrich. L- and D-Serine were obtained from
Riedel-de haen. Isolation and purification of
avocado LOX and its characteristics (activity, pH

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 107
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and temperature optimum) were previously
described in [19]. 0.1M acetate buffer with pH 6.5

/\/\/=>/=\/\/\/\).]\OH .
tH

<

HO—Fe(ll)

HOO, ! o]

HO—Fe(lll)

was used for all kinetic studies.

o
A=~~~ Oz
. OH —>

H,O—Fe (OH)

Fig. 1. Proposed mechanism of soybean lipoxygenase [8]. The net hydrogen atom transfer from the linoleic acid

substrate to the Fe (I11) — OH cofactor is on focus.

(+2) (-2)

Part A

HoO,,

A e

1Si-hydroperoxyoctadecatrienoic 9S-hydroperoxyoctadecatrienoic

13-LOXH 9-LOX alpha-LnA

2
A ¥

acid
PartB

Fig.2. LOX reaction showing the principal steps of LOX reaction (Part A), and the actual reactions of plant LOXs and

a-linolenic acid (Part B) [13].

KINETIC STUDIES
Substrate preparation

0.1 ml linolenic acid (LnA) was dissolved in 60
ml 95% EtOH. The obtained solution was diluted to
100 ml with distilled water and stirred for 1 hour.
Before activity measurement, the needed quantity
was diluted 5 times with 0.2 M acetate buffer, pH
6.5 [20].

Enzyme solution preparation

Enzyme solution with concentration 1 mg/ml in
0.1 M acetate buffer, pH 6.5, was prepared. Before
measurement the protein content was diluted 5
times up to final concentration 20 pg/ml [20-22].

Determination of avocado LOX kinetics

Kinetics of enzyme catalyzed reactions in
presence of avocado LOX and LnA were measured
spectrophotometrically on Perkin Elmer Lambda 2
spectrophotometer at 234 nm.

Michaelis constant, K and Vmax Were calculated
using Lineweaver-Burk plot (L-B plot) [23, 24].
Different concentrations of LnA for the enzyme
catalyzed reactions were investigated and applied.

108

Kinetics of inhibition of avocado LOX

Control sample of 2.4 ml solution of inhibitor
and 0.1 ml substrate solution was prepared.
Concerning the sample, 2.1 ml solution of inhibitor
and 0.1 ml substrate solution were incubated. At
zero time 0.3 ml enzyme with concentration 20
pg/ml was added and the measurement of AA/min
was obtained by UV-spectrophotometer at 234 nm
for 10 min, taking into account the linear range of
reactions [25].

RESULTS AND DISCUSSION

Serine is a natural amino acid including both
primary amino and primary hydroxyl functions

(Figure 3).
(0]
(g
CH—C——OH
e

CH,

Fig. 3. Serine structure

Structurally serine includes all necessary
moieties, according to Rioux N. et al., to be a
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potent LOX inhibitor [7]. Taking into account this
information, we investigated kinetics of inhibition
of avocado LOX in presence of L- and D-Serine.

For our purpose substrate solutions with several
concentrations (Table 1) were prepared, starting
from a stock solution described in experimental
section.

The obtained curve for reaction kinetics, in
absence of inhibitor for avocado LOX and presence
of LnA as a substrate, is presented on Figure 4.

0,0025
1w y = 5E-08x - 0,0055
R'=0,99
0,002
0,0015

0,001

0,0008

0 . v v . .
1,2E+05 1,3E+05 1,4E+05 1,5E+05 1,6E+05 1,7E+05 1,8E+05
118

Fig. 4. L-B plot for avocado LOX kinetics with
linolenic acid

Calculated kinetic parameters, according to the
presented L-B plot are: Km 9,09.10° M and Vmax
181,82 M.sec™.

Further, our work continued with determination
of Kkinetic parameters in presence of L- and D-
Serine as inhibitors. For this purpose, inhibitor

solutions with several concentrations were prepared
(Table 2).

In order to determine type of inhibition in
presence of L-Ser the following concentrations of
substrate and inhibitor were applied: initial
substrate concentrations:2,69.10°M; 2,94.10°3M:
3,23.10°3M; 3,59.10°M; initial L-Ser
concentrations: 0,6.10°M; 1,0.10°M; 3,0.103M.

The obtained data for kinetic reactions with both
inhibitors are presented on Figure 5 and 6,
respectively.

The obtained results show a competitive type of
inhibition, which can be also noticed from the
calculated K; and K parameters — in cases of
competitive inhibition K; shows lower values than
Km, overcoming the effect of increased substrate
concentration.

In order to calculate Ki, Km and Vmax the
following concentrations were used: initial
substrate concentrations: 2,69.10°M; 2,94.10°3M:
3,59.10M; initial L-Ser concentrations: 0,3.10°M;
0,6.10°M; 1,0.10°M; 3,0.10°M.

By applying Dixon plot, we determined the
following values for kinetic parameters in presence
of L-Serine: K; 1,1394.10° M, Kn, 2,26.10° M and
Vmax 0,2005 M.sec™.

The probable role of L-Ser as a drug agent,
taking into account the expressed competitive
inhibition, might be to increase the intracellular
concentration of LnA and in that way to accumulate
the substrate and inhibit its utilization if needed.

Table 1. Substrate concentrations used for enzyme kinetic measurements.

Solution concentration in cuvette

Stock solution

Solution

Substrate concentration. 10°M (kinetics in absence of inhibitor), concentration in cuvette (kinetics in
' 10° M presence of inhibitor), 10° M
3,59 8,60 0,052
3,23 7,74 0,046
LnA 294 7,04 0,042
2,69 6,45 0,039

Table 2. Concentrations of LOX inhibitors, used for determination of type of inhibition and calculation of kinetic

parameters of the enzyme catalyzed reactions.

Inhibitor Stock solution Solution
concentration, 10 3M concentration in cuvette, 10 M

0,3 12,0
0,6 24,0

L-Ser 10 400
3,0 120,0
0,1 8,0
0,3 25,2

D-Ser 06 50,4
1,45 121,8
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Fig. 5. Kinetics of inhibition of LOX in presence of L-Ser: A. L-B double reciprocal plot for determination of type
of inhibition; B. Dixon plot for determination of kinetic parameters.
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Fig. 6. Kinetics of inhibition of LOX in presence of D-Ser: A. L-B double reciprocal plot for determination of type
of inhibition; B. Dixon plot for determination of kinetic parameters.

Table 3. Values of kinetic parameters in presence of inhibitors in case of avocado LOX reaction

Inhibitor Ki [M] Km [M] Vmax [M.sec?]
L-Serine 1,14.10° 2,26.10° 0.2005
D-Serine 1,91.10° 6,23.10° 0,1239
Absence of : 9,00.10 181,82
inhibitor
In order to determine the type of inhibition of D- Most of the pharmaceutical inhibitors are
Ser against avocado LOX the precise competitive and a few are mixed ones, lowering
concentrations were used: initial  substrate Vmax and increasing Km. For this reason, D-Ser is

concentrations 2,69.10°M; 2,94.10°M; 3,23.103M;
3,59.103M:; initial D-Ser concentrations 0,3.103M;
0,6.10°M; 1,45.10°M. The obtained results reveal a
mixed type of inhibition, where typical is
increasing of K, value (substrate binding) and
decreasing of Vmax Value (hamper catalysis).
Further, applying Dixon plot representation, we
prepared: initial substrate concentrations 2,94.10
’M; 3,23.10°M; 3,59.10°M; initial D-Ser
concentrations 0,1.10°M; 0,3.10°M; 0,6.10°M;
1,45.10°M and determined the following values of
kinetic parameters, representing the qualitative
effect of the inhibitor against LOX: K; 1,91.10° M,
Km 6,23.10° M and Vmax 0,1239 M.sec™.

All data for calculated parameters is summarized in
Table 3.
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hopeful alternate inhibitor for LOX reactions and
their place in cell processes.

CONCLUSIONS

Km values in case of L- and D-Ser inhibition
process show that the affinity of LOX from
avocado is higher in presence of L-Ser, compared
to D-Ser. It means that natural amino acid is highly
recognized and interfered to the active site of the
enzyme, but Ki values reveal that D-Ser shows
significantly stronger inhibitory effect against

LOX.
The type of inhibition in cases of L- and D-Ser
differs. The effect of L-Serine occurs in

competitive inhibition, whilst D-Ser inhibiting
mechanism is mixed.
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KMHETUKA HA UHXUBUPAHE HA JIMITOKCUT'EHA3A B ITPUCBCTBUE HA
IMPUPOJJHATA AMUHOKHNCEJIMHA CEPUH

P.H.Paiixosa?, E.Kapsanso?, JI.C.Manoscknu?, I[.H.I[a}ianeBl, J.A Mapunkosa®, T.W.Ilailinanosa®,
C.A.fuesa*, JL.K. Notosatl

Xumuxomexnonozuuen u memanypauden ynusepcumem, kameopa ~Buomexuonoaua”, Cogus 1756, Bvizapus
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SUncmumym no monexynspna 6uonozus ,, Pymen Ianee , Bvreapcka axademus na naykume, Cogus 1113, Bvaeapus
4Xumuxomexnonoauuen u memanypauyuen ynusepcumem, kameopa “Ocnosu na xumuunume mexnonoauu”, Cogus 1756, Bvreapus

Toctenmna Ha 01 okToMBpH, 2016 T.; Kopurupana Ha 15suyapu, 2017 r.

(Pesrome)

Jlnmokcurenazata (JII') e eH3mM, KOWTO ce cpella B MHOTO PAacTEHHs M JXUBOTHH W KaTajJm3Hpa Ipoleca Ha
OKHCJIeHHe Ha mnojuHeHacutenute macTHu kucenuau (PUFA) no obpasyBane Ha TexHHM XHApONepokcuau. Ts
MPUCHCTBA B TOJIEMH KOJHYCCTBA B OHMOJIOTMYHU OPTaHM U ThKAaHM M TMO-CICLHHAIHO € B W300WIMe B 3bpHATa Ha
6060BuTe pacrenus (606 u rpax) u kapropure. JII' OT pa3IMYHA W3TOUYHHUIM KaTalM3Mpa MpOIeca Ha OKHCIECHHE B
Pa3MYHM YaCTH OT BBIVIEPOJHATA BEpHra, T.C. MPHUTEkKaBa PErHOCCICKTHBHOCT. TOBa MMa OTPOMHO 3HAuYCHHE 3a
MeTa0OMU3UPAHETO HA 00pa3yBaHUTE XU(PPOTICPOKCUIN B HIKOU BaXKHH BTOPUYHM MeTabonuTH. Criopea JTUTepaTypHu
JAHHU MHPBUYHH AJKOXOJM M aMWUHM HWHXUOMpAT JIMIOK3WUIeHa3HaTa aKTHMBHOCT. B Hacrosimata pabora Hue
JOKJTaJiBaMe M3CJICBAHUS 3a HMHXHOUTOPHUSIT epeKT Ha MpHUpojaHaTa amuHOKucennHa cepuH (Ser) Bwupxy JIT,
M30JMpaHa OT aBokaao. HamuTe u3cnenBanus nokasaxa, 4e apunurera Ha JII' e mo-Bucok kbM L-Ser B cpaBaenue ¢ D-
Ser. ToBa 03Ha4aBa 4ye NPUPOJHATA opMa HA AMUHOKHCEIHHATA € M0-ChbBMECTHMA C €H3UMa, HO B ChIIOTO Bpeme Ki
CTOWHOCTUTE TOKa3Bat, ue D-Ser mpurexaBa mo-mMomieH MHXHOWTOpeH edekT. L-Ser mokasBa KOHKYpeHTEH TN Ha
nHXuOUpane, nokato npu D-Ser Toif e oT cMeceH THIL.
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Hydrolytic stability of the peptides is one of the most important properties regarding their application in a practice.
Early information on the stability is essential for the pharmacokinetic behavior in the body, for the storage conditions,
the occurrence of toxic effects associated with its degradation products, etc. The purpose of this study was to evaluate
the hydrolytic stability of synthesized NT(8-13) analogues under physiological conditions such as body temperature at
37°C and physiological pH values of 1.2 (stomach), 7.4 (blood plasma) and 8.5 - 9.0(thin intestine).

Key words: neurotensin, canavanin, hydrolytic stability

INTRODUCTION

Neurotensin (NT) is a peptide consisting of 13
amino acids (pGlu-Leu-Tyr-Glu-Asn-Lys-Pro-Arg-
Arg-Pro-Try-lle-Leu) that has been originally
isolated from calf hypothalamus [1]. Like other
neuropeptides, neurotensin has different functions.
It is a neurotransmitter and neuromodulator in the
central nervous system and a local paracrine
hormone in the periphery, particularly in the
gastrointestinal tract [2-5].

Three different receptors for neurotensin (NTS1,
NTS2, and NTS3) have been cloned and studied
thus far [6-8]. Among the known NT receptors, it
has been shown that NTS1 is over-expressed in
various relevant tumors, including ductal breast
cancer and pancreatic tumors [9-12]. Structure-
activity studies have demonstrated that the minimal
sequence required for full biological activity is the
C-terminal part NT(8-13) (Arg-Arg-Pro-Tyr-lle-
Leu) [13] and has therefore been selected as a lead
structure for medicinal chemists [6, 14-18].

Application of the neurotensin, or any other
endogenous peptide as clinical available drugs has
been impeded by their relatively poor receptor
selectivity, rapid degradation in vivo, and inefficient
to penetrate the blood-brain barrier.

In addition, the pH value of the medium is one
of the most important factors influencing the
stability of the compounds and drugs, including
those of the peptides also. The metabolism of the
drugs often was associated with hydrolysis of an
ester or amide bond, and its rate depends on the
temperature and pH of the solution. The

* To whom all correspondence should be sent:
E-mail: tamara@bio21.bas.bg
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knowledge of "pH profile" of the compound helps
us to define the values for which it is most
susceptible to degradation. This also enables us to
determine that pH value, which will provide
optimum stability of the molecule and retains its
structure and concentration over time.

We recently reported the synthesis of five new
NT(8-13) mimetics, the pilot studies on their
toxicity and central nervous activity [19]. The
purpose of this study was to evaluate the hydrolytic
stability of these neurotensin analogues in different
values of pH, available physiologically.

EXPERIMENTAL
Peptide synthesis

Reagents, resins and Fmoc-amino acids used in
peptide synthesis were purchased from Merck
(Darmstadt, Germany) and Iris Biotech GMBH
(Germany). Solvents of dimethylformamide (DMF)
and dichloromethane (DCM) were purchased from
Merck (Darmstadt, Germany). Electrophoretic
experiments  were performed using a
BeckmanP/ACE (Beckman Coulter Inc., Pasadena,
CA, USA).

Synthesis of all peptides was performed by the
conventional and manual stepwise Fmoc solid-
phase synthesis on 2-chlorotrityl chloride resin with
substitution, 1.4 mmol/g. The coupling of each
amino acid was performed in the presence of 3 mol
excess of Fmoc-amino acid, 3 mol excess of N-
hydroxybenzotriazole (HOBt), 3 mol excess of
diisopropylcarbodiimide (DIC), and 5 mol excess
of diisopropylamine (DIPEA) in
dimethylformamide  (DMF). Completion  of
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coupling reactions were monitored by the Kaiser
test and the Fmoc groups were removed by adding
20% piperidine in DMF. The peptides were cleaved
from the resin and the final deprotection was done
in a cocktail containing trifluoroacetic acid (TFA),
triisopropylsilane (TIPS), thioanisole, and water
(92.5: 2.5: 25: 2.5). The crude peptides were
precipitated into cold petroleum ether/diisopropyl
ether (50:50). Then, the precipitate was dissolved in
10% CH3;COOH and desalted by gel filtration on a
Sephadex G25. The chemical purity of peptides was
characterized by RP-HPLC and capillary
electrophoresis.

Analysis

Purity: HPLC analysis were performed with
LKB Bromma (Sweden) and Waters Alliance®
(Waters Corporation, USA) instruments, variable
detector using column: XTerra® MS C18, 3,5um,
3.0 x 150 mm; eluent: ACN/0.05%TFA 5/95 (v/v),
flow 0.4ml/min, 25°C, 220 nm, inj. volume 20 pL.

Stability: The hydrolytic stability of the peptides
was determined by UV spectroscopy. For stability
testing, a concentration 0.5.10* mol/l respectively
of each of the peptides (NT - NT5) were dissolved
in 10 ml of buffers: pH=1,2 (0.063 mol/l HCIO4);
pH=7,4 (0.1 mol/l NazHPO4 + 0.1 mol/l NaH,PO,);
pH=9,0 (0.1 mol/l Na;B4O-). The obtained solution
of the peptides was tempered in the incubator ES-
20 LKB (Sweden) at 37°C. The testing samples
were placed in a Beckman DU 650
spectrophotometer (Beckman Instruments, USA)
equipped with a temperature-controlled cell
changer; 1 ml quartz cuvettes were used. The
decrease in the absorbance at 220 nm (UV
maximum of the peptide) was monitored.

RESULTS AND DISCUSSION

The chemical stability of peptides is very
dependent on amino acid composition and
sequence. The two main cleavage bonds in the
metabolic deactivation of NT(8-13) are Arg®-Arg®,
Pro®-Tyrland  Tyr-lle?. To avoid such
degradation, the terminal Arg units was replaced by
canavanine (Cav), which was recently described as
a non-proteinogenic Arg analogue. Because lysine
was shown to be an attractive alternative basic
residue [14], lysine replacement of the first/or
second arginine moiety was also performed (Fig.
1).

In this context our first objective was to
synthesize the neurotensin mimetics in high yields
and purities. Following purification by gel filtration
on a Sephadex G25, peptides were isolated in high
yields (86-91%), and excellent purities (>95%)
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confirmed by RP-HPLC (Fig. 2.) and capillary
electrophoresis [19].
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T4 Arg-Cav-Pro-Tyr-lle-Leu

T5 Cav-Arg -Pro-Tyr-lle-Leu

Fig. 1. Neurotensin (8-13) analogues.
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Fig. 2. RP-HPLC chromatogram at 220 nm of Cav®-
Cav®neurotensin (8-13) analogue

Therefore, in order to determine the hydrolytic
stability of the synthesized neurotensin mimetics,
we investigated their behaviour in three different
physiological pH values of 1.2 (stomach), 7.4
(blood plasma) and 8.5 - 9.0 (thin intestine) using
UV-spectroscopy and RP-HPLS as well. At defined
intervals of the time we measured the absorbance at
220 nm. For each of the studied peptide has plotted
graphics depending on time/concentration.

The hydrolytic stability of the native peptide
Arg-Arg-Pro-Tyr-lle-Leu (TO) is presented in Fig.
3. In acidic range the concentration of peptide
remains constant during the first hour of the study
and then gradually decreased. On the fourth hour it
was under 40% and of the sixth hour zero. The
stability of TO in neutral and alkaline media was
even smaller. On the sixtieth minute, the
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concentration of TO was under 50%, and of the
third hour of experiment lower than 10%.
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Fig. 3. Hydrolytic stability of TO on different pH
measured at 220 nm by UV - spectroscopy. As shown
in Figure 4 at neutral pH, the peptide Lys-Cav-Pro-
Tyr-lle-Leu (T1) was stable for 60 minutes and the
concentration was about 90%. Such a high stability
at pH = 7,4 was observed only for the T3 analogue.
Better stability in neutral zone, can significantly
affect the biological potential of this NT analogue.
The hydrolysis of peptide in acidic media goes
slowly, as the concentration (80%) was maintained
until the third hour. At the end of the experiment
concentration of T1 was 40%. It is also evident
from the graph, that the hydrolysis goes at a high
speed at an alkaline pH (pH = 9.0).
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Fig. 4. Hydrolytic stability of T1 on different pH
measured at 220 nm by UV — spectroscopy.
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Fig. 5. Hydrolytic stability of T1 on different pH

measured at 220 nm by UV —spectroscopy.

As shown in Figure 4 at neutral pH, the peptide
Lys-Cav-Pro-Tyr-lle-Leu (T1) was stable for 60
minutes and the concentration was about 90%.
Such a high stability at pH = 7,4 was observed only
for the T3 analogue. Better stability in neutral zone,
can significantly affect the biological potential of
this NT analogue. The hydrolysis of peptide in
acidic media goes slowly, as the concentration
(80%) was maintained until the third hour. At the
end of the experiment concentration of T1 was
40%. It is also evident from the graph, that the
hydrolysis goes at a high speed at an alkaline pH
(pH =9.0).

On the Figure 5 is visible that at pH = 1,2 the
hydrolysis proceeds slowly up to 180 minute and
the concentration of Cav-Lys-Pro-Tyr-lle-Leu (T2)
remained high (80%). After the third hour the
concentration of the peptide decreased rapidly and
the end of the way of expression drops to 0. At pH
= 7.4 and pH = 9,0, absorption quickly decreases,
indicating more rapid hydrolysis rate and a lower
stability of the peptide. The dynamics of the two
curves is similar.

T3
120
= 100 r s -
=] h = L N
2 z0 x\
o
%’ &0 N —t=pH 1,2
E 40 . —l=pH 7.4
_— B #
=] =
s 20 "**--..._\_H pH 9,0
] ) o
0 thity 60 fin 120 min 180 min 240 min 360 min

Fig. 6. Hydrolytic stability of T3 on different pH measured at 220 nm by UV —spectroscopy.

The stability of Cav-Cav-Pro-Tyr-lle-Leu (T3)
in the acidic pH (Fig. 6.) was the highest from the
all tested NT analogues. The measured absorbance
at 220 nm and pH 1.2 is slowly declining and the
concentration remained relatively constant during
the study, and on the sixth hour it was over 80%. A
greater stability was observed for this peptide at pH
= 7,4, in comparison to the other synthesized
analogues. At neutral pH, it retained 90% of its
concentration until the 60th minute, then hydrolytic
stability gradually decreases. This stability in the

neutral media may be very important at a later
stage, when defining the route of administration of
peptides and for testing its biological effects. The
dynamics of the curve at pH = 9,0 also show better
hydrolytic stability of T3 compared to the other
analogues.

The compound Arg-Cav-Pro-Tyr-lle-Leu (T4)
was also unstable in alkaline and neutral condition.
The process of hydrolysis goes at high speed for the
first hour. On the 60th minute the concentration of
the substance was 40% and 60% respectively. It
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can be seen from the graph in Fig. 7. that in the
solution with pH = 1,2 hydrolysis was more slowly
than at pH = 7,4 and pH = 9,0, but the peptide T4
was less stable than T5 under the same conditions.

It can be seen on Fig. 8. that at the beginning of
the study, the hydrolysis goes with a very high
speed at the neutral (pH = 7,4) and alkaline ( pH =
9,0) range. On the 60 minutes, the concentration of
Cav-Arg -Pro-Tyr-lle-Leu (T5) dropped almost in
half in the alkaline solution and is only about 10%
in the neutral. In the acidic range (pH = 1,2), the
concentration of T5 remains relatively constant
until the third hour of the study (90%), and then
decreases gradually to 40% at the end of the
measurement.

The chemical stability during storage represent
possibility for any substance to left unchanged due
to the influences of the type of an internal reaction
or external factors such as air, heat, light and etc.
All studied for hydrolytic stability peptides were
stored at a temperature -10°C for 1 year. Using UV-
spectroscopy and analytical RP-HPLC we checked
hydrolytic stability of the peptides at neutral and
alkaline pH. It was found that they remained
unaltered, as well as, their physical and chemical,
and thus it can be considered to be chemically
stable under these conditions.

For example we presented hydrolytic stability of
the compound T3 at neutral and alkaline pH. In the
previous experiment (Fig. 6.) the peptide T3
showed the highest stability in comparison with the
other analogues. The rate of the hydrolysis and
reducing concentration of determined peptide by
HPLC are consistent with the data that we received
by UV-spectroscopy. The better stability of T3

T3

during the first hour in the neutral and alkaline pH
was confirmed once again.
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Fig. 7. Hydrolytic stability of T4 on different pH
measured at 220 nm by UV —spectroscopy.
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Fig. 8. Hydrolytic stability of T5 on different - pH
measured at 220 nm by UV —spectroscopy.
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Fig. 9. Hydrolytic stability of T3 after 1 year storage
measured at 220 nm by UV —spectroscopy.
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Fig. 10. Hydrolytic stability of T3 after 1 year storage measured at 220 nm by RR-HPLC.

The dynamics of curves presented in Fig. 9. is
the same with that presented in Fig. 6. That gives us
reason to conclude that T3 was stable even after 1
year of storage.

In addition the rate of the hydrolysis and
reducing concentration of determined peptide by
RP-HPLC are consistent with the data that we
received by UV-spectroscopy. The better stability of
T3 during the first hour in the neutral and alkaline
pH was confirmed once again.
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CONCLUSION

As a result of the experiments it can be
concluded that:
» The dependence time / concentrations of TO
shows the low hydrolytic stability of native NT
fragment and confirmed a need to develop a new,
more stable analogues;
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* The stability of the newly synthesized NT-
analogues in acidic range is higher than that of the
native (8-13) fragment of the NT;

*The hydrolysis of T3 in the acid buffer (pH = 1,2)
takes place with very low speed, thereby retaining
about 90% of its initial concentration. This gives us
reason to believe that the analogue was stable at
this pH;

* From all tested NT-analogues, compounds T1 and
T3 showed the highest stability at neutral pH. On
60 minute their concentration is about 90%;

* The replacement of arginine residues with
canavanine increased hydrolytic stability of the
peptide analogues, and this is most likely due to the
lower basicity of the oxy-guanidine group of
canavanine compared to those of the guanidino
group of arginine;

* The hydrolytic stability of the synthesized
analogues was retained after one year of storage.
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XUMHNWYHA CTABUJIHOCT HA HOBU AHAJIO31 HA HEBPOTEH3MH(8-13)

C. Muxaiinosal, T. )131/1M6013a2, K. Kamukosa®, E. Te>KapOBa3, T. MaiimanoBa?
Meouyuncku ynueepcumem ,, Ipog. 0-p Hapawxes Cmosanos”, Bapna, @apmayesmuuen gaxyimem, yn. ,, Mapun
Jpunos” Ne 55, Bapua 9002, bvreapus
2Uncmumym no monexynapua 6uonozus ,, Axao. Pymen Ianes “, Bvneapcka akademus na naykume, yi. ,, Axao. I
bonues”on. 21, Coghua 1113,
3Kapnoe ynusepcumem na Ipaza, @axyrmem npupoonu nayku, Kameopa usuko- u MakpomMonexkyina Xumus,

, Anbepmos” 2030, Ilpaea 128 43, Yexus

[Mocremuna Ha 21 gexkemBpu, 2016 r.; Kopurupana Ha 20 ¢peBpyapu, 2017 r.
(Pesrome)

XUApPONUTHYHATA CTAOMIHOCT Ha MENTHAWTE € €JHO OT Hali-Ba)KHWTE CBOHCTBAa IO OTHONICHWE HA TAXHOTO
MpUJIOKEHUE B MpaKkTHKaTa. PanHara mHbOpMamnms 3a cTaOMIIHOCTTA € OCHOBHA 3a ()apMaKOKHHETHYHOTO TOBEICHHE B
TSUIOTO TIPHM YCJIOBHS Ha ChXpaHEHME, M0osBaTa Ha TOKCUYHM €(EeKTH, CBbp3aHH C HETOBUTE pa3NaJHH NPOAYKTH M T.H.
IlenTa Ha TOBa M3cieqBaHE € Ja C€ MPOYYM XHUAPOJIUTHYHATA CTAOMIHOCT Ha HOBOCHHTE3MPAaHW NENTHIN IPH
(U3HOJIOTMYHN YCIIOBHS, KaTo TesiecHa TeMneparypa npu 37°C u pH croitnoctn npu 1.2 (cromax), 7.4 (KpbBHA IIIa3Ma)
n 8.5-9.0 (TBHKM YepBa).
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The octapeptide angiotensin Il (Ang 1) is the major effector of the renin-angiotensin system. Ang Il exerts its
effects by binding to Ang 1l type 1 (AT1) and Ang Il type 2 (AT2) receptors. The olfactory bulbectomy (OBX) model is
an animal model of depression that produces behavioural, physiological, and neurochemical alterations resembling
clinical depression. To examine the involvement of Ang Il and AT1 receptors in locomotion we studied the effects of
Ang 11, losartan (AT1 receptor antagonist) infused uni- and bilaterally into hippocampal CALl area of OBX-rats. The
changes in locomotor activity were registered in an Opto Varimex apparatus. The increased locomotor activity is a
typical behavioural phenomenon in OBX rats. Microinjected bilaterally and left-side into the hippocampal CA1 area
Ang Il (0.5 pg) increased the number of horizontal and vertical movements in bulbectomized rats, while losartan (100
ng) infused bilaterally and the left-side, but not into the right-side, decreased the number of both horizontal and vertical
movements in OBX rats, as compared to saline-treated OBX controls. It was found that the effects of Ang Il and
losartan were opposite and asymmetric in left and right CAl area. These data reveal a pronounced lateralized Ang Il
effect on the locomotor activity of OBX rats and suggest a possible involvement of AT1 receptors in the mechanisms of

the olfactory bulbectomy syndrome in rats.

Key words: Angiotensin Il, Losartan, Locomotor activity, Asymmetry, Hippocampus, Depression

INTRODUCTION

The octapeptide angiotensin Il (Ang II) is the
major effector of the renin-angiotensin system
(RAS). The brain RAS is independent of the
circulating RAS. The brain RAS includes the
biologically active angiotensin peptides: Ang I,
Ang Ill, Ang IV and Ang-(1-7) [1]. There are four
types of angiotensin receptors:Ang Il type 1 and
type 2 receptors (AT1l, AT2), Ang IV-specific
receptor (AT4), and Ang-(1-7)-selective receptor
[2, 3, 4]. AT1 and AT2 are structurally similar, G-
protein coupled receptors, AT4 is a protein, which
is not G-protein-linked, while Ang-(1-7) exerts its
actions via the G protein-coupled Mas receptor.

It is known that the concentration of Ang Il and
the expression of its different receptor types are
particularly high in the hippocampus [4, 5]. In the
CAL1 region of the hippocampus, Ang Il directly
excites pyramidal neurons [6]. Ang Il is a full
agonist at the AT1 and AT2 receptors in
accordance with the nomenclature (Guide to
Receptors and Channels).

*To whom all correspondence should be sent:

E-mail: romantashev@gmail.com
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It has been reported that ATI injected
intracerebroventricularly (i.cv) or into
hippocampal CAl area affects exploratory
behaviour, locomotor activity, learning and
memory in rats [7, 8]. Previous studies showed
behavioural asymmetries in locomotor-exploratory
activity, anxiety, learning and memory following
unilateral infusions of Ang Il into CALl area [9]. We
have found that losartan, a specific antagonist of
ATL1 receptors, microinjected bilaterally or into the
left hippocampal CAl area suppressed the
exploratory activity, while the right-side losartan
administration showed no effect as compared to the
controls.

Recently, it has been reported that orally
administered losartan can suppress the enhancing
effect of voluntary running on cell proliferation in
the rat hippocampus [10].

The bilateral olfactory bulbectomy (OBX) in
rats is widely accepted as an animal model of
depression. The OBX in rats leads to numerous
behavioural, physiological, neurochemical and
neuroendocrine changes that are used to model of
major depression, but may also be a valuable tool in
the study of neurodegenerative disorders such as
Alzheimer’s disease. Behavioural abnormalities of

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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OBX rats include exploratory hyperactivity in
response to a novel environmental stress, memory
deficits, anxiety symptom-resembling behaviour,
etc. [11, 12]. The bulbectomy-induced behavioural
deficits are attributable to a retrograde degeneration
of neurons from the olfactory bulbs which project
to cortical, amygdala, and hippocampal regions [11,
13]. Saavedra and co-workers [14] have showed
that blockade of brain ATL1 receptors ameliorates
stress, anxiety, brain inflammation and ischemia. In
addition, losartan has been shown to ameliorate
depression in mice, as determined by the forced
swim test [15].

Baring in mind the suggested role for
hippocampal dysfunction in depression, as well as
our previous findings on the behavioral effects of
Ang Il and losartan administration into the
hippocampal CA1 area, the aim of the present study
was to investigate the effects of Ang Il and losartan
after uni-and bilateral infusion into CAl
hippocampal area on locomotor activity of rats with
a model of depression.

EXPERIMENTAL
Animals

Male Wistar rats (200 - 220g at the time of
surgery) were housed individually in polypropylene
boxes with free access to food and water. The
animals were maintained in a constant temperature
environment (22 + 2°C) on a 12 h light/dark cycle
(lights on at 6:00am). The behaviour experiments
were carried out between 10:00am and 1:00pm.

The experiments were carried out according to
the “Principles of laboratory animal care” (NIH
publication No. 85-23, revised 1985), and the rules
of the Ethics Committee of the Institute of
Neurobiology, Bulgarian Academy of Sciences.

Experimental model of depression

Bilateral olfactory bulbectomy (OBX) was
carried out according to the method depicted by
Kelly et al. [13].

Stereotaxic implantation and drug injection into
hippocampal CA1 area of OBX rats

Seven days after bilateral olfactory bulbectomy
guide cannulae (right and left) were implanted into
CAL1 hippocampal area according coordinates to the
stereotaxic atlas of Pellegrino and Cushman [16] (P
=38 mm; L =+30mm; h=-30mm)as
described previously [17].

Rats were microinjected into both hippocampal
CAl areas with Angiotensin Il (0.5 ng), Losartan
(100 pg) or saline (doses active in earlier
experiments) [17]. Angiotensin Il (Sigma) or

Losartan (Sigma) were dissolved ex tempore in
saline and microinjected into CAl hippocampal
area. The substances were injected through an
injection cannula connected by polyethylene tubing
with a constant rate microsyringe (Hamilton, Reno,
NV, USA). 0.5 ul of the Ang Il (pH 7.4) solution or
0.5 pl of the losartan (pH 7.4) solution or 0.5 pl
saline were infused over a period of 1 min and the
injection cannula was left in place for another 30s.

Just before scarification, the animals were
injected with 0.5 ul 2% Fast green dye through the
injection cannula. Brains were removed, and
successful bulbectomy was verified
macroscopically by comparison with the bulbs of
an intact rat brain. Animals in which < 80% of the
bulbs had been removed were omitted from the
analysis. Injection sites were then verified
histologically post-mortem in 25 pum coronal brain
sections cut through the hippocampus. Animals
excluded by the cannula placement and the
diffusion of dye were beyond the CA1 area of the
hippocampus as depicted in the stereotaxic atlas
[16] or were not symmetrical. Animals with
cannulae placement outside the CAL area or not
symmetrical within both CA1 areas were excluded
from the statistical analysis.

Locomotor activity

Locomotor activity was recorded in an Opto
Varimex apparatus (Columbus Instruments, USA).
The experimental chamber was 50 cm X 50 cm X
25 cm. This apparatus records the number of
photobeam interruptions during the movements of
the animal. It provides selective counting of the
number of horizontal and vertical movements in
arbitrary units (AU). The information obtained was
recorded automatically every 5 minutes in the
observation period (5-30 min). The experiments
were carried out at one and the same time (between
10:00 a.m. and 1:00 p.m.). The rats were placed in
the central quadrant of the activity monitor 15 min
after the microinjection of Ang Il or losartan.

Statistical analysis

One way ANOVA was used to analyze the data
obtained for effect of bilateral Ang Il and losartan
microinjections. Two-factor ANOVA analysis with
factors:drug - 3 levels (Ang 11, losartan, saline,) and
side of injection - 2 levels (right, left) was used for
evaluation of data about unilateral injections.
ANOVA data were further analyzed by post hoc t-
test, where appropriate.
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RESULTS AND DISCUSSION

Effects of bilateral microinjection of Ang Il and
losartan into CALl area of OBX rats

Separate one way ANOVA analysis of the total
number of horizontal or vertical movements for a
30-minute period of observation showed a significant
effect for factor “drug” (Fs27 = 99.775; P < 0.001)
for the number of horizontal movements, and for
the number of vertical movements (Fs 27 = 37.149; P
<0.001).

Post hoc t-test showed that infused bilaterally
into CA1 area of OBX rats, Ang Il increased, while
losartan decreased, the total number of both
horizontal (P < 0.003; P < 0.001, respectively) and
vertical movements (P < 0.005; P <0.01, respectively),
as compared to the respective saline-treated OBX
rats (Fig. 1, Fig. 2).

Horizontal movements
TOTAL 1-30 min.

Horizontal movements (AU)

OBX + Losartan Sham

.

OBX+Ang I

OBX + Saline

Fig. 1. Effect of Ang Il and losartan microinjected
bilaterally into the hippocampal CAl area on the total
number of horizontal movements for the whole period of
observation (30 min). n=7. Means (+ S.EM.) are
presented. Asterisks depict - drug treated OBX rats vs.
respective OBX saline-treated. ™ P < 0.001. Circles
depict - sham vs. OBX saline-treated. °°°P < 0.001.

Vertical movements
TOTAL 1-30 min.

Horizontal movements (AU)
8

N

A\

OBX + Losartan Sham

OBX + Saline OBX + Ang Il

Fig. 2. Effect of Ang Il and losartan microinjected
bilaterally into the hippocampal CA1 area on on the total
number of vertical movements for the whole period of
observation (30 min). n=7. Means (+ S.E.M.) are
presented. Asterisks depict - drug treated OBX rats vs.
respective OBX saline-treated. ™ P < 0.001. Circles
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depict - sham vs. OBX saline-treated °*°P< 0.001.

Effects of unilateral microinjection of Ang Il and
losartan into CA1 area of OBX rats

Two-way ANOVA analysis on the effect of
unilateral Ang Il (0.5 pg) and losartan (100 ng)
microinjection on the total number of horizontal
movements in OBX rats for a 30-min period of
observation showed a significant effects for the
factor “drug” (F247 = 92.508; P < 0.001), the factor
“side” (Fy47 = 71.183; P < 0.001) and a significant
interaction between the factors “drug” X “side”
(F247=36.967; P <0.001).

Ang 1l administered into the left CAl area of
OBX rats increased the total number of horizontal
movements (P < 0.05), while the microinjection of
Ang Il into the right CALl area had no significant
effect on the total number of horizontal movements
(P =NS) as compared to the saline-treated OBX
controls (Fig.3). Losartan (100 pg) microinjected
into the left CAL area significantly decreased the
total number of horizontal movements as compared
to the left saline-treated OBX controls (P < 0.001)
and compared to the right-side infused losartan (P <
0.001) (Fig.3).

Horizontal movements
TOTAL 1-30 min.

Horizontal movements (AU)

08X Resaline 08X Lsaline OBXL-Angll  OBXL-Losartan

Fig. 3. Effect of Ang Il and losartan microinjected
unilaterally (right or left) into the hippocampal CALl area
on the total number of horizontal movements for the whole
period of observation (30 min). n=8. Means (+ S.E.M.)
are presented. Asterisks depict - drug treated OBX rats
vs. respective OBX saline-treated. P < 0.001. Circles
depict - left-side vs. right-side °°°P < 0.001.

Two-way ANOVA on the effect of Ang Il and
losartan on the total number of vertical movements
of OBX rats demonstrated a significant effects of
factors “drug” (F.47 = 18.250; P < 0.001), “side”
(Fie7 = 172.601; P < 0.001) and an interaction
between “side” X “drug ““ (F,47=40.032; P <0.001).

The number of vertical movements was
significantly increased upon microinjection of Ang
Il into the left CAL area (P < 0.001). The injection of
losartan into left-side significantly decreased the
number of vertical movements compared to the left



R.E. Tashev et al.: Involvement of hippocampal angiotensin Il type 1 receptors in locomotor activity in rats with a model of ...

saline-treated OBX rats (P < 0.001) and compared to
the right-side injected losartan (P < 0.001) (Fig.4).

Vertical movements
TOTAL 1-30 min.

Vertical movements (AU)
g

OBXR-saline  OBXR-Angll  OBX R-Losartan 08X L-saline OBXL-Angll  OBX L-Losartan

Fig. 4. Effect of Ang Il and losartan microinjected
unilaterally (right or left) into the hippocampal CAL area
on the total number of vertical movements for the whole
period of observation (30 min). n=8. Means (+ S.E.M.)
are presented. Asterisks depict - drug treated OBX rats
vs. respective OBX saline-treated. P < 0.001. Circles
depict - left-side vs. right-side °°°P < 0.001.

In our previous studies we have found that
bilateral administration of losartan at a dose of 100
ug into CAL areas decreased exploratory activity of
rats [18]. It has been also demonstrated that
bilateral bulbectomy leads to hyperactivity of rats
in an Opto Varimex apparatus (increased total
number of both horizontal and vertical movements)
[18]. This locomotor hyperactivity is a typical
behavioural phenomenon in OBX rat and it is
accepted as an index of depressive-like behaviour
[13]. Considering these findings, we were
interested to investigate the role of Ang Il and Ang
Il receptors in the locomotor hyperactivity induced
by OBX.

The bilateral microinjection of Ang Il into
hippocampal CAL stimulated locomotor activity of
OBX rats, expressed by an increase of both
horizontal and vertical movements. The bilateral
infusion of losartan significantly decreased the total
number of both horizontal and vertical movements,
i.e. suppressed the locomotion of OBX rats as
compared to the saline-treated OBX controls. Thus,
Ang Il administration augmented the hyperactivity
of OBX rats and aggravated the depression-like
state, while the inhibition of AT1 receptors by
losartan demonstrated antidepressant effect.

Bilateral olfactory bulbectomy is accompanied
by changes in many neurotransmitter systems [13].
After bulbectomy, degeneration of neurons in
cortex, hippocampus [19, 20], impaired
neurogenesis in hippocampal dentate gyrus [21]
and changes in the expression of neuropeptides in
some brain areas [11] have been reported. It is
possible that the increased expression of Ang Il or
Ang Il receptors in the hippocampal neurons might

contribute to the increased hyperactivity observed
in our study.

The brain RAS has been implicated in the
pathophysiological mechanisms of dementia and
neurodegenerative diseases [22, 23]. It has also
been related to the mechanisms of depression as
shown in studies demonstrating antidepressant
effect of captopril in hypertensive patients that also
suffered from depression [24, 25, 26].From the
viewpoint of asymmetry we investigated the effects
of equal doses of Ang Il or losartan microinjected
unilaterally (left or right) into CA1 hippocampal
area on the locomotor activity. The unilateral
topical administration of the drugs showed different
effects on locomotion. Thus,when injected into the
left CAl area, Ang Il increased locomotor activity,
while losartan decreased it. The microinjection of
the drugs into the right CA1l area induced no
changes in locomotion.

The present findings are in agreement with
studies showing asymmetric effects on exploratory
behaviour after administration of Ang Il into CAl
area. Belcheva and co-workers [9] have shown that
only left-side injections affected exploratory
behaviour, while Ang Il administered into the right
CAL1 area had no effect.

Several studies support the hypothesis that the
RAS is a part of the neurochemical dysregulation
underlying negative affective states, anxiety
disorders, and ethanol dependence [27]. Something
more, it has been suggested that the increased RAS
activity may increase the relative risk of depression
[22, 28], while the blockade of AT1 receptors could
be potentially useful for the treatment of stress-
induced disorders [29].

The different behavioural effects of Ang Il
microinjected into the left or right CAl
hippocampal area suggest a different distribution of
Ang |l receptors, high concentrations of which are
found in the hippocampus [4]. The presence of AT1
and AT2 receptors, involved in the modulation of
exploratory behaviour, learning and memory
processes, etc., has been demonstrated in rat
hippocampus [22, 23].

CONCLUSION

This study the first time provides information on
the locomotion-stimulatory effect of Ang Il and
locomotion-inhibitory effect of losartan when
injected into the left but not into the right CAl
hippocampal area of OBX rats. This implies that
the injection of the drugs in the left side only can
modulate the depressive-like behavior. The
asymmetry of the Ang Il- related behavioral
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responses upon administration in the left or right
hippocampus could be related to a different
distribution of AT1 receptors in the two
hemispheres.

REFERENSES

1 0. von Bohlen und Halbach, D. Albrecht. Cell Tissue
Res., 326, 599 (2006).

2 M. de Gasparo, K.J. Catt, T. Inagami, J.W. Wright, T.
Unger. International Union of Pharmacology XXIII.
Pharmacol. Rev., 52, 415 (2000)

3 R.A. Santos, A.C. Simoes e Silva, C. Maric, D.M.
Silva, R.P. Machado, I. de Buhr, S. Heringer-Walther,
S.V. Pinheiro, M.T. Lopes, M. Bader, E.P. Mendes, V.S.
Lemos, M.J Campagnole-Santos, H.P. Schultheiss, R.
Speth, T. Walther. Proc. Natl. Acad. Sci. U S A. 100,

8258 (2003).

4 J.W. Wright, J. W. Harding. Reg. Peptides, 59, 269
(1995).

5 0. von Bohlen und Halbach, D. Albrecht. Reg.
Peptides, 78, 56 (1998).

6 H.L. Haas, D. Felix, M.R. Celio, T. Inagami.

Experientia, 36, 1395 (1980).

7 J.J. Braszko, K. Peptides, 9, 475 (1988).

8 I. Belcheva, V. Georgiev, M. Chobanova, C.
Hadjiivanova. Neuropeptides, 31, 60 (1997).

9 I. Belcheva I, M. Chobanova, V. Georgiev. Reg.
Peptides, 74, 67 (1998).

10 T. Mukuda, H. Sugiyama. Neurosci. Res., 58, 140
(2007).

11 C. Song, B.E. Leonard. Neurosci. Biobehav. Rev., 29,
627 (2005).

12 D. Wang, Y. Noda, H. Tsunekawa, Y. Zhou, M.
Miyazaki, K. Senzaki, T. Nabeshima. Behav. Brain.
Res., 178, 262 (2007).

122

13 J.P. Kelly, A. Wrynn, B.E. Leonard. Pharmacol. Ther.,
74, 299 (1997).

14 JM. Saavedra.,, E. Sanchez-Lemus, J. Benicky.
Psychoneuroendocrinology, 36, 1 (2011).
15 P.R. Gard, A. Mandy, M.A. Sutcliffe. Biol.

Psychiatry,45, 1030 (1999).

16 L. Pellegrino, A. Cushman. A stereotaxic atlas of the
rat brain. New York, Appleton-Century-Crofts, 1967.

17 R. Tashev, M. Stefanova. Acta Neurobiol. Exp., 75, 48
(2015).

18 R.Tashev, M. Ivanova. Compt. Rend. Acad. Bulg. Sci.,
67, 871(2014).

19 J. Carlsen, J. De Olmos, L. Heimer. J. Comp. Neurol.,
208, 196 (1982).

20 I. Nesterova, N. Bobkova, N. Medvinskaia, A.
Samokhin, I. Aleksandrova. Morfologiia, 131, 32 (2007).

21 N. Shioda, Y. Yamamoto, F. Han, S. Moriguchi, Y.
Yamaguchi, M. Hino, K. Fukunaga. J. Pharmacol. Exp.
Therap., 333, 43 (2010).

22 D. Albrecht. Br. J. Pharmacol., 159, 1392 (2010).

23 J.W. Wright, J.W. Harding. Progress in Neurobiol., 95,
49 (2011).

24 R.F. Deicken. Biol. Psychiatry, 12, 1425 (1986).

25 L. Germain, G. Chouinard. Biol. Psychiatry, 23, 637

(1988).

26 L. Germain, G. Chouinard. Biol. Psychiatry, 25, 489
(1989).

27 W.H. Sommer, J.M. Saavedra. J. Mol. Med., 86, 723
(2008).

28 J.A .Stewart, O. Kampman, M. Huuhka, S. Anttila, K.
Huuhka, T. Lehtimaki, E. Leinonen. Neurosci. Lett., 458,
122 (2009).

29 J.M. Saavedra, J. Benicky. Stress, 10, 185 (2007).



R.E. Tashev et al.: Involvement of hippocampal angiotensin 1 type 1 receptors in locomotor activity in rats with a model of ...

YYACTUE HA XUITOKAMITAJIHUTE AHITMOTEH3UH 11 TUII 1 PELIEIITOPU B
ABUI'ATEJIHATA AKTUBHOCT HA IIIBXOBE C MOJEJI HA JEITPECU

P. E. Tames>?*, M. C. UBanosa®, C. I1. Beiuesa®*, 1. I1. BenueBa’

Kameopa no namogusuonozus, Meouyuncku gpaxyimem, MY-Cogus, yn. 30pase 2, 1431 Copus, Bvazapus
2Hanpaenenue noeedenyecka nespobuonozus, Mucmumym no nespobuonozus, BAH, 6yn. Axao. I'. bonues, 6a. 23, 1113
Cogus, Bvneapus
3Kameopa no gusuonozus u namogpusuonozus, Meouyuncku ynusepcumem, MY-Bapna, yn. M. Jpunos, 55, 9000
Bapua, Bvreapus
4Kameopa no cneyuanna nedazozuxa u nozonedus, Paxyimem no nauanna u npedyuunumna nedazoauxa, CY
”Ce.Knumenm Oxpuocku”, 6ya. Hlunuencku npoxoo 694, 1574 Cogpus, bvacapus

IMoctermna Ha 08 okTomBpH, 2016 r.; Kopurupana Ha 13 ¢eBpyapun, 2017 .
(Pesrome)

Oxranentuast aHruoTeH3uH Il (Ang II) e ocHOBHHST edeKkTop Ha peHHH-aHTHOTEH3WHOBaTa cucrteMa. Ang Il
ynpaxssBa epexture cu dpe3 cBbp3BaHe ¢ Ang Il tum 1 (AT1) u Ang II tamm 2 (AT2) penentopure. OndaxropHaTa
Oynoexkromust (OBX) e >XMBOTMHCKM MOJEN Ha JETpecus, KOATO BOAW [0 TIIOBEICHUYECKH, (PU3HOJIOTHYHH U
HEBPOXMMHUYHU TPOMEHH, HAMOJOOSBAIIM KIMHWYHATA JIempecus. 3a ma mpoyumMm ydactmeto Ha Ang II m ATl
penenTopyuTe B JBUraTeIHaTa aKTUBHOCT HHUE cMe m3ciensanu epexrute Ha Ang Il u mocapran (antaronnct Ha AT1
peuenTopuTe), BbBEIEHN €IHOCTPAHHO U ABYyCTpaHHO B xunokammnanHoTo CAl mone Ha OBX miabxose. [IpoMenute B
JIOKOMOTOpHATA aKTUBHOCT Cca peructpupanu B amapat Opto Varimex. [ToBuiieHaTa IBUTraTeNHA aKTHBHOCT € TUIIHYCH
noBenenueckn peHomer npu OBX mrsxose. Ang II (0.5 pg), MUKpOUHKEKTHPaH IBYCTpaHHO U camo B JsBoTo CAl
Iojie Ha XHUIIOKaMIla, MOBHIIaBa Opos Ha XOPU3OHTATHHUTE M BEPTUKATHHUTE NBIDKEHHS Ha OyI0eKTOMHM3MpaHHUTE
ILTBXOBE, HoKaTo Jocaprad (100 pg) BeBeaeH aBycTpanHO u B jasiBoTo CAl mosne, HO He U B AACHO, HamMalsiBa Opost Ha
XOPHU30HTAJHY U BEepTHKAIHU IBIKeHNS Ha OBX mbpxoBe, B cpaBHEHUE ¢ TPEeTUpaHHUTE C pusnosnorndeH pazrsop OBX
KOHTpOJIU. Y CTaHOBEHO ¢, e epekture Ha Ang Il n mo3apraH ca MpOTUBOIOIOKHHU U ACHMETPUYHH B JITBOTO M ISICHOTO
CAl xumokaMmaiHo nose. Te3n MaHHW IMOKa3BaT sSICHO M3pa3eH Jarepanm3upaH epext Ha Ang Il Bppxy nBurarenHata
aktuBHOCT Ha OBX mubXxoBeTe W mpenamnojaraT Bb3MOXKHOTO ydactue Ha AT1 peunentopure B MEeXaHU3MHTE Ha
CHHJpOMA Ha oJihakTopHaTa OyI0EeKTOMUS IPH ILTHXOBE.
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Some physicochemical characteristics of a 100-140 kDa fraction isolated from Galega officinalis L. were studied.
The water soluble fraction inhibits platelet aggregation initiated by ADP, thrombin and collagen.The enzyme-treated
fraction changes negligible inhibiting effect on platelet aggregation. The isolated fraction appears to have a
polysaccharide nature, including 23 % protein. No loss in the activity of the fraction after storage for several months at
4 °C in NsH-H0 solution with neutral pH, and after freesing of liophilized fraction at -10 °C. The fraction shows
maximum activity in the temperature diapason of 10°C-42°C and pH diapason of pH 5.5-9.8. The micro-calorimetric
analyses show two protein subunits in the fraction. Anti-platelet fraction may find application in medicine, similarly to
dextrans.

Key words: Galega officnalis L., isolation, anti-platelet fraction, characteristics

In manuscript  are  presented  some
physicochemical characteristics of fractions from
Galega officinalis, which are important for
biomedical approach on living organisms.

INTRODUCTION

Galega officinalis L.. is a medicinal plant wide
spread in West Europe, Italy and Bulgaria. The
plant has been used in a traditional medicine system
in treatment of diabetes mellitus [1, 2]. Over 15
biologically-active substances are isolated from

EXPERIMENTAL

Platelet aggregation measurement and fraction’s

Galega officinalis: galegine, hydroxygalegine, -

; L . 4 activity
peganine, vasicinone, lutein (alkaloids),
penthahydroxyflavone 5-glucoside, luteolin, Blood was taken from volunteers (3 males and 3
galuteoline, luteolin  5-glucoside (glucosides); females aged 20-23 years) wich was not treated
flavonoids, glucosidessaponins and Y-y with medicine for 15 days prior to blood collection.

Blood was collected in disposable syringes and
diluted at a ratio of 1 part 3,8 % trisodium citrate

dimethylallylamidin ~ [3, 4]. The previous
experimental investigations of Atanasov et.al

indicate that the 100-140 kDa fraction isolated from
G. officinalis has wide spectrum of effects on
platelet and blood-plasma functions [5, 6] as :

¢ Inhibition of platelet release reaction [3]
¢ Inhibition of spontaneous platelet
aggregation [3]
o Inhibition of platelet aggregation initiated
by ADP, thrombin and collagen [5, 6]
¢ Inhibition of platelet aggregation initiated
by free-radical compounds [3]
o Inhibition of spontaneous blood-plasma
coagulation [3]
In vivo inhibition of platelet aggregation after
intravenous injection in animals [7]

* To whom all correspondence should be sent:
E-mail: atanastod@abv.bg

and 9 parts venous blood. Platelet-rich plasma
(PRP) was prepared by centrifugation (180 x g for
10 min) and diluted to 300 x 10° platelets per ml
with autologous platelet-poor plasma (1800 x g for
15 min). The platelet aggregation was studied by a
photometric method according Born and Zucker
[8]. The extinction change that takes place during
the aggregation of 400 upl platelet-rich plasma
compared with platelet-poor plasma (whose
extinction was taken as zero) after adding
aggregating agent at final concentration 25 uM
ADP, 100 pg/ml collagen or 0.8 U/ml thrombin at
37°C was the basis of measurement of the
aggregating effect. Aggregation (A) is calculated by
the formula:

A, % = (Eo - Esample)/(Eo - Eplasma).100%,
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where Eo is the initial extinction of the platelet-rich
plasma, Epiasma is the extinction of the poor plasma
and Esample is he extinction after platelet
aggregation. The fraction activity was evaluated by
degree of platelet aggregation (A, %).

Purification procedures

The purification of the fraction was made by 4
steps: 1) gel-filtration of crude extract on Sephadex
G-25; 2) gel-filtration on Sepharose 4B ; 3) ion-
exchange chromatography on DEAE-cellulose and
4) gel-filtration on Sephadex G-100, accordingly to
procedures given in [3, 9].

Amino acid analyses

Aminoacid analysis of the fractions was
performed by method given in BNS (Bulgarian
National Standard) 11374-86. The amino acid
content was determined by hydrolysis of the active
component with 6N HCI. For determination of S-
content amino acids methionine and cysteine were
used [3, 9]. The amino acid quantity was
determined over the ionit * OSTION LG ANB" on
"AMINO ACID ANALYSER T 339 M" column
(Microtechna-Praha), D(0.37 x 36 cm) using
sodium citrate buffers with pH 3.5, 4.25 and 9.45.
Ninhidrin was used as reagent for visualization.
The absorbance was measured by photometry at
525 nm using interferent filter. "Computing
integrator-Cl 100" (Laboratorni Pristoje-Praha) was
used for computing of the signal from the
aminoanalyser.

Solubility of the fraction

The solubility of the final biologically active
fraction (BAF) was studied after dissolution in
various hydrophilic and hydrophobic solvents. 1mg
IVBAF was dissolved in H20:EtOH solutions at
18°C for 24h. The activity of the IVBAF was
determined by ability of 50ug BAF to inhibits
aggregation of 1ml PRP, initiated by 25uM ADP.
The activity of the fraction was presents like level
of platelet aggregation (A, %).

Ultraviolet, visible and infrared spectrum of
BAF

Spectrophotometric study of a fraction in
ultraviolet (UV) and visible (VIS) area was
meseared by  spectrophotometer "LKB -
ULTROSPEC" - Sweden. The infrared (IR)
spectrum of BAF was meseared on
spectrophotometer Bruker IFS 113v into tablets of
potassium bromid (KBr).

pH dependence of a fraction activity

4% water solution of the fraction was treated
with different amount of HCI and NaOH in pH
range of 3.0-11.0. The activity of fraction was
measured and present by mean + SD.

Temperature dependence of a fraction activity

Water solution of 3mg final sample in 6 ml
H,O-NHs; (pH 7.4) was heated for 20min in
temperature range of 20-100°C. The activity of the
fraction was measured and present by mean + SD.
A non-treated fraction was taken as control.

Microcalorimetric study of a fraction

The differential scanning microcalorimetric
measurement  was made on DASM-4
microcalorimeter.The sample with final
concentration 200 uM (pH 7.3) was heated with in
range of 1.5 °C/min. All heating curves were
corrected using an instrument baseline obtained by

heating the buffer.

Fraction activity after treatment with chemical
substances and enzymes

Denaturing effect of chemical agents (containing
divalent metal ions Ca?*, Zn?*, Mg?", Mn?*, Co?")
and effect of proteolytic enzymes
(Chymotrypsin,Chymopapain, Trypsin, o-amilase,
B-amilase and alkaline protease were purched from
Sigma Co.,USA ) on fraction activity was studies.
1mg BAF was incubated for 24h at 30°C in 0.01 M
Tris-HCI buffer, pH 7.0 with chemical agents and
enzymes. On 1ml platelet-rich plasma was added
15-20ug BAF (control or treated). Aggregation was
initiated by 25uM ADP. The level of platelet
aggregation (A, %) was present as mean = S.D.

RESULTS AND DISCUSSION

Purification steps and fraction’s activity

The purification steps from the crude extract to
the final farctions are given on Table 1.

For crude extract: 1Csp was 1.1lmg; after
Sephadex G-25: ICso was 0.030mg; after Sepharose
4B: 1Cso was 0.012mg; after DEAE-cellulose: 1Cso
was 0.011mg; after Sephadex G-100: ICsp was
0.0093mg.

The activity of the fractions was detrmined by
photometric method according Born and Zucker
and the protein content was determined method of
Loury accordingly to procedures given in
‘Aminoacid analyses’.
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Table 1. The purification steps from crude extract to fractions

Purification step Total Specific activity Total activity Protein content
(mg) (U/mg)* () (%)
Crude extract 1000x103 0.9 900x103 0.17 %
Sephadex G-25 24x103 32 770%103 6.3 %
Sepharose 4B 6x103 83 500x103 15.1%
DEAE-Cellulose 2.5%103 90 225x%103 16.9 %
Sephadex G-100 2.0x103 108 216x103 23%

*One unit for specific activity for extract or fraction was taken to be ICso - this quantity extract or fraction that inhibits
50% platelet aggregation of 1ml platelet-rich plasma initiated by 25uM ADP.

The homogeneity of the IV BAF was tested by
SDS  electrophoresis  with  and  without
mercaptoethanol. In both cases it was found one
band only on, colored as polysaccharide. No loss in
the activity of the fraction after storage for several
months at 4 °C in N3H-H,O solution at neutral pH,
and after freesing of liophilized fraction at -10 °C.

The results of gel-filtration procedures can be
used as a base for semi-industrial production of the
BAF by two steps. By filtration through a capillary
dialyzer to remove low molecular weight fraction
(less than 10-15 kDa) at the first step. By second
step realizing ultrafiltration trough separation
membranes to remove fractions with molecular
weight less than 100 kDa fig.2.

CRUDE EXTRACT

z lll
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5 | 144
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TT
Low molecular weight

o High molecular weight
> 15 kDa

°
°

ULTRAFILTRATION X(— o

°
>100 kDa

Fig. 1. Scheme of a semi-industrial yeald of 1V BAF
from Galega officinalis L.

Protein content in crude extract and fractions
126

The protein content of crude extract is about
0.1% [3]. Seven amino-acids (aspartic acid,
arginine, alanine, glycine, lysine, serine and valine)
consist 46.23% from the total amino-acid content of
the final IV fraction [9]. In the final fraction the
hydrophilic amino-acids consist 70% while the
hydrophobic amino-acids consist 30%. These data
are in good agreement with high solubility of the
fraction in water solution and low slubility in
hydrophobic solvents. The specific activity of the
fraction increases with each step of purification
(Table 1). This shows a strong relationship between
fraction’s specific activity and protein content -
Fig.2.

100

I~
10+ 7

1.0+ 7

Protein content %

0.11 s

100 1000

Specific activity, U/mg

Fig.2. Relationship between protein content and
specific fraction activity in log-log plot.

Solubility of the final 1V fraction

The solubility of the IV fraction was studied
in hydrophilic and hydrophobic solvents-Table 3.
The fraction was 100% soluble and active in water
solutions. In binary H.O: EtOH solutions the
fraction was well soluble and active up to ratio 4/1
between H,O and EtOH. For H,O: EtOH solutions
in ratio 3/1 the fraction was maximum 50% active.
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For H,O: EtOH solutons in ratio 1/1 the fraction
was about 8% active. In hydrophobic solvents the
fraction was not soluble and has no activity.

Table 2. Solubility and residual activity of 1V
fraction (mean = SD, n=3)

- Activity of
Solvents Solubility BAF (A%)
H-0 (pH 6-9.5) soluble 100% active
H,0 : EtOH 90:10 96% + 3.4 %
80:20 84% + 3.8 %
70:30 52% + 4.1 %
60 : 40 24% + 4.0 %
50:50 8% +4.3%
Chlorophorm, eter, non- .
. non-active
aceton solubility
Dimethilformamide :
poorsoluble non-active

dimethilsulfoxide

Ultraviolet (UV), visble (VIS) and infrared (IR)
spectra of BAF

The UV and VIS spectrum of IV BAF in water
(pH 7.0) is given on Fig.3. The UV and VIS
spectrum of the BAF was similar to heparin
spectrum in diapason of 200-420 nm. In the two
spectra was observed maximum of absorbance
(extinction) at 280 nm. This result could be
explained with the fact that BAF and heparin
appear high-molecular polysaccharides.

EXTINCTION

) 380 400 420

Zynm

Fig.3. UV and VIS spectrum of IV BAF and heparin
(0.1mg BAF and heparin in 5ml dH,0, pH 7)

The IR spectrum of BAF into tablets of
potassium bromid (KBr) gives information for
amount of polysaccharides in the fraction-Fig.4.
The first part of IR spectrum of BAF from 400 to
2200 cm?! (signed as 1) was similar to infrared
spectrum of poor alginic acid (Fig.5), which is

polysaccharide with high molecular weght. Infrared
spectrum of IV fraction consist some bands with
absorbance at 1400, 1650, 1050, 3400 and 2925 cmr
1. The well expressed band with maximum at 3400
cm® corresponds to hydrohillic O - H groups, while
the weekly expressed band at 2925 cm’t
corresponds to aromatic hydrohillic O - H groups.
A well expressed band at 1650 cm™ is spcific for C
= O group, and at 1050 cm™ is specific for C - O
group. At 1400 cm? is observed a week band
specific for C - H group [10]. Alginic acid
contained same bands of absorbance as IV BAF : at
3400 cm™?, 2925 ¢cm 1, 1050 cm ' and 1400 cm
1. The only exception is the absorbance at 1610 cm
Lin alginic acid, unlike absorption at 1650 cm * of
BAF. Accordingly to previous NIR spectrometry
analyses of BAF about 74% of total fraction
content was polysaccharides [9]. Giving in the
mind 23% protein in a fraction, about 97% of the
fraction’s content was determined.
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Fig.5. Infrared spectrum of alginic acid into tablets of
KBr

pH dependence of the fraction activity

The pH dependence of a fraction activity was
studied in pH range from 3.0 to 11.5 - Fig.6. The
optimum of the fraction’s activity was between pH
5.5 and 9.8.The fraction show losses activity below
pH 3.5 and over 11.0. In the range of pH 4.0 - 5.5
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g. 6. Effect of pH on fraction’s activity

and pH 10.0 -10.5 the fraction inhibits platelet
aggregation between 10% and 60%. We did not
observed decrease in inhibitory activity of the
fraction stored for three monts at pH 7.3 and
temperature 4°C-18°C.

Fi

Temperature dependence of the fraction activity

The temperature dependence of a fraction
activity was study in temperature interval 10-
100°C, cf. Fig.7.

~ 100
E

FRACTION ACTIVITY

10 20 30 40 50 o0 70 80 9% 100
TEMPERATURE, °C

Fig.7.Effect of temperature on fraction’s activity

The fraction keeps high inhibitory activity in
range of 10- 42°C. In temperature rangre of 42 -
80°C the activity slow decreases and over 80°C the
activity losses. The activation energy of the fraction
inhibitory deactivation was evaluated to be 70 + 4.5
kd/mol. This activation energy is typical for
polysaccharides. This result shows that it is
possible the polysaccharides participate in
inhibiting mechanism of the fraction.

Microcalorimetric study of the BAF

Upon uniformly heating of BAF in differential
scanning microcalorimeter it was registered
endothermic process within range of 65°-92°C with
two maximums-Fig.7: I - corresponding to
denaturation process at 73° C and 1™
corresponding to denaturation process at about
85°C. This is indication that the fraction contains
two proteins and/or protein subunits. The beginning
of denaturation at 65°C coincides with the most
significant loss of fraction’s activity. This fact
confirms the participation of fraction’s protein in
inhibitory mechanisms of the fraction.
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Fig. 8. Microcalorimetric  thermogramm  of
BAF.Concentration of sample and a heating rate are 2,

4%, and 1.5°C/min, respectivelly

Fraction actvity after treatment with chemical
substances and enzymes

The residual fraction activity after treatment
with chemical agents and enzymes presents interest
before in vivo study on laboratory animals. The
influence of chemical substances and enzymes on
the fraction’s activity is given on Table 4 and Table
5.

Table 3. Inhibition effect of BAF after treatment with
chemical agents (mean+ SD, n=5)

mg Activity

Chemical agent  agent/mg of BAF
BAF (A, %)
95.0 +
Control 490
10.0+
Control + BAF 32%
95+
EJITA, Urea 1/4 23 %
Guanidin 3/4 123+
hydrochloride 2.7 %
. . 119+
Bacitracin 1U/4dmg 18 %
CuS04.5H,0, 10.2
MgClL6H0  °%* 1159
6.6
Zn(CH3COO).Pb
(CHsCOO),Pb 054 2094

%

The ion salts (Cu*, Mg*, Zn* and Pb*) had no
influence on fraction activity. Exceptions are the
Fe* ions, which inactivate BAF. EDTA as agen
forming chelate complexes with metal ions does not
alter the inhibitory effect of BAF. The agents that
denatured protein structures (urea, guanidine
hydrochloride and bacitracin) do not affect the
inhibitory effect of BAF on platelet aggregation.
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The treatment of the fraction with a-amilase, B-
amylase, papain, tripsin and hymotripsin did not
influence the activity of the fraction-Fig.5. The
treatment with alkaline protease only leads to
decreases of the fraction activity. The results show
the protein part of the fraction to play major role in
platelet-inhibiting effect

Table 4. Effects of enzymes on fraction activity (mean +

we found that the fraction do not lysate and do not
agglutinate erythrocytes or platelets and do not
precipitate the serum and plasma proteins.

CONCLUSSION

Sustainability of BAF to action of denaturing
chemical agents and proteases (a-amylase, -
amylase, tripsin, hymotripsin and hymopapain) and
lack of destructive influence of fraction on blood

SD,n=5 . . .
) cells gives us reason to think that BAF can find

practical app like dextran, as a component of blood

Enzyme/BAF  Activity of
Enzyme ratio BAF (A %) plasma.
REFFERENCES
Control extract 100 % 1. HR. Rasekh, P. Nazari, M. Kamli-Nejad, L.
Hosseinzadeh, Journal of Ethnopharmacology, 116, 21
Control + BAF 50+£4.0 % (2008).
2. D. Egamberdieva, G. Berg, K. Lingstrom, L.A.
Chymotrypsin 1/10 46+ 5.6 % Rasgen. Plant Soil, 369, 453 (2013).
3. A T. Atanasov, Monograph, COTA(ed)., Stara
Chymopapain 1/10 10+ 1.8 % Zagora, 2006. o _
Trvosin 110 454 3.0 % 4. P.G. Peiretti, F. Gai, Animal Feed Science and
yP S Technology, 130, 257 (2006).
a-amylase 15 38+£3.3% 5. AT Atanassov, B. Tchorbanov, Biotechnology and
B-amylase 1/10 514 3.6 % Biotechnology Equipment, 23, 1109 (2009).
6. AT. Atanasov, Anniversary Conference of the
] Roumen Tsanev Institute of Molecular Biology, 5-6
Albumin 1/10 49+ 4.0 % October, 2015.
Protease 7. AT Atanasov, Journal of Herbs, Spices &
(alkaline) 1/10 70+ 6.0 % Medicinal Plants, 3, 71 (1995_).
0.4 mg 2(319;3\3)8 Zucker, Methods in Enzymology, 169, 118
Blood plasma Bg‘:&laml S0£3.3% 9. A.T. Atanasov, B. Tchorbanov, Comptes rendus de

I’Academie Bulgare des Sciences, 56, 31 (2003).W.
Kemp, Organic Spectroscopy, 3™ edition, MacMillan
Educational, Basingstoke, UK, 1991.

The incubation of BAF in albumin and blood
plasma did not change their activity. An additional,

HAKOU ®U3NKOXMMHNYHU XAPAKTEPUCTUKU HA AHTUTPOMBOLIUTHA ®PAKIIUA
N30JINPAHA OT Galega officinalis L.

A. T. Atanacos'*, C. Panes?, U. b. Croiinepa®

YKameopa gusuxa u 6uogusuxa, Meouyuncku gaxynmem, Tpaxuticku Yuueepcumem, Cmapa 3azopa, Bvieapus,
2Kameopa no ¢papmaronozus, meduyuncku gaxyrmem, Tpaxuiicku Yuusepcumem, Cmapa 3azopa, Bvieapus
SUncmumym no opeanuuna xumus ¢ Lenmwp no pumoxumus, BAH, yn. Axad. I'. Bonues, 6. 9, 1113 Cogus, Bvicapus

[Toctenuna Ha 30 cenemBpy, 2016 r.; Kopurupana Ha 31 suyapu, 2017 .
(Pesrome)

IIpoy4yenu ca HAkoM (GU3MKOXUMUYHH Xapakrepuctuku Ha 100-140 kDa dpakims, n3onupana OT Jie4eOHOTO
pactenue Galega officinalis L. IMonydyenara ¢pakuus € BOAHOPA3TBOpHMA M MOTHUCKa TPOMOOLMTHATA arperawus
MHHUIUMpaHa ¢ ajeHo3uHaudocdaT, TpoMOMH M KoslareH. TpeTHpaHeTo Ha (QpakuusATa ¢ MPOTEOJUTHYHH €H3UMH HE
BIMsC BBPXY CINOCOOHOCTTa M Ja MHXMOMpa TpoMOomuTHara arperaumsi. V3onmupanata ¢pakiusi IpeacTaBisiBa
BHCOKOMOJIEKYJICH MOJIN3axXapul, ChIbprkamt 23% npoTernH. AKTUBHOCTTA Ha (pakIusaTa ce 3ama3Ba cile/l ChbXpaHsiBaHe
u 3a Hsakoako mecena npu -4°C B N3H-H20 pasteopu npu weyrpanso pH, kakro u cien nuodummszanus. Opakimsra
NposiBIBa MaKCHMaJlHa AaKTHBHOCT B TemmeparypHus auamnazoH 10°C-42°C u B pastBopu ¢ pH 5.5- 9.8.
MUKpPOKaTOPUMETPUYHUAT aHAJIN3 Ha (paknusaTa MOKasa, 4e TS ChAbpXKa ABe OenThuHU cyOenuunnu. [lomyuenara
aHTUpOMOOIMTHATA (PPAKLMS MOXKE Ja HAMEPH ITPUIIOKEHHE MT0JOOHO Ha BUCOKOMOJIEKYIIHUTE JIEKCTPaHH.
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aHTUpOMOOIIMTHATA (DPAKIIMS MOXKE 2 HAMEPH MIPUIIOKEHNE TTOJOOHO Ha BUCOKOMOJIEKYITHUTE IEKCTPaHU.
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Modulating effect of new neuropeptide on central nervous system and on dopamine
neurotransmission in mice
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The neuropeptide with code P2 (Nociceptin analogue, modified in position 13 with unnatural amino acid
canavanine, Cav) is object of present work. We investigated its central nervous system (CNS) activity and modulating
effect on dopamine levels in mice brain. The substitution of Lys'® by Cav in the nociceptin molecule affects the
selectivity of the peptide action. P2 has dose-dependent antinociceptive effect in mice and also changed some brain
neuromediators via decrease of dopamine uptake. The synthesized nociceptin analogue has promising pharmacological

effects on CNS.

Key words: neuropeptide, hexobarbital narcosis, nociception, dopamine uptake

INTRODUCTION

Neuropeptides as signaling molecules in the
brain are engaged in many physiological functions.
They influence activities in the brainand body,
such as analgesia, food intake, learning and
memory.

The Nociceptin/Orphanin  FQ (N/OFQ) s
involved in a wide range of physiological responses
with effects noted in the nervous system (central
and peripheral) but the mechanisms are complex
and not well understood yet [1-2].

The modern drug design develops new ligands
on the basis of well-known active peptides with
improved pharmacokinetic properties [1-6]. Several
groups have active structure—activity relationship
programmes that are based on native Nociceptin [3-
6].

Object of this study is one short-chain
neuropeptide analogue of Nociceptin (with code
P2), containing unnatural amino acid canavanine
on position 13 [7,8]

Having in mind its molecular design we decided
to study its effects on central nervous system (CNS)
and dopamine (DA) uptake.

Previous  studies  established significant
biological activity and low oral and intraperitoneal
toxicity of the compound (unpublished data).

*To whom all correspondence should be sent:

E-mail: lyubkatancheva@gmail.com

P2 — FQ (1-13) NH2 Nociceptin analogue

H-Phe-Gly-Gly-Phe-Thr-Gly-Ala-Arg-Lys-Ser-Ala-
Arg-Cav-NH;

NH O

(o]

O NH
o

HN. o o X
: NH HN
HN O

HN

HO
O O_ HN
HN “NH HN o] NH,
HN= © H NH HN—
NH;  NHO NH

OH
ﬂNH o NH»
HaN o 7 o
HN OH
NH HNui-
S >
o o
(o) HoN
HoN

Nociceptin

Purpose: To study the central nervous system
activity of P2 and its modulating effects on
dopamine levels in mice brain.

EXPERIMENTAL

Materials and methods. Chemicals

The peptide P2 was synthesized by Pajpanova et
al. [8] in the Institute of Molecular Biology at the
Bulgarian Academy of Sciences. Acetic acid and
Hexobarbital sodium salt were provided by
SIGMA-ALDRICH.

The new neuropeptide was applied daily on
adult male ICR mice in effective dose.
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Animals

Albino male ICR mice (body weight 18-20 g)
were supplied by Experimental Breeding Base-
Slivnitza at the Institute of Neurobiology
(Bulgarian Academy of Sciences). Animals were
housed in plexiglass cages (6 per cage), under
standard laboratory  conditions (ambient
temperature 20°C £ 2°C and humidity 72 % = 4 %),
water and standard pelleted food ad libitum. All
performed procedures were approved by the
Institutional Animal Care Committee and the
principles stated in the European Convention for
the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes
(ETS123) were strictly followed throughout the
experiment.

Methods

Studies for effect of P2 on nociception

New compound applied in an effective dose of 4
mg/kg was studied for its activity on nociception
using Acetic acid test [9]. The number of
abdominal cramps for 20 minutes after acetic acid
application was measured. Dose-effect analgesic
activity of compound P2 was studied in doses 4, 8
and 16 mg/kg b.wt. i.p. according to the same
method.

Modulation of brain neurotransmission

In another experiment dopamine (DA) uptake in
mouse brain was determined. After decapitation of
animals the brain was cold removed. The brain
samples were homogenized in 10 volume of 0.32 M
sucrose and centrifuged at 1000 x g for 19 min. The
supernatant was carefully removed and centrifuged
at 20 000 x g for 30 min. The resulting pellet was
suspended in 10 volume of 10 mM Tris-HCI buffer,
pH 7.7 and assayed for DA uptake and protein
content. Synaptosomal DA uptake was measured
according to Lai et al. [10]. Protein was measured
by the method of Lowry et al. [11] with bovine
serum albumin as a standard.

Effects of the new compound on CNS

The activity of the new compound on the CNS
was studied evaluating its influence on the
hexobarbital narcosis (HB — 100 mg/kg b.wt. i.p.).
HB was used as central nervous active agent, but
also as known model substrate of hepatic
cytochrome P-450 monooxygenases. An effective
dose 4 mg/ kg i.p. of new compound was applied
20 minutes before HB administration. The changes
in duration of HB narcosis (in minutes) were
estimated in the groups according to the reflex of
reversal [12].

Statistical analysis

Experimental results were performed using t-test
of Student Fisher.

RESULTS AND DISCUSSION
Antinociceptive activity of P2

In our experiments we established that P2 had
significant anti- nociceptive effect. In effective dose
4 mg/kg i.p. it decreases abdominal cramps with
over 25%. This effect is dose-dependent and
significant (Fig. 1 and Fig. 2).
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T
s 8 ﬂ :% i— =8 mg/ml
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Fig. 1. Dose dependent analgesic effect of P2 according
Acetic acid test
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Fig. 2. Dose-dependent analgesic effect of P2 (% vs
Controls) (*P<0.05)

The chemical similarity of P2 structure as
nociceptive analogue probably makes it to act as
ligand of N/OFQ receptors. Probably the pain
modulation by P2 is result of possible interactions
with N/OFQ receptor/s and deserves further
experimental studies.

Influence of compounds on brain mediators

Established antinociceptive effect of P2 is
accompanied by significant decrease of brain DA
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uptake (by 77% in compare to control group)
(Fig.3).

It is well known that DA (as antipsychotic drug)
acts as blockers of DA receptors (in particular D2-
like receptors) [13]. We assume existing connection
between increased content of DA (as result of
decrease = DA  uptake) and  established
antinociceptive effect of P2.

100%
90%

80%
70%
60%
50%

40%

% v/s controls

30% *

20%
10%
0%

CONTROLS P2

Fig. 3. Decrease of brain Dopamine uptake (*P<0.05)

There is a proof in literature that N/OFQ can
modulate rat dopamine neurons. Microdialysis
studies have identified a suppressive effect of NOP
on dopamine release from mesolimbic neurons
[14]. Our data are in agreement with some reports
about potent inhibition of the uptake of rat DA
transporter by N/OFQ. Established inhibitory effect
of P2 on DA uptake probably is mediated via NOP
receptors. Maybe a new Nociceptin analogue P2
also is a ligand for this opioid receptor/s.

Established results suggest that P2 is a
modulator of dopamine transport and that it affects
on CNS at least partly by inhibiting dopamine
transporter and directly affecting dopamine
transmission [15]. Obviously studied analogue of
N/OFQ is active and modulates pain together with
dopamine content in brain.

Influence of compounds on the HB-narcosis

We established also in our experiments that P2
decreased significantly duration of HB narcosis (by
over 40%), but the mechanism is still unknown

(Fig. 4).
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Fig. 4. Effect of P2 on Hexobarbital narcosis (*P<0.05)

It is possible the substance P2 accelerates the
elimination of HB via stimulating hepatic
metabolism. But this interaction with HB can be
due also to functional antagonism between HB and
new neuropeptide on the level of CNS and/or to
receptor interactions. It is known that N/OFQ
receptor is a target with broad therapeutic potential.
It is involved in a wide range of responses and thus
has wide potential for drug development [16].
N/OFQ peptide and its receptor have been
implicated also in a host of brain functions and
diseases.

Further experiments could clarify whether the
mechanism of this interaction is on the metabolic
level or on CNS level.

CONCLUSIONS

Compound P2 as N/OFQ analogue possess
significant dose-dependent antinociceptive activity
due probably to its interaction with N/OFQ
receptors in brain. P2 can modulate effectively
brain DA uptake and also antagonized HB narcosis
by unknown for now mechanism.
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OOekt Ha mpejacTaBeHata pabora e HeBporenTua P2 (HOUUIENITHHOB aHanor, Moauduipad B 13-ta mo3umus ¢
amuHokucenuHata KanaBaunun /Cav/). V3cnenBana e akTHBHOCTTAa My BBpXY IlleHTpanHata HepBHa cuctema (ITHC),
KaKTO M MOJYJMPAIMAT My e(eKT BbpXy JONaMMHOBOTO HMBO B MO3BK Ha MHMIIKH. 3aMsHata Ha Lys'® ¢ Cav B
HOIOUICIITUHOBATA MOJICKYJIa MOBJHABA CCJICKTUBHOCTTA Ha NEITUIHOTO Z[eflCTBHe. P2 JACMOHCTpUpA 103a-3aBUCUM
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Effect of high- fructose diet on plasma leptin levels, morphological and biochemical
parameters in ovariectomized rats
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Leptin, the obese gene product, is an adipocyte-derived hormone that regulates body weight and metabolism by
influencing food intake and energy expenditure. Postmenopausal status and high consumption of fructose are associated
with increased incidence of visceral obesity and risk of metabolic syndrome, type 2 diabetes and cardiovascular
diseases. The main objective of this study was to determine alterations in body weight, abdominal fat mass, plasma
leptin levels, serum glucose and lipid profile (total cholesterol, triacylglycerol, high-density lipoprotein cholesterol and
low-density lipoprotein cholesterol) in ovariectomized rats subjected to a fructose rich diet. Twenty-four adult female
Wistar rats were divided into four groups: control sham-operated (SHAM, n = 6), ovariectomized (OVX, n = 6), sham-
operated plus fructose (SHAM-F, n = 6 ) and ovariectomized plus fructose (OVX-F, n = 6). Fructose was given to the
rats as 10% solution in drinking water for 8 weeks. The results indicated that plasma leptin levels were increased
significantly in OVX and OVX-F groups compared with SHAM and SHAM-F groups (4466,66 + 179,23 pg/ml and
2758.33 £ 682.47 pg/ml vs. 1965.33 + 179.23 pg/ml and 1706.50 + 232.15 pg/ml, respectively). Although leptin levels
were not significantly different in the sham-operated and sham-operated plus fructose groups, there is a tendency for
lower leptin levels in the sham-operated plus fructose group. The body weight was significantly increased in the OV X,
OVX-F and SHAM-F groups compared with the SHAM group. Abdominal adipose tissue and biochemical parameters
were significantly higher in OVX and OVX-F compared to those of control animals. In conclusion, excessive
consumption of fructose may contribute to metabolic disorders and expressed predisposition to chronic non-infectious
diseases observed in the postmenopausal condition. Furthermore, the results showed that a high-fructose diet and
ovariectomy affect leptin levels in different directions, which may be due to interference on the various signal-
transduction mechanisms in leptin synthesis and secretion.

Key words: leptin, ovariectomy, obesity, metabolic syndrome, high-fructose diet

INTRODUCTION with postmenopausal women receiving hormone
replacement therapy [7].
Together with changes in fat distribution and

metabolic disorders, the lack of estrogen is

The lack of ovarian function in the
postmenopausal period is associated with a high

incidence of visceral type obesity and several
metabolic disorders [1]. Estrogen deficiency has
been proposed as an important obesity-triggering
factor [2]. Experimental studies in rodents and
humans support the involvement of estrogen in the
control of energy balance [3], food intake [4], and
body fat distribution [5]. In ovariectomized rodents
— an animal model used to study human menopause
— higher body weight and visceral adipose tissue
have been observed than in sham-operated rodents.
These ovariectomy disorders have been reversed by
estradiol administration [6]. Postmenopausal
women who have low levels of estrogen showed a
significant increase in waist-to-hip ratio compared

* To whom all correspondence should be sent:
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accompanied by abnormalities in the synthesis and
signaling pathways of a number of peripheral
peptides which participate in the regulation of
energy homeostasis, such as leptin. Leptin is a 16-
kDa peptide hormone that is secreted mainly by
adipose cells [8]. It reduces feeding and increases
energy expenditure by acting at sites primarily
within the central nervous system [9], where it
binds to leptin receptors (OB-Rs).There are
multiple OB-Rs isoforms, all of which are products
of a single OB-Rs gene, and it is thought that a long
form of leptin receptor (OB-RL) is mainly
responsible for regulating energy balance [10]. An
intimate relationship between leptin and estrogen
was described in many in vitro and in vivo studies,
demonstrating a direct effect of estrogen on leptin
expression [11] and leptin signaling in the brain
[12].
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In recent decades, there is a tendency to increase
energy intake due to the widespread use of high-
fructose corn syrup in beverages. High fructose
consumption has been linked to the development of
insulin resistance, dyslipidemia and visceral obesity
[13]. An animal study has observed that dietary
fructose leads to a decrease in serum leptin levels,
increased food intake and weight gain [14].
Accordingly, the objective of this study was to
investigate the effect of a high-fructose diet on
weight gain, abdominal fat mass, lipid profile,
serum glucose level and plasma leptin
concentration in ovariectomized and sham-operated
rats.

MATERIALS AND METHODS
Experimental Animals.

Female Wistar rats weighing 190 — 220 g were
studied. The rats were kept in the accredited
vivarium of the Medical Faculty, Trakia University
at 25+1 °C with a light/dark photoperiod of 12/12
hours and free access to chow diet and water for a
week before the study.

Experimental design.

The twenty-four experimental animals were
randomly divided into two groups: ovariectomized
group (n=12) and sham-operated-group (n=12). The
ovariectomy procedure was performed by a dorsal
midline skin incision through which the ovaries
were bilaterally clamped and removed. The uterine
horns were tied and the uterus was left intact. In the
sham-operated group, the ovaries were exteriorized
to create similar stress, but were not clamped and
removed. After surgery, the animals were allowed
to recover for 4 weeks. After recovery, the
ovariectomized and sham-operated groups were
each subdivided into two new groups, based on the
type of diet: control sham-operated (SHAM, n=6),
sham-operated plus fructose (SHAM-F, n=6),
ovariectomized (OVX, n=6) and ovariectomized
plus fructose (OVX-F, n=6). During the 8-week
period, all the rats were fed with a standard diet; in
addition, the fructose groups received a 10%
solution of fructose in drinking water. Body weight
was measured at the end of the recovery period and
at the end of every two weeks during the
experiment. At the end of the experiment, the rats
fasted overnight were anesthetized with a mixture
of ketamine - xylazine (90 and 10 mg/Kkg,
respectively, i.p.). Blood samples were collected for
serum and plasma separation by abdominal aorta
puncture. The mesenteric (MAT), retroperitoneal
(RAT) and subcutaneous (SAT) adipose tissue were

dissected and externalized. The fat was weighed
immediately after dissection in order to avoid
weight loss by evaporation.

The experiment was conducted in compliance
with the requirements of national legislation and the
European Directive 2010/63/EU of 22.09.2010 on
the protection of animals used for scientific
purposes.

Determination of glucose and lipid profile.

Glucose and lipid parameters (triglycerides, total
cholesterol, HDL- and LDL-cholesterol) in serum
were examined using an automatic analyzer
Mindray BS300.

Determination of leptin levels.

All samples were centrifuged and the plasma
was stored at -20 °C until analysis. Levels of
plasma leptin were assessed using ELISA kit
(BioVendor Mouse and Rat Leptin ELISA Kit)
according to the manufacturer’s instructions.

Statistical analysis

The data were analyzed using the Student’s t-test
on Statsoft Statistica v.8. Results were expressed as
mean + standard deviation (SD) and values of p >
0.05 were considered statistically insignificant,
while those of p < 0.05 were considered significant.

RESULTS AND DISCUSSION

Body weight and adipose tissue. Figure 1 shows
the changes in body weight of the different groups
for the duration of the study. As expected, after
recovery for 4 weeks the OVX rats exhibited the
highest body weight. This is consistent with other
clinical [15] and experimental studies [6] which
demonstrate that lower levels of estrogen after
ovarian function failure are associated with weight
gain (Fig. 1).

400

350

Body weight (g)

200

£ ISHAM

E novx

£ Il SHAM-F

150 4 VOVX-F
week 1 week 4 week 6 week 8 week 10 week 12

Fig. 1. Changes in body weight of different studied
groups for the duration of the study, *p < 0.05.
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After the 8-week feeding period with 10%

fructose solution, a statistically significant
difference (p < 0.05) was found between the mean
body weight of the OVX, OVX-F and SHAM-F
groups compared with the SHAM group.
Mesenteric  and  retroperitoneal fat  were
significantly increased in the OVX and OVX-F
groups compared with the SHAM group. Moreover,
the OVX-F group showed a significant increase in
MAT when compared with the SHAM-F group;
while retroperitoneal fat depot weight was
significantly higher in the OVX group that in the
SHAM-F group (Table 1).
Bocarsly et al. [16] observed such changes in body
weight and fat depot weight after 7 months of a
high-fructose diet in female rats with intact ovarian
function. Another study has demonstrated that the
application of a 10% fructose solution in drinking
water for 24 weeks in female rats increases visceral
fat accumulation but does not alter body weight
[17].

Our results demonstrate that ovariectomy leads
to a significant increase in visceral fat depot. These
results align with others previously reported [7]. It
has been proposed that estrogen can modulate body
fat distribution, adipocytes size and number [18] as
well as adipocyte lipolisis [19]. This is supported
by the presence of estrogen receptors in the
abdominal and subcutaneous fat [20]. Moreover,
estrogen receptors have been found to be expressed

in hypothalamic nuclei which are linked to the
regulation of energy homeostasis [21].

Plasma Leptin Concentrations. In the OVX
group and OVX-F group, leptin levels were
significantly elevated compared with the SHAM
and SHAM-F groups (4466,66 + 179,23 pg/ml and
2758.33 + 682.47 pg/ml vs. 196533 + 179.23
pg/ml and 1706.50 + 232.15 pg/ml, respectively).
No statistical difference was found in plasma leptin
levels between SHAM and SHAM-F groups.
However, there was a tendency for lower leptin
levels in the SHAM-F group. Moreover, the OVX
group showed significantly higher plasma leptin
levels compared with the OVX-F group (Fig. 2).

Our results support other authors who have
demonstrated that estrogen  deficiency s
accompanied with higher plasma leptin levels [22,
23] and this may be explained by the effect of
estrogen on leptin synthesis in adipose tissue [24]
and on leptin sensitivity in the hypothalamus [25,
26]. However, other researchers have found a
positive correlation between serum estrogen and
leptin concentration [27]. Interestingly, Chu et al.
have demonstrated that ovariectomy in rats leads to
an initial decrease in serum leptin levels, followed
by an increased production of leptin [28].

Table 1. Changes in anthropometrical and biochemical parameters in SHAM, OV X, SHAM-F and OVX-F rats at
the end of the experimental period. Values are presented as mean + SD; a - p<0,05 significantly different from the
SHAM group, b - p<0,05 significantly different from the OVX group, and ¢ - p<0,05 significantly different from the

SHAM-F group.

Parameters SHAM OVvX SHAM-F OVX-F
Serum total 3,5+0,6 49+0,2 3¢ 4,0+0,3 5,5+0,58a¢
cholesterol (mmol/I)

Serum HDL- 1,19+0,1 1,3+0,1 1,2+0,2 1,2+0,1
cholesterol (mmol/l)

Serum LDL- 1,7+0,6 3,2+0,33¢ 22+04 3,7+0,62°¢
cholesterol (mmol/l)

Serum TAG 1,9+0,1 2,0+0.4 2,2+0,1 2,6+0,2
(mmol/l)

Serum glucose 49+0,8 8,8 +1,82¢ 6,5+1,2 9,8 +1,72¢
(mmol/l)

Retroperitoneal fat 3,6+04 6,1 £1,22a¢ 44+0,8 55+1,42
depot weight (g)

Mesenteric fat depot 4,4+0,7 6,4+1,62 55+1,0 7,1+£1,28¢
weight (g)

Subcutaneous fat 2,9+0,5 3,3+£0,7 32+04 3,1£0,2
depot weight (g)

136



S.M. Mihajlova et al.: Effect of high- fructose diet on plasma leptin levels, morphological and biochemical parameters in...

5000

4000

@
S
S
S

Leptin concentration
(pg/ml)

2000

1000

SHAM

SHAM-F
Group

Fig. 2. Leptin concentration in plasma (pg/mL) of
different studied groups at the end of the study. a:
significantly different from the SHAM group, b:
significantly different from the OVX group, and c:
significantly different from the SHAM-F group, d:
significantly different from the OV X-F group, p< 0.05.

In this study we have found that dietary fructose
decreases plasma leptin levels in the OVX-F and
SHAM-F groups compared with the OVX group.
This supports the results obtained by Teff et al.
[14]. Another study has found that fructose, unlike
glucose, does not stimulate insulin secretion [29].
Low levels of insulin in a high-fructose diet could
explain the increased food intake through the
following mechanisms. First, in the central nervous
system, insulin has a direct inhibitory effect on food
intake [30] and second, insulin may modulate food
intake by its effects on leptin secretion [31].
Another study has suggested that fructose
consumption may induce central leptin resistance,
while serum leptin levels, body weight and fat mass
remain unchanged [32]; this may be due to the
impairment of leptin transport across the blood-
brain barrier, which includes leptin receptors and
can be easily saturated [33]. An important role in
the saturation of this transport mechanism is
attributed to hypertriglyceridemia associated with a
high-fructose diet [34].

Serum glucose and lipid profile. We have
observed that in the OVX-F and OVX groups the
levels of serum glucose, total cholesterol and LDL
cholesterol were significantly increased when
compared to the SHAM and SHAM-F groups
(Table 1).

The present study shows that ovariectomy
causes serious disturbances in the lipid profile,
expressed in increased total cholesterol and LDL-
cholesterol accompanied by impaired glucose
homeostasis. We have found no significant
difference in serum triglyceride levels in all of the
studied groups. Regarding serum glucose, our

results show that administration of a 10% fructose
solution for 8 weeks in sham-operated as well as in
ovariectomized animals is accompanied by high
levels of fasting blood glucose. Insulin resistance
has been proposed as a major cause of impaired
glucose tolerance in a high-fructose diet [35].
Moreover, we have found that ovariectomy leads to
impaired glucose tolerance, which may also be due
to impaired insulin-mediated glucose utilization as
a result of estrogen deficiency [36]. However, the
exact mechanism of insulin resistance in the bsence
of ovarian function remains unclear.

CONCLUSION

This study demonstrates that 8 weeks of
administration of a high-fructose diet as a 10%
solution in drinking water on ovariectomized
Wistar rats leads to manifest metabolic and
morphologic disturbances and an alteration in leptin
metabolism. Low plasma levels of leptin as a result
of a high-fructose diet suggest that fructose affects
mostly leptin production and secretion. This
indicates that fructose could contribute to decreased
satiety and increased food intake. In contrast,
estrogen deficiency is associated with higher
plasma concentrations of leptin, which could be due
to its influence on leptin signal transduction. In
conclusion, disturbances in leptin metabolism
determine a positive energy balance and weight
gain. Further studies are needed to elucidate the
role of a high-fructose diet on leptin action in the
regulation of food intake and to provide detailed
understanding of  the mechanisms of
postmenopausal obesity.
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JlenTHHBT € MPOAYKT HAa OD-reHa m aguIOKWH, KOMTO peryinpa TeIecHOTO TerIO W MeTabon3Ma upe3 HOBIHsIBAHE
IpueMa Ha XpaHa M pasxoza Ha eHeprus. IlocTMeHomay3aTa ¥ BHCOKaTa KOHCyManusl Ha (ppykTo3a ca CBBP3aHH C
MOBHUINICHA YECTOTa HA BUCLEPAIHO 3aTIBCTABAHE U PUCK OT METAOOIUTEH CHHAPOM, JUA0ET THI 2 U ChPACYHO-CHIOBH
3abonsBanns. OCHOBHATA II€]1 HA TOBA IPOYYBAHE € /1a CC ONPEACIAT NIPOMEHHUTE B TEJICCHOTO TEINIO, MAaCTHATA THKaH,
IUIa3MEHUTE HUBA Ha JIENTHHA, CEpYMHATa DIIIOK03a M JIMIHIHUS npodui (o0ur xoiecrepod, Tpuanminunepon, HDL- n
LDL-xonectepos) B OBapUEeKTOMUpPAHH ILTbXOBE, MOJIOKEHHM Ha Oorara Ha (¢pykroza auera. [[Bajgecer W yeTupu
Bb3pacTHH XKeHCKH Wistar IiIbXoBe 0sxa pa3ieiieHd B YETUPH IPYNU: KOHTpoiHa (anmunBo onepupanu (Sham, 6 6pos),
oBapuekromupanu (OVX, 6 6post), panmmBo onepupanu miroc ppykrosa (Sham-F, 6 Opos) 1 oBaprueKTOMUpPaHH ILTIOC
¢pyxroza (OVX-F, 6 Opos). ®dpykrozara Oemie naBaHa Ha rurbxoBere karo 10% pasTBop B muTeliHara Boxa 3a 8
ceamuIy. Pesynrarure mokassar, 4e IUla3MEHUTE HUBA Ha JENITHHA ce yBeauudaBar 3HaunTenHo B OVX u OVX-F rpymu
B cpaBHeHHe ¢ Sham u Sham-F rpymm (4466,66 + 179,23 pg/ml u 2758,33 + 682.47 pg/ml cpemy 1965,33 £ 179.23
pg/ml u 1706,50 + 232.15 pg/ml, croTBeTHO). BBIpekn ue nenTHHOBHUTE HUBA HE C€ pa3iIN4yaBaT CUTHHU()UKAHTHO BB
¢ammuBo onepupaHara ¥ GaIMIUBO ONEpUpaHaTa IUTIOC PPYKTO3a TPYIH, ce HaOIoaaBa TeHACHIMS 3a HaMaJlsIBaHe Ha
HHUBaTa Ha JIENITHHA BB (AJIINBO ONEpHpaHara IUIoc (GpyKro3a rpyna. TerecHOTO TEerIo € 3HAYMTENHO HOBHUIICHO B
OVX, OVX-F u Sham-F rpymu B cpaBHerme ¢ Sham-rpymara. Termara Ha a0moMuHaimHAaTa MacTHa TBKaH H
CTOHHOCTUTE Ha OMOXMMHUYHHUTE MapaMeTpu ca CUTHH(UKaHTHO mo-Bucokd B OVX m OVX-F B cpaBHeHHE ¢ Te3H Ha
KOHTPOJIHUTE )KMBOTHH. B 3aKkitoueHue, mpekoMepHaTa KOHCyMalus Ha ()pyKTo3a MOXKe Jla IOTIPUHECEe 32 MeTa0OIUTHU
HapylIeHHs W TPenpasloioKeHne KbM XPOHMYHM HEMH(EKIMO3HM 3a00JsiBaHus, HaONIONaBaHU B IIepHOJa Ha
noctMmeHomnay3ara. OCBeH TOBa pe3y/JTaTHTE MOKa3BaT, Y€ BUCOKO(MPYKTO3HATa JIUETa M OBAPHEKTOMUSTA MOBJIMUSBAT
JICITHHOBUTE HUBA B PA3JIMYHU IOCOKH, KOETO MOXE Ja C€ IB/DKM Ha CMYIICHMS Ha pPa3MYHM  CHUTHAJHO-
TPAHCIYKIMOHHH MEXaHH3MHU B JICITHHOBHSI CHHTE3 U CEKPELHSL.
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Unacylated ghrelin (UAG) amounts to 80-90% of the circulating orexigenic hormone ghrelin. Studies suggest that
both acyl ghrelin (AG) and UAG may mediate peripheral biological actions and UAG can act as a potent functional
inhibitor of ghrelin. The aim of this study was to track changes in unacylated ghrelin in plasma in a control and three
experimental (fructose, sucrose and aspartame) groups of rats and to compare them with some morphological and
metabolic parameters. An 8-week burdening of 28 male Wistar rats with 15% fructose (Group F, n = 7), 10% sucrose
(Group S, n = 7) and 0.3% aspartame solutions (Group A, n = 7) was carried out. An increase in average body weight
was found in the following order: sucrose group > fructose group > aspartame group > controls. Significant difference
was found in the mesenteric fat depot weight of Group F vs. Group C. An increase in unacylated ghrelin levels and in
general metabolic parameters (glucose, triglycerides, total and LDL-cholesterol, AST, ALT) of the fructose and sucrose
groups compared to controls was registered. Moreover, changes in some metabolic markers in the aspartame group
were also seen. In conclusion, the results of the current study suggest that elevated unacylated ghrelin might trigger
changes in the regulation of food intake and further development of obesity, metabolic disorders and chronic
noninfectious diseases.
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INTRODUCTION receptors T1R2 and T1R3 (G-coupled receptor
Excessive consumption of sucrose and fructose proteins), which have_ also_ been found in the
duodenum, small intestine and pancreas.

(in the form of high fructose corn syrup) is one of
the most serious causes of obesity and
comorbidities, such as hypertension, diabetes,
nonalcoholic fatty liver disease and coronary heart
diseases, which are associated with a significant
increase in morbidity and mortality rates [1,2,3,4].
In order to reduce sucrose and fructose
consumption they are replaced with artificial
sweeteners like aspartame. Sweeteners are widely
used in many products, such as desserts and diet
beverages, as a mean to prevent body mass gain,
metabolic syndrome, diabetes, and several risk
factors for heart disease. In 2012, the American
Heart Association and American Diabetes
Association concluded that there are still
insufficient data to determine the role played by
artificial sweeteners in the regulation of energy
balance, body weight, and influence on
cardiometabolic risk factors [5]. There is evidence
that non-caloric sweeteners increase appetite,
promote overeating, and lead to body mass gain [6,
7, 8]. The mechanisms by which this occurs remain
unknown. It is probable that a significant role in
this mechanism is played by the sweet taste

Stimulation of this taste receptors by sugars or
artificial sweeteners activates intracellular signaling
elements, which stimulate peripheral gustatory
nerves and, in turn, brain gustatory pathways [9,
10]. The artificial sweeteners weaken a natural
predictive relationship between sweet taste and the
calorie intake during eating.

One of the main factors for the regulation of the
energy homeostasis is ghrelin. It can be found as
two isoforms in the circulation: acylated ghrelin
(AG) and unacylated ghrelin (UAG). Acylation is
catalyzed by the enzyme ghrelin O-acyl transferase.
The appetite-stimulating function of AG was
identified secondary to its effect on the growth
hormone release from somatotroph cells of the
anterior pituitary [11]; however, AG is the first
known peripheral hormone to display orexigenic
effects through its action on the hypothalamic
appetite-regulating pathways [12]. AG activates
NPY/AgRP neurons [13] of the hypothalamic
arcuate nucleus through its receptor, GHS-R1a,
promoting production and secretion of their
orexigenic  neuropeptides to suppress pro-
opiomelanocortin ~ neuronal  activity  while
stimulating food intake. There is evidence to show
* To whom all correspondence should be sent: that ghrelin is important in the short-term regulation
E-mail: rossisandeva@yahoo.com of appetite and energy balance. The pre-prandial
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rise and post-prandial fall in plasma ghrelin levels
support the hypothesis that ghrelin acts as an
initiator signal for meal consumption in humans
[14]. Ghrelin also appears to be involved in the
regulation of long-term energy homeostasis [14].
This peptide hormone has been described as the
peripheral counterpart of insulin and leptin, and
adenosine monophosphate-activated protein kinase
also appears to be involved in its peripheral
metabolic effects [15]. Ghrelin reduces the use of
fat as a metabolic fuel and promotes an increase in
adipose tissue and body weight [16]. Circulating
ghrelin induces abdominal obesity, independently
of its central orexigenic activity, via GHS-R-
dependent lipid accumulation in fat depots [17].

Long considered to be an inert degradation
product of AG, UAG (or des-acyl ghrelin)
nowadays emerges as an important hormone, apart
from the other proghrelin-derived peptides, AG and
obestatin. UAG amounts to 80-90% of the
circulating orexigenic hormone ghrelin. UAG
appears to have its own receptor, and it can share
this receptor with AG, under experimental
conditions at least. An increasing number of studies
suggest that UAG can act as a potent functional
inhibitor of ghrelin. It can even strongly suppress
ghrelin production in obese human diabetic subjects
[18]. Moreover, UAG can improve postprandial
glycemia, especially in those subjects in whom
preprandial acylated ghrelin levels are high, which
makes UAG, or UAG-analogs strong potential
candidates for the development of drugs for the
treatment of metabolic disorders or other conditions
in which elevated AG/UAG ratios occur, such as
diabetes, obesity and Prader-Willi syndrome [19].

Therefore, the aim of this study was to track
changes in UAG in plasma of experimental rats and
to compare them with some morphological and
metabolic parameters.

EXPERIMENTAL
Animal models

Male albino Wistar rats weighing circa 250 g
were kept in the accredited Vivarium at the Medical
Faculty, Trakia University at 25+1°C with a
photoperiod light/dark of 12/12 hours and free
access to water and food. The standard diet was
composed of starch - 50%, protein - 20%, fat - 3%,
cellulose - 5%, standard vitamin and mineral mix.
After adaptation (one week) an 8-week treatment of
the 28 male rats with drinking water (control Group
C, n =7), 15% fructose solution (Group F, n = 7),
10% sucrose solution (Group S, n = 7), and 0.3%
aspartame solution (Group A, n = 7) was carried

out. Food intake was recorded daily and animal
weight was monitored at the end of the 2nd, 4th,
6th and 8th week. The containers with water and
sweet solutions were supplemented every two days,
once a week the amount consumed by all groups
was calculated and the average intake of solutions
in g/100 g body weight per day for the experimental
groups was determined.

At the end of the experiment the rats were fasted
overnight and anesthetized with a mixture of
ketamine-xylazine (90 and 10 mg/kg respectively,
i.p.). Blood samples were collected for serum and
plasma separation by abdominal aorta puncture.
Depots of retroperitoneal, mesenteric (visceral) and
subcutaneous adipose tissue of the back were
removed and weighed immediately after dissection
in order to avoid weight loss by evaporation. Fat
depots were measured in mg/100 g body weight.

The experiment was conducted in compliance
with the requirements of both the national
legislation and the European Directive 2010/63/EU
of 22.09.2010 on the protection of animals used for
scientific purposes.

Blood collection and biochemical analyses

In sera from venous blood collected from the tail
vein at the beginning and from the abdominal aorta
(under ketamine-xylazine anesthesia) at the end of
the experimental period glucose, lipid parameters
(triglycerides, total cholesterol, HDL- and LDL-
cholesterol), and the levels of uric acid, ALT and
AST were examined using an automatic analyzer
Mindray BS300.

Blood collection and measurement of unacylated
ghrelin in plasma

Blood samples from the abdominal aorta were
collected in tubes containing EDTA. Samples were
centrifuged at 3,500 rpm for 10 minutes at +4°C
and then supernatants were transferred into separate
tubes. Samples were stored at -20°C until analysis.
Levels of plasma unacylated ghrelin were assessed
using the BioVendor Rat Unacylated Ghrelin
ELISA kit, based on a double-antibody sandwich
technique (BioVendor - Laboratorni medicina,
Czech Republik) according to the manufacturer’s
instructions. The assay sensitivity was 8 pg/ml.

Statistical analysis

The results were analyzed by Student's t-test on
Statistica v.12 (StatSoft, Inc.). Correlation analysis
with determination of correlation coefficient r was
also performed. Differences were considered
significant if p<0.05.
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RESULTS AND DISCUSSION

Following the changes in body weight of the
control and experimental groups of rats, it was
observed that all experimental groups had higher
mean body weight at the end of the 8-week period
than the controls (Fig. 1). However, only the
animals overloaded with sucrose had significantly
higher mean body weight than controls (p<0.05).

450

400

Sucrose*
350 -&-Fructose
-&-Aspartame
300 Control

7

250
Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

Fig. 1. Dynamics in group mean weight (g) for eight
week period, *p < 0.05.

Moreover, rats from Group S elicited greater
body mass gain than rats from the other
experimental groups. This could be due to the

presence of both glucose and fructose derived from
hydrolysis of sucrose. Glucose is metabolized
widely in the body for energy, glycogen storage or
synthesis of fatty acids, while fructose is
metabolized mainly in the liver in de novo
lipogenesis of fatty acids and TAG synthesis. It is
noteworthy that, based on the differences in the
metabolic pathways for fructose and glucose,
fructose consumption gives less satiety, leads to
increased food intake and body mass gain
compared to glucose. Fructose, unlike glucose does
not stimulate insulin secretion. Low levels of
insulin in a high-fructose diet could explain the
increased food intake [20, 21]. Similar changes in
body weight after fructose, sucrose and aspartame
consumption found several authors [6, 22, 23].

Increase of the mean retroperitoneal and
mesenteric fat deposits was also observed in the
following order: Group F > Group S > Group A >
Group C, although the differences were not
significant in most cases besides the mesenteric fat
depot weight of Group F vs. Group C (Table 1). An
increase in visceral fat depots in fructose fed
animals found Stanhope and Havel [4].

Table 1. The main biochemical and morphological parameters for the four experimental groups of rats. Data are

presented as mean value + SD

Parameter Control (C) Fructose (F) Sucrose (S) Aspartame (A)
Serum glucose (mM) 5434075 9.76 + 2.48* 7.04 + 0.77* 4.97 + 1.08
Serum total cholesteral (mM) 1.75+0.12 214042 1.95 = 0.17* 1.79 + 0.09
Serum HDL~cholesterol (mM) 0.5+ 0.08 0.39 + 0.05* 0.66 + 0.04* 0.69 + 0.03*
Serum LDL-cholesterol (mM) 75, 7 0.85 + 0.04* 0.88 + 0.05* 0.77 4 0.04
Serum TAG (mM) 0.72+024 1.91+ 0.87* 1.14 + 0.22* 0.9 + 0.8
Serum UA (umol/L) 1743+ 525 76.85 = 26.49* 31.86 + 12.96* 2157+ 12.2
AST (UIL) 11757+ 19.18  162.86 +34.28%  171.71+£32.98%  119.00 = 10.26
ALT (U/L) 4114+ 1221 60.57 + 15.25* 51.43 + 7.69 4586 + 13.37
R itoneal

etroperitoneal fat depot 815.9 + 240.15 11378433224  1082.78+389.75 1035.37 +351.75
weight (mg/100g bw)
M ic f igh

esenteric fat depot welght ) \oc 0/ L 25442 1763.45+709.98*%  1572.67+ 60258  1112.05 + 492.48
(mg/100g bw)
Subcutaneous posterior fat 12463 +53.13 154.0 + 61.47 208.72+126.16  163.69 +39.83

depot weight (mg/100gbw)

*p < 0.05 compared with the control group
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Bursa¢ et al. [24] analyzed the effects of 9-week
consumption of 60% fructose solution on
dyslipidemia, insulin and leptin sensitivity, and
adipose tissue histology in male Wistar rats. The
total body mass of fructose-fed rats was not
changed, but the mass of visceral omental adipose
tissue, as well as the relative ratio of visceral
omental fat mass to total body mass was increased
by fructose diet, pointing to visceral adiposity.
Their results also showed elevated triglycerides and
hypothalamic leptin resistance accompanied by
stimulated glucocorticoid signaling and NPY
MRNA elevation. Fructose consumption shifted the
balance between glucocorticoid receptor and
adipogenic transcriptional factors (PPARy, SREBP-
1 and lipin-1) in favor of adipogenesis judged by
distinctly separated populations of small adipocytes
observed in this tissue. They concluded that high-
fructose-diet-induced alterations of glucocorticoid
signaling in both hypothalamus and adipose tissue
result in enhanced adipogenesis, possibly serving as
an adaptation to energy excess in order to limit
deposition of fat in nonadipose tissues, which are
the key events leading to the development of
insulin resistance and type 2 diabetes.

Increased hepatic de novo lipogenesis induced
by fructose is another possible mechanism which
promotes obesity [25]. In healthy volunteers there
are data of reduced insulin sensitivity of the liver
due to high consumption of fructose [26]. A dose-
dependent increase in the fat content of the liver has
been observed only after several weeks on a diet
rich in fructose [27]. In our study body weight gain
reflected the amount of food consumed and was the
highest in rats given sucrose, followed by the
fructose and aspartame group of rats, which
indicate that the non-caloric sweetener aspartame
may also increase food intake and cause an increase
in body weight. Martinez et al. [6] showed that rats
who drank water with aspartame and sucralose
were fatter than both control and sucrose groups, in
spite of the fact that total caloric intake in the
sucrose group was higher than in both groups with
artificial sweeteners.

The results of human studies show that
consumption of artificial sweeteners in beverages at
least daily was associated with significantly greater
risk of select metabolic syndrome components
(36% greater) and type 2 diabetes (67% greater)
[28]. Body mass gain and overeating after
consumption of  products containing artificial
sweeteners can be explained by the hypothesis that
artificial sweeteners disrupt the body’s natural
ability to predict the caloric contents of food on the
basis of sweet taste, which leads to greater body
mass gain through increased food intake during the
next meal to compensate the energy deficit [29].

Sweet tastes are known to evoke numerous
physiological responses that help to maintain
energy homeostasis by signaling the imminent
arrival of nutrients in the gut and by facilitating the
absorption and utilization of energy contained in
food. This failure to anticipate calories and sugar
appropriately when they do arrive could ultimately
lead to the negative health consequences associated
with artificial sweeteners, by impairing the ability
of sweetness to predict the arrival of energy in the
gut accurately, thereby reducing the efficient
utilization of that energy and perhaps weakening
the cascade of events that initiate satiety.

Table 1 shows that consumption of sweeteners
causes serious disturbances in the lipid profile
expressed in significant increased total (Group S)
and LDL-cholesterol (Group F and S), TAG (Group
F and S), accompanied by impaired glucose
homeostasis (Group F and S). In accordance with
our results other authors indicate insulin resistance
as a major cause of impaired glucose tolerance
[4,30,31].

Also in Table 1 are presented the significant
elevations of uric acid and AST in Group F and S,
and ALT in Group F, compared with the control
group. Increased uric acid is considered a minor
criterion in the definition of metabolic syndrome
and explains the higher incidence of gout, renal
calculosis and type 2 diabetes in those patients due
to the creation of pre-receptor insulin resistance.
Uric acid inhibits the synthesis of the vasodilator
nitric oxide and is considered one of the causes of
fructose-induced hypertension.  According to
Douard and Ferraris [32] for this hypertension
contribute expression of the glucose transporter
protein (GLUT 5), increased intestinal salt
reabsorption and reduced renal salt excretion.

Control Aspartame Sucrose® Fructose” B Mean
[group] T MeansSD

Fig. 2. Levels of plasma UAG at the end of the study
period (Mean = SD); *p < 0.05 compared with the
control group.

ALT is an important enzyme found
predominately in the liver. Elevated ALT levels
correlate strongly with non-alcoholic fatty liver
disease and other liver diseases, because
significantly elevated activity of ALT in serum
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reflects hepatocyte damage. ALT is a more specific
indicator of liver inflammation than AST, as AST
may also be elevated in diseases affecting other
organs.

In our experiment the animals overloaded with
sweeteners had higher mean UAG levels than
controls in the following order: Group F > Group S
> Group A > Group C. Fig. 2 shows significant
increase in UAG levels in Group F and Group S.
After consumption of fructose (that gives less
satiety) or sucrose activation of ghrelin production
and AMP-activated protein kinase (AMPK)
participation in its peripheral metabolic effects has
been described [15]. Kola and Korbonits
summarize data about intracellular mechanisms of
the appetite-inducing effect of ghrelin in the
hypothalamus: AMPK is a key metabolic enzyme
involved in appetite regulation. Calmodulin kinase
2 has been identified as an upstream kinase of
AMPK and a key mediator in the effect of ghrelin
on AMPK activity. The fatty acid pathway,
hypothalamic  mitochondrial  respiration, and
uncoupling protein 2 have been outlined as
downstream targets of AMPK and mediators of
ghrelin’s appetite stimulating effect. The increase
of UAG levels in Group A, although not
significant, may be due to a weaker natural
relationship between sweet taste and caloric intake
after aspartame consumption [29].

Positive correlations were found between
plasma UAG levels and several biochemical
parameters: serum glucose (r = 0.65; p = 0.0002),
total cholesterol (r = 0.46; p = 0.01), LDL-
cholesterol (r = 0.55; p = 0.002), serum
triglycerides (r = 0.47; p = 0.01), uric acid (r =
0.67; p = 0.0001), AST (r = 0.5; p = 0.006), ALT (r
= 0.22; p = 0.01), as well as between UAG levels
and mesenteric fat depot weights (r = 0.48; p =
0.01). Negative correlation was observed between
UAG and HDL-cholesterol levels (r = -0.43; p =
0.02). The observed correlations suggest some
important links between levels of UAG and the
general metabolic parameters. Unfortunately, lack
of relevant data from similar experiments in
literature limits available resources for discussion.

CONCLUSIONS

The relative elevation of unacylated ghrelin after
fructose ingestion in the present study suggests that
a failure of fructose to suppress ghrelin could
contribute to decreased satiety and increased food
intake during long-term fructose consumption.

The development of morphological and
metabolic disturbances and an increase of UAG in
experimental rats after 8-week consumption of
fructose, sucrose and aspartame demonstrates the
need to limit the intake of these sweeteners in
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humans as an opportunity to reduce the current
global epidemic of obesity.

Further studies need to elucidate the
physiological role of ghrelin in the regulation of
food intake. It is possible that detailed
understanding of the mechanisms, involved in this
process, can lead to the development of therapeutic
strategies for some serious nutritional disorders.
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HEAILIMJIMPAH I'PEJIMH B ITVNTASMATA HA IINIBXOBE BUCTAP CJIEJl KOHCYMAILIMA
HA ®PYKTO3A, 3AXAPO3A N ACIIAPTAM

P. B. Canzenal, A. A. lumutposa?, T. T. Tauesal, C. M. Muxaiinosa® , I'. H. Cannesa?, T. U. Bnaiikosa®

1Meduz41mcr<u gaxyimem, Tpaxuiicku ynuseepcumem, ya.,, Apmeticka 11, 6000 Cmapa 3azopa (Pvieapus)
2Medm;uHCI<u Yuueepcumem, ya.,, Knumenm Oxpudcku” 1, 5800 I1regen (bvacapus)

ITocrbpnuna Ha 21 ganyapu 2013 r.; Kopurupana na 21 maif, 2013 r.
(Pesrome)

Heammwmupannsar rpennH (HAID) cberaBmsBa 80-90% 0T mmpKymupamust OpPEKCHTEHEH  XOPMOH TpPEJHH.
[IpoyuBanms moxa3BaT, e u asere Gopmu - amn rpeiuH (Al) m HAT morat ma meauupar nepudepHu OHOTOTHIHA
¢ynkmmn u HATL moxe fga nmeifcTBa KaTo MOIIEH (yHKIMOHAJICH MHXMOWTOP Ha rpenuHa. llenra Ha HACTOSIIOTO
n3cienBane O6e ma ce mpociuendat npomenute B HAIT B miasmara Ha koHTposnHa (K) M TpH excnepMMeHTaIHU
(ppykTo3Ha, 3axapo3Ha W acrapTaMHa) TPYyIH IUIBXOBE M J]a C€ CPAaBHAT C HSIKOM MOPQOJIOTMYHH U METabOJMTHH
mokaszarenu. Ilposene ce 8 ceaMHU4HO MpocnesBaHe Ha 28 MBXKU IUTbXoBe Buctap (mo 7 B rpyma), mosrydaBamiu
nuteiHa Boaa (rpyma K), 15% dpykrosen (rpyma @), 10% 3axaposen (rpymnara 3) u 0.3% acnapramen pa3tBop (Tpymna
A). YcraHoBu ce yBEIMUCHHE Ha CpelHaTa TeJIeCHa Maca B CIEAHHUs pel: 3axapo3Ha Ipymna> (pyKTo3Ha rpymna>
acrapraMHa Tpyla> KOHTposiHa rpyna. Hamepu ce curHnukaHTHa pasiuka B TEIJIOTO Ha Me3eHTepualiHaTa MacTHa
TeKkaH mpu Tpyma @ B cpaBHeHme c rpymna K. Perucrpupa ce yBenmuenne Ha HAI' 1 Ha OCHOBHHTE METa0OIHTHU
mapameTpu (TIIoKo3a, Tpuriuiepuan, oom u LDL-xonecrepon, AST, ALT) mpu ¢pykro3Hara u 3axapo3Ha TPYIH B
cpaBHeHHE ¢ KOHTposmuTe. [IpoMeHn B HSIKOM MeTaOOJIMTHHM MapKepH ce YCTaHOBMXa M B aclapraMHaTa rpymna. B
3aKJII0YCHHUE, PE3YJITATUTE OT HACTOSAIIOTO M3CIE/[BaHE MOKAa3BaT, Y€ yBEJIMUEHATa KOHCYMaIUs Ha TO/ICJIAANTEIH KaTo
3axapo3a, (pyKTo3a M acrmapTramM BOJIM IO MOBHIIABAHE Ha HEAMJIMPAaHUS T'PEITUH, KOETO OT CBOSI CTpaHa MOXe Jia
NIpeAN3BUKa IIPOMEHU B PEryJiallisiTa Ha IpHeMa Ha XpaHa C IOCIeBall0 Pa3BUTHE Ha 3aTIbCTSBAaHE, METAOOIUTHHU
HapyIICHHUs U XPOHUYHH HEHH(PEKINO3HHU 3200 IIBaHHS.
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Parkinson’s disease (PD) results in progressive loss of dopamine (DA) neurons and leads to motor disturbances.
The close connection between DA-ergic neurotransmitter system and Neurotensin (NT) mediation was established
which suggests that NT is associated with PD. It was reported that NT can modulate the activity of DA neurons. Our
previous data demonstrated significant CNS-activity in rodents of some new NT-analogues. The aim of the present
study was to evaluate the potential modulating effect of new NT-analogue on the behavior and brain activity in rats with
model of PD which was induced in male Wistar rats via unilateral injections of 6-hydroxydopamine (6-OHDA) and
verified by apomorphine test. Animals were treated 5 days with new NT analogue in effective doses after the induction
of PD. Standard test was used for evaluation of neuro-muscular coordination (Rot-a-Rod). Electroencephalography
(EEG) was used also to measure the brain activity in inactive condition. Experimental data were processed by Student-
Fisher, or Mann-Whitney or Kruskal-Wallis test. Rot-a-rod test showed gradual improvement in the motor performance
of NT-treated animals compared to control PD- rats with saline. In the same time EEG showed differences in spectral
composition and patterns above the lesioned areas and their hemispheric counterparts in the PD-animals treated with
NT-analogue compared to saline treated PD-rats and similarities with the healthy ones. In conclusion the new NT-
analogue is promising anti-PD agent and deserves further investigations.

Keywords: Neurotensin, Parkinson's disease, 6-hydroxydopamine, Neuropeptides, EEG

biologic effect under physiologic conditions.
INTRODUCTION Therefore, the object of the present study is a
promising long-lasting NT analogue - NT2 (Fig. 1)

Parkinson’s di PD Its in i . .
arkinson’s disease (PD) results in progressive synthesized by Pajpanova et al [5].

loss of dopaminergic (DA) neurons and leads to

motor disturbances. The close connection between

DA-ergic neurotransmitter system and Neurotensin AN Code A B
(NT) mediation was established which suggests that LS

NT is associated with PD. Moreover, it was I NH “

reported that NT modulates the activity of DA ' n A
neurons [1]. NT is a 13-amino-acid peptide and it is 2l I
demonstrated that in mammals there are NT- : ,
containing neurons in some specific central nervous L\ L \/\ Ly Cas
structures as striatum and substantia nigra pars \/‘\/ OH

reticulata [2]. The biologic effect of NT results x 0 N2 G Ly
from the specific interaction of the peptide with

three different cell-surface receptors referred to as v\ "\ (A N3 Cov Cav
NTS1, NTS2 and NTS3/sortilin [3]. Like many ‘\ NH OH

other neuropeptides, NT acts as a neuromodulator g A 'l N Ag o Cw
in the nervous system and it has been shown to \HX" N

_modulgte DA release in some brain regions v ¥ i NS (v An
including striatum [4]. E

However, peptides are rapidly metabolized in

plasma by endogenous peptidases, terminating their Fig. 1. The amino acid sites replaced with non-

proteinogenic amino acids in synthesized NT-analogue

[5].

* To whom all correspondence should be sent: Th? basic sequence was fragment_8713 of NT,
E-mail: lyubkatancheva@gmail.com; and_atanasov@abv.bg to which some modifications were introduced in
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order to improve its metabolic stability. The
terminal Arg unit (position A on Fig. 1) was
replaced by canavanine (Cav), which was described
as a non-proteinogenic Arg analogue [6]. Our
previous unpublished data demonstrated significant
CNS-activity in rodents of some NT-analogues.

We aimed to evaluate the potential modulating
effect of one new NT-analogue on the brain activity
on experimental model of PD in rats.

EXPERIMENTAL

All experiments have been performed
according to the “Principles of laboratory
animal care” (NIH publication No. 85-23), and
the rules of the Ethics Committee of the
Institute of Neurobiology, Bulgarian Academy
of Sciences (registration FWA 00003059 by
the US Department of Health and Human
Services).

Synthesis of NT analogue:

NT-analogue (with code NT2) was synthesized
through standard solid-phase method. The peptide
chain was assembled on a Wang resin (0.1 mmol
scale) with a Fmoc/Boc strategy. The coupling of
each amino acid was performed in the presence of 3
mol excess of Fmoc-amino acid, 3 mol excess of
HOBt, 3 mol excess of DIC and 5 mol excess of
DIPEA. The cleavage step from the resin and the
final deprotection of all remained protecting groups
was done in a standard cocktail containing TFA,
TIPS, thioanisole, and water [5].

Surgical procedures

A total of 24 male Wistar rats weighting 220 —
250 g at the beginning of the experiment were used.
They were housed four per cage in a temperature-
controlled room with a 12 h light-dark cycle, and
had free access to food and water. The rats were
anaesthetized with chloralhydrate (400 mg/kg, i.p),
their heads were shaved and skin cleaned with 70 %
alcohol. Then the rats were positioned in the
stereotaxic apparatus. PD model was induced via
unilateral and stereotaxic injection of 2 ul/20 ug 6-
hydroxydopamine  (6-OHDA, (Sigma-Aldrich,
USA)); calculated as free base, dissolved in ice-
cold saline with 0.02 % ascorbic acid) in right
striatum [7]. The target coordinates for striatum
were AP=0; LR=3.5; H=+5 from the bregma,
according to the stereotaxic atlas [8]. Sham
operated (SO) group received only 2 ul saline. The
wound was closed and animals returned to their
cages for recovering.

All animals were treated intraperitoneally (i.p.)
for 5 days before the induction of PD and were
divided into the following groups: SO and 6-OHDA
controls were treated daily with 5 ml/kg saline, 6-
OHDA + NT and 6-OHDA + NT2 were treated
with 5 mg/kg i.p, NT and NT2, respectively.

In postmortem histological analysis it was found
that the lesions were located in the striatum.

Electrode implantation

The electrodes were implanted above the
lesioned areas with stereotaxic coordinates AP=0;
LR=3.5; H=+0.5 from the bregma and
symmetrically to the skull midline above their
hemispheric ~ counterparts [8].  After the
implantation the electrodes were fixed permanently
with acrylic to the skull bone. The common ground
wire was above the right hemisphere. The position
of the electrodes was controlled on custom
stereotaxic apparatus with Narishige
micromanipulators (Narishige, Japan).

Postmortem histological analysis was performed
to validate electrode placement and neurotoxin
effects. The placements of the electrodes was in
most cases in deep cortical layers AP=0; LR=3.5;
H=+0.5-1.5 [8].

Behavioral tests

Rot-a-Rod standard test was wused for
evaluation of changes in  neuro-muscular
coordination [9]. On the second week after surgery
each animal was placed on a gyratory (7 rot/min)
and the number of falls for 3min was determined.

Electrophysiological methods

Cortical electroencephalography (cortical EEG)
was used to measure the brain activity in inactive
condition in calm lab environment. The cortical
EEG recordings were sampled at 200 Hz with bio-
amplifier ETH-255 iWorx (iWorx, USA). To
reduce the stress of the new environment the
animals were placed in the restrainer for 20 minutes
few times in the 2-3 days before the recording
sessions on the second week after the surgery.

Immediately after all tests the animals were
euthanized via CO; inhalation for biochemical and
histological studies.

Statistical and data analysis

Results were expressed as means = SEM.
Experimental data were analyzed by Student’s t-test
or Mann-Whitney test, or Kruskal-Wallis test.
Differences were considered significant at P < 0.05.

Cortical EEG spectral analysis algorithms were
used for processing of the data according to Shi et
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al., 2015 [10]. Schematically the EEG analysis of
power spectra was performed in the following
order. For a given behavioral recording period, all
available EEG recordings were divided in segments
of 2 seconds. A second order notch filter at
frequency 50 Hz (AC) component was applied to
remove power line noise. For every segment
estimation of the power spectral density was
performed by using the fast Fourier transform.
Afterward we normalized the data, using relative
power spectra by dividing the power spectral
density in the different frequency ranges for each
segment to the total power in the segment.

RESULTS AND DISCUSSION

Rot-a-rod test was performed at the second
week post lesion (Fig. 2).
/

Rot-a-rod test

100%

80%

60% - W 2-nd week
. * after lession

40% ~ *

0% -

Sham operated  6-OHDA 6-OHDA+NT  6-OHDA+NT2
N _/
Fig. 2. Effects of new NT analogue and NT as

referent on the Rot-a-rod test in rat model of Parkinson's
disease; n = 6, “P < 0.05 vs 6-OHDA group

While the untreated 6-OHDA group showed an
average of 1.33 falls/3min, all animals in 6-OHDA
group, treated with NT and new NT analogue
(NT2) demonstrated a gradual improvement in
motor performance. They showed a significant
decrease in number of falls for 3 minutes on the
second week after lesion (NT by 62, 41% and NT2
by 69, 92%) in compare to saline treated 6-OHDA

group.

Number of falls for 3 min

Glutathione reductase
in Cortex

[ Control (2 ul saline)
I 6-OHDA (20 ug/2 pl)

30- T VIP (13 pg/2 pl)

N
il

nmoles/min/
mg protein

=
<
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Fig. 3. Levels of glutathione reductase in the cortex
of control and Parkinsonian rats.
n=>5;"P 1 0.05 vs Control; *P [ 0.05 vs 6-OHDA-
lesioned rats.

EEG analysis: Cortical EEGs showed
differences in spectral composition and patterns
above the lesioned areas and their hemispheric
counterparts in the animals treated with NT-
analogue compared to saline treated PD-rats and
similarities with the SO ones (Fig. 4 and Fig. 5).

43

i - SHAN
5351 - G.0HDA
3 )
0
1§ 95 4
20
15
0 1 a
v

051

0 T T T T T T

6 1 %6 A B 3
Frequency [Hz]

Fig. 4. Power spectra of the sham operated rats vs 6-
OHDA (Parkinsonian) group
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Fig. 5. Power spectra of the NT or NT-analogue
treated rats vs 6-OHDA (Parkinsonian) group

The comparison between non-treated 6-OHDA
and SO groups showed large increase in the power
density through all beta band oscillations range (10-
31 Hz) in the former group. Here the beta band
oscillations range (10-31 Hz) refers to a new PD
specific EEG bands classification proposed by
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Gatev et al. in 2006 [12]. These differences were
especially well pronounced in the ranges (8-13 Hz)
and (26-31 Hz). The averaged values from the
sessions for the peak frequency 13 Hz were
3.1440.16, 2.1£0.12 and for peak frequency 30 Hz
were 1.86+0.17 and 0.85+0.13 for the 6-OHDA and
SO group accordingly.

Comparing the NT and NT-analogue treated
groups to the non-treated one there was a general
decrease in the beta oscillations bandwidth with
more pronounced peaks at frequency range of lower
(9-13Hz) and upper beta (28-31Hz). The averaged
values from the sessions for the peak frequency 13
Hz were 3.14+0.16, 2.90+0.14 and 2.78+0.15; for
peak frequency 30 Hz were 1.86+0.17, 1.44+0.15
and 1.22+0.13 for the 6-OHDA, NT and NT2
group, respectively. According to the Kruskal—
Wallis non-parametric test, P < 0.05 the differences
at these peaks between the OHDA, NT and NT2
groups were significant with y?=14,02 and 14.72,
the differences between NT, NT2 and SO groups
also followed this trend with x?=14,92 and 14.71.

The curve pattern of the NT and NT2 treated
groups (Fig. 5, 6) was relatively similar in the beta
band range except at the above mentioned peaks.
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Fig. 6. Power spectra of the NT-analogue treated rats
vs sham operated group

The averaged value differences in the frequency
range 14-27 Hz were within 0.1+£0.05. Additionally
the peaks at 13 Hz and 30 Hz were compared with
the Mann-Whitney test and the results showed that
the differences were significant at P < 0.05 for the
former peak.

DISCUSSION

The results of our experiments showed that there
was a valuable improvement the motor functions in

both groups of the NT-analogue treated animals
over the non-treated 6-OHDA animals which were
among the most affected in the PD. The improving
effect of NT2 on motor coordination was better that
the effect of the referent NT.

Classically EEG oscillations have been grouped
into frequency bands as follows: delta (0.5-3.5 Hz),
theta (3.5-7.5 Hz), alpha (7.5-12.5 Hz), beta (12.5—
30 Hz) and gamma (>30 Hz) [11]. However with
the data accumulation from experiments with
animal models and patients with PD in 2006 Gatev
et al. [12] proposed a new division in the frequency
range 3-35 Hz: i). frequencies at the Parkinsonian
rest tremor (3-7 Hz) and ii). higher frequencies (10-
35 Hz) termed beta band oscillations. Beta band
oscillations generally are associated with motor and
cognitive functions in normal human and mammal
subjects. Our research reconfirms the importance of
such specific PD division for EEG since the most
pronounced differences in the power spectra were
observed in the range of beta band oscillations. In
the results of the EEG analysis, the increase in the
power density at frequencies 9-13 Hz corresponds
to the lower beta bandwidth [12]. Also there’s
increase in the power density at the frequencies
range 26-30 Hz which corresponds to the higher
beta-bandwidth. This effect was more pronounced
in the NT-treated animals than the NT2-treated
ones.

Beta activity is synchronized within and
between functionally interconnected circuitries in
the basal ganglia, thalamus and cortex. The
elevated beta-band activity in the resting brain state
showed that the neuromodulatory significance of
beta oscillations for information processing in the
motor output is impaired in PD rats. Therefore, the
dopaminergic medication (or the treatment with NT
analogues) reduced the beta-band activity within
and between structures of this functional loop in PD
rats.

This global increase of absolute power in PD
rats is a pathophysiological reaction of dopamine
denervation on basal ganglia-thalamo-cortical
circuitries. NT analogue-induced modulation of
inhibitory basal ganglia output to the thalamus may
reduce abnormal thalamo-cortical rhythmicity and
normalize high frequency oscillatory power in
cortical networks.

The analysis of brain activity recordings in the
animal groups treated with NT and NT-analogue
showed power spectral pattern closer to the one of
the SO or healthy rats and the effects of the NT
analogue were better in comparison to the referent
NT.
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Bonectra Ha Ilapkuncon (BII) nmpuuunsBa mporpecuBHa 3aryba Ha nomaMuHeprudHu (DA) HEBpOHH U BOJH 0
JBUTATETHN HapyILIeHHs. YCTAHOBEHA € TSICHA Bpb3Ka MEXIYy JONMaMUHEprHMYHAaTa HEBPOTPAHCMHMTEPHA CHUCTEMa U
meBporensnHoBata (HT) menuanus, koeto mpeamonara, ue HT e cBbp3an c Gonecrra Ha IlapkuncoH. anHute B
Hay4YHaTa JuTepaTypa mokas3maT, de HT moxe na Moaymupa akTHBHOCTTa Ha DA-HeBpoHH. B Hamm npenuinHu
n3cienBaHus Oelle yCTaHOBEHO, Y€ HAKOM OT HOBOCHHTe3MpaHHTe OT Hac HT-aHanmo3m morar ma oka3BaT CHIIHO
BIWsIHUE BbPXY akTUBHOCTTA Ha [[HC nipm rpuzaumn.

LenTa Ha HacTOAIIOTO M3CJIe/IBaHe O€ /1a ce M3cieBa MOTeHIMAIHUS MotyaTopeH edekt Ha HoB HT-ananor Bepxy
MIOBEICHUETO W MO3bUHATa aKTMBHOCT IPH IUTbXOBE ¢ Mojen Ha BbII, xoiito 6e MHIyIMpaH MpU MBXKH ITBXOBE OT
nopoxata Wistar 4pe3 eJHOCTpaHHO HMHXKEKTHpaHe Ha 6-xuapokcuuponamuH (6-OHDA) u Ge Bepnduumpan ypes
anromop¢uHOB TecT. JKuBoTHNTE OsXa TpeTupaHu B npoabmkenue Ha 5 qau ¢ HT wmu ¢ HoBust HT-ananor ¢ epexTnBHI
no3u cnen uHaykous Ha BII. Cranmapren Por-a-pox Tect Oe mM3moi3BaH 3a OLEHKa HAa HEPBHO-MYCKYJIHaTa
koopauHarys. Enexrpoennedanorpadus (EED) 6e m3non3pana 3a u3MepBaHe HA MO3bUHATA AKTUBHOCT B HETIOJIBUYKHO
ceerosiHne. ExcnepumenTtanauTe maHHH Osixa oOpaboreHu ¢ tecta Ha CrionpHT-Oumep, Ha MaH-YUTHH Win Ha
Kpyckan-Yonnuc. Pezynratute ot Pot-a-poa Tecta mokasaxa MOCTETIEHHO MMOJ0OpEHUE Ha JBUTATETHATA AEHHOCT TIPH
Tpetupanute ¢ HT-KUBOTHH B cpaBHEHHE C KOHTPOJHHUTE KUBOTHHU ¢ BIl, Tpermpanu c¢ ¢usnomornueH pastsop. B
cpmoro Bpeme EEI mokasa Hammune Ha pasiuKy B CIIEKThpa M MAaTEpHUTE HaJX OONACTUTE C MHIAYIIUPAHH JIE3UH TIPH
6omanTe *UBoTHH Tpetupanu ¢ HT wimm HT-anamor B cpaBHeHme ¢ rursxoBete ¢ BII, Tpetnpanm ¢ ¢uznonorndeH
pa3TBOp, M CXOJCTBA ChC 3JpaBUTE ONMUTHHU XKMBOTHHU. B 3akmoueHue Moxke Jga ce kaxe, ye HoBus HT-ananor e
o0eraBanl aHTUIIAPKMHCOHOB areHT M 3aCiTy’aBa I10-HaTaThIIHO U3CJIE/IBAHE.
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The aim of the present study was to investigate the analgesic effects of N/OFQ(1-13)NH,, JTC-801 (a NOP receptor
antagonist) and a newly synthesized analog on analgesia in a 6-hydroxidopamine model of hemiparkinsonism in rats.

The experiments were carried out on male Wistar rats (180-200g at the time of the surgery). Right-sided
hemiparkinsonism has been induced by stereotaxic microinjection of 6-hydroxidopamine into the ventrolateral striatum.
Experiments started 15 days after surgery. All the evaluated substances were injected intraperitoneally. Changes in
nociception were measured by paw-pressure test and adopted as a sensitivity indicator.

The results showed that N/OFQ(1-13)NH- and the newly synthesized analog decreased the pain threshold compared
to the control animals. JTC-801 led to a more expressed decrease in pain threshold compared to N/OFQ(1-13)NH- and

the analog.

We tried to elucidate the participation of the nociceptinergic mediator system in the sensory disorders in Parkinson's
disease. The results obtained suggest that the effect is more a modulating one, since the NOP-receptor agonist and the
antagonist led to unidirectional changes that differ in magnitude. We assume that the nociceptinergic system is involved
in sensory modulation in the adopted model of hemiparkinsonism.

Keywords: nociceptin,

INTRODUCTION

Parkinson disease (PD) is the second most
common age-related progressive neurodegenerative
disease after Alzheimer’s disease. Described first
by James Parkinson in 1817 in his monograph
“Essay on the Shaking Palsy”, more than a century
had to pass before its central pathological feature
was discovered. In 1958 Arvid Carlsson made the
discovery of dopamine (DA) in the mammalian
brain. Then the pathologic hallmark of PD was
established to be a degeneration of dopaminergic
neurons in the substantia nigra pars compacta
(SNpc). Loss of SNpc neurons leads to striatal DA
deficiency. This  neurotransmitter  regulates
excitatory and inhibitory outflow of the basal
ganglia [1, 2] and is responsible for the major
symptoms of PD resulting from the depletion of
striatal dopamine [2-4].

From a clinical point of view PD is
characterized principally by the syndrome of
bradykinesia, tremor, rigidity, and postural
instability.

Along with the motor dysfunction there is an
increasing recognition of non-motor symptoms in
PD patients, some of which may precede the onset
of motor symptoms by many decades. Non-motor

N/OFQ(1-13)NH;, JTC-801, NOP ligands,

* To whom all correspondence should be sent:
E-mail: dr_inna@yahoo.com

analgesia, Parkinson disease model

symptoms such as pain, dementia, anxiety, and
depression are common in PD [5].

As a common problem in PD pain can either be
directly caused by PD or secondary - due to other
reasons [6]. The exact mechanisms of the
phenomenon have still to be elucidated.

Different studies report a prevalence of pain in
PD between 40 and 85% [7-13]. The variation in
prevalence rates may be related to inclusion
criteria, to definition of pain or to differences in
patient population across centers. Specific features
of pain including its localization were evaluated in
some studies [14, 15].

Pain is reported by nearly half of patients with
PD and its prevalence is higher than in general
population [8- 12]. Furthermore PD patients’ cases
are reported with pain symptoms antedating the
onset of motor symptoms [10, 16]. Other non-motor
dysfunctions, like olfactory dysfunction, are even
considered as a useful diagnostic marker of
preclinical PD, because pathological changes are
recognized  before the motor symptoms’
development [17].

The heptadecapeptide Nociceptin/Orphanin FQ
(N/OFQ) is an endogenous ligand of the opioid-like
receptor named ORL; or N/OFQ peptide (NOP)
receptor, a novel member of the opioid receptor
family [18-20]. Through its receptor N/OFQ
modulates a number of biological functions in the
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central and the peripheral nervous system [20, 21],
and is relevant for the modulation of pain
perception, locomotion, etc. Its receptor is
expressed both spinally and supraspinally in the
central nervous system [18, 19].

N/OFQ(1-13)NH: is the shortest sequence of the
N/OFQ molecule preserving its biological effects
[22].

The understanding of the role of the
N/OFQ/NOP  system  depends upon the
development of selective and highly potent ligands.
Among them are N/OFQ related peptides and small
peptides, identified by screening of peptide
combinatorial libraries [23].

Based on the templates Ac-Arg-Phe-Met-Trp-
Met-Lys-NH, (opioid receptor antagonist) [25] and
Ac-Arg-Tyr-Tyr-Arg-Trp-Lys-NHz (highly potent
and selective NOP-receptor agonist) [24] new
series of hexapeptides were recently synthesized
and evaluated by our group [26, 27].

Our recent results showed that the presence of a
N-methyl B2-tryptophan residue in position 5 in Ac-
Arg-Tyr-Tyr-Arg-Trp-Lys-NH, ~ modified  the
selectivity of the referent peptide. The same group
in position 4 did not change the properties of Ac-
Arg-Phe-Met-Trp-Met-Lys-NH,, while the 5-
methoxy B2-tryptophan residue led to significant
changes in peptides’ selectivity and affinity [27].
Replacement of Trp with B-tryptophan analogues
in position 4 of Ac-Arg-Phe-Met-Trp-Met-Lys-NH,
led to increased and longer lasting analgesic effect
[26].

The interrelations between N/OFQ, its receptor
NOP, and PD are subjected to intense research [7,
9]. N/OFQ exerts an inhibitory control on
locomotion through inhibition of DA neurons in the
SN [28]. Literature data show that dopamine
depletion in PD increases N/OFQ expression in SN
[1, 29-31].

Most of the scientists investigating PD are still
interested in motor dysfunctions and the possibility
to influence them. Our interest was focused on
sensory dysfunctions and how the nociceptin
system influenced pain perception in a rat model of
PD.

The effect of N/OFQ(1-13)NH., JTC-801
(NOP-receptor antagonist), and novel hexapeptides
containing B?-tryptophan analogues on nociception
were evaluated in a rat model of hemiparkinsonism.
The effects of the latter on nociception were
compared to N/OFQ(1-13)NHo.
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EXPERIMENTAL
Animals

The experiments were carried out on male
Wistar rats (200-240 g at the time of experiments).
The rats were housed individually in polypropylene
boxes with free access to food and water and
maintained in a constant temperature environment
(22 £2°C) on a 12 h light/dark cycle (lights on at
6.00 a.m.). The behaviour experiments were carried
out between 10:00 a.m. and 1:00 p.m.

The experiments were carried out according to
the ‘‘Principles of laboratory animal care’” (NIH
publication No. 85_23, revised 1985), and the rules
of the Ethics Committee of the Institute of
Neurobiology, Bulgarian Academy of Sciences.

Stereotaxic drug injection into the ventrolateral
striatum

After intraperitoneal anaesthesia with a mixture
of ketamine (75 mg/kg), acepromazine (0.75
mg/kg) and rompun (4 mg/kg), the animals were
placed in a stereotaxic apparatus (Stoelting, USA).
Burr hole was drilled at the following coordinates
for ventrolateral striatum according to the
stereotaxic atlas of Pellegrino and Cushman (1967)
relative to bregma: posterior 1.1 mm; lateral 3.1
mm. 8 pg (free base weight) 6-OHDA (RBI) was
dissolved ex tempore in 2 pl of 0.2% ascorbic acid
with 0.9% normal saline. 2 pl of the solution was
microinjected trough Hamilton micro-syringe
(Hamilton, Reno, NV) at a depth of 6 mm below
the dura over a period of 2 min (rate 0.5 pl /m) and
the injection cannula was left in place for additional
30 seconds. The control group was microinjected
with 2 pl saline into the same area. Immediately
prior to sacrificing the animals were injected with 1
ml 2% Fastgreen dye through the injection cannula.

Injection sites were then anatomically verified
post-mortem in 25 mm coronal brain sections cut
through the hippocampus by an investigator, blind
to the behavioural results. Results from animals
with cannulas’ placements outside the ventrolateral
striatum area were excluded from the statistical
analysis.

After the model of right hemiparkinsonism was
performed a 15-days period was observed before
the beginning of the experiments.

All the evaluated substances were dissolved in
sterile saline (0.9% NaCl) solution and were
injected intraperitoneally (i.p.). N/OFQ(1-13)NH.
and the new hexapeptides were administered at a
dose of 10 ug/kg, while JTC-801 was administered
at a dose of 0.5 mg/kg. N/OFQ(1-13)NH; and JTC-
801 were obtained by Sigma. The substituted NOP-
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receptor ligands were synthesized in the
Department of Organic Chemistry of the University
of Chemical Technology and Metallurgy - Sofia
[26].

Nociceptive test

Paw-pressure test (Randall-Selitto test). The
changes in the mechanical nociceptive threshold of
the rats were measured by the use of an
analgesiometer (Ugo Basile). Increasing pressure
(g) was applied to the hind-paw and the value
required to elicit a nociceptive responses (a squeak
or struggle) was taken as the mechanical
nociceptive threshold. A cut-off value of 500 g was
observed in order to prevent damage of the paw.

The results were statistically assessed by one-
way analysis of variance ANOVA followed by t-
test comparison. Values are mean = S.E.M. Values
of p< 0.05 were considered to indicate statistical
significance.

The experimental procedures were carried out in
accordance with the requirements of the Ethical
Committee of the Medical University of Sofia.

RESULTS

Nociception in animals with right-side
hemiparkinsonism (RSHP) was investigated. The
left paw without 6-OHDA lesion was regarded as
auto-control (AC).

In the first series of experiments N/OFQ(1-
13)NH, or the NOP-receptor antagonist JTC-801
was applied to the animals. Measuring the pain
threshold started 10 min after injection of the
substances.

The left paw (AC) had the higher pain threshold
as compared to the control group (p<0.01). Right
paws showed higher pain threshold in comparison
both to the control (p<0.001) and AC-paws during
the whole time investigated (Fig. 1).

On the 10" min after N/OFQ(1-13)NH;
administration at a dose of 10 ug/kg the pain
threshold was decreased for AC- and RSHP-paws
compared to AC- (p<0.01) and RSHP-paws
(p<0.01) of animals without the substance
respectively. The pain threshold for AC of animals
with  N/OFQ(1-13)NH, on the 10" min was
comparable to the controls.

An additional decrease in pain thresholds was
observed on the 20" min after N/OFQ(1-13)NH,
administration for both AC- and RSHP-paws of
animals with N/OFQ(1-13)NH, compared to the
AC- (p<0.001) and RSHP-paws (p<0.001) of
animals without the substance respectively.

Compared to the control animals on the 20" min
the AC-paws in animals with N/OFQ(1-13)NH;
showed a tendency toward hyperalgesia (p<0.01),
while the pain threshold for RSHP-paws of the
same animals was comparable to the controls (Fig.
1).

Hence, N/OFQ(1-13)NH, affected pain
perception both in auto-control paws and the RSHP
ones. The nociceptive effects were more
pronounced and pain thresholds of both the
estimated paws were lower than the controls on the
20" min of the evaluation (Fig. 1).
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Fig. 1. Effects of N/OFQ(1-13)NH2 (10 pg/kg, i.p.)
on the pain threshold in animals with experimental 6-
OHDA-RSHP. The results are represented as mean
values = S.E.M. AC and RSHP-animals were compared
to controls ("p<0.001; *p<0.01); AC with N/OFQ(1-
13)NH, were compared to controls ("p<0.01 ) and to
AC without the substance (** p<0.001; ** p<0.01);
RSHP-animals with N/OFQ(1-13)NH. were compared to
controls ("p<0.001) and to RSHP-controls (RSHP-
animals  without N/OFQ(1-13)NH,)  (***p<0.001;
**p<0.01).

Administration of the NOP-receptor antagonist
JTC-801 at a dose of 0.5 mg/kg led to a statistically
significant decrease in pain threshold both for AC-
and the RSHP-paws (Fig. 2). In AC-paws of
animals with JTC-801 the nociception increased
compared to AC of animals without the substance.
On the 10" min the pain threshold of RSHP-paws
in animals with JTC-801 was significantly lower
than RSHP-paws of animals without the antagonist
administration, but higher than the control animals

(Fig. 2).
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Fig. 2. Effects of JTC801 (0.5 mg/kg, i.p.) on pain
threshold in animals with experimental 6-OHDA-RSHP.
The results are represented as mean values £ S.E.M. AC
and RSHP-animals were compared to controls
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("p<0.001; "p<0.01); AC with JTC801 were compared
to controls ("p<0.001; “p<0.01) and to AC without the
substance (**p<0.001; **p<0.01); RSHP-animals with
JTC801 were compared to controls ("p<0.001; “p<0.05)
and to RSHP-controls (RSHP-animals without JTC801)

(*+*p<0.001).

On the 20" min the nociception for AC+JTC-
801 was still comparable to the controls and higher
than the AC without the antagonist. RSHP-paws of
animals with JTC-801 showed lower pain
thresholds than the RSHP-paws of animals without
the antagonist; values were comparable to the AC
(Fig. 2).

Hence, NOP-receptor antagonist JTC 801
affected pain perception of both AC- and RSHP-
paws in animals with hemiparkinsonism. The
nociceptive effect was most pronounced on the 10%"
in of the experiment.

Since both the NOP-receptor agonist and the
antagonist JTC 801 led to a decrease in the pain
thresholds for both AC- and RSHP-paws compared
to animals without substances administration, an
additional comparison was made for AC- and

RSHP-paws with N/OFQ(1-13)NH, and JTC
801(Fig. 3).

250 OAC+N/OFQ
% mACHITC 801
= 200 M RSHP+N/OFQ,
g 100
‘;u 50

Fig. 3. Comparison between the nociceptive effects
of N/OFQ(1-13)NH2 and JTC801 administrated in AC
and RSHP-animals. The results are represented as mean
values = S.E.M. AC with JTC801 were compared to AC
with N/OFQ(1-13)NH2 ("p<0.01; “p<0.05); RSHP-
animals with JTC801 were compared to RSHP-animals
with N/OFQ(1-13)NH2 (**p<0.001).

The comparison between the nociceptive effects
of N/JOFQ(1-13)NH. and JTC 801 administered in
animals with hemiparkinsonism showed that on the
10" min of the experiment both AC- (p<0.05) and
RSHP-paws (p<0.001) of animals with the NOP-
receptor antagonist had lower pain thresholds,
while on the 20" min AC- (p<0.01) and RSHP-
paws (p<0.001) of animals with the NOP-receptor
agonist had the lower pain thresholds (Fig. 3).

An additional series of experiments was
conducted with first JTC801 administration (0.5
mg/kg, i.p.) and 10 min later N/OFQ(1-13)NH: (10
pg/kg, i.p.) administration in animals with
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experimental RSHP. The results were represented
in two figures — one for the AC-paws (Fig. 4) and
one for the RSHP-paws (Fig.5).

On the 10" min of the experiment the Paw
pressure test showed that the pain threshold for
AC+ N/OFQ(1-13)NH; + JTC801 was comparable
to the controls, the AC + N/OFQ(1-13)NH,, and the
AC +JTC801.

On the 20" min of the experiment the
nociception for AC + N/OFQ(1-13)NH, + JTC801
was increased in respect to controls (p<0.001, AC
without any substances (p<0.001), and AC with the
antagonist (p<0.01), but was comparable to the AC
with N/OFQ(1-13)NH. (Fig. 4).
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Fig. 4. Effects of N/OFQ(1-13)NH2 (10 ng/kg, i.p.)
applied after JTC801 (0.5 mg/kg, i.p.) on the pain
threshold in  auto-control (AC) animals with
experimental 6-OHDA-RSHP. The results are
represented as mean values £ S.E.M. AC-animals with
both JTC801 and N/OFQ(1-13)NH2 were compared to
controls ("p<0.001), to AC without any substances (**
p<0.001), to AC with N/OFQ(1-13)NH2 (without
statistically relevant difference), and to AC with JTC801
(00p<0.01).
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Fig.5. Effects of N/OFQ(1-13)NH; (10 npg/kg, i.p.)
applied after JTC801 (0.5 mg/kg, i.p.) on the pain
threshold in animals with experimental 6-OHDA-RSHP.
The results are represented as mean values £ S.E.M.
RSHP-animals with both JTC801 and N/OFQ(1-13)NH;
were compared to controls ("p<0.001; "p<0.01); to
RSHP without any substances (** p<0.01); to RSHP with
N/OFQ(1-13)NH; (**p<0.01), and to RSHP with JTC801

(%0 p<0.001; °p<0.05).

As to RSHPpaws+N/OFQ(1-13)NH,+JTC801,
the pain threshold on the 10" min was comparable



H. Nocheva et al.: Effects of nociceptin neurotransmitter system on nociception in 6-hydroxydopamine model of hemiparkinsonism ...

to RSHP-paws of animals with N/OFQ(1-13)NH..
The nociception for RSHP-paws in animals with
both N/OFQ(1-13)NH; and JTC801 was decreased
compared to the controls (p<0.001) and the RSHP-
paws of animals with JTC801(p<0.001), but
increased in comparison to RSHP-paws of animals
without any substances (p<0.01).

On the 20™ min the pain threshold of RSHP-
paws + N/JOFQ(1-13)NH, +JTC801 was still lower
than RSHP-paws of animals without any substances
(p<0.01), but was higher than controls (p<0.01) and
animals with the NOP receptor agonist (p<0.01)
and antagonist (p<0.05) separately administered
(Fig. 5).

In another series of experiments we investigated
the effects on nociception of two newly synthesized
hexapeptides modified in 4" position with B?-
tryptophan analogs containing methyl group
(analog 1) and methoxy group (analog 2) in the
indole functional group.

The novel hexapeptides containing p?
tryptophan  analogues have the following
sequences:

Ac-Arg-Phe-Met-X-Met-Lys-NH;
(]

Il
— NH-CH,-CH—C—
H3CO

1]
—NH—CH,-CH—C—

Where X is: N N
N N
| |
CHjy H

analog 1 analog 2

Analog 1's administration in animals with
hemiparkinsonism did not change AC-paws™ pain
threshold during the whole period of observation
compared to AC-paws in animals without the
substance. Analog 2's administration led to a
decrease in AC-paws’ pain threshold compared to
AC-paws of animals without the substance (p<0.01)
only on the 20" min of the evaluated period (Fig.
6).
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Fig. 6. Effects of hexapeptides 1 and 2 (10 pg/kg,
i.p.) on pain threshold in animals with experimental 6-
OHDA-RSHP. The results are represented as mean
values £+ S.EM. AC with analogs 1 and 2 were
compared to controls (™ p<0.001; "p<0.01; *p<0.05)
and to AC without the substances (** p<0.01); RSHP-
animals with analogs 1 and 2 were compared to controls

T EEEEE

Paw pressure glcm2

20 min

("p>0.001) and to RSHP without the substances (***
p<0.001; **p<0.01).

Analogs™ injection led to a statistically
significant decrease in pain threshold of RSHP-
paws compared to RSHP-paws of the animals
without substances™ administration. After analog 1
an increase of nociception was observed for the
whole estimated period in RSHP-paws compared to
the same paws in animals without the substance
(p<0.01). On the 10" min analog 2 led to a more
pronounced decrease in RSHP-paws™ pain threshold
compared to analog 1. On the 20" min a decrease in
nociception was detected for RSHP-paws of
animals with analog 2 compared to the same paws
of animals with analog 1 and RSHP-paws of
animals with analog 2 on the 10" min (Fig 6).

DISCUSSION

Pain is a frequently reported symptom in PD-
patients [7-12]. It can be attributed to changes in
sensory centers of the brain (primary pain) or can
be caused by rigidity, dystonia or dyskinesia
(secondary pain) [32].

Over the last decade researchers have extended
their interest to objective alteration of sensory
information processing. Patients with PD have
altered central somatosensory processing [33].
Animal studies suggested that basal ganglia act as a
sensory analyzer that integrates and focuses
adequate sensory impulses, therefore modulating
motor performance [34]. Although the degeneration
of dopaminergic neurons in the SNpc is retained to
be the pathologic hallmark of PD, and the
regulating role of the dopaminergic system in
excitatory and inhibitory outflow of the basal
ganglia is well established [1, 2], some clinical
trials report no correlation between motor
symptoms, dopaminergic medication and pain [9,
10]. Some  results also  suggest that
neurodegeneration of other non-dopaminergic basal
ganglia  neurotransmitter  systems may be
responsible for the sensory abnormalities in PD
[33].

N/OFQ and its receptor represent a neuropeptide
system that bears structural and functional
analogies with classical opioid systems but
possesses a pharmacological profile of its own [20].
NOP receptor expression and binding are
widespread throughout the rodent and primate
brain, supporting that the N/OFQ-NOP receptor
system plays a substantial role in the modulation of
central functions such as sensory nociceptive
processing, learning and memory, reward, mood,
feeding, stress, and movement [21, 35]. Preclinical
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and clinical studies revealed a link between N/OFQ
and Parkinson’s disease [29, 36, 37].

Literature data suggest changes in N/OFQ-NOP
receptor system in patients with PD, concerning
NOP receptor gene expression [30], N/OFQ
expression and release in the SN [31, 37], and
N/OFQ levels in the cerebrospinal fluid of
parkinsonian patients [37].

It's known that N/OFQ is released from SN
GABA neurons [38]. Exogenously administrated
N/OFQ inhibits nigrostriatal DA transmission in
vivo [39] and elevates glutamate (GLU) release in
the SN reticulata in vivo [40]. Some data suggest an
endogenous N/OFQ tone in the regulation of motor
functions, and different selective antagonists [20,
41] improve nigrostriatal DA transmission and
motor behavior, and inhibit glutamate release from
substantia nigra [39, 40, 42].

Since most of the efforts were to establish the
effect of N/OFQ on motor functions, our interest
was to estimate potential changes in pain
perception. Our results showed that experimental
hemiparkinsonism in rats led to an increase in pain
thresholds both for the paws unilateral (AC) and
contralateral to the lesion (experimental-
hemiparkinsonism-affected paws) as compared to
control animals. Administration of the NOP-
receptor agonist decreased the pain thresholds in
auto-control paws as well as in experimental-
hemiparkinsonism-affected paws of the animals.
The pro-nociceptive effect of NJOFQ(1-13)NH- has
been documented by other research groups [43],
while others report the pro-analgesic effect of the
substance [44, 45].

Acute pain activates C- and Ad-nociceptive pain
fibers, but the presence of the NOP receptor on
them hasn't been documented till now.
Experimental data rather suggest that the receptor is
transported to either the sensory projections
endings in laminae Il and Ill, or to the nerve
terminals in  peripheral tissues [46, 47].
Concentration of N/OFQ-immunoreactivity was
detected in fibers that innervate the superficial
layers of the dorsal horn and such immunoreactivity
was not altered by unilateral dorsal rhizotomy,
suggesting that N/OFQ is not predominantly
produced in primary afferent neurons whose cell
bodies are located in dorsal root ganglia, but rather
is produced within the spinal cord [48]. Such
observations support the idea that N/OFQ can
modulate pain transmission by activating NOP-
receptors located in the central nervous system.

An endogenous tone of the N/OFQ has been
proposed since  NOP-antagonists  produced
antinociception when given alone [49, 50].
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Surprisingly, in our experiments JTC-801
administration alone also led to a decrease in pain
threshold for paws both homo- and contralateral to
the lesion. Such results can hardly be explained
since literature data point out that NOP-receptor
antagonists  antagonized  agonist’s  effects
independently whether pro-analgesic or pro-
nociceptive [51]. A possible reason might be that
disease-related changes in pain-perception account
for the results observed.

A comparison  between agonist's and
antagonist’s effect showed that the latter’s pro-
nociceptive action occurred earlier, on the 10" min,
while N/OFQ(1-13)NH; had the more pronounced
effect on the 20" min of the experiment both with
AC- and RSHP-paws. When N/OFQ(1-13)NH; was
injected 10 min after JTC-801 the results obtained
for the AC on the 20" min were comparable to
those for agonist’s alone administration, while for
RSHP-paws such a relationship was obtained on
the 10" min. Additional experiments are needed to
discover the complex interrelations underlying pain
perception in parkinsonism.

As to the two newly synthesized hexapeptides,
the parent molecule Ac-Arg-Phe-Met-Trp-Met-Lys-
NH, was originally proved to act as an opioid
antagonist. The substitution in position 4 with a 5-
methoxy B?-tryptophan residue conferred to the
newly synthesized substance the characteristics of a
weak NOP-receptor agonist, while the substitution
in the same position with N-methyl B 2-tryptophan
residue did not change the affinity of the parent
molecule [27]. Despite nociceptin doesn't interact
with opioid receptors [21, 52] some authors showed
that nociceptin antagonized some analgesic opioid
effects [53] which suggests a potential interrelation
between systems involved in nociception and
additionally complicates the interpretation of the
experimental data obtained. Our experiment
showed that the effects of analog 1 (opioid receptor
antagonist) on nociception both in AC- and RSHP-
paws had no paragon with the dynamic curve of
animals with N/OFQ(1-13)NH>, but changes in pain
perception were still observed compared to animals
with N/OFQ(1-13)NH.. Analog 2 (the one with
affinity reverted to weak NOP-receptor agonist)
showed for AC-paws a dynamic curve similar to
the one for AC+N/OFQ(1-13)NH.. In RSHP-paws
such a similarity was not observed, probably due to
disease’s influence over the pain perception
pathways.

CONCLUSION

Our experiments tried to elucidate the
participation of the nociceptinergic mediatory
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system in the sensory disorders in Parkinson's
disease. The effect seemed to be more a modulating
one, since NOP-receptor agonist and antagonist led
to unidirectional changes that differ in magnitude.

Our data showed that administered alone JTC-
801 led to a decrease in pain threshold for paws
both homo- and contralateral to the lesion. These
results are difficult to explain and aren't supported
by any other literature data since now. They point
out that NOP-receptor antagonists antagonized
agonist’s effects independently whether pro-
analgesic or pro-nociceptive.

After analogs™ injection in animals with
experimental Parkinsonism a decrease in pain
threshold was observed. Analog 1 increased
nociception for the whole estimated period in
RSHP-paws of the animals compared to RSHP-
paws of the animals without the substance, while
analog 2 led to a more pronounced decrease in pain
threshold in RSHP-paws compared to analog 1 on
the 10" min. On the 20" min a decrease in
nociception was detected for RSHP-paws of
animals with analog 2 compared to RSHP-paws of
animals with analog 1 and RSHP-paws of animals
with analog 2 on the 10" min. The results showed
that the effects of the two analogs were time-
dependent.

The newly synthesized hexapeptides also
suggest that there is a possible interrelation between
opioid and NOP-receptor pathways in mediation of
pain perception in Parkinson's disease.
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E®EKTU HA HOUMIEIITUHOBATA HEBPOTPAHCMUTEPHA CUCTEMA BBPXY
HOIOUMIEITUATA ITPU 6-XNIPOKCUAOITAMMHOB MOJEJI HA
XEMUITAPKMHCOHU3BM I1PU TUIBX

X. Houesa'", E. Haiinenosa?, H. ITasnos?, A. Bouesa®

Kameopa no namogusuonozus, Meouyuncku yuueepcumem — Copus
2 Kameopa no opeanuuna xumus, Xumuxomexnono2uuen u memanypauden ynusepcumem - Cogus

[ocremuna Ha 20 cenremBpy, 2016 r.; Kopurupana Ha 20 despyapu, 2017 .
(Pesrome)

IlenTa Ha HacTosimero npoyuBane Oe m3ciensaHe edexkra Ha N/OFQ(1-13)NHj, JTC-801 (NOP-penenTopex
AQHTaroHWCT), KAKTO M HA HOBOCHHTE3UPAaHU HOLHUICTITUHOBY aHAJIO3H BBPXY aHANTE3MATa MPH 6-XUAPOKCHIOIAMHUHOB
MOJIe)I Ha XeMHITAPKHHCOHU3BM IIPH ILTHXOBE.

ExcriepuMenTHTe 0siXa MPOBENEHH BBPXY MBKKH IIbxoBe oT mopogara Wistar (180-200 rp mo Bpemero Ha
HHTEPBEHIMATA). JleCHOCTpaHEH XEMHUMAPKUHCOHU3BM O¢ MHYIIUPAH Ype3 CTEPEOTAKCUUHO MUKPOUHKEKTUPAHE HA 6-
XHJIPOKCUIOTIAMUH BBB BEHTPOJATEpaIHUs cTpuaTyM. EkcriepuMeHTHTE 3amouyBaxa 15 JeHa ciell WHTCPBCHIIHATA.
UscnenBanute CyOCTaHIIMHM C€ BBBEXKIAaXa HWHTPACPUTOHEATHO. [IpOMEHUTE B HOIUIICMIUATA CE OIpeaernsixa
IIOCPECTBOM Paw-pressure test.

Pesynrature mokaszaxa, ye N/OFQ(1-13)NH; 1 HEroBHAT HOBOCHHTE3HMpPAH aHAJOr IMOHMKABAT OOJKOBUS Ipar B
CpaBHEHHE C KOHTPOJIHUTE KHUBOTHH.

Upe3 onucaHuTe EKCIIEPUMEHTH O¢ HAIIPaBeH OIMKUT 3a M3SICHSIBAHE yYaCTHETO HAa HOIMIICITHH-EPrHYHATA CUCTEMA B
ceTMBHHTE HapyiieHus npu [lapkuHcoHoBa Oosiect. IloaydeHuTe pesyiraTH IOKa3axa, e e(DeKThT i € M0-CKOpO
MOJyJIaTOPEH, ThU KaTO KAaKTO aroHUCTBT, Taka W aHTaroHuctbT Ha NOP-penentopa moka3axa €IHOIIOCOYHO
MOBIUSIBaHE, HO B pa3jin4yHa crereH. [Ipuemame, 4e HOIMIECNTHH-SPTUYHATA CHCTEMa MOJYIUpPa CETUBHOCTTa NpPHU
M3MI03BaHMS MOJICN HA XEMHITAPKIHCOHU3BM.
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Parkinson’s disease (PD) results primarily from the death of dopaminergic neurons in the substantia nigra, but it is
now clear that its pathogenesis is underlined by interaction of different mediatory systems. The endocannabinoid system
(ECS) is vastly distributed in the central nervous system and represents a potential therapeutic approach for a number of
neurologic diseases, PD among them. MIF-1 and Tyr-MIF-1"s modulating action on ECS is also of interest as well as
ECS and peptides combined effect on pain perception in PD.

Cannabinoids™ and neuropeptides™ interactions were estimated in a rat model of 6-hydroxydopamine
hemiparkinsonism by Paw pressure test.

Anandamide and AM251 influenced pain perception in control animals as well as in animals with experimental PD.
MIF-1 and Tyr-MIF-1 modulated ECS in PD while naloxone changed nociception in PD animals compared to controls.

MIF-1and Tyr-MIF-1 neuropeptides interact with ECS and modulate pain perception.

Keywords: Parkinsons disease, pain perception, cannabinoid system, MIF-1, Tyr-MIF-1

INTRODUCTION

Parkinson's disease (PD) first described by
James Parkinson in 1817 represents a chronic
incurable progressive neurodegenerative condition
characterized by predominantly motor disturbances
— tremor, rigidity, bradykinesia, and postural
disorders [1]. It affects between 1 and 3% of the
population over 50 years of age. Its pathological
hallmark is specific degeneration of dopaminergic
neurons in the substantia nigra pars compacta [2,
3]. The complex integrative system of the basal
ganglia in the central nervous system (CNS)
comprises substantia nigra, putamen, nucleus
caudatus, nucleus accumbens, and globus pallidus.
The effectiveness of the system described depends
on the synaptic transmission that represents itself
the outcome of interaction (and integration) of
different neurotransmitters and neuromodulators [4,
5]. Animal studies suggested that basal ganglia play
also a role as a sensory analyzer integrating and
focusing adequate sensory impulses, and finally
modulating motor performance [6]. Such a
sensorimotor integration links sensory input to the
motor output producing adequate voluntary
movements [7], and probably accounts for the
pathogenesis of bradykinesia in PD.

Over the last decade researchers have focused
their interest on purely sensory functions in PD.
Along with motor dysfunctions 75% of PD patients
manifest also sensory disorders with pain among
them [8]. Living organisms possess a complex

* To whom all correspondence should be sent:
E-mail: doctor.kochev@gmail.com

mechanism to control pain sensations. The
antinociceptive pathways integrate two interrelated
components — an opioid and a non-opioid one [9].

The first component is connected with the
opioid system, which comprises the opioid
receptors (u-, 6-, x-, A-, o-) and their endogenous
ligands (B-endorphins, enkephalins, and dynorphin)
[10]. The non-opioid component of analgesia
integrates  different neuromodulator/neurotrans-
mitter systems - the adrenergic, the serotonirergic,
the nitric-oxide, the endocannabinoid systems.

Experimental data support the importance of the
endocannabinoid system (ECS) in CNS and the
peripheral nervous system. The ECS consists of
two types of cannabinoid receptors (CB1 and CB2),
their endogenous ligands and the enzyme systems
involved in their synthesis and degradation [11].

CBI predominates in the brain and especially in
the basal ganglia. In the last years several
experiments proved that the endocannabinoids
exerted an important role in the striatum: they
influence its normal functions, interact with
dopamine and mediate the changes after dopamine
depletion [5, 12]. It has been proved that
endocannabinoid levels in the striatum increase
after dopamine depletion [5, 13]. The role of
endocannabinoid and peptidergic neurotrans-
missions in the pathogenesis of motor dysfunctions
in PD has also been confirmed [14, 15].

The peptides of the Tyr-MIF-1 family exert
opioid as well as anti-opioid effects [16-18]. MIF-1
and Tyr-MIF-1 have also modulating effect on the
dopaminergic neurotransmission [19-23].
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Changes in dopaminergic neurotransmission are
undoubtedly crucial to the pathogenesis of motor
dysfunctions in PD, and it is also important in
modulating pain perception and natural analgesia
within supraspinal striatal and extra-striatal regions.
Yet there are some evidences questioning the
dopaminergic transmission role in pain processing
[24]. 1t is then possible that other non-dopaminergic
basal ganglia neurotransmitter systems may account
for the sensory abnormalities in PD and thus
influence the sensorimotor integration.

In the present study, we evaluated the changes in
pain thresholds after injection of: 1) CB-1 agonists
and antagonists; 2) MIF-1 and Tyr-MIF-1
neuropeptides; 3) MIF-1 or Tyr-MIF-1 after CB1
agonist. The experiments were performed in a rat
model of 6-hydroxydopamine (6-OHDA)-induced
Parkinsonism which is one of the most common
animal models of PD. 6-OHDA is a hydroxylated
analogue of natural dopamine that selectively
destroys catecholamine neurons. It also leads to
production of reactive oxygen species (ROS) which
damage proteins, lipids and DNA, causes
mitochondrial inhibition and impairment, and ATP
deficiency [25-27].

EXPERIMENTAL
Animals

The experiments were carried out on male
Wistar rats (200-240 g at the beginning of study),
housed individually in polypropylene cages (40 x
60 x 20 cm) at a temperature-controlled colony
room maintained at 21 £ 3 °C under 12:12 h
light/dark cycle with lights on at 6:00 a.m. The
animals were given free access to tap water and
standard rat chow. All procedures were carried out
according to the ‘‘Principles of laboratory animal
care’” (NIH publication No. 85 23, revised 1985),
and the rules of the Ethics Committee of the
Institute of Neurobiology, Bulgarian Academy of
Sciences.

Stereotaxic drug injection into the ventrolateral
striatum

Rats were anesthetized with intraperitoneal
injection of a mixture of ketamine (75 mg/kg),
acepromazine (0.75 mg/kg) and rompun (4 mg/kg).
The animals were placed in a stereotaxic apparatus
(Stoelting, USA). 8 ug (free base weight) 6-OHDA
(RBI) was dissolved ex tempore in 2 pl of 0.2%
ascorbic acid with 0.9% normal saline and 2 pl of
the solution was microinjected trough Hamilton
micro-syringe (Hamilton, Reno, NV) at the

following coordinates: AP "4.4 mm, ML
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1.2 mm relative to bregma, and DV "7.5 mm from
the dura over a period of 2 min (rate 0.5 pl /min)
and the injection cannula was left in place for
additional 30 seconds.

The control group was microinjected with 2 pl
saline into the same area.

Immediately prior to sacrificing, the animals
were injected with 1 ml 2% Fastgreen dye through
the injection cannula.

Injection sites were then anatomically verified
post-mortem in 25 mm coronal brain sections cut
through the hippocampus by an investigator, blind
to the behavioural results. Results from animals
with cannulas’ placements outside the ventrolateral
striatum area were excluded from the statistical
analysis.

Drugs and treatment

All  drugs were obtained from Sigma.
Anandamide (arachidonoyl ethanolamide, AEA) at
a dose 1mg/kg, and AM251 at a dose 1,25mg/kg
dissolved in DMSO were injected intraperitoneally
(i.p.). MIF-1 and Tyr-MIF-1 were dissolved in
sterile saline solution (0.9% NacCl) and injected i.p.
at a dose 1mg/kg. When evaluating the
neuropeptides™ effect on cannabinoids MIF-1 and
Tyr-MIF-1 were administered 10 min after
anandamide or AM251.

Nociceptive test

Paw-pressure test (Randall-Selitto test). The
changes in the mechanical nociceptive threshold of
the rats were measured by analgesiometer (Ugo
Basile). Increasing pressure (g) was applied to the
hind-paw and the value required to elicit a
nociceptive response (a squeak or struggle) was
taken as the mechanical nociceptive threshold. A
cut-off value of 500 g was observed in order to
prevent damage of the paw.

Statistical analysis

The results were statistically assessed by one-
way analysis of variance ANOVA followed by t-
test comparison. Values are mean = S.E.M. Values
of p< 0.05 were considered to indicate statistical
significance.

RESULTS AND DISCUSSION

Left-sided injection of 6-OHDA led to right-
sided hemiparkinsonism (RSHP). The right paws of
the animals were regarded as RSHP-paws, while
the homolateral to the lesion ones were regarded as
auto-controls  (AC). Animals with  saline
microinjection were taken in consideration as
controls.
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The evaluations started 10 min after drugs’
administration

Estimation of pain thresholds of the control
animals, the AC, and the RSHP without any
substances administrated showed that AC and
RSHP had higher values than controls with RSHP
being the highest (Fig. 1).

e
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Paw pressure gfem2
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Fig. 1.Pain thresholds of control animals, left auto-
control-paws (AC) and right 6-OHDA-hemiparkinsonian
paws  (RSHP)  before  evaluated  substances
administration. The results are represented as mean
values = S.E.M. AC and RSHP were compared to
controls (***p<0.001); RSHP were compared to AC
(**p<0.001).

After AEA injection the pain thresholds of AC
and RSHP increased in respect to the control
values. AC+AEA values were higher than AC on
the 10" min (Fig. 2), and similarly RSHP+AEA
were higher than RSHP (Fig. 3).
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Fig. 2. Effects of AEA (1.0 mg/kg, i.p.), AM251
(1.25 mg/kg, i.p.), MIF-1 (1.0 mg/kg, i.p.), and Tyr-MIF-
1 (1.0 mg/kg, i.p.) on the pain threshold of the auto-
control (AC) paws in animals with experimental 6-
OHDA-RSHP. The results are represented as mean
values + S.E.M. AC, AC+AEA, AC+AM251, AC+MIF-
1, and AC+Tyr-MIF-1 were compared to controls
(***p<0.001;  **p<0.01; *p<0.05); AC+AEA,
AC+AM251, AC+MIF-1 and AC+Tyr-MIF-1 were
compared to AC (***p<0.001; *p<0.05).
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Fig. 3. Effects of AEA (1.0 mg/kg, i.p.), AM251
(1.25 mg/kg, i.p.), MIF-1 (1.0 mg/Kkg, i.p.), and Tyr-MIF-
1 (1.0 mg/kg, i.p.) on the pain thresholds of the lesioned
paws in animals with experimental 6-OHDA-RSHP. The
results are represented as mean values + S.E.M. RSHP,
RSHP+AEA, RSHP+AM251, RSHP+MIF-1, and
RSHP+Tyr-MIF-1  were compared to controls
(***p<0.001); RSHP+AEA, RSHP+AM?251,
RSHP+MIF-1, and RSHP+Tyr-MIF-1 were compared
to RSHP (***p<0.001;**<0.01; * p<0.05).

In a second series of experiments the effects of
MIF-1 and Tyr-MIF-1  neuropeptides on
nociception in rats with 6-OHDA-RSHP were
estimated.

Administration of neuropeptides decreased pain
thresholds of both AC- and RSHP- paws compared
to values of animals without the substances (Fig. 2
and 3).

In AC-paws the effect was statistically relevant
on the 20" and the 30" min of the experiment. Both
peptides increased nociception in comparison to
AC as well as to controls (Fig. 2).

In RSHP-paws the pronociceptive effect after
MIF-1 and Tyr-MIF-1 administration was obvious
as soon as the 10" min and remained visible for the
whole experimental time. Pain thresholds were
lower compared to RSHP without substances, but
higher than control values (Fig. 3).

In the next series of experiments the modulating
effect of the two neuropeptides on the cannabinoid
system in animals with experimental hemi-
parkinsonism was evaluated.

MIF-1 and Tyr-MIF-1 administration after AEA
in animals with experimental RSHP led to a
statistically relevant decrease in pain thresholds of
both AC- and lesioned paws compared to AC- and
lesioned paws in animals with AEA without the
peptides (Fig. 4 and 5).
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Fig. 4. Effects of MIF-1 and Tyr-MIF-1 (both at 1.0
mg/kg, i.p.) on auto-control (AC) paws pain thresholds
of animals with experimental 6-OHDA-RSHP injected
with AEA (Img/kg, i.p.) or AM251 (1.25 mg/kg, i.p.).
Results are represented as mean values + S.E.M. All
thresholds of experimental animals were first compared

to controls (***p<0.001; *p<0.05); AC+AEA,
AC+AEA+MIF-1 and AC+AEA+Tyr-MIF-1  were
compared to AC (***p<0.001, *p<0.05);

AC+AM251+MIF-1 and AC+AM251+Tyr-MIF-1 were
compared to AC+AM251(** p<0.001).
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Fig. 5. Effects of MIF-1 and Tyr-MIF-1 (both at 1.0
mg/kg, i.p.) on lesioned paws pain thresholds in animals
with experimental 6-OHDA-RSHP injected with AEA
(Amg/kg, i.p.) or AM251 (1.25 mg/kg, i.p.). Results are
represented as mean values = S.E.M. All thresholds of
experimental animals were first compared to controls

(***p<0.001; **p<0.01; *p<0.05); AC+AEA,
AC+AEA+MIF-1 and AC+AEA+Tyr-MIF-1  were
compared to AC (***p<0.001, *p<0.05);

AC+AM251+MIF-1 and AC+AM251+Tyr-MIF-1 were
compared to AC+AM251(** p<0.001; ** p<0.01; *
p<0.05).

AC+peptides-thresholds decreased for the whole
estimated period and were lower than controls, AC,
and AC+AEA. A tendency toward hyperalgesia
was observed (Fig. 4).

RSHP-paws thresholds showed a statistically
relevant decrease in respect to RSHP and
RSHP+AEA for the whole experimental time.

Compared to controls a slight tendency
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toward hyperalgesia was detected only for Tyr-
MIF-1 on the 20" and 30" min (Fig. 5).

Administration of the CB1 receptor antagonist
AMZ251 increased the pain thresholds of AC-paws
compared to animals without the substance on the
10" and 20" min. Compared to the agonist the CB1
antagonist led to comparable thresholds on the 10™
min, and even higher thresholds on the 20" min
(Fig. 2).

Vice versa CB1 receptor antagonist decreased
the pain thresholds of RSHP+AM251 compared to
RSHP and RSHP+AEA for the whole estimated
time (Fig. 3).

Administration of MIF-1 or Tyr-MIF-1 after
CB1 antagonist AM251 decreased the pain
thresholds of the AC-paws (AC+AM251+peptides)
on the 10" and the 20™ min compared to animals
with AM251 but without the peptides
(AC+AM251). The effect was more pronounced for
MIF-1, and a tendency toward hyperalgesia was
observed (fig. 4).

The pain thresholds of RSHP-paws after both
AM251 and MIF-1 were lower than controls,
RSHP, and RSHP+AM251 without peptides. Tyr-
MIF-1 led to increase in the pain thresholds on the
10" min, while for the remaining time the values
were comparable to MIF-1's (fig. 5).

The aim of the present study was not to
delimitate changes in pain perception from pure
motor dysfunctions. Such discrimination would be
difficult given the complex interconnection and
interrelation between sensory input and motor
output underlying motor activity. The purpose was
more to establish whether the simultaneous
activation of different systems would exert an effect
different from the individual effects of each of the
systems.

Separately administrated AEA, MIF-1 and Tyr-
MIF-1 increased pain thresholds of RSHP-paws of
6-OHDA-hemiparkinsonian animals compared to
the controls. Injection of the neuropeptides 10 min
after AEA didn’t lead to a cumulative effect, but
instead decreased the thresholds toward values
equal to the controls’. Paradoxically injection of the
neuropeptides 10 min after the antagonist AM251
led to comparable effects. This is substantial with
findings of other trials searching relief of
bradykinesia using CB1 receptor antagonists — the
effects were similar to those described also after
CB1 receptor agonists and the inhibitors of the
endocannabinoid inactivation, the so-called indirect
agonists [28-32]. The presence of CB1 receptors in
multiple sites, both in excitatory and inhibitory
synapses within the basal ganglia circuitry, might
explain such controversial findings.
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The AC-paws™ thresholds showed statistically
relevant differences compared to control values
even though, being ipsilateral to the 6-OHDA
lesion, they should not be affected by changes. We
assume that sensorimotor integration accounts for
such findings, since sensorimotor actions demand
the synchronized activity of medullar, subcortical
and cortical levels, making circuits in series and
parallel [33].

Comparison between AC- and RSHP-paws
showed that the increase in pain thresholds of
individually administered AEA and the peptides
was more expressed in RSHP-paws than in AC-
ones. The decrease in the thresholds after the
combined administration of AEA and the peptides
was more pronounced for the AC-paws than for
RSHP-ones. A possible explanation may be that the
cannabinoid signaling trough the CB1 receptor type
is are altered during the course of nigral
degeneration in PD [34], changing the impact of the
receptor activation. Statistically relevant differences
in pain thresholds of AC- and RSHP-paws have
also been observed after antagonizing CB1
receptors by AM251. Additional complication for
the results™ explanation arises from the implication
of MIF-1 and Tyr-MIF-1"s receptors. MIF-1 does
not interact with opioid receptors and has its own
non-opioid receptor [35] and it has been
demonstrated that it can modulate the dopaminergic
neurotransmission in the nigrostriatal pathways
[36]. Tyr-MIF-1 interacts with p-opioid receptors
[35], and AM251 has been demonstrated to act as a
p-opioid receptor antagonist as well as CB1's one
[34]. Such complex interactions account for the
final effect.

In  conclusion, Parkinson's disease is
characterized by a complex pathogenesis with
derangement in many of the mediating and
modulating systems. Beside the dopaminergic, the
cannabinoid, and the opioidergic, other systems
(utilizing adenosine, glutamate, GABA, serotonin)
also take part in the basal ganglia circuits [37, 38].
Such a constellation complicates the interpretation
of experimental data but gives the opportunity for
differential approaches to Parkinson's disease by
targeting the different mediatory systems alone and
in combinations.
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ITAPKUHCOHOBA BOJIECT: IIOBJIMAIBAHE HA BOJIKATA OT KAHABMHONJIHATA 1
HNENTUAEPTUYHATA CUCTEMU

J. Koues™*, X. Houena 2, JI. Tpaiikos*

! Kameopa no Hesponozaus, Meouyuncku Ynusepcumem — Cogpus
2 Kameodpa no Hamogusuonozus, Meouyuncku Yuusepcumem — Cogus

IMoctenuna Ha 20 centemBpu 2016 r.; Kopurupana Ha 13 despyapu, 2017 r.

(Pesrome)

[MapkuHconoBaTa Gonect (I1B) e pesynTaT OT JereHepauus Ha JONAMHHEPTMYHHTE HEBPOHM B Substantia nigra,
KaTo € H3ACHEHO, 4Ye B IaTOTeHe3aTa Ha 3a00JIBaHETO ydJacTBAaT MHOXKECTBO B3aMMOJEHCTBAIINM CH CHCTEMH.
Ennorennara kanaOunommHa cucrema (EKC) e mmpoko pasmpocTpaHeHa B IIEHTpalHaTta HEpBHA CHCTEMa H
TIOBJIMSBAHETO M TIPEJCTaBIsABAa MOTECHIMAJIEH TEPaNeBTUYEH II0JXO0J NPH Pa3IMuHH TATOJIOTHYHH HEBPOJIOTUYHHU
cberosinus, B T.4. U [1B. Monynatopuust edexr Ha nentugure MIF-1 u Tyr-MIF-1 Bepxy EKC cwino npencrasmnssa
HHTEpeC, KaTo € SICHO U ChBMECTHOTO MM BJIMSIHHE BbPXY 0OJIKOBaTa 4yBCTBUTENHOCT TpH I1b.

CBBMECTHOTO TIOBJIMSABAaHE Ha OoJKaTa OT cTpaHa Ha kKaHaOmHOMauTe M Hepomentuaure MIF-1 u Tyr-MIF-1 Ge
H3CJIEBAHO BBPXY O-XHUAPOKCHIONAMHHOB MOJIENT Ha MMAapKUHCOHU3BM Y IUTBX MOCPEICTBOM MeToxa Paw pressure test.

Pesynrature mokazaxa, de aHaHmamMuabpT U AM251 mommusBat Gonkosata mepuemnius, a MIF-1 u Tyr-MIF-1
Moaynupat edexta Ha kanabuHouure npu [1b. Crex aHTaroHN3MpaHeTo Ha NEHCTBUETO Ha MENTHANTE Ype3 HATOKCOH
0oJikoBaTa MEPIENIHS Ha eKCIIEPUMEHTATHUTE )KMBOTHHU C€ M3PABHU C Ta3W HAa KOHTPOJIHUTE.
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Using an experimental model which represents the end-stage of Parkinson’s disease (PD), we aimed to measure the
levels of glutathione reductase activity, lipid peroxidation in different brain regions (cortex, hippocampus) in the
presence or absence of vasoactive intestinal peptide (VIP), which is a 28-amino acid “brain-gut” neuropeptide. A total
of 20 male Wistar rats, weighing 150-200 g at the time of surgery, were randomly divided in groups and housed in
cages with free access to rat chow and water. The rats were anesthetized with chloral hydrate (400 mg/kg, i.p.), had
their heads shaved, and placed in a stereotaxic apparatus. The target coordinates were: AP = +0.2; LR = -3.0; H=-5.6
according to the stereotaxic atlas. The experimental group received an injection of 20 ug/2 ul of 6-hydroxydopamine (6-
OHDA), while the control group received an injection of 2 pl saline. All injections were made into the right striatum
area by a Hamilton microsyringe at a rate of 1 pl/min. The wound was closed with stainless steel clips and the rat was
allowed to recover before being returned to its cage. VIP (13ug/2 ul) was injected into the right striatum 15 min before
6-OHDA lesion and at the 21%t day after surgery. Our experiments showed that the neuropeptide decreased the activity
of enzyme glutathione reductase and inhibited lipid peroxidation in the experimental model of Parkinson’s disease

counteracting in such way against membrane damage and ameliorating the cell viability.

Keywords: Vasoactive intestinal peptide; Parkinson’s disease; Lipid peroxidation; Glutathione reductase

INTRODUCTION

Parkinson’s disease (PD) is currently regarded
as the most common neurodegenerative disorder of
the aging brain after the Alzheimer’s dementia.
Clinically, PD is characterized by the tremor at rest,
slowness of voluntary movements, rigidity, and
postural instability [1]. The cardinal biochemical
abnormality in PD is the profound deficit in brain
dopamine level, primarily, but not exclusively,
attributed to the loss of neurons of the nigrostriatal
dopaminergic pathway [2]. Parkinson’s disease is
among the causes of death in people over 65 years
of age. For example the boxing legend Muhammad
Ali, who recently died, suffered from PD. Although
the pathogenesis of PD are steal unknown there is
increasing  evidence that impairment  of
mitochondrial function, oxidative damage and
inflammation are certainly involved [3]. Some new
knowledge about this neurodegenerative disorder
has been achieved by in vitro and in vivo
experimental models of PD [2]. Most popular of
them is 6-hydroxydopamine-induced Parkinson’s
disease rat model. Injected stereotaxically,
unilateral in striatum this dopamine analog

* To whom all correspondence should be sent:
E-mail: reni_kalfin@abv.bg

produces a more protracted retrograde degeneration
of nigrostriatal system which can last from 1-3
weeks after lesion [4, 5]. The toxic effects of 6-
OHDA are due to enhanced oxidative stress,
inflammatory processes and apoptosis [6].

We aimed to measure the levels of glutathione
reductase activity and lipid peroxidation in different
brain regions (cortex, hippocampus) in the presence
or absence of vasoactive intestinal peptide (VIP) by
means of 6-hydroxydopamine-induced PD rat
model, which represents the end-stage of this
disease.

EXPERIMENTAL

All experiments have been performed according
to the “Principles of laboratory animal care” (NIH
publication No. 85-23), and the rules of the Ethics
Committee of the Institute of Neurobiology,
Bulgarian Academy of Sciences (registration FWA
00003059 by the US Department of Health and
Human Services).

Surgical procedures

A total of 20 male Wistar rats, weighing 150-
200 g at the time of surgery, were randomly divided
in groups and housed in cages with free access to
rat chow and water. The rats were anesthetized with
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chloral hydrate (400 mg/kg, i.p.), had their heads
shaved, and placed in a stereotaxic apparatus. The
scalp was cleaned with a jodine solution, incised on
the midline and a burr hole was drilled through the
skull at the appropriate location. The target
coordinates were: AP = +0.2; LR = -3.0; H = -5.6
according to the stereotaxic atlas [7]. The
experimental group received an injection of 20 ng/2
ul of 6-OHDA (Sigma-Aldrich, St. Louis, MO,
USA; calculated as free base, dissolved in ice-cold
saline with 0.02 % ascorbic acid) while the control
group received an injection of 2 ul saline. All
injections were made into the right striatum area by
a Hamilton microsyringe at a rate of 1 pl/min. The
needle was left in place an additional 2 min before
being slowly withdrawn. The wound was closed
with stainless steel clips and the rat was allowed to
recover before being returned to its cage. VIP
(13pg/2ul) was injected in the striatum twice: 15
min before 6-OHDA lesion and at the 21° day after
surgery.

Biochemical procedures

Protein content was measured by the method of
Lowry et al. [8]. Lipid peroxidation in the absence
and in the presence of an inducer (5.10-5 M Fe?*)
was determined by the amount of the thiobarbituric
acid-reactive  substances, formed in fresh
preparations for 60 min at 37°C [9]. The absorbance
was read at 532 nm against appropriate blanks; the
absorbance at 600 nm was considered to be a non-
specific baseline and was, therefore, subtracted
from Ab32. Glutathione reductase activity was
measured by the method of Pinto & Bartley [10].

Statistical analysis

Results were expressed as mean + S.E.M.
Statistical analysis of the data was performed by
Student’s t-test for unpaired data or by one-way
analysis of variance (ANOVA) followed by
Newman-Keuls post-test. P-values < 0.05 were
considered significant.

RESULTS AND DISCUSSION

It is considered that the reduction of
apomorphine-induced rotational behavior in 6-
OHDA-lesioned rats is the most utilized method for
assessing functional efficacy in this model of PD
[11]. The rotations were measured according to a
method as described previously [12]. Briefly, the
animals were allowed to habituated for 10 min and
then 1 min after the injection (apomorphine2mg/kag,
s.c), the rotations were counted. Number of
rotations was monitored in a cylindrical container
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(a diameter of 33 cm and a height of 35 cm) for 1
hour in a dimly-lighted room. The ipsilateral
rotation was not significant (Fig. 1). All animals
that made more than 30 turns/30 min opposite to
the lesion were selected for the experiments (Fig.2).

Ipsilateral rotation
EZ53 Apomorphine (0.5 mg/kg s.c.)
6-OHDA (20 pg/2 pl)

40- 1 6-OHDA + Apomorphine

301

Total rotation activity,
turns/30 min

Fig. 1. Rotational behavior of rats to the same side of the
lesion.
Contralateral rotation
E=53 Apomorphine (0.5 mg/kg s.c.)

6-OHDA (20 pg/2 )

. %% [16-OHDA + Apomorphine

30+

20

turns/30 min

101

Total rotation activity,

o

Fig. 2. Rotational behavior of rats opposite to the
side of the lesion; “P < 0.01.

Vasoactive intestinal peptide(13ug/2 ul), injected
into the right striatum 15 min before 6-OHDA lesion
and at the 21° day after surgery decreased the levels of
enzyme glutathione reductase significantly in the
cortex (Fig. 3) and lowered it in the hippocampus of
Parkinsonian rats (Fig. 4).

Glutathione reductase
in Cortex

[ Control (2 ul saline)
I 6-OHDA (20 pg/2 pl)

30+ D VIP (13 pg/2 pl)

N
?

nmoles/min/
mg protein

-
?

Fig. 3. Levels of glutathione reductase in the cortex of
control and Parkinsonian rats. n = 5; "P < 0.05 vs
Control; *P < 0.05 vs 6-OHDA-lesioned rats.
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Glutathione reductase
in Hippocampus

[ Control (2 pl saline)
I 6-OHDA (20 pg/2 ul)

201 B VIP (13 pg/2 pl)

151

nmoles/min/
mg protein
[
o

0

Fig. 4. Levels of glutathione reductase in the
hippocampus of control and Parkinsonian rats. n = 5; P
<0.05 vs Control.

Vasoactive intestinal peptide is now recognized
as a major neuropeptide in the brain, with function
ranging from neurotransmission to
neuromodulation with neurotrophic properties. This
neuropeptide is found in high concentration in the
cerebral cortex, amygdala, striatum, hippocampus,
midbrain [13]. VIP is a peptide with potent anti-
inflammatory, anti-oxidant and anti-apoptotic effect
[14, 15, 16]. Neuroprotective effect of vasoactive
intestinal peptide in a mouse model of Parkinson’s
disease by blocking microglial activation was
shown [17]. Moreover, the team of professor
IllanaGozesreported neuroprotection by stearyl-
Nlel7-VIP, vasoactive intestinal peptide, and NAP
(8aa) against the buthioninesulfoximine, a selective
inhibitor of glutathione synthesis, suggesting that
the mechanism may involve the glutathione
antioxidant system[18]. Our results are in
accordance with the above-mentioned hypothesis,
showing that vasoactive intestinal peptide
decreased the activity of the enzyme glutathione
reductase in a Parkinson’s disease model.

We also demonstrated that VIP (13ug/2 pnl)
decreased lipid peroxidation both in cortex (Fig. 5)
and hippocampus (Fig. 6) in the 6-
hydroxydopamine-induced rat model of
Parkinson’s disease. Lipid peroxidation is a crucial
step in the pathogenesis of several disease states in
adult and infant patients. The reactive oxygen
species (hydroxyl radical, hydrogen peroxide etc.)
readily attack the polyunsaturated fatty acids of the
fatty acid membrane, initiating a self-propagating
chain reaction. The destruction of membrane lipids
and the end-products of such lipid peroxidation
reactions are especially dangerous for the viability
of cells, even tissues. Since lipid peroxidation is a
self-propagating chain-reaction, the initial oxidation
of only a few lipid molecules can result in
significant tissue damage. Lipid peroxidation has

been implicated in Parkinson's disease. It was also
reported that both VIP and PACAP have
neuroprotective effects in PD models by inhibiting
the production of inflammatory mediators [19].
Vasoactive intestinal peptide family was provedto
be a therapeutic target for Parkinson’s disease [20].

Lipid peroxidation in Cortex

3 control (2 @l saline)
El 6-0HDA (20 pg/2 pl)

30 Bl viP (13 wg/2 gi)

204

104

nmoles/mg protein

Fig. 5. Levels of Fe-ascorbat induced lipid peroxidation in
the cortex of control and Parkinsonian rats. n = 4; *P < 0.05
vs Control; #P < 0.05 vs 6-OHDA-lesioned rats.

Lipid peroxidation
in Hippocampus

3 control (2 ml saline)
El G.OHDA (20 gg/2 pl)

= vip (13 2 pl
301 (13 pg/2 pl)

20

101

nmoles/mg protein
=
_|

Fig. 6. Levels of Fe-ascorbat induced lipid peroxidation in
the hippocampus of control and Parkinsonian rats. n = 4; P
<0.05 vs Control.

CONCLUSION

In the present study we demonstrated that
vasoactive intestinal peptide decreased the activity of
enzyme glutathione reductase and inhibited lipid
peroxidation in the experimental model of Parkinson’s
disease counteracting in such way against membrane
damage and ameliorating the cell viability.
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BA3OAKTUBEH MHTECTHUHAJIEH ITEIITU 1 BOJIECT HA ITAPKMHCOH
P. E. Kandun'*, M. U. Jlazaposal, I1. . Mateesal, JI. M. Sukosa?, C. II. benuesa®?, P. E. Tamep™®

Hanpaenenue cunanmuuna cuenanuzayus u komyuuxayuu, Mucmumym no neepobuonozus, BAH, 6yn. Axao. I'. bonues,
on. 23, 1113 Coghua, bvaeapusa
2Kameopa no cneyuanna nedazozuxa u nozoneous, Paxyimem no nauaina u npedyuunuyna neoazozuxda, CY

”Ce.Knumenm Oxpuocku”, 6yn. Hlunuencku npoxoo 694, 1574 Cogpus, bvacapus
3Kameopa no namogusuonozus, Meouyuncku gpaxyimem, MY-Cogus, yn. 30pase 2, 1431 Copus, Bvazapus

IMoctemuna Ha 11 okromBpH, 2016 r.; Kopurupana Ha 2 1stayapu, 2017 1.
(Pesrome)

Llen Ha HammMTe eKCIIEpUMEHTH Oelle, M3MOJI3BAHKN eKCIIepUMEHTaleH Mozen Ha Oornectra Ha [lapkuHcoH, ma ce
MIPOCTEST MPOMEHUTE B aKTMBHOCTTA HAa €H3MMa IIIyTATHOH pelyKTa3a M HUBaTa Ha JIMIIHIHA NMEPOKCHIAINS B JBE
pasMuYHA MO3BYHH CTPYKTYpH (MO3bYHA KOpa W XHIIOKaM) B TPHUCHCTBHE MJIM OTCHCTBHE HA Ba30aKTHBEH
naTectuHaneH nentun (BUII), koito e 28 aMWHOKHCENWHEH NENTHA, NMPHUHAIICKAN] KbM TIpylara Ha ,,MO3BYHO-
ypeBauTe” nentuau. M3nomsBanu 6sxa 20 MBKKH, MMOJOBO 3penu mrbxa oT mopomara Wistar ¢ ternmo 150-200 r.
JKuBoTHuTE Os1Xa pasze’eHy Ha TPYNU Ha CIy4acH IPHHIHUI Chbc cBOOOJICH OCTHII 10 XpaHa U Boja. IlmpxoBere Osxa
a"ecte3upanu ¢ xuopaiaxuapat (400 mg/Kg, MHTpamepuTOHEAHO), IilaBata UM ce OOpbhCBAllle M Ce IMOCTaBsAXa Ha
cTepeoTakcuueH anapat. TapreTHute koopauHatu 3a ctpuatym Osixa: AP = +0.2; LR = -3.0; H = -5.6 B choTBeTCTBHE
CbC CTepeoTakcWdeH amnac. Ha ekcrepuMeHTanHaTa Trpyna J>XMBOTHH ce wumkektupamie 20 pg/2 pl of 6-
xugpokcuponamu (6-OHDA), a na xoHTponnarta 2 pl ¢usuosorndeH pasrBop. IIpu BCHYKM Tpynu >KMBOTHH
WH)KEKTUPAHUATA C€ OCBILECTBSIBaXa B JIECEH CTPUATYM MOCPEACTBOM MHKPOCIPHHIIOBKA XaMWJITOH MPU CKOPOCT Ha
BiuBanero 1 pl/min. Panara ce 3arBapsiiie upe3 HEPBKIAEMH KIHIICOBE Cliell KOETO TUIBXOBETE CE OCTaBsiXa Ja ce
Bb3cTanoBaT. BUIT (13 pg/2 pl) ce nmkekTupaiue B geceH crpuatyM 15 munyTH npenu sesusira ¢ 6-OHDA u Ha 21"
JeH ciep onepanusTa. I[lonydeHuTe OT Hac pe3yiTaTH MOKas3BaT, ue MPH U3MOI3BaHUs €KCIEPUMEHTAlEeH MOJEN Ha
GonectTa Ha [lapKMHCOH € HajMIe NMOHIKEHHWE B aKTUBHOCTTA HAa €H3WMa TUIYTaTHOH PEAyKTazaTa M IMOTHCKaHe Ha
JUMUHATA TIEPOKCHUIAIMS, KOETO O3HauyaBa, Y€  yBPEXJAaHETO Ha KIEThYHUTE MEMOpaHH € HaMmaleHo, a
KHM3HECTIOCOOHOCTTA Ha KJIETKUTE € ITOBHIIICHA.
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Intrahippocampal administration of losartan improves learning and memory in rats with
model of depression
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The brain renin-angiotensin system is involved in learning and memory, but the role of angiotensin 11 and its receptors in
these processes is not well established. The effects of losartan (angiotensin type 1 receptor antagonist) and angiotensin II,
microinjected bilaterally into CA1 hippocampal area on learning and memory in rats with a model of depression (bilateral
olfactory bulbectomy), using two avoidance paradigms: active avoidance (shuttle box) and passive avoidance (step through)
were investigated. After stereotaxic implantation of guide cannulas into the CAl area of dorsal hippocampus angiotensin 11
(0.5 pg) and losartan (100 pg) were microinjected separately, 5 minutes before each training session. It was found that intra-
CALl losartan reverses memory deficits induced by bulbectomy unlike angiotensin Il which did not show any effect. The
data suggest an involvement of angiotensin type 1 receptors in modulating memory processes in rats with model of

depression.

Key words: Losartan, Angiotensin I, Hippocampus, Depression, Learning, Memory

INTRODUCTION

The brain renin—angiotensin system (RAS)
includes a number of bioactive angiotensin (Ang)
peptides (Ang I, Ang IlI, Ang IV and Ang-(1-7)
which show variable neurological activities [1]. Four
receptor types have been proposed within the RAS:
the Ang Il type 1 and 2 receptors (AT1, AT2), Ang
IV-specific receptor (AT4), and a putative Ang-(1-
7)-selective receptor. Angiotensin Il (Ang Il) is the
most important angiotensin peptide, which binds
selectively AT1 and AT2 receptors.

Recent studies have revealed that Ang Il regulates
synaptic transmission in several brain regions
including the hippocampus [2]. The hippocampus is
known to be involved in a variety of learning tasks
and there the concentration of Ang Il and the
expression of the wvarious angiotensin receptor
subtypes are particularly high [3, 4].

There are few reports about the involvement of
hippocampal angiotensin receptors in cognitive
processes using the avoidance paradigms. It was
demonstrated that when administered to the
hippocampus, Ang Il impaired retention of the single

trial step through shock avoidance response by
activation of AT1 receptors [5]. Other studies
provided evidence that Ang Il applied to the CAl
area blocked memory formation through a
mechanism involving the activation of AT2 receptors
[6]. Recently, a possible role of hippocampal Ang Il
receptors in voluntary exercise-induced enhancement
of learning and memory in rats was suggested [7]. It
has been reported that orally administered losartan
(an antagonist of the AT1 receptors) suppresses the
enhancing effect of voluntary running on cell
proliferation in the rat hippocampus [8].

The first suggestion that brain RAS may be
important in depression was observed in hypertensive
patients undergoing captopril treatment [9-11].
Captopril treatment has also been shown to protect
animals against the forced swim induction method of
learned helplessness. Evidence accumulates that the
brain RAS is involved in the mediation of stress
responses and depression [12, 13].

The olfactory bulbectomized rat (OBX) is a well-
validated animal model of depression.OBX is
associated with a variety of behavioral abnormalities
such as hyperactivity in the “open-field” test,
appetite-motivated behaviors, decreased fear-related
behavior, extensive cognitive impairments, and
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others [14-16]. Hippocampal degeneration has been
suggested to be the basis for the cognitive deficits in
Alzheimer’s disease (AD) [17]. As far as bulbectomy
is associated with increased levels of beta-amyloid
protein in neocortex and hippocampus [18] and
induces some behavioral and biochemical phenotypes
of Alzheimer’s disease, such as an increase of
locomotor activity and cognitive defects [19, 20] it
has been used also as an AD model.

Taking into account the high density of AT1
receptors in the hippocampus and the role of this
limbic structure in the cognitive processes, the aim of
the present study was to examine the effects of Ang Il
and losartan (a selective AT1 receptor antagonist)
after bilateral infusion into CA1 hippocampal area on
learning and memory processes in rats with an OBX
model.

MATERIAL AND METHODS
Animals

Male Wistar rats (200 - 220g at the time of
surgery) were housed individually in polypropylene
boxes with free access to food and water. The
animals were maintained in a constant temperature
environment (22 + 2°C) on a 12 h light/dark cycle
(lights on at 6:00am). The behavioral experiments
were carried out between 10:00am and 1:00pm.

The experiments were carried out according to the
“Principles of laboratory animal care” (NIH
publication No. 85-23, revised 1985), and the rules of
the Ethics Committee of the Institute of
Neurobiology, Bulgarian Academy of Sciences
(registration FWA 00003059 by the US Department
of Health and Human Services).

Surgical procedures

Bilateral olfactory bulbectomy (OBX), stereotaxic
implantation and drug microinjections into the
hippocampal CA1l area were published previously
[14, 21, 22]. OBX was performed according to the
method described by Kelly et al. [14]. Seven days
after OBX, guide cannulas were implanted bilaterally
(right and left) into CA1 hippocampal area of OBX
rats (P = 3.8 mm; L =+ 3.0 mm; h = - 3.0 mm). After
surgery, the animals were allowed 7 days to recover
before the beginning of the behavioral tests, e.g. 15
days after OBX. During the recovery period, the rats
were handled daily.

Rats were microinjected into both CALl areas with

170

0.5 ul of Ang Il (pH 7.4) or 0.5 pl of losartan (pH
7.4) or 0.5 ul saline. Following the termination of the
experiments and immediately prior to the sacrifice,
the rats were injected through the injection cannula
with 0.5 pul 2 % Fast Green dye for verification of
cannula placement into hippocampal CALl area.
Animals with cannula placement outside the CAl
area or not symmetrical within both CA1 areas were
excluded from the statistical analysis.

Behavioral methods

The behavioral tests were carried out 15 days after
the bilateral olfactory bulbectomy. The animals were
tested in two learning and memory tests: two-way
active avoidance test (shuttle box) and passive
avoidance test (step-through) as described previously
[21]. The experimental rats were divided into 2 main
groups for each of avoidance test (shuttle box and
step through): A) - rats without cannulas and without
treatments - OBX operated rats and sham-operated
rats B) - OBX rats with bilaterally implanted
cannulas into CA1 areas microinjected with Ang II;
losartan and saline. The drugs were injected 5
minutes prior to each training session.

Statistical analysis

One-way ANOVA was used to analyze the data
obtained for bilateral olfactory bulbectomy. Separate
one-way ANOVA was used to analyze the data
obtained for number of avoidances for learning (1%
and 2" training day) and memory test (24 hours after
the 2™ training day). ANOVA data were analyzed
further by post-hoc Student-Newman—Keuls (SNK).
T-test was used for post-hoc comparisons between
left- and right-side injections. Analysis of the passive
avoidance data was performed using y2 tests.

RESULTS AND DISCUSSION
Shuttle box test

One-way ANOVA on the number of avoidances
of OBX rats (without implanted cannulas)
demonstrated a significant effect on the 1% training
day (Fy11 = 34,090; P < 0.001), 2" training day (F111
= 60,500; P < 0.001) and on the retention test (F1,11 =
74,387; P < 0.001) at the active avoidance paradigm.
Post-hoc SNK showed that the avoidances of OBX
rats were significantly lower as compared to the
sham-OBX controls on 1t day (P < 0.001), 2" day (P
< 0.001) and on the retention test, 24 h after the 2"
day (P <£0.001) (Fig. 1).
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One way ANOVA after bilateral infusions of Ang
I and losartan on the number of avoidances of OBX
rats showed a significant effect for “drug” on the 1%
day (F217=4,078; P<0.03), on the 2" day
(F217=16,0465; P<0.01), and at the retention test
(F217 = 5,248; P <0.01). Post-hoc test revealed that
losartan significantly increased the number of
avoidances during the 1% day (P < 0.005), the 2™ day
(P <0.005), and at the retention test (P <0.0001), as
compared to the saline-treated OBX-controls, while
Ang Il did not produce any significant effect (Fig. 2).

Shuttle box
8

1* day 2" day retention test

1

7

Number of avoidances

i

Sham operated 08X

Sham operated Sham operated oBXx

Fig. 1. Effect of olfactory bulbectomy (OBX) on the
number of avoidances (shuttle box). "™ P < 0.001. Asterisks
depict comparisons of the number of avoidances in OBX
rats vs. sham operated controls. n=6. Means (= S.E.M.) are
presented.

Shuttle box

45 1* day 2™ day retention test

Number of avoidances

15 ] V7
1
05 7 / 7
° OBX- 0)( OBX - OBX- OBX- OBX- OBX- .. 0BX -
saline  Angll Losartan saline  Ang Il Losartan saline  Angll Losartan
Fig. 2. Effects of Ang Il and losartan microinjected
bilaterally into the CA1 hippocampal area of OBX rats on
the number of avoidances (shuttle box). ™ P < 0.001.
Asteriscs depict comparisons of the number of avoidances,

following infusions of the drugs vs. respective OBX saline
treated controls. n=6. Means (+ S.E.M.) are presented.

Step-through test

ANOVA on the latent time of OBX rats (passive
avoidance task) demonstrated a significant effect on
the retention tests: 3™ h after training (Fiu =
182,931; P < 0.001) and 24" after training (Fiu
=250,372; P<0.001). The OBX rats showed a

significant decrease of the latent time on 3™ h (P <
0.001) and 24" h (t = 3.98, P < 0.001) as compared to
the sham-OBX controls. The number of OBX rats to
fulfill the learning criteria diminished to 0 % at both
retention tests (P <0.001) as compared to the controls

(Fig.3).

200 - Step through

3h 24h
180 { K ! |

160 -

140

120 4

100 4

80 4

time (sec)

60
40 4 -

0

Sham operated OBX

Fig. 3. Effect of olfactory bulbectomy (OBX) on the
latent time (step through). ™ P < 0.001. Asterisks depict
comparisons of the latent time in OBX rats vs. respective
sham operated controls. n=6. Means (xSEM) are
presented.

Sham operated 0BX

ANOVA after infusions of Ang Il and losartan on
the latent time of OBX rats showed a significant
effect for “drug” on the 3 h (Fz3 = 19,917; P <
0.001) and 24" h (F223 = 71,941; P < 0.001). Losartan
significantly enhanced the cognitive performance of
OBX rats. It prolonged the latent time on 3 h (P
<0.04) and 24" h (P <0.001) and increased the
percentage of the rats reaching the learning criteria on
3" h (38% - ¥*=5.333; P<0.02) and 24" h (63% -
¥? =7.237; P <0.01) as compared to the saline-treated
OBX rats. Ang Il administered into the CAl areas did
not produce significant effects on memory-related
behavior of OBX rats (Fig.4).

Step through
180 - 3h 24h
gxoo
g 80

0BX-saline OBX-Ang !l OBX-osartan OBX-saline OBX-Ang !l OBX-losartan

Fig. 4. Effects of Ang Il and losartan microinjected
bilaterally into the CA1 hippocampal area of OBX rats on
the latent time (step through). *P < 0.005. Asteriscs depict
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comparisons of of the latent time, following infusions of
the drugs vs. respective OBX saline treated controls. n=8.
Means (+ S.E.M.) are presented.

The present study extended our understanding
about the learning and memory effects of Ang Il and
losartan infused separately into the hippocampal CA1
area of OBX rats. The bilateral bulbectomy impaired
the performance of rats in both avoidance paradigms
as it has been demonstrated previously [23, 24]. The
microinjections of Ang Il failed to produce any effect
on the performance of OBX rats as compared to the
saline-treated OBX controls, while losartan
significantly ameliorated the learning and memory-
related behavior impairment. Based on our results we
can make only some speculative assumptions to
explain the memory ameliorating effect of losartan on
OBX-induced learning deficits in the avoidance tests.

The brain RAS has been implicated in the
pathophysiological mechanisms of dementia and
neurodegenerative diseases. However, its role on the
impairment of learning and memory-related behavior
induced by OBX has not been examined yet. The
bilateral removal of bulbi olfactorii is associated with
a variety of behavioral abnormalities in rodents
including cognitive impairments, with deficits in
learning and memory [14, 16, 23, 24]. After
bulbectomy degeneration of neurons in cortex,
hippocampus [25, 26 ] and impaired neurogenesis in
hippocampal dentate gyrus have been reported [27].
The present findings provided new insights
concerning the modulatory role of RAS on cognitive
processes in rats with olfactory bulbectomy.

Data are lacking about the expression of
angiotensin receptors in the brain of OBX rats, but
the neurodegenerative changes might be accompanied
with abnormalities in RAS in different brain regions,
similarly to the observed alterations on AT receptor
subtypes in patiens with neurodegenerative disorders
[28, 29]. It could be suggested that the above-
mentioned neurodegenerative changes in the
hippocampus after bulbectomy and the following
compensatory neuronal reorganization could explain
the effects of the drugs on the performance of OBX
rats. The memory enhancing effects of losartan in
OBX rats may indicate that it is able to ameliorate the
impaired cognitive functions only in the conditions of
neurodegeneration and impaired activity of many
neurotransmitter systems, increased oxidative stress
and inflammation, which have been reported
following bulbectomy.
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AT1 receptor blockers have shown powerful
neuroprotective effect in vivo and their use may be
beneficial for the treatment of many brain disorders
[30, 31]. Recent studies showed that telmisartan
protects mouse dopaminergic neurons, inhibits the
microglial response in a mouse MPTP of Parkinson’s
disease [32] and attenuates hypertension-induced
learning and memory deficits [33, 34].

Brain inflammation has been implicated in the
pathophysiology of brain diseases such as major
depression, Parkinson's disease, Alzheimer's disease,
and traumatic brain injury. Evidence accumulates
suggesting that ARBs may protect the brain from
different types of injury resulting in parenchyma
inflammation and neuronal damage. Inflammation
has been linked to the etiology of OBX-induced
depression. Ablation of olfactory bulbs is associated
with production of oxygen reactive species,
saturation of antioxidant enzymes, increased lipid
peroxidation, etc.[35]. In addition to oxidative stress,
OBX syndrome involves generation of pro-
inflammatory cytokines in brain [36, 37] and
promotes pathological damage by accompanying
inflammatory reactions [38]. Oxidative stress
contributes to the cognitive impairments in
experimental animals [39]. Reports indicate that
oxidative stress is increased in the brain of
Alzheimer's disease and other neurodegenerative
disorders [40]. The neuroprotective effects of ARBs
may be partially related to their ability to decrease
oxidative stress. Recently, complex interactions
between Ang Il, behavioral processes and neuronal
oxidative stress have been reported. Bild et al. [2]
found significant correlations between some
memory-related behavioral parameters and the
oxidative stress markers from the hippocampus. The
central administration of Ang Il induced memory
deficits in two different cognitive tasks and increased
oxidative stress status in the hippocampus, while the
administration of losartan significantly improved the
performance of rats [2]. Following this line of
reasoning, it is likely the anti-inflammatory and anti-
oxidant effects of losartan to contribute for its ability
to ameliorate the OBX-induced deficits in the
avoidance paradigms.

The ability of Ang Il receptor antagonists to
interfere with the activity of some neurotransmitter
systems, all being involved in the cognitive processes
might also contribute to the memory enhancing effect
of losartan in the OBX model. As far as in rodents
AT1 receptors are expressed in brain regions
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involved with fear memory such as hippocampus and
amygdala, the implication AT1 receptor inhibition in
the mechanisms of fear memory and extinction [3,
41, 42] could also be taken into account.

CONCLUSION

This study demonstrated that the bilateral
administration of the AT1 receptor antagonist
losartan into the CA1 hippocampal area of OBX rats
significantly ameliorated the memory deficits in both
active and passive avoidance tasks. These findings
could contribute to understanding the potential of the
central RAS manipulation for the treatment of
cognitive disorders.
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JJOCAPTAH BBBE/IEH B XUITOKAMII HA ITNITbXOBE C MOJEJI HA IEITPECHA
I[TOAOBPABA OBYYEHUETO U ITAMETTA

M. C. Upanosa!, P. E. Tames®*"

Kamedpa no namogusuonoeus, Meouyuncku gpaxynmem, MY-Cogus, yn. 30pase 2, 1431 Cogpus, Bvreapus
2Hanpa6ﬂenue nosedenuecka negpoouonoaus, Mncmumym no nespoouonoeus, bAH, o6yn. Axao. I'. bonues, 61. 23, 1113
Cogus, Bvazapus
3Kamedpa no ¢usuonozus u namogusuonozus, Meduyuncxku ynusepcumem, MY-Bapua, yn. M. [Jpunos, 55, 9000 Bapua,
bwacapus

ITocrpnuna ua 08 okTomBpH, 2016 r.; Kopurupana Ha 14 ¢pespyapu, 2017 r.

(Pestome)

Mo3byHaTa PCHUH-aHTMOTCH3MHOBATa CUCTEMAa € BBBIICUCHA B OOYYHMTEIIHUTE U MAMETOBHUTE MPOIECH, HO POJIATa Ha
aHruoteH3uH |l ¥ HEroBUTE pelenToOpy B TE3W MPOIECH BCE Ole He ¢ A00pe ycraHoBeHa. M3cimenBanu ca eekTUTe Ha
JocapTaH (aHTArOHHUCT HA aHTMOTEH3MH THM | peuenrtopurte) U anruoteH3uH |1, mukpoumxkektupanu aByctpanHo B CAl
MOJIETO Ha XWIIOKAMIa BbpPXy OOYYEHHETO W MaMeTTa Ha IUTbXOBE C MOJENl Ha JAenpecHs (IByCTpaHHa ondakTopHa
OymOekToMust), TIPH [1Ba METOJa 3a maMeT M oOydueHue: akTuBHO u30srBane (Shuttle boX) m macuBHO u30srBane (Step
through). Crien crepeorakcnuHo UMILUIaHTUpaHe HA Bojeny KaHoan B CAl moneto Ha 3aJHus XUIOKAMIl, aHTHOTEH3HH ||
(0.5 pg) u nocapran (100 pg) ce MUKPOUHIKEKTUPAT MOOTACIHO, 5 MUHYTH MPEAX BCSIKA TPEHUPOBBYHA CECHs. Y CTAHOBEHO
e, 4e nocaptad BeBeaeH B CAl moneTo mpeMaxBa MaMeToOBHs JAe(UIMT, MPEAU3BUKAH OT OyJI0EKTOMHUATA, 32 pa3jiuKka OT
anruoteHsuH |1, kolito He nmokasea edekr. [loayUueHUTe TaHHU TOBOPST, Y€ AHTMOTEH3UH TUIT | PEIENITOPUTE Ca BHBICYCHU
B IIPOLIECUTE HA 00YYCHHUE U MaMET Ha ILTHXOBETE C MOJIEN Ha JCTIPECHS.
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The purpose of the study was to assess the effect of short—term ghrelin (GHR) or melatonin (MLT) treatment on
Angiotensin Il (Angll)-provoked motility of stomach, rectum and urinary bladder of rats with streptozotocin (STZ)-
induced diabetes. Mature Wistar rats were divided into 4 groups: control; STZ-treated: by a single STZ injection; MLT-
treated: single STZ injection, followed by MLT treatment for 7 consecutive days; GHR-treated: single STZ injection,
followed by GHR treatment for 7 consecutive days. The experiment lasted 42 days and in the end, preparations from the
reservoir organs were prepared and influenced by Angll. The analysis of power and kinetic parameters of the obtained
contractions was made by KORELIA Software.

STZ-induced diabetes affected differently Angll-provoked contractile activity of reservoir organs. In the MLT-
treated group, powerful responses to Ang Il of the stomach (1.91+0.07 g) and weak Ang ll-induced contractions of
urinary bladder preparations (1.12+0.11 g) in comparison to controls (1.144+0.13g and 1.74+0.22g, respectively) were
observed. Administration of GHR almost completely recovered the normal force characteristics of urinary bladder
contractions and accelerated the duration of stomach contractions. The responses to Ang Il of rectal preparations from
animals treated with GHR or MLT were not improved.

Although partial, there were registered favorable effects of short-term application of MLT or GHR in animals with
STZ-induced diabetes. The beneficial effect on Ang Il-induced stomach and urinary bladder motility was probably due

to antioxidant and pro-kinetic properties of MLT or GHR on the smooth muscle.

Key words: Angiotensin 11, Ghrelin, Melatonin, diabetes, smooth muscle

INTRODUCTION

The stomach, rectum and urinary bladder serve
mainly as reservoir organs and perform evacuating
functions. This is why the maintenance of their
adequate tone is essential for a normal quality of
life. The precisely coordinated and complex smooth
muscle activity of reservoir organs is regulated by
the interplay between neural and endocrine control
mechanisms. The octapeptide Angiotensin Il (Ang
I1) is an important factor for blood pressure
regulation and maintenance of electrolyte
homeostasis. Furthermore, as the main effector of
the Renin-Angiotensin System (RAS), Ang Il has
various actions, many of them affecting the activity
of visceral smooth muscles from gastrointestinal
(Gl) and urogenital tract [1,2]. Leung et al. [3] have
found that Ang Il has a potent contractile action on
the musculature of the GI tract, rather than on the
aorta. In the GI tract, Ang Il plays multiple roles,
influencing water-salt balance, blood flow, motility
and inflammation. There is evidence for the
involvement of Ang Il in the development of
gastro-esophageal reflux [2], internal anal sphincter

* To whom all correspondence should be sent:
E-mail: petia_hadjibojeva@abv.bg

incontinence [4] and Crohn's disease [2,5]. It has
also been shown that Ang Il causes dose-dependent
contractions of smooth muscle strips from the
urinary bladder. This directs many researchers to
the hypothesis that Ang Il is likely to influence the
process of micturition and probably acts as a
modulator of neurotransmission in the bladder [6].
A large number of studies reveal the presence of
receptors for Ang Il in different parts of the Gl and
urogenital tracts [2,5]. Most of the effects of Ang Il
on the digestive system, especially those
concerning the contractile activity, are attributed
mainly to the effects mediated by the AT1 receptors
[2,4,6].

Nowadays, the growing incidence of disorders
in many smooth muscle organs is frequently
observed in diabetic patients. The gastroparesis,
fecal incontinence/constipation and cystopathy are
among the first significant complications connected
with the progression of diabetes mellitus [7,8]. The
reason for these diabetic complications is the
impaired smooth muscle function due to oxidative
stress and the accumulation of glycated products [9].
Considering the leading role of oxidative stress in
the pathogenesis of diabetes, the scientific efforts
are directed to the search for effective antioxidants
[10]. Such possible antioxidants with a therapeutic
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potential for treatment of diabetic smooth muscle
dysfunction could be the hormones melatonin
(MLT) and ghrelin (GHR).

Melatonin (MLT)

MLT positively affects a wide range of diabetic
complications by reducing the oxidative stress. It
has been found that MLT is a more powerful
antioxidant than Vitamin E, displaying nearly 10-
fold times more potent free radicals trapping ability,
especially in the brain [11]. An intraperitoneal
injection of MLT, made a few days before STZ-
induced diabetes in rats, prevents severe lesions of
B-cells in the pancreas [12]. Klepac et al. [13] found
that even a single dose of MLT (20 mg / kg) has an
antioxidant activity in the plasma of STZ-treated
rats, increases the action of antioxidant enzymes
and reduces the production of superoxide radicals.

Ghrelin (GHR)

Irako et al. [14] are the first who found that a
subcutaneous injection of GHR could prevent the
hyperglycemia, caused by the STZ application in
newborn rats. The authors have registered a
significant increase in insulin production and
secretion in the experimental animals [14]. In
similar experiments, Granata et al. [15] described
that the administration of GHR results in an
improvement of glucose metabolism and a
conservation of mass of pancreatic island cells.
This is a prerequisite for a good therapeutic
potential of GHR in conditions associated with an
impaired p-cell function [15]. GHR favorably
affects the gastropathy, stimulates the motility and
emptying of the stomach and accelerates the
delayed by the diabetes intestinal passage [16-18].

The established role of RAS in the pathogenesis
of hypertension in diabetes mellitus [19] focused
our interest to study the effects of Ang Il on
diabetic visceral smooth muscles. Despite the
observed development of diabetic smooth muscle
dysfunction in a number of organs, the information
about the changes in the smooth muscle response of
reservoir organs to Ang Il, in this disease, is
insufficient. The hormones MLT and GHR are with
proven protective and antioxidant effects and
possess a promising action in the prevention of the
emergence and development of diabetic
complications. Currently, there is no information in
the literature how the application of these hormones
could influence Ang Il - stimulated responses of
diabetic visceral smooth musculature.

The aim of this study was to assess whether
short-term application of MLT or GHR on rats
with streptozotocin (STZ)-induced diabetes will
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affect the Ang Il - induced motility of the stomach,
rectum and urinary bladder.

EXPERIMENTAL
Experimental animals

Mature Wistar rats, weighting 250-300 g, were
divided into 4 groups: control group — healthy rats,
injected 8 consecutive days from the beginning of
the experiment with saline; STZ-treated group
(diabetic group) - rats injected once on the first day
of the experiment with a single dose of STZ; MLT-
treated group (diabetic animals treated with MLT) -
rats injected once on the first day of the experiment
with a single dose of STz, followed by 7
consecutive days administration of MLT; GHR-
treated group (diabetic animals treated with GHR) -
rats injected once on the first day of the experiment
with a single dose of STZ, followed by 7
consecutive days administration of GHR.

Experimental model of diabetes mellitus
and treatment with MLT and GHR

The induction of diabetes was made by a single
intraperitoneal injection of streptozotocin (STZ) at
a dose of 60 mg/kg. STZ was dissolved in cold 0.1
M citrate buffer, pH 4.5. The injected volume did
not exceed 0.1 ml in each experimental animal. 72
hours after STZ application (the third day of the
experiment), blood glucose levels were measured
and only animals with blood glucose above 16
mmol/l were considered diabetic and were left in
the experiment.

MLT was administered in the diabetic animals at
a dose of 10 mg / kg i.p. This dosage and the route
of administration of MLT were made as it was
described by some authors [20,21]. GHR was
administered in the diabetic animals at a dose of
100 pg/kg s.c. This dosage and the route of
administration of GHR were made as it was
described by Irako et al. [14] and Granata et al. [15].

The experiment lasted 42 days and in the end,
preparations from the reservoir organs were made
and influenced by Ang II.

Sample Preparation

The study was performed on stomach, rectal and
urinary bladder smooth muscles, isolated from the
experimental animals. The animals were
anesthetized with Nembutal 50mg/kg i.p. and
exsanguinated. The experiments were carried out in
accordance with the National regulations and the
Directive 2010/63/EU of the European parliament
and of the Council (22 September, 2010)
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concerning the protection of animals used for
scientific purposes.

Abdominal and pelvic cavity were opened and
the stomach, rectum and urinary bladder were
dissected out and immediately placed in cold Krebs
solution (3 °C), containing the following
composition (in mmol): NaCl 118.0, KCI 4.74,
NaHCOs 25.0, MgS0s4 1.2, CaCl; 2.0, KH2PO4 1.2,
and glucose 11.0. The surrounding tissue was
dissected and longitudinal sections from the organs
(approximately 8-10 mm long) were prepared. The
two ends of each preparation were tied with
ligatures. The distal end was connected to the organ
holder; the proximal end was stretched and attached
to a mechano-electrical transducer FSG-01
(Experimetria Ltd., Hungary) via a hook. The
preparations were placed in organ baths TSZ-04/01
(Experimetria Ltd., Hungary), containing Krebs
solution, pH 7.4, continuously bubbled with
Carbogen (95% Oz, 5%CO0,). The organ baths were
mounted in parallel above an enclosed water bath,
maintaining the solution temperature at 37 °C.
Preparations were placed under an initial tension
(preload) of 1 g and allowed to equilibrate for at
least 75 min (three periods: 15 min, 45 min and 15
min and two washes with Krebs solution between
them). After the equilibration period, preparations
were influenced by Ang Il in a dose of 1 umol (10°
M).

Recording of mechanical activity and
technical equipment

Mechanical activity was digitized and recorded
by wusing ISOSYS-Advanced 1.0 Software
(Experimetria Ltd., Hungary). Data processing and
storage for subsequent analysis were performed
with specialized software KORELIA [22]. With the
module KORELIA-Processing [23] a
transformation of data from 1SOSYS-Advanced 1.0
was performed and their primary processing
(filtering, smoothing, scaling, etc) was made.

Chemicals and drugs

Ang Il (Sigma-Aldrich, Germany) was
solubilized in bidistilled water. STZ and all
reagents for the preparation of Krebs solution were
purchased from Sigma-Aldrich Chemie GmbH,
Germany. MLT (Sigma-Aldrich, Germany) and
was dissolved in 1:90 ethanol/saline immediately
prior to injection of the experimental animals. GHR
(PolyPeptide Group, Sweden) was dissolved in
saline immediately prior to injection of the
experimental animals.

Data processing

The duration of the interval for analysis of Ang
Il - induced smooth muscle contractions was
defined as follows: from the beginning of the
contraction, until the moment at which the
amplitude dropped to 50% of its maximum. This
definition was made in order to calculate uniformly
the various in duration contractions (Fig.1).

Fip
Frmce

Fig. 1. Time-parameters of Ang Il-induced
contraction:Fmax — maximal force of the smooth muscle
contraction (SMC), Fmax/2 — half of maximal force of
the SMC, Tne — half-contraction time: the time interval
between the start of the SMC and Fn/2 , Tc —
contraction time: time interval between the start of the
SMC and Fmax , Tnhr — half-relaxation time: the interval
between Fmax and Fmax/2 , Tear — contraction plus half-
relaxation time: the interval between the beginning of the
SMC until the amplitude fell to Fmayx/2

The recorded force-vs.-time curves allowed the
determination of the amplitude and the integral
force of the contraction (the latter represented by
the area under the curve - AUC). The different
phases of the Ang Il - induced tonic contractions,
were clarified and analyzed by the application of a
time -parameter analysis, similar to that made in the
study of the skeletal muscle contraction [24]. The
following time-parameters [25] were defined
(Fig.1): half-contraction time (Thc), contraction
time (T¢), half-relaxation time (Tn), contraction
plus half-relaxation time (Tcnr). Their calculation
was made by KORELIA-Dynamics Program [26].
The averaged time-parameters were processed by
spline interpolation and graphical visualization of
the different patterns of contractile activity was
obtained.

Statistical analysis

Obtained data were processed by the
statistical program Statistica Version 6.1 (StaSoft,
Inc., Tulsa, OK, USA) and presented as a mean =+
standard error. A P-value less than or equal to 0.05
was considered to be statistically significant.
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RESULTS
Stomach

The comparison in force parameters of Ang Il-
induced contractions (Fig.2) showed that the
stomach preparations of the MLT-treated group
developed the strongest answer to Ang |l
(amplitude and AUC respectively 1.99+0.07 g and
315.65+25.50 gs). The AUC of the contractions of
the other three groups did not differ statistically (P>
0.05). Ang Ill-induced contractions of the stomach
preparations from the STZ-treated group were with
similar force parameters as those of the control
group (Fig.2).

Time-parameters analysis revealed that the
developed response to Ang Il of the preparations
from the diabetic group was faster and all the
parameters were significantly shortened compared
to those of control, with the exception of T. (Table
1).

35, 400

lh'ﬁ|. w Amplitude (L) # lgs]

U = AUC (R)

300

25¢
2.0}
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15 8

2
1.0} :S% 100
05! g”

5
0.0 - 0
Fig. 2. Amplitude and AUC of Ang Il - induced

contractions of gastric preparations from the different
groups. *P < 0.05 vs amplitudes of contraction of gastric
preparations of controls and STZ-treated group

#P < 0.05 vs AUC of contraction of gastric preparations
of controls, STZ- and MLT-treated animals.

The contractions of the preparations from the
GHR-treated group were the fastest, with most

shortened time-parameters (Table 1). This pattern
of contractile activity was clearly visualized when
interpolation was performed (Fig.5-A). Graphical
visualization of Ang Il - induced activity of
stomach preparations of the different groups
revealed the similarity between the contractions
of preparations from MLT-treated and control
groups (Fig.5-A).

Rectum

The responses to Ang Il of rectal preparations of
STZ-, MLT- and GHR-treated animals were with
similar, significantly lower amplitude, when
compared to controls (Fig.3). The latter developed
the most powerful contraction: AUC 332.71 +
35.78 gs, while the AUC of preparations from the
GHR-treated group was significantly reduced:
143.17 + 18.69 gs (Fig.3).
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Fig.3. Amplitude and AUC of Ang Il - induced

contractions of rectal preparations from the different
groups. *P < 0.05 vs amplitudes of contraction of rectal
preparations from STZ-, MLT- and GHR-treated animals.
# P < 0.05 vs AUC of contraction of rectal preparations
of STZ-, MLT- and GHR-treated animals. *P < 0.05 vs
AUC of contraction of rectal preparations of controls,
STZ- and MLT-treated animals.

Table 1. Calculated time — parameters of Ang Il — induced stomach contractions from the different groups.
Group The (S) Te(S) Thr (S) Tenr (S)
Controls 28.69 £ 2.53 78.18 £3.35 146.73 +£9.84 22491 +11.64
STZ-treated 18.00 + 0.96 77.75+1.69 105.50 + 5.18 183.25+4.98
MLT-treated 17.20+1.02 66.00 £ 0.71 157.01+ 141 22281 +2.11
GHR-treated 27.33+4.84 63.66 + 6.97 94.00 +7.10 157.67 + 4.59
Table 2. Calculated time — parameters of Ang Il — induced rectal contractions from the different groups.
Group The () T (5) The (S) Tene (S)
Controls 9.58 £ 1.52 39.74 + 3.23 48.43+5.74 87.86 = 7.83
STZ-treated 13.50 +£0.92 44.33+4.83 50.50 +4.14 94.83+5.73
MLT -treated 12.17 £ 1.40 42.32 +3.95 72.67+2.01 115.02 +5.77
GHR-treated 8.33+£0.76 29.00 = 2.98 53.17 = 5.66 82.17 +6.44
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The time-parameters analysis (Table 2) did not
reveal significant differences between the
contractions of the preparations from the control
and the STZ-treated group.

This similarity in the response to Ang Il of
these two groups was further observed when
graphic images of contractions were performed
(Fig.5-B): the two patterns of Ang Il-induced
activity differed only in force parameters.

Interestingly, the Ang Il - provoked
contractions of the rectal preparations from the
GHR-treated group, also displayed similar
duration in time, while the contractions of MLT-
treated rats were significantly prolonged, with
increased Thr and Tene (Table 2, Fig.5-B).

Urinary bladder

The application of Ang Il on urinary bladder
preparations from control and GHR-treated group
caused contractions with similar force parameters:
amplitude 1.74 + 0.22 g and 1.63 = 0.19 g,
respectively and AUC 121.13 + 13.73 gs and
121.11 £ 6.96 gs, respectively.

5 200
(gl # m Amplitude (1) :
4 ,](: = AUC (R) [gs]
b 150
3
100
2
1 50

Fig. 4. Amplitude and AUC of Ang Il - induced
contractions of urinary bladder preparations from the
different groups. *P < 0.05 vs amplitudes of
contraction of bladder preparations from controls, STZ-
and GHR-treated animals. # P < 0.05 vs AUC of
contraction of bladder preparations of controls, MLT-
and GHR-treated animals. ®* P < 0.05 vs AUC of
contraction of bladder preparations of controls, STZ-
and GHR-treated animals.

The amplitude of Ang ll-induced response of
preparations from STZ-treated rats (1.81 £ 0.18 g)
did not differ statistically from the above, but the
integral force was significantly increased (157.43
+ 13.13 gs). Preparations from MLT-treated group
displayed the weakest reaction to Ang Il
(amplitude 1.12 + 0.11g and AUC 88.93 + 5.40

gs) (Fig.4).

Yid

‘4

e

Fig. 5. Graphic images of Ang Il - induced activity of
smooth muscle preparations from: healthy animals:
control group (1); diabetic animals: STZ-treated group
(2); diabetic animals, treated additionally with MLT:
MLT-treated group (3); diabetic animals, treated
additionally with GHR: GHR-treated group (4).

A. Preparations of stomach ,B. Preparations of rectum,
C. Preparations of urinary bladder

The comparison of the contractions by time-
parameters (Table 3) showed that Ang ll-induced
responses of the four groups had similarity in
reaching Tre. Tc and Ter however, were
significantly prolonged in the contractions of
preparations from STZ-treated and GHR-treated
groups, while Ty of preparations from MLT-
treated animals was shortened (Table 3).

The graphical visualization of the contractile
process (Fig.5-C) showed different models of Ang
I1-provoked urinary bladder activity in the
different groups.

There were observed similarities between the
contractile patterns of STZ-treated and GHR-
treated groups from one side, and control and
MLT-treated group from another.
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Table 3. Calculated time — parameters of Ang Il — induced urinary bladder contractions from the different groups.
Group The (5) Te (5) Thr (S) Tenr (S)
Controls 13.28 + 1.69 33.00+3.14 50.28 +5.14 83.00 +6.95
STZ-treated 14.00 +£2.78 60.71 + 8.46 61.71 +6.58 122.43 +7.89
MLT-treated 13.33+1.45 39.67 +4.59 30.60 + 2.66 67.33 +3.88
GHR-treated 19.50 +4.88 51.67+7.14 63.67 + 4.94 115.33 £ 7.98
DISCUSSION release of neurotransmitters, improved activity of

STZ-induced diabetes and smooth muscle
dysfunction of reservoir organs

The similarity in force characteristics of the
responses to Ang Il of stomach and urinary bladder
preparations from control and STZ-treated group,
respectively, show that probably 6-week period
after administration of STZ was not sufficient to
reveal the characteristic changes in the function of
these organs. Some authors also do not establish
any differences between cholinergic responses of
such preparations from healthy rats and rats with
STZ-induced diabetes, lasted 6-8 weeks [27,28]. It
is likely that this lack of apparent differences in the
contractile response of preparations from healthy
and diabetic animals to be due to not yet occurred
or compensated changes in the smooth musculature.

However, we observed an accelerated time for
contraction (Trc) and relaxation (Tn) of Ang Il —
induced gastric reaction in STZ-treated animals.
This is an evidence for a more rapid duration of
Ang Il — stimulated contractile process in the
stomach during diabetes. Such increased motor
function of the stomach in diabetic patients has
already been described [29,30]. It is believed that
this dysfunction is caused by the hyperglycemia
and the subsequent neuropathy, damage of gastric
pacemaker cells and myopathy [29]. Probably this
accelerated gastric emptying is a preliminary stage
of the later observed delayed stomach evacuation
[30]. According to He et al. [31], Ang Il also takes
part in the pathogenesis of the diabetic gastropathy.
The authors reported that in patients with diabetes,
the activity of RAS and Ang Il, in particular, are
increased. In a study of Tobu et al. [32] on rats with
STZ-induced diabetes, an increased expression of
AT1 receptors in smooth muscle cells of the urinary
bladder was described. The authors believe that the
persistent hyperglycemia probably activates the
local RAS in the bladder.

The contractions of bladder preparations from
STZ-treated animals were with delayed contraction
time (T¢), which led to a prolonged development of
smooth muscle process and an increased AUC.
Such an increased activity of the bladder in STZ-
treated animals might be associated with increased
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Ca?* -channels or increased calcium sensitivity [28].

The analysis of rectal contractions of STZ-
treated animals found exactly the opposite response
to Ang Il: a significant reduction of force
parameters. This is consistent with Touw et al. [33],
who reported for a less motor activity of large
intestine in diabetic mice. In diabetes, there is a
reduced entry of Ca?* in smooth muscle cells of the
rectum, resulting in decreased and disturbed
contractile activity. Furthermore, Jancso et al. [34]
have found that the large intestine is more sensitive
to the oxidative stress, caused by diabetes, when
compared to the small intestine. The primary defect
that leads to a less rise in intracellular Ca?*
concentration is a violation of L-type Ca*" -
channels, probably due to accumulation of glycated
products [33].

Effect of MLT treatment

The fact, that contractions of the preparations
from MLT-treated group differed when compared
to controls and STZ-treated ones, revealed that: 1)
short-term administration of MLT at the beginning
of the experiment was not enough to influence
entirely the smooth muscle dysfunction, caused by
diabetes; 2) yet, there was some effect of the
application of MLT in the diabetic animals.

The registered decreased response to Ang Il of
the urinary bladder from MLT-treated group is
probably due to influence on the mechanism of
contraction. There is evidence that MLT inhibits
Ca?*-calmodulin complex and directly affects the
ion channels on the urinary bladder smooth muscle
cells, thus preventing the contractile process [35]. A
similar type of MLT action could be suggested for
the rectal preparations, where Ang Il-provoked
contractions were also with reduced force
characteristics.

Regarding the stomach, the observed differences
between the responses to Ang Il of preparations
from STZ- and MLT-treated groups indicate a
beneficial effect of short-term MLT application.
Even though the force parameters were increased,
the time-parameters of gastric contractions from
MLT-treated group were nearly identical to the
controls. It is known that, due to its antioxidant
properties, MLT stimulates the immune system,
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improves the microcirculation and epithelial
regeneration, and thus protects the digestive tract
[36]. According to Peschke [37], MLT can
significantly reduce the levels of protein glycation.
Considering the role of ROS and glycation end
products for the impaired smooth muscle activity in
diabetes, it can be assumed that the favorable effect
on the duration of stomach contraction is due to all
the mentioned above properties of MLT. It should
be also taken into account, that the disorders of the
intestinal and gastric function during the diabetes
do not show correlation between each other. For
example, disturbances in the upper Gl tract may
occur in later stages of the disease, compared to the
large intestine [38].

Effect of GHR treatment
In our experiments, we found differences
between Ang Il - stimulated contractions of the

preparations from GHR-treated group, and the other
groups. This indicates that short-term application of
GHR had effect on the STZ-induced diabetes. The
diverse contractile pattern of the stomach, rectum
and bladder revealed a different influence of GHR
on the diabetic smooth muscle activity.

The registered rapid response to Ang Il of
gastric preparations from GHR-treated group was
in agreement with Qui et al. [17,18]. In a series of
experiments  with  diabetic animals, these
researchers have found that the treatment with GHR
accelerates gastric and small intestinal contractile
activity and leads to an increase in the amplitude of
the carbachol-induced contractions. It is suggested
that the stimulatory effect on the activity of the
stomach is due to the activation of peripheral
cholinergic pathways in the enteric nervous system
[17,18]. GHR and its agonists also contribute to the
restoration of the gastric mucosa damaged by
oxidative stress in diabetes. These gastro-protective
properties are likely to be due to the established
antioxidant activity of the peptide [16]. In
experiments with STZ-induced diabetes in rats,
Ariga et al. [39] found high levels of GHR in the
blood plasma of the animals and increased gastric
evacuation activity. The authors suggest that during
the early stages of diabetes, the elevated levels of
the endogenous GHR improve the coordination
between the fundus and pylorus of the stomach and
accelerate the evacuation of the food. Moreover, a
study of patients with a chronic heart failure reveals
that serum levels of GHR correlated with Ang 1l
levels and GHR can inhibit Ang Il-induced
cardiomyocyte apoptosis by down-regulating AT1
receptors [40]. Considering that during diabetes the
levels of endogenous GHR are higher [39], the

activity of Ang Il rises [31] and the expression of
ATL1 is increased [32], such correlation between
GHR and Ang Il levels and suppression of AT1
receptors could be supposed.

The Ang ll-stimulated contractions of bladder
preparations from GHR- treated group showed
similar force parameters, when compared to the
control group. These results indicated that GHR
application had a beneficial effect on the urinary
bladder activity. We could assume that this effect is
due to the antioxidant or the described above
interaction between GHR and AT1 receptors.

Interestingly, the rectal preparations of GHR-
treated animals responded to Ang Il with weaker
reaction. According to Zhao et al. [41], GHR can
play a role as pro-inflammatory peptide in the large
intestine, thus promoting the formation of
inflammatory cytokines in this region of the Gl
tract. Taking into account that the large intestine is
more sensitive to the oxidative stress, caused by the
diabetes  [34], probably the  seven-day
administration of GHR on diabetic animals have
caused an additional damage in the rectum, hence
affecting the Ang Il-stimulated contractile activity.
In support of this hypothesis is the research
conducted by Liu et al. [42], who found that the
activation of the GHR receptors in the large
intestine contributes to the development of colitis,
probably by enhancing the pro-inflammatory
cytokines and activation of macrophages.

In conclusion, the seven-day administration of
MLT or GHR on rats with experimentally induced
diabetes mellitus had a positive effect on some
parameters of the Ang Il —induced response of
the preparations from stomach and urinary
bladder. This beneficial effect was probably
due to antioxidant and pro-kinetic properties of
MLT or GHR on the smooth musculature of
these organs. On the other hand, the responses
to Ang Il of rectal preparations from animals
treated with GHR or MLT were not improved.
Obviously, Ang II-mediated contractile activity
of the rectum is seriously impaired by the
diabetes and could not be enhanced by a short-
term application of these hormones.
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(Pesrome)

LlenTa Ha W3cnenBaHeTo Oemie Aa ce yCTAaHOBH €(EeKTa OT KPaTKOCPOYHOTO mpmiokeHne Ha rpenud (I'PJI) wmm
menarouud (MJIT) Bepxy anruorensut |l (Anr 11)-npoBokrpaHa akTHBHOCT HA CTOMAX, PEKTYM M MHKOYEH MEXYp OT
mIbXoBe ¢be crpenrtozotonuH (CT3)-npeaussukan nuadert. [lonmoospenu mrbpxose, tuaus Wistar, 6sxa pasaeneHu B 4
rpynu: koHtposa; CT3-tpetupanu: ¢ exuHunuHa gosa CT3; MIIT-tperupanu: enununyHa no3a CT3, mocieaBaHO OT
npunoxkenue Ha MJIT 3a 7 mocnenoBarenuu auu; [ PJI-tpetupanu: enunnuna go3a CT3, mocineaBaHo OT MPUIOKESHHE
Ha ['PJI 3a 7 nmocnenoBatenHu AHU. ExCrepuMEeHTHT HNpoABIKH 42 THU M B Kpas My IpemnapaTtd OT pe3epBOApHUTE
opranu Osxa m3paboreHH M NOBIMAHU ¢ AHr |l. AHaIM3BT Ha CHJIOBUTE M KWHETUYHHM NapaMeTpH Ha IMOJyYEHHTE
IJIaJIKO-MYCKYJTHU ChKpalieHus 0e ocbiiecTBeH cbe copryep KORELIA.

CT3-npeau3Bukanus nuabeT 3acerHa B pasnuuHa creneH AHT |l-mpoBokupaHaTa akTHBHOCT Ha PE3epBOAPHHUTE
oprauu. [lpu rpymnata, Tpetupana ¢ MJIT, ce yctaHoBH criieH OTroBop Ha cromaxa kbM AHT |1 (1.91+0.07 g) u crnaba
peaxmmsTa Ha mpenapaTuTe oT mukodeH Mexyp (1.12+0.11 g), B cpaBHeHHE ¢ KOHTpOIHATA rpyma (choTBeTHO 1.1440.13
g u 1.74+0.22 g). [punoxennero Ha ['PJI mouTH HATBIHO BH3CTAHOBH HOPMATHUTE CHJIOBH XapaKTEPHUCTHKH Ha
CHKPAICHNETO Ha IMMKOYHHUA MEXYp M JIOBEZE 10 YCKOPEHO MPOTHYAHE HAa CTOMAIITHHUTE KOHTPAKIMH. OTTOBOPBT KbM
Amr |l Ha pexTamauTe npenapatu ot Tpetupanute ¢ ['PJI wru MIIT xuBoTHH, He Oerie mogo0peH.

Bwnpeku 4e Osixa yacTHUHM, C€ perucTpupaxa OJaronpusITHH e(eKTH OT KPaTKOCPO4YHOTO mpmitoxkenne Ha MJIT
wm ['PJI mpu xwuBotHHTe chc CT3-mHmymupan nuaber. brmarorBopHuAT edpext Bbpxy AHT |l-mpenmsBukanara
aKTUBHOCT Ha CTOMAaXxX M ITUKOUYEH MEXYpP BEPOSITHO C€ ABJDKM Ha aHTHOKCHIAHTHUTE U MIPO-KUHETUYHU BB3CHCTBUS Ha
MUJIT u I'PJI BbpXy rnazikaTa MycKyiarypa.
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Endocrine cells in pig’s gallbladder, ductus cysticus and ductus choledochus with
special reference to ghrelin
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In human biliary pathways and gallbladder there have been several reports describing endocrine cells (ECs) mainly
in chronic inflammation. In pigs’ biliary structures we couldn’t find data about ECs. Ghrelin is peptide hormone
participating in the growth-hormone-release and in modulation of food intake. It has also pro-inflammatory functions.
Ghrelin-positive ECs are the main source of Ghrelin. The present study reveals the presence of ghrelint ECs in pigs’
gallbladder cystic and choledochal duct — by immunohistochemistry. In pigs gallbladder ECs are very rare. Single
Chromogranin A*, Somatostatin® and Serotinin® ECs were observed. In choledochal duct there are Chromogranin A,
Somatostatin*, Gastrin® and Ghrelin+ECs more in number as compared to gallbladder. Most ECs were located in
d.cysticus. They were also Chromogranin A*, Somatostatin*, Gastrin* and Ghrelin* ECs. In conclusion we support that
various ECs including Ghrelin exert action on physiology and pathology conditions in biliary tree in pigs.

Key words: endocrine cells, ghrelin, pigs’ biliary system

INTRODUCTION

Endocrine cells had been found to be widely
distributed in the epithelial structures in
gastrointestinal tract [1, 2]. In human embryo, the
first anlage of the bile ducts and the liver was the
hepatic diverticulum or liver bud, that occurred on
eighteen day in the anterior intestinal portal [3] and
it’s endodermal origin was already demonstrated
[2]. Endocrine cells in human gallbladder and
biliary pathways were investigated mainly in
disease [4]. In human biliary pathways endocrine
cells presence was associated with dysplasia and
metaplasia around malignant tumors [5, 6],
developmental mistakes and in chronic conditions
[7,8].

Endocrine cells and nerve structures had been
investigated in the gastrointestinaltract of different
animal species [9-14].There existed some reports
on the existence of endocrine cells in the biliary and
pancreatic ducts of rabbit, rat, cat and sheep [15,
16, 17]. At least eight immunohistochemically
distinct endocrine cell types were described in the
bile ducts of some vertebrate species as followed:
motilin and substance P (SP) in rabbits [16];
insulin,  glucagon, somatostatin,  pancreatic
polypeptide (PP) and cholecystokinin (CCK) in rat

* To whom all correspondence should be sent:
E-mail: mgulubova@hotmail.com

common pancreatic bile duct [18]; insulin,
glucagon, CCK, PP and somatostatin in rat bile
duct in diabetes[19]; serotonin and somatostatin in
pigs’ bile duct and gallbladder [12]; somatostatin in
pigs’ gallbladder and biliary pathways [12]; insulin,
glucagon, PP, somatostatin in extrahepatic bile
ducts of hilar region in mice [20]. Our previous
investigation on endocrine cells in human common
bile duct in obstructive jaundice showed
chromogranin A (CHA), synaptophysin,
somatostatin  (SOM), serotonin (SER), gastrin
(GAS) and secret inimmunoreactivity (IR) in
choledochal endocrine cells and an increase of
these cells in chronic inflammation [7].
Ghrelin-immunoreactivity (IR) cells were
identified mainly in vertebrate stomach [21, 22,
23]. Ghrelin consists of 28 aminoacids, including
O-n- octanoylated Ser? residue essential for growth
hormone release [21]. Ghrelin’s physiological and
pathophysiological ~ significance  had  been
extensively studied since its discovery in 1999[24,
25]. In rodents ghrelin-producing cells were
observed all over the gastrointestinal tract: gastric
body, antrum, duodenum, ileum, cecum, colon [26].
Ghrelin IR was described in distinct cells of
pancreas, pituitary, lung and thyroid [27-32].
Ghrelin positivity was observed also in some
immune cells in human (T cells, B cells and
neutrophils), [33]. Ghrelin mRNA was amplified
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from multiple tissues, but for many of these any
cellular confirmation is still lacking [34].

To our knowledge there was no data about
endocrine cells and about ghrelin-positive
endocrine cells in pigs’gallbladder, cystic duct and
choledochal duct. The aim of the present study was
to  describe  chromogranin-,  somatostatin-,
serotonin-, gastrin-and ghrelin-positive endocrine
cells in pig’s gallbladder, cystic and choledochal
ducts.

MATERIALS AND METHODS
Animals and tissues sampling

The material was obtained from the
gallbladder’s neck, middle parts of ductus cysticus
and ductus choledochus of 6 male pigs (Landras X
Danube White). The animals aged 6 months,
weighing 92-98 kg, slaughtered for meat
consumption in a slaughterhouse in accordance
with the Bulgarian lows. In the current study cross
serial sections of the mentioned organs were used.
A total of 6 pigs were used in this study.

Immediately after slaughtering, small specimens
from gallbladder’sneck, middle part of ductus
choledochusand ductus cysticus where taken for
each animal. The samples (total humber=18) were
promptly fixed in 4% para-formaldehyde in 0.01 M
phosphate-buffered saline (PBS), pH 7.4, for 24 h
at 4°C. After that the specimens were dehydrated in
graded series of ethanol, cleared with xylene and
embedded in paraffin. Microtome sections (4 pm-
thick) were cut and collected onto slides treated
with poly-L-lysine. One section of each sample was
stained with hematoxylin and eosin (HE) and
examined under a light microscope (LEICA DM
1000, Germany) to assess the morphology and
exclude pathological changes. The other sections
were treated by immunohistochemistry.

Immunohistochemistry

Immunohistochemical staining for
chromogranin (CHA), gastrin (GAS), somatostatin
(SOM), serotonin (SER), ghrelin (GHR), (Table 1),
was performed using avidin-biotin-peroxidase
complex technique on formalin-fixed and paraffin-
embedded tissue sections as described earlier [7].
Paraffin sections 4um thick were dewaxed in two
xylenes at 56°C for 1 h, and were rehydrated in
ethanol. Later, they were washed in 0.1 M PBS, pH
7.4, boiled for 20 min at 100°C, cooled at room
temperature, incubated in 1.2 % hydrogen peroxide
in methanol for 30 min, and rinsed in 0.1 M
phosphate buffer, pH 7.4, for 15 min. The sections
were then blocked for 30 min with normal

mouse/rabbit serum (DAKO). After incubating with
the primary mouse/rabbit antibodies overnight, they
were washed in PBS, pH 7.4, and incubated with a
secondary antimouse/antirabbit biotinylated
antibody (DAKO ready-to-use LSAB®2 System,
HRP KO0675) for 4h, and subsequently with the
streptavidin-HRP complex (DAKO ready-to-use
LSAB®2 System, HRP KO0675) for 4 h. All
incubations were performed in a moist chamber.
The reaction was made visible by using a mixture
of 3 mg 3,3’-diaminobenzidine (DAB) (Sigma, St.
Louis MO, USA) in 15 ml 0.05 Tris-HCL buffer,
pH 7.5, and 36 pul 1% hydrogene peroxide for 10-20
min, rinsed in distilled water. The sections were
dried overnight at room temperature, and then
mounted with entelan for light microscopy. They
were counterstained with Mayer’s hematoxylin.

Sections incubated with non-immune sera
instead of the primary antibodies were used as
negative controls.

RESULTS

The structure of different swine gallbladders and
bile ducts was judged to be fully normal in the
different studied samples.

Gallbladder

In pig’s gallbladder endocrine cells were very
rare. From six different specimens endocrine cells
could be observed in only two. Endocrine cells
were found mainly in the intramural glands. They
were CHA- (Fig 1), SER-, and SOM- positive.
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Fig. 1. Chromogranin A positive endocrine cell
(arrow) in gallbladder (x 200).

Endocrine cells were located mainly on the
basement membrane of the glands and were of
closed type.

Ductus choledochus

From all six samples endocrine cells were
observed in five of them, in mural glands. The
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density of endocrine cells was increased as were most numerous (Fig.2a).
compared to that in gallbladder. CHA-positive cells

-~ 2 .

Fig. 2. a) Chromogranin A positive endocrine cells (arrows) in ductus choledochus (x 100); b) Somatostatin positive
endocrine cell (arrow) in ductus choledochus (x 200); ¢) Gastrin positive endocrine cell (arrow) in ductus choledochus
(x 200); d) Ghrelin positive endocrine cell (arrow) in ductus choledochus (x 100).

Fig. 3. a,b) Chromogranin A positive endocrine cells (arrows) in ductus cysticus (x 100); ¢) Somatostatin positive
endocrine cells (arrows) in ductus cysticus (x 100); d) Gastrin positive endocrine cell (arrow) in ductus cysticus (x
100); e) Ghrelin positive endocrine cell (arrow) in ductus cysticus (x 200).

SOM immunoreactive (IR) endocrine cells were SER-positive endocrine cells were also scattered in
seen at the base of glands (Fig.2b). In the some glands. Single GAS-positive endocrine cells
connective tissue around glands there could be were located in glands structures beneath the
observed SOM-positive peptidergic nerve fibers. surface epithelium (Fig. 2c).
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GHR-positivity was observed in endocrine cells
in the intramural glands (Fig. 2d), in some nerve
fibers and connective tissue cells (mast cells).

Ductus cysticus

Endocrine cells were observed in all six samples
and were more as compared to the other two
locations. Of them CHA-positive cells were most
numerous. Most of these endocrine cells were in
close proximity to goblet cells in the same glands
and were from the closed type (Fig. 3a).

Some endocrine cells showed opened type (Fig.
3b). SOM-positive endocrine cells were observed in
the glands and surface epithelium (Fig. 3c). GAS
IR endocrine cells and peptidenergic nerve fibers
were seen in the glands and muscle tissue (Fig. 3d).
SER-positive endocrine cells were also detected.

GHR-positive endocrine cells and inflammatory
cells were found in glands and around them in all
specimens (Fig. 3e). We could find also ghrelin
immunoreactivity in  the intramural nerve
ganglionic cells.

DISCUSSION

The gallbladder- biliary pathways system played
an important role in modulating bile flow, secreting
mucous substances and maintaining biliary motility
[35]. Previous studies reportedvasointestinal
polypeptide (VIP), SP, somatostatin and met-
enkephalinIR nerves in the gall bladder and biliary
pathway of the guinea pig [12]. Their secreted
hormones exerted neuronal control on biliary
motility [36].

In the present study it was showed for the first
time that ghrelin-positive endocrine cells existed in
swine gallbladder, ductus cysticus and choledochus.
The presence of SOM-, SER-, GAS- and CHA-
positive endocrine cells was also described there.

Endocrine cells were most numerous in cystic
duct followed by common bile duct and were less
in the neck region of the gallbladder. Our
unpublished observations showed single endocrine
cells in human gallbladder, and plenty of endocrine
cells in the lower third of human common bile duct
in mechanic jaundice [7].

We have found SOM-positive endocrine cells in
all studied sites located in the mural glands and in
the surface epithelium.

SOM IR endocrine cells were found in human
extrahepatic bile ducts [5, 7]. SOM-positive D cells
were detected in common bile duct of guinea pig
[12] and bile duct of pigs [36]. Unlike Sand et al.,
1993 we detected SOM-positive nerve fibers in bile

ducts. It could be suggested that SOM is a biliary
neurotransmitter.

SOM played mainly an inhibitory role in
endocrine secretion, biliary motility etc. [12]. In the
guinea pig there had been demonstrated lack of
effect of SOM on the motility of the gallbladder
[37].

SOM that was a neuropeptide and hormonehad
been reported to inhibit spontaneous and CCK-
induced gallbladder motility [38]. The authors
showed that when the gallbladder smooth muscle
was contracted by electrical stimulation, SOM
decreasedthe contraction by  suppressing
acetylcholine release.

SOM was known to inhibit the effect of some

peptide hormones such as CCK that induced
relaxation of the sphincter of Oddi [39]. In diabetes,
SOM IR ECs increased in biliary pathways and the
increased hormone release induced contraction on
sphincter of Oddi muscles and concomitant
bilestasis and stone formation [19]. SOM
stimulated sphincter of Oddi activity that favoured
the reduced flow of bile into the duodenumand
facilitated gallbladderfilling [40].
Single SER-positive  endocrine cells  were
observedin the intramural glands in gallbladder
neck and in the ductus cysticus and choledochus.
SER IR endocrine cells were found to be
exclusively low in number in the rat pancreatic and
bile duct system [19] in pig bile duct and
gallbladder [36] or missing in rat bile duct [18]. In a
previous study we described that SER- positive
endocrine cells increased in number in chronic
cholangitis [7]. Serotinin is an important
neurohumoral signaling molecule [13]. SER-
positive endocrine cells are sensory transducers that
responded to mechanical or chemical stimulation of
the mucosa by releasing serotonin [41] that
regulated visceral sensation and gut motility [13].

Gastrin-positive endocrine cells were found in
cystic duct and choledochal duct in our study.
Something more, GAS-positive nerves were
detected in these structures. In a previous study [7]
it was observed G cells in human common bile
duct, whose ultrastructure was similar to that of
gastric G cells. Our present finding confirmed our
previous suggestion that GAS-positive (G cells)
were part of the gastrointestinal triangle. The latter
consisted in GAS-positive cells in the junction of
the cystic duct with common bile duct, the junction
between the second and the third portions of the
duodenum and by the junction between the neck
and body of the pancreas [42]. In humans and pigs
G cells were most numerous in antrum and
stimulated gastric acid secretion [43, 44]. Presence
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of G cells and GAS-positive nerve fibers in biliary
structures could be explained with initiating
contraction of their smooth muscle cells and with
modulation of their motility [45].

Ghrelin was mainly described in endocrine cells
of human digestive, respiratory and urinary system
and in particular cells of some endocrine glands
[27]. In human stomach (oxyntic region) the
relative percentages of main four endocrine cell
types were 30% for ECL cells (histamine-positive),
20% for P/Ds-like cells (GHR), 22% for D cells
(SOM), and 7% for EC cells (SER) [46]. GHR-
positive cells accounted for 23% of CHA-positive
cells there [46]. It was established that GHR-
positive cells co-localized with CHA and VMAT?2
[27, 46]. In pig’s stomach GHR-positive cells
encountered about 84. 79 cellssmm? in corpus (the
greatest number) and showed decreased frequency
in cardia, pylorus and small intestine [47].

Endocrine cells in biliary system were rarely
described in animals [18, 19, 36] and in humans
[7]. There were no data about GHR-positive cells in
human biliary pathways [20] and in pig’s biliary
structures. Our study demonstrated GHR-positive
endocrine cells in glands and GHR positivity in
some nerve fibers and ganglionic cells in
gallbladder, cystic duct and choledochal duct in
pigs. In human’s gallbladder there was detected
ghrelin and ghrelin receptor mMRNA expression [34]
but ghrelin tissue localization wasn’t described yet.
Based on our finding of GHR presence in nerve
structures of biliary pathways,
ghrelinneurotransmitter ~ function  could  be
supposed. There existed data about ghrelin
localization in central nervous system [48] and in
Auerbah nerve plexus [26, 49]. GHR had structural
similarities with motilin [50] and co-existed in one
and the same cell. It was reported that motilin
initiated and realized gallbladder emptying [50] and
stimulated contraction of smooth muscle cells in
human gallbladder [51]. Ghrelin on its side was a
growth  hormone-secretagogue and the last
increased gallbladder motility [52]. It was shown
that in humans low ghrelin serum levels were seen
in metabolic syndrome and in gallstone disease
[53]. Ghrelin receptors might exist on mucosal cells
and signals for GHR production might come from
the lumen. Another explanation for GHR presence
in biliary mucosal endocrine cells might be for its
role in stimulating the growth hormone secretion
that is necessary for cell proliferation.

We had demonstrated ghrelin positivity in some
immune cells in biliary pathways.

It was already shown that GHS-
RmRNAexpression was found in human lymphoid
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organs [54] or in purified human T cells [55]. The
majority of T cells from human donors express and
secrete low levels of ghrelin constitutevely and high
levels upon cellular activation [55]. Therefore our
finding of Ghr positivity in some immune cells in
pig’s biliary pathways confirmed the presence of
basal ghrelin expression in some inflammatory
cells. The endogenous GR inhibited
proinflammatory cytokine expression (IL-1a, IL-1b,
IL-6) [55] and it would be supposed tht Ghr may
function as an important signal modulator among
the endocrine, nervous and immune systems. The
presence of GHR inendocrine andimmune cells in
biliary pathways confirmed the integrity between
this hormone and immune reactions in organism.
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CohlilecTBYBaT HSIKONKO CHOOIICHUS, B KOMTO Ca OMUCAaHH CeHAOKpuHHHUTE KieTkH (ECS) B XIBUHHAT MeXyp H
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Persistent hyperglycemia during diabetes mellitus impairs contractile responses of smooth muscles to pressor
hormones like Angiotensin Il (Ang Il). The main etiological factor for this diabetic disturbance is the excessive
formation of reactive oxygen radicals leading to oxidative stress and disrupted cell calcium signaling machinery.
Therefore antioxidants have the potential to improve smooth muscle diabetic dysfunction.

The purpose of this study was to assess the effects of administration of SLCNUgly on the oxidative and glycemic
status and on Ang Il — induced motility of organs from the pelvic cavity of rats.

Mature female Wistar rats were divided into three groups: control group (intact animals); STZ-treated group (single
injection of 60 mg/kg STZ); group, treated seven consecutive days after STZ injection with 10mg/kg SLCNUGgly. In the
end of experimental period, longitudinal strips from the urinary bladder, rectum and uterus were prepared and
influenced by Ang II (1umol). The obtained contraction curves were analyzed by calculation of force and time-
parameters of the contractile process. The concentrations of ascorbate radicals, ROS production and lipid peroxidation
(malondialdehyde) were evaluated in tissue homogenates from the liver, kidney and pancreas.

The seven-day administration of SLCNUGgly improved significantly the glycemic status. It caused an additional
reduction of Ang ll-mediated response and greatly decreased the half relaxation phase of the myometrial response.
Rectal preparations from SLCNUgly-treated diabetic rats responded to Ang Il with reduced force parameters. The
nitrosourea tends to normalize force and time-parameters of the urinary bladder. SLCNUgly has a small effect over

amelioration of tissue oxidative damages.

Key words: Angiotensin 11, SLCNUQgly, smooth muscle contraction, oxidative stress, Streptozotocin

INTRODUCTION

Diabetes mellitus (DM) comprises a group of
metabolic disorder characterized by varying or
persistent  hyperglycemia, due to decreased
production of insulin or impaired utilization of
glucose. DM is a major and increasingly significant
worldwide health problem. World Health
Organization predicts increase the incidence of
diabetes to 5% for the period until 2030 [1]. The
persistent hyperglycemia leads to long-term organ
damages, thus affecting all the systems in the
organism [2]. Most of the manifested symptoms of
DM are related to smooth muscle dysfunction [3].
There are numbers of articles, which described the
impaired urinary bladder activity [4], rectal
incontinency [5] and uterine dysfunction [6]. The
etiology of the impaired smooth muscle motility in
DM is multifactorial [7], but the main factor for this
diabetic disturbance is the excessive formation of
reactive oxygen species (ROS) leading to oxidative

* To whom all correspondence should be sent:
E-mail: phript@gmail.com

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

stress and disrupted cell calcium signaling
machinery [8]. Considering the role of oxidative
stress in the development of structural and
functional cell damage and the progression of DM,
many scientific efforts are directed towards search
and application of effective antioxidants [9].
Possible agent with therapeutic antioxidant
potential for treatment of DM, is the newly
synthetized nitrosourea N-[N'-(2-chloroethyl)-N’-
nitrosocarbamoyl-glycine amide of 2, 2, 6, 6-
tetramethyl-  4-  aminopiperidine- 1-  oxyl
(SLCNUgly), spin-labeled analog of CCNU [10].
Previously reported in vitro physico-chemical
properties determined higher alkylating activity,
shorter half-life (29 min for SLCNUQgly and 54 min
for CCNU), and almost twice lower carbamoylating
activity comparing to CCNU. In vivo SLCNUgly
exhibited higher anti-leukaemic activity, anti-
melanomic and immunomodulatory properties
[11,12], and represent as a new class for tumor
scintigraphy, radioprotectors which may have
application as general antioxidant for in vivo
radiotherapy and tumor localization [13].
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The purpose of this study was to assess the
effects of administration of SLCNUgly on the
oxidative and glycemic status and on Ang Il —
induced motility of organs from the pelvic cavity of
rats.

EXPERIMENTAL

Animals

18 non-pregnant female Wistar rats, weighing
200-250 g were used. The animals were divided
into the following groups: Group 1: controls; Group
2: diabetic animals; Group 3: diabetic animals,
treated with SLCNUgly. DM was induced by a
single intraperitoneal injection of Streptozotocin
(STZ) 60 mg/kg BW. STZ was dissolved in cold
0.1M citrate buffer, pH 4.5. 72 hours after STZ
administration, only animals with blood glucose
levels higher than 16 mmol/l were considered to be
diabetic and left in the experiment. The experiment
lasted 8 days. SLCNUgly was administered in a
dose of 10 mg/kg i.p. The application of
SLCNUgly started in the next day, after STZ
injection and lasted 7 consecutive days. The control
group was injected with saline i.p. for 8 consecutive
days.

Sample preparations and experimental protocols

In the end of experimental period, animals were
anesthetized with Nembutal 50 mg/kg i.p. and
preparations of the urinary bladder (UB), uterine
horns (UH) and rectum (R) were made. The
experimental protocol of the study was approved by
the Institutional Animal Care and was in
accordance with the national regulations and
European Directive of 22.09.2010 (210/63/EU)
concerning the protection of animals used for
scientific and experimental purposes.

The preparation of the tissue samples and the
recording of mechanical activity were conducted as
it was previously described [14,15]. After the
equilibration period, preparations were influenced
by Ang Il in a dose of 1 umol (10 M).

Chemicals, drugs and equipment

Ang 1l, STZ and all reagents for preparation of
Krebs solution and citrate buffer were purchased
from Sigma-Aldrich Chemie GmbH, Germany.
Blood glucose levels were measured by Medisign
mm810 glucomer (Empecs Medical Device Co.,
Ltd., China).

Spin-labeled drug SLCNUgly was synthesized
according to Zheleva et al. [10]. Dimethyl sulfoxide
(DMSO), N-tert-butyl-alpha-phenylnitrone (PBN),
2-(4-carboxyphenyl)-4,4,5 5-tetra-
methylimidazoline-1oxyl-3-oxide (Carboxy-
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PTIO.K) and PBS were purchased from Sigma
Chemical Co, St. Louis, USA. All the other
chemicals used in this study were with analytical
grade.

Data analysis and statistical processing

The mechanical activity was transformed by a
mechanical-force sensor, amplified, digitized and
recorded using digital acquisition software
ISOSYS-ADVANCED 1.0, produced by
Experimetria Ltd., Hungary. The conversion of the
data and primary data processing was performed
with KORELIA-Processing software [16]. The
recorded force-vs.-time curves permit
determination of amplitudes of contraction and
integrated force of contraction (represented by the
area under the curve - AUC). The following time-
parameters of smooth muscle contraction (SMC)
were defined and calculated: half-contraction time
(The) - time interval between the beginning of SMC
and half of the maximal force (Fmax/2); contraction
time (T¢) - time interval between the beginning of
SMC and Fmax; half-relaxation time (Tw) - time
interval between Fmax and Fmax/2; contraction plus
half-relaxation time (Ten) - time interval between
the start of the SMC and Fax/2. The duration of the
interval for analysis of tonic contraction was 5
minutes. Reported amplitudes, integrated force and
time-parameters of uterine SMC were analyzed
with KORELIA-Dynamics software [17].

For all Electron Paramagnetic Resonance
measurements an X-band EMXmicro spectrometer
(Bruker, Germany) equipped with standard
Resonator was used. Spectral processing was
performed using Bruker WIN-EPR and SimFonia
software. The levels of the Asc., NO radicals and
ROS products in the tissue/organ homogenates
were calculated after double integration of the plots
under the corresponding EPR spectra and expressed
in arbitrary units. The level of ROS products was
studied according to Shi et al. [18] with some
modifications by Zheleva et al. [19]. Asc. radicals
were studied by Buettner & Jurkiewicz [20], and
*NO radicals according to methods of Yoshioka et
al. [21] and Yokoyama et al. [22] with slight
modifications.

The data obtained were processed by statistical
program Statistica Version 6.1 (StaSoft, Inc., Tulsa,
OK, USA) and presented as mean + standard error.
Statistical analysis was performed using one-way
ANOVA and Student t-test to determine significant
differences among data groups. A P-value less than
or equal to 0.05 was considered as statistically
significant.
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RESULTS AND DISCUSSION
Smooth muscle activity
Urinary Bladder

As is shown in Figure 1 and table 1, the
registered force parameters of the UB preparations
from group 2, were increased. Ang Il-mediated
response of the UB strips of group 3 was
approaching to the controls. In regard to time-
parameters, there was no statistical difference
between the three groups.

Urimary Bladder [E—

Fig. 1. Graphic visualization of SMC from rat
urinary bladder after Ang Il stimulation.

Table 1. Parameters of SMC from Urinary bladder of
rats after Ang Il stimulation.

Ampl. AUC (gs) The(S) Tc(S) Tur (S) Tenr (S)
(9)

Con- 137+ 120+ 11.92+ 34.5+ 50.5+ 84.9+
trols 0.19 10 1.36 2 46 6.731

STZ 2.14+ 123.83+ 10.79+ 46.67+ 33.67+ 76+
0.41* 229.62 152 55* 6.93* 8.87

SLCN 1.64+ 94.83= 14.83+ 37+ 43.83+ 80.8%+
Ugly 0.33 2853 194 379 6.69 947

*P<0.05 vs. Controls.
Uterus

The amplitude and the AUC of the Ang IlI-mediated
response of the UH from group 2 were significantly
reduced compared to the controls (Fig. 2 and Table
2). Ang ll-stimulated response of the UH from
group 3 demonstrated a tendency to increase the
force parameters of the SMC, but the statistical
significance compared to the controls still existed.
In regard to the time-parameters was observed
greatly reduced Tn and Ter compared to the
controls and group 2.

Rectum

In regard to rectal SMC Ang Il-induced
response of group 2 was with decreased amplitude
and AUC compared to the controls (Fig. 3 and

Table 3). Very interesting, the 7 consecutive day
application of SLCNUgly caused an additional
significant decrease in the amplitude and the AUC
of the UH Ang Il-provoked activity. With respect to
the time-parameters there were no statistical
significance differences between the three groups.

LUberms

Fig. 2. Graphic visualization of SMC from rat uterus
after Ang Il stimulation.

Table 2. Parameters of SMC from Uterus of rats
after Ang Il stimulation.
Ampl AUC (gS) The (S) Te (S) Thr (S) Tenr (S)
(9)

Con- 4.5+ 465+ 10+ 60+ 95+ 155+
trols 0.35* 31.4* 1 2.5%  7.5* 10

STZ 2.08+ 21925+ 5.5+ 17.8+¢ 159.4+ 177+
0.28 151 0.22* 3.6 11 13

SLCN 3.32+ 129.5+ 10.13= 32+ 245+ 56.5+
Ugly 0.28% 10.75% 122 25% 3% 3t

*P<0.05 vs. STZ and SLCNUgly, #P<0.05 vs. Controls
and STZ, %P<0.05 vs. STZ, ®P<0.05 vs. Controls and
SLCNuUgly.

g Recram

o
o W ITT. SNl

Fig. 3. Graphic visualization of SMC of rat rectum
after Ang Il stimulation.

Blood glucose levels

As it was expected, the animals treated only
with a single STZ injection demonstrated a very
high level of blood glucose. The rats injected with
SLCNUgly 7 consecutive days presented
significantly lower values compared to the STZ
treated rats (Table 4).
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Table 3. Parameters of SMC from Rectum of rats
after Ang Il stimulation.

Ampl. AUC T (s) Tc(s)
@ (99

Con- 4.8+ 328.5+ 927+ 3943+ 4943+ 88+
trols 0.44* 75* 1.52 3.53 3.3 6.83

The (S) Tenr (S)

STZ 3.82+ 192+ 1275+ 39.58+ 38.92+ &7+
042 24 2.86 7.1 547 11.2

SLCN 2.02+ 104.8+ 10.1£ 29.2+ 49.1+ 783+
Ugly 0.29% 14% 1 4.36% 4.2 12.8

*P<0.05 vs. STZ and SLCNUgly, #P<0.05 vs. Controls
and STZ, #P<0.05 vs. STZ.

Table 4. Blood glucose level.

Blood Controls STZ SLCNUgly
Glucose
mM/L 6.840.3%  29+2.0 18.7+1.7%

*P<0.05 vs. STZ and SLCNUgly, #P<0.05 vs. STZ.

Ex vivo assay the levels of ROS products, Asc. and
NO radicals, in tissue homogenates of rats by EPR
spectroscopy.

ROS products

As can be seen in all three organs were not
found statistically significant differences in levels
of ROS products measured in group 1 and group 2
when compared with the control group (Fig. 4).
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Fig. 4. Levels of ROS in tissues homogenates.

However, should be noted, that in the livers and
kidneys of rats treated with STZ + SLCNUgly was
found a reduction in the levels of ROS and bringing
them to those of the control group. EPR settings
were as follows: center field 3503 G; sweep width
10.0 G; microwave power 12.83 mW; receiver gain
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1x10% mod. amplitude 5.00 G; time constant
327.68 ms; sweep time 81.92 s; 5 scans per
sample.

The nitric oxide levels.

In kidney homogenates were not statistically
different levels of NO measured in STZ and
STZ+SLCNUgly as compared to control group
(Fig. 5). In the liver and pancreas homogenates of
rats treated with STZ+SLCNUgly levels of NO
radicals were statistically higher compared to the
controls (Fig 5). The EPR settings were as follows:
center field 3505 G; microwave power 6.42 mW,
mod. amplitude 5 G; sweep width 75 G; gain
2.5x102; time constant 40.96 ms; sweep time 60.42
s; 1 scan per sample.
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Fig. 5. Levels of NO* in tissues homogenates.
*P<0.05 vs. SLCNUgly
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Fig. 6. Levels of Ascorbate radicals in tissues
homogenates.

*P<0.05 vs. Controls and SLCNUgly, #P<0.05 vs. STZ
and SLCNUgly.
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Ascorbate radicals

As is seen from Fig. 6 the levels of ascorbate
radicals in all three organ homogenates isolated
from rats treated only with STZ were statistically
significant higher than those of controls. It is
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interesting to note that in the livers and pancreas of
rats treated with STZ + SLCNUgly levels of Asc.
were almost comparable to that of controls and
statistically significant reduced comparing to that
measured in the same organs of rats injected with
STZ, only. Such a reduction is also found in the
kidney homogenates, but the decrease was not
statistically significant compared to STZ treated
group. EPR settings were as follows: center field
3503 G; sweep width 10.0 G; microwave power
12.83 mW; receiver gain 1x106; mod. amplitude
5.00 G; time constant 327.68 ms; sweep time 81.92
S; 5 scans per sample.

Lipid peroxidation (MDA) in the tissue
homogenates of rats measured
spectrophotometrically:

As is seen the lowest levels of MDA were found
in control group in all homogenates, but with no
statistical difference compared to the other groups
with exception of the pancreas of the rats, treated
with STZ only (Table 5). It should be mentioned,
that MDA levels measured in the homogenates of
the group treated by STZ + SLCNUQgly were closer
to those of the controls when compared with the
MDA levels of the STZ treated group.

Table 5. Levels of MDA in tissues homogenates.

MDA / Liver Kidneys Pancreas
microM
Controls 1.74+0.51 4.052+0.62 2.65+0.33

STZ 1.891+0.54 4.322+0.89 3.24+0.06*

SLCNUgly 1.86+0.65 4.137+0.73  2.89+0.72

*P<0.05 vs. Controls.
Smooth muscle activity

The Ang ll-mediated response of the smooth
muscle in the pelvic cavity was different in each
organ.

In urinary bladder, there was no difference
between the control group and the group with
administration of STZ+SLCNUgly. In another
hand, the group treated with STZ demonstrated
hyper contractility of the bladder. In previously
experiment lasting 42 days, we obtained no
differences regarding the amplitude of SMC
between diabetic and control group [23]. This
different response in the present experiment is most
likely due to the described from Nakahara et al.
[24] negative feedback triggering by MaxiK
channels. The authors found that there is hyper
activity of the bladder due to higher sensitivity of

the L-type Ca?* channels, which in turn is
compensated with MaxiK channels triggering
feedback. Apparently, L-type Ca?* channels high
sensitivity is developing faster and 8 days were not
enough to switch on K* channels feedback. The
antioxidant properties of the SLCNUgly could
explain the better response to Ang Il of the UB in
the group with SLCNUgly application.

The main feature of the uterus is predominantly
expression of AT2 type receptors [25] in
myometrium and the uterine artery [26]. Under this
condition, the STZ application influenced
negatively the Ang Il- mediated uterine contractile
activity, while the combination STZ+SLCNUgly
demonstrated tendency to improve the amplitude of
SMC and to reduce the relaxation. The neuropathy,
myopathy [27] and reduction of calmodulin levels
and  Ca?'-desensitization, caused by the
hyperglycemia and ROS excess [28,29] are the
main factors associated with these results. ROS
concentration and pH determine developing of
SMC [30,31]. This is why we could suppose that
SLCNUgly as an agent with some antioxidant
properties reduces the levels of oxidative stress in
uterus, thus improving of the contractility. Also, it
was very interesting that the application of
SLCNUgly caused the significant decrease of
relaxation phase. Activation of NO synthesis by
endothelial cells [32] or alkylation of Ang Il
derivate [33] are possible reasons for development
of this short relaxation. Moreover, the alkylation of
AT receptors described by Dhanoa et al. [34] can
disrupt the AT1 receptors signaling. Although for
the developing of uterine SMC is necessary
interaction between AT1 and AT2 receptors [35],
leading role of AT2 receptors in this condition
would lead to a fast relaxation.

Ang ll-mediated response in rectum smooth
muscle strips was the only one where the
application of SLCNUQgly caused a strong reduction
of the amplitude of contraction. The other two
groups — controls and STZ injected rats,
demonstrated similar non-significant response.
Nitrosoureas as alkylating agents are used in
treatment of adenocarcinomas, especially in
colorectal cancer [36]. SLCNUQgly, as a new class
nitrosourea, might have a high concentration in the
rectum after 7 consecutive day application, which
may cause an additional damage and reinforcement
of STZ effects in the rectum.

In this study was observed a pronounced
tendency in reducing the levels of blood glucose
after 7 consecutive days of administration of
SLCNUgly. Formerly, was demonstrated a
statistically significant decrease in blood glucose
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levels of healthy mice treated once with SLCNUgly
[37]. The observed decrease in the level of blood
glucose the same authors explained with the
presence of glycine structure in SLCNUgly. In
many studies was shown that per os intake of
glycine causes increase in insulin concentration in
the sera of healthy volunteers [38,39]. It is known
that glycine participates in gluconeogenesis and any
increase of its concentration in hepatocytes would
cause disturbance in the control of blood glucose
level.

Analysis of the results obtained for the levels of
oxidative stress parameters namely, ROS products,
Asc., NO and MDA reactive substances in both
groups treated with STZ and combination of STZ +
SLCNUgly showed that SLCNUgly behaves as an
antioxidant comparing to STZ. Previously, was
reported that due to presence of the stable nitroxyl
radical structure (spin labeled) SLCNUgly could
successfully scavenged ROS in  particular
superoxide radicals and to prevent formation of
high toxic species like -OH radicals [40]. It was
documented that concentration of ascorbate free
radical was a reliable, real-time and quantitative
marker of free radical generation could be used as
an indicator of oxidative stress in vitro and in vivo
[20,41]. Based on both: 1) Levels of ascorbate
radicals registered in the three organ homogenates
of the group treated with STZ + SLCNUQgly were
close to those of the control group and 2) were
considerably lower than those registered in the
group treated only with STZ, might be concluded
that obviously SLCNUGgly induced to a lesser extent
oxidative stress than the other nitrosourea. We
believe that this drug has double effect over blood
sugar regulation. On the one hand, we can speculate
that SLCNUQgly has direct effect on insulin release
by closing of ATP-sensitive K-channels in the beta-
cell plasma membrane similar to the anti-diabetic
drug sulfonylurea [42]. On the other hand, both
SLCNUgly and STZ are nitrosoureas. We believe
that there might be a competition between them for
the GLUT 2 transporter. In this way, the additional
administration of SLCNUgly leads to a prevention
of the toxic effects of STZ.

CONCLUSION

STZ induced hyperglycemia and oxidative stress
produced different changes in Ang Il-provoked
motor activity of organs in pelvic cavity: from hypo
reactivity - uterus, no changes - rectum to hyper
reactivity - UB. The effect of the antioxidant
protection depends on different functional
characteristics of pelvic organs and interplay
between Ang Il receptors and SLCNUQgly.
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The seven-day administration of SLCNUgly
improved significantly glycemic status of the rats,
but obviously the duration of the treatment with
SLCNUgly or/and the dose was not enough for the
complete amelioration of tissue oxidative damages
and to restore oxidative balance. The beneficial
effect of SLCNUgly allows us to a future
development of our research in this direction.
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E®EKT HA N-[N'-(2-XJIOPOETWJI)-N'-HUTPO30OKAPEAMOWJI-I'JIMIIUH AMU HA
2,2,6,6-TETPAMETIJI-4-AMWHOITUITEPUANH-1-OKCHJI (SLCNUGLY) BbPXY
AHI'MOTEH3UH 2-MEJJUNPAHATA I'NTAAKOMYCKYJIHA AKTUBHOCT HA OPTAHU B
TA30OBATA KYXHUHA

11. K. T'eoprues!, I1. B. Xamxu6oxesal, E. JI. Teopruena?, 1. JI. Kapamanakxosa?, I'. JI. Hukomnosa?,
B. T. T'amxesa®, A. M. XKenepa?, A. H. Tonexosa®

Kameopa no ¢usuonoaus, namogusuonozus u apmaxonozus, Meouyuncxu paxynmem, Tpaxuiicku ynusepcumen,
Cmapa 3azopa, bvreapus
2Kamedpa no xumus u 6uoxumus, Meouyuncku gpaxyrmem, Tpaxuticku ynusepcumem, Cmapa 3azopa, Bvazapus

Toctenmna Ha 29 centemspu, 2016 r.; Kopurupana ua 21¢despyapu, 2017 r.
(Pestome)

XUNepriimKeMusiTa, ChbIIbTCTBAIA 3aXapHUs IUadeT HapyllaBa OTrOBOpa Ha IVIAJKUTE MYCKYJIM KbM XOPMOHH C
KOHTPaKTHJIHA aKTUBHOCT Kato AHruotreH3uH 2 (AHr 2). OCHOBHUSAT €THOJIOTHYEH (aKTOp 3a TOBa CMYLICHHUE €
MPEKOMEPHOTO 00pa3yBaHe Ha KHCIOPOAHH PpAJWKAIM, KOETO BOIM 1O OKCHAATHBEH CTpPEC W HapylleHHe Ha
KaJIMeBaTa CHTHaIu3anus B kieTkure. ETo 3amo BemiecTBaTa ¢ aHTMOKCHJIAHTHAa aKTUBHOCT MMAaT MOTEHIMAN 3a
oJ00psIBaHe Ha IIaJIKOMYCKYJIHaTa [uadeTHa JUCHYHKIH.

enrta Ha ToBa mpoyuBaHe € aa ce oneHu Bb3acicTBreTo Ha SLCNUgly, BEpXy OKCHOATHBHUS W TIIMKEMHUYHUS
CTaTyc Ha JUa0ETHH IUTbXOBE, KAaKTO M AHT 2 - MHAyIMpaHaTa ChKPAaTHTENIHA aKTUBHOCT Ha OPraHU OT Ta3oBara
KyXHHa.

Jencku mosoBo 3penu mIbxoBe, TUHUS Wistar, 6s1Xa pas3/elieHn B TpU TPYNH: KOHTPOJIHA TpyTa (31paBy XKHUBOTHH);
Crpenrrozotorma (CT3) Tpermpana rpyma (€AMHWYHA HWHXXEKOWs oT 60 WMI/KT); Tpyma, TpeTHpaHa celeM
nocnenoBarennu 1uu, cinen CT3 umwkekrupanero ¢ 10 mr/kr SLCNUgly. B kpas Ha exciepuMeHTaIHuS 1epuo/, 0sxa
W3rOTBEHH HA/TBXKHU TJIaJKOMYCKYJIHHA UBHUIM OT MHUKOYEH MEXYp, PEKTYM M MaTKa, Ha KOUTO Oe Bb3/eiicTBaHO ¢ AHT
2 (1mukpomon). IlonydeHUTEe KOHTPAKTWIIHM KPUBU OsXxa aHAIM3UpPAHM 4Ype3 H3YHCISIBAHE HAa CUIOBH M BPEMEBH
XapaKTePUCTUKK Ha Tpolleca. B THKaHHM XOMOTEHAaTH OT dYepeH Npo0, OBOperr W maHkpeac, Osxa W3YUCICHH
KOHIIGHTPAIMUTEe HAa acKOpOAaTHU pajuKald, MPOAYKLUATa HAa KUCIOPOJHH pPaWKaldl W JHUIHAHATA MEPOKCHIAIH
(Manonauanaexun).

CenemaneBaoTo npunoxkeHne Ha SLCNUgly momoOpu 3HAYHTETHO TIUKEMHYHHUS CTaTyC Ha Iurpxderara. ChIio
Taka HUTPO3ypesATa MPUINHHU JAOITBIHUTEIHO HaMaJeHHe Ha AHT 2-MeMNpaHns KOHTPAKTHICH OTTOBOP M 3HAYMTEIIHO
cKkbcH (azaTta Ha MoJypenakcalnys Ha MHOMeTpaiiHata KoHTpakuus. [Ipemaparure ot pektym msrorsenu or SLCNUgly-
TpeTHpaHW NHa0ETHH ILTHXOBE, OTTOBOpHMXa Ha AHI 2 CTHUMyJIalMsATa C HaMaJeHHWE BBbB CHJIOBUTE MapamMeTpu Ha
KOHTpakuusTa. [IpuiokeHreTo Ha HUTPO30ypesTa IOoKa3a TEHASHIHWS 32 HOPMaJIM3MpaHe Ha CHIOBHTE U BPEMEBHTE
XapaKTEePUCTUKU Ha KOHTPAKTHJIHUS IPOLIEC MpH mpenapaTute ot nukodeH Mexyp. SLCNUgly umaie cnad edekr mo
OTHOIICHHE Ha NMO100psiBaHe ThKaHHUTE YBPEAU BCIEACTBUE OT OKCHAATUBHUS CTpEC.

198



Bulgarian Chemical Communications, Special Issue E, (pp. 199 — 203) 2017

Evaluation of opioid system participation in endocannabinoids™ effects on SIA after
three models of stress

H. Nocheva*, A. Bocheva

Medical University of Sofia, Department of Pathophysiology
Received September 20, 2016; Revised January14, 2017

During stress several physiological functions, pain perception among them, undergo changes. Decreased nociception
during stress is known as stress-induced analgesia (SIA), and its mechanisms of development include an opioid and a

non-opioid component.

The opioid system comprises several receptor subtypes (mu, delta, kappa) and their endogenous ligands, while in
non-opioid one epinephrine, serotonin, nitric oxide, and endocannabinoids take place.

The aim of our study was evaluation of opioid system participation in endocannabinoids™ effects on SIA after
different stresses (immobilization, heat and cold stress). In order to achieve the goals we excluded the effects of opioid
receptors through administration of the non-selective opioid receptor antagonist naloxone.

The experiments were carried out on male Wistar rats subjected to 1 hour acute immobilization, heat or cold stress.
The opioid receptor antagonist naloxone was administered after the end of each stress, and additionally, the cannabinoid

receptor (CBR) agonist anandamide was injected.

Pain perception was assessed by Paw pressure and Hot plate test.

All procedures were approved by the Animal Care and Use Committee of the Medical University of Sofia.

Our results showed that antagonization of opioid receptors decreased mostly heat stress-induced analgesia (heat-
SIA, where the opioid component is most expressed). Immobilization- and cold-SIA were affected to a lesser extend
(the opioid component in development of both stresses is less expressed than in heat-SIA).

Keywords: opioidergic system, endocannabinoid system, stress-induced analgesia, pain perception

INTRODUCTION

First adopted by Hans Selye, the term stress
includes  different types of physical or
psychological impact on the organism during which
its adaptation abilities are tested to maintain the
dynamic equilibrium with the environment despite
the increased demands [1, 2]. During stress several
physiological mechanisms as well as the functions
of different organs and systems change. It is
possible that short-lasting but intense stress as well
as relatively mild but long-lasting one onsets
pathological reactions and processes that
permanently impair the functions of the systems,
and especially the nervous, the endocrine, the
immune, the cardio-vascular, the gastrointestinal,
and the reproductive systems. The impact of stress
on the whole body can permanently threaten its
health, impair the quality and shorten the
expectancy of life, with serious social and
economic consequences [3, 4, 5]. This is why
elucidation of the mechanisms of stress
development as well as the pathways of its
interacting with and damaging the organs and
systemic functions represents a promising and
important direction of scientific area.

* To whom all correspondence should be sent:
E-mail: dr_inna@yahoo.com

During stress several physiological functions,
pain perception among them, undergo changes.
Decreased nociception during stress is known as
stress-induced analgesia (SIA) [6, 7] and its
mechanisms of development include an opioid and
a non-opioid component [8, 9].

The opioid system comprises several receptor
subtypes (mu, delta, kappa) and their endogenous
ligands [for a review see 10]. The two components
in the mechanism of SIA have different ratios of
participation in different stresses: the opioid
component prevails in heat-SIA, while the non-
opioid is better expressed in cold-SIA;
immobilization stress equally triggers both the
components [8].

The aim of our study was evaluation of opioid
system participation in endocannabinoids™ effects
on SIA after different stresses (immobilization, heat
and cold stress). In order to achieve the goals we
excluded the effects of opioid receptors through
administration of the non-selective opioid receptor
antagonist naloxone [11, 12].

EXPERIMENTAL

Animals

The experiments were carried out on male
Wistar rats (180-200 g), housed in polypropylene
cages (40 x 60 x 20 cm, 6-8 rats in each) at a
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temperature-controlled colony room maintained at
21 4+ 3 °C under 12:12 h light/dark cycle with lights
on at 6:00 a.m. The animals were given free access
to tap water and standard rat chow. The
experiments were carried out between 9.00 and
12.00 a.m.

All procedures were carried out according to the
“Principles of laboratory animal care’” (NIH
publication No. 85 23, revised 1985), and by the
Animal Care and Use Committee of the Medical
University of Sofia.

Acute models of stress

Immobilization stress: The animals were placed
in plastic tubes with adjustable plaster tapes on the
outside to prevent moving. Holes were left for
breathing.

Cold stress: The animals were placed in
refrigerating chamber at 4°C for 1 hour.

Heat stress: The animals were placed in thermal
chamber at 38°C for 1 hour.

Drugs and treatment

All drugs were obtained from Sigma and
administered intraperitoneally (i.p). The non-
selective opioid receptor antagonist naloxone (Nal,
at a dose of 1.0 mg/kg, dissolved in 0.9% NaCl)
was administered immediately after the end of
stress and 20 min before anandamide (AEA, at a
dose 1 mg/kg, dissolved in DMSO) or AM251
(1,25 mg/kg, dissolved in DMSO).

Evaluation of pain perception started 10 min
after administration of AEA or AM251.

Paw-pressure test (Randall-Selitto test): The
changes in the mechanical nociceptive threshold of
the rats were measured by an analgesimeter (Ugo
Basile). The pressure was applied to the hind-paw
and the pressure (g) required to eliciting a
nociceptive response such as squeak or struggle
was taken as the mechanical nociceptive threshold.
A cut-off value of 500 g was used to prevent
damage of the paw.

Hot plate test: The latency of response to pain
was measured from the moment the animal was
placed on the metal plate (heated to 55 + 0.5°C) till
the first signs of pain (paw licking, jumping). A
cut-off time of 30 s was observed in order to avoid
injury of the animals.

Data analysis: The results were statistically
assessed by one-way analysis of variance
(ANOVA) followed by Newman-Keuls post-hoc
comparison test. Values were mean=+ S.E.M.
Values of p<0.05were considered to indicate
statistical significance.
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RESULTS AND DISCUSSION

1 Hour of cold (1h CS), immobilization (1h IS),
and heat (1h HS) stress increased pain thresholds of
experimental animals compared to the controls
(Fig. 1, Fig. 2, and Fig. 3).

[ controls

i

gfem?

200.0
O1hcs

m1h CS+AEA

150.0 a4 T

E11h C5+Nal+AEA
100.0

Paw pressure test

0o o 20 30 min

Fig. 1. Effects of naloxone (Nal, 1 mg/kg, i.p.) on
anandamide (AEA, 1 mg/kg, i.p.) after 1 hour of cold
stress (Lh CS). The results are represented as mean
values = S.E.M. Pain thresholds of experimental
animals were compared to controls (***p<0.001); pain
thresholds of animals after 1h CS+Nal+AEA were
compared to 1h CS+AEA (*** p<0.001).

~_ 250.0
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200.0 i o . C1his
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B 1h IS+Nal+AEA

100.0

Paw pressure test
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Fig. 2. Effects of naloxone (Nal, 1 mg/kg, i.p.) on
anandamide (AEA, 1 mg/kg, i.p.) after 1 hour of
immobilization stress (1h 1S). The results are represented
as mean values £ S.E.M. Pain thresholds of
experimental animals were compared to controls
(***p<0.001); pain thresholds of animals after 1h
IS+Nal+AEA were compared to 1h IS+AEA (**
p<0.001).

Administration of AEA immediately after
ending of each stress led to a tendency toward
increase of 1h CS-animals’ pain thresholds, but a
statistically relevant decrease in pain thresholds of
animals after 1h IS and 1h HS was observed (Fig.
1, Fig. 2, and Fig. 3).

Administration of naloxone immediately after
ending of stress and 20 min before AEA (1h
CS+Nal+AEA; 1h IS+Nal+AEA; 1h
HS+Nal+AEA) differently influenced analgesia
induced by 1h CS, 1h IS, and 1h HS. Animals after
1h  CS+Nal+AEA showed decreased pain
thresholds compared to animals after 1h CS and
animals after 1h CS+AEA; pain thresholds on the
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20" and 30" min of the experiment were
comparable to the control values. PP-values of
animals after 1h HS+Nal+AEA were similar to 1h
HS+AEA. Animals after 1h IS+Nal+AEA
presented with pain thresholds relatively lower than
1h IS, but comparable to 1h IS+AEA on the 10%
and 20" min; on the 30" min of the experiment the
PP-values were higher than 1h IS+AEA even being
lower than 1h IS. During the whole time of the
experiment PP-values were higher than control
ones (Fig. 1, Fig. 2, and Fig. 3).

300.0
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250.0 te [11h HS

200.0 M 1h HS+AEA
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Fig. 3. Effects of naloxone (Nal, 1 mg/kg, i.p.) on
anandamide (AEA, 1 mg/kg, i.p.) after 1 hour of heat
stress (1h HS). The results are represented as mean
values + S.E.M. Pain thresholds of experimental animals
were compared to controls (***p<0.001; *p<0.05); pain
thresholds of animals after 1h HS+Nal+AEA were
compared to 1h HS+AEA (*** p<0.001; *p<0.05).

Administration of AM251 after CS and IS led to
an immediate decrease in pain thresholds in animals
compared to the respective stress with values
comparable to the controls (Fig. 4 and Fig. 5). After
HS higher values were observed on the 10" min
compared to the controls, but yet lower than HS

(Fig. 6).

N
o
o
=3

controls

g/cm2

200.0 O1hcs

@ 1h CS+AM251
150.0

E 1h CS5+Nal+AM251

100.0

50.0

Paw pressure test

0.0

30" min

Fig. 4. Effects of naloxone (Nal, 1 mg/kg, i.p.) and
AM251 (1.25 mg/kg, i.p.) on 1 hour cold stress-induced
analgesia (1h CS). The results are represented as mean
values = S.E.M. Pain thresholds of experimental
animals were compared to controls (***p<0.001); pain
thresholds of animals after 1h CS+Nal+AM251 were
compared to 1h CS+AM251 (*** p<0.001).
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Fig. 5. Effects of naloxone (Nal, 1 mg/kg, i.p.) and
AM251 (1.25 mg/kg, i.p.) on 1 hour immobilization
stress-induced analgesia (lh 1S). The results are
represented as mean values + S.E.M. Pain thresholds of
experimental animals were compared to controls
(***p<0.001; *p<0.05); pain thresholds of animals after
1h IS+Nal+AM251 were compared to 1h IS+AM251
(*p<0.05).
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Fig. 6. Effects of naloxone (Nal, 1 mg/kg, i.p.) and
AM251 (1.25 mg/kg, i.p.) on 1 hour heat stress-induced
analgesia (1h HS). The results are represented as mean
values + S.E.M. Pain thresholds of experimental animals
were compared to controls (***p<0.001; *p<0.05); pain
thresholds of animals after 1h HS+Nal+AM251 were
compared to 1h HS+AM251 (*** p<0.001).

Administration of Nal immediately after the end
of stress and before the CD1-receptors antagonist
decreased all the pain threshold values: they were
comparable to the controls for animals after
IS+Nal+AM251, while for animals after
CS+Nal+AM251 and HS+Nal+AM251 even a
tendency toward hyperalgesia was observed (Fig. 4,
Fig. 5, and Fig. 6).

It's known that two components — an opioid and
a non-opioid one, interact in SIA development. The
two components show different interrelations
during different types of stress. Immobilization
stress triggers both of them at equal degree, while
cold and hot stresses rely predominantly upon one
of them: cold stress upon the non-opioid one, and
heat stress upon the opioid component of SIA [8,
9]. Given such predisposition it's likely to have a
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different influence of each type of SIA
(immobilization, heat, cold) after antagonizing the
p-opioid receptors.

The results observed surprised us, since we
expected the most prominent decrease of pain
thresholds after heat stress (where the opioid
component is the most expressed); and the least
decrease we expected after cold stress (where the
non-opioid component prevails).

Our results showed that antagonizing the p-
opioid receptors led to an approximately equal
decrease in both cold (36.78%) and heat (37%) SIA
on the 10" min of the experiment; on the 30" min
of the experiment cold SIA was decreased by
17.7% compared to animals without Nal, while heat
SIA was increased by 4.76% compared to animals
without Nal.

Are the two components so closely interrelated
that they depend on each other to the extent that
when one is antagonized both of them fail to
develop? But if so, how can we explain results after
immobilization stress where both the components
are equally triggered?

We dare to propose a speculation: the activation
of opioid and non-opioid receptors to a different
degree leads to differences in their interactions and
such differences produce different effects.

Administration of both p- and CB1-receptors
antagonists revealed that simultaneous inhibition of
opioid and cannabinoid effects differently
modulated pain perception. The tendency toward
hyperalgesia, observed in animals injected with
both antagonists after cold- and heat-stress, was
never manifested after the CB1 agonist AEA or
after IS where both opioid and non-opioid
components are equally activated.
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CONCLUSION

We may say that the opioid system influences
the endocannabinoid system effects after different
models of stresses.

It would be interesting to evaluate interactions
between the different non-opioid components:
adrenergic, serotoninergic, nitric  oxide-ergic
systems  between them and with the
endocannabinoid system.
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OINIPEAEJISIHE YHACTHUETO HA OITMOUJEPITMUYHATA CUCTEMA B EGEKTUTE HA
EHIAOKAHABMHOW/UTE BBPXY CTPEC-MHAYLUMUPAHATA AHAJITE3UA CJIEJ TPU
MOJEJIA HA CTPEC

X. HoueBa*, A. bouesa
Kameopa no Ilamoghuzuonoeusn, Meouyuncxu Yuusepcumem — Coghus
Ilocrpnnna ua 20 centemBpu, 2016 r.; Kopurupana va 14 sayapu, 2016 r.
(Pestome)

ITo BpeMe Ha cTpec peauia (pU3HOIOTHYHU MAPAMETPH, B T.4. U OOJKOBATa Mepleniys, ce mpoMeHat. Hamanenara
0 BpEME Ha CTpPEeC HOIUIICTIUS Ce O3HauyaBa KaTo crpec-uHaynupana aHamre3us (CMA) u HelHUTE MEXaHW3MHU Ha
pa3BHUTHE BKIIIOYBAT OMUOUAHA U HEOMUOMIHA KOMIIOHEHTH.

OnuougHaTa CHCTEMa BKIIOYBA HIKOJIKO PEUEHTOPHH moATHMa (|, 0, K), KAKTO U TEXHHUTEC CHAOTCHHH JIUTAHIIH,
JIOKaTO B He-OIMOHIHATA komrnoHeHta Ha CHA ce BKIOYBaT aApeHANMH, CEPOTOHHWH, a30TCH OKCHI,
SHIOKaHAOMHOU U H Jp.

Lenra Ha HacTOSIIETO MpoydYBaHe Oe ONpenesiHe YYacTHETO Ha ONHOWIHATa CHcTeMa B edekTuTe Ha
eHnokanabmaouaute Bpxy CHA cien pa3nuaHn MOJenu Ha cTpec (MMOOMIN3alMOHeH, TOIUTHHEH, cTyaoB). C ornen
MIOCTUTAaHEe Ha MOCTaBeHaTa Iesl 0¢ M3KIYEeH e(eKThT Ha OMHOUIHHUTE PEHEHNTOPH IOCPEACTBOM IPHIIOKECHHETO Ha
HECETICKTUBHHS AHTarOHUCT Ha ONMHOUIHUTE PELEIITOPH HAJIOKCOH.

ExcrniepuMmenTuTe 0sixa NMPOBEACHHM BBPXY MBKKH IUTbXOBE OT mopogata Wistar, momjiokeHH Ha €IHOYACOB
MMOOHMITU3AIMOHCH, TOTUIMHEH WM CTYAOB cTpec. HalokcOHBT O¢ BBBEXKIaH HE3a0aBHO CIell MPEKPaTIBAHETO Ha
cTpeca, a arOHUCTHT Ha KAaHAOWHOMTHUTE PEUENTOPH aHAHAMUJI — CJIE]] HETO.

BonkoBata nepiiemnius Oe onpeaensHa mocpeacTsoM Paw pressure u Hot plate tectose.

Pesynrature mokaszaxa, 4e aHTarOHM3UPAHETO HA OMHOUIHHUTE PEHENTOpPH TOHMXKAaBa B Hal-BHCOKa CTEIEH
torummaHaTa CUA, KBIETO ONMMOMIHATA KOMIIOHEHTA € Hai-moOpe m3paseHa. moOmmu3anumonnara u crygoBata CUA
0sixa IMOHIKCHHU B TI0-cllaba CTeTeH B CPaBHEHHUE C TOIUIMHHATA.
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It is well known that biological activity is a function of chemical structure of the compounds, and that positional
isomers frequently differ in biological activity. Positional isomerism is a subtype of structural isomerism. Two new
compounds which are isomeric peptide mimetics, derivatives of L-Valine, and contain hydrophobic spacers of six
methylene groups and moieties of either nicotinic or isonicotinic acid were studied for their
neurobiological effects in vivo.

Aim of the present study was to evaluate the neuropharmacological activity of these peptide mimetics on rodents
with experimental model of social isolation. Male Albino ICR mice and Wistar rats, treated with effective daily doses
in 3 consecutive days were used. Their cognitive functions (learning and memory - Step-through test, exploratory
activity - Hole-board test) were evaluated. The effects of the compounds on release and reuptake of serotonin in
hippocampus and on stimulated acetylcholine release also were studied in hippocampal slices of Wistar rats.

Our results revealed a significant dose-dependent effect of the positional isomers. They both modulated
cognitive functions and changed the release of Serotonin (5-HT) and the reuptake of Acetylcholin (Ach) in brain
differently. The CNS effects are most probably related to the presence of L-Valine and a hydrophobic spacer which
increases liposolubility of the compounds. The main reason for differences in the modulating effect on cognitive
functions of rodents, and upon neuromediator levels is most probably the positional isomerism of the nicotinic and
isonicotinic residues.

Key words: isomeric peptidomimetics, L-valine, nicotinic and isonicotinic acid, memory, neuromediators

are low molecular weight compounds, to form
supramolecular complexes based on hydrogen
bonds, and even in solutions having very low
concentrations, to self-assemble into ordered

INTRODUCTION

Medicinal chemistry, as well as drug
development, is an interdisciplinary field with a

focus on various chemical formulations possessing
possible therapeutic effect in humans and animals
alike. As it is well known, positional isomerism is a
subtype of structural isomerism, and positional
isomers frequently differ in biological activity.

Objects of our research were two newly
synthesized peptidomimetics, representatives of the
so called small molecular weight gelators,
derivatives of the amino acid L-valine and
nicotinic, respectively, isonicotinic acid, recently
synthesized by some of us [1].

Right after their synthesis, the compounds M6
and P6 (Fig.1l) have been studied mostly as
organogelators, because of their ability to self-
assemble. Unique is their ability, even though they

* To whom all correspondence should be sent:
E-mail: Eleonora.e@gmail.com
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structures, often forming gels [2]. Interest in similar
gels lately is great, as those are widely used in
everyday life, for example in cosmetics (creams,
shampoos, toothpastes), and it is mandatory that
they be safe and non-toxic. Of medical and
biological point of view, a curious fact is that the
derivatives which we work with have never been
used in drug synthesis.

\!/ =
i i !
L / L=} o /N
g X
1. = W n\/G)\/n : S
M, Ej/ﬂ\ﬂ A \r\%
N/ = 0 N

Fig. 1 Chemical formulae of the two isomeric
peptidomimetic dimers
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The classical strategy for inclusion of
endogenous substances in a molecule has been
employed in the synthesis of the substances object
of our study, and is known as useful in creating a
vast array of medications (e.g. antihypertensive,
anticoagulant, anti-tumour, etc. [3-5]).

On the other hand, the presence of the essential
branched chain amino acid (BCAA) L-valine in the
molecule of the compound, together with 2
functional residues  of  nicotinamide  /
isonicotinamide, depending on the isomer, are
expected to contribute to outstanding biological
activity, especially on the central nervous system
(CNS), as evidenced by numerous literature data on
the activity of the lead substances (generic
compounds) and derivatives [6-9].

It was our aim to study and compare the
neuropharmacologic effects of the two unique
isomeric dimers on an experimental model of social
isolation.

Social factors are well known to influence
neuronal plasticity and cognitive functions of
humans and animals, which has been established by
observation of autistic children, elderly people with
dementia, and others. Often, poor communication
and lack of social environment are associated with
the development of aggressive and depressive
disorders in early as well as in later life.

Many of the changes in brain morphology and
neurochemical level after social deprivation in early
life or in adulthood are specific and are described in
the literature as social isolation syndrome [10-12].
The  diffuse mechanisms  of  impaired
neurotransmission and changes in memory function
in SI syndrome are still being widely discussed. A
complex interplay  between  social and
pharmacological factors in humans and animals has
yet to be clarified.

As a model for exploring neurodevelopmental
changes in brain structures and neurotransmitter
systems being changed under chronic stress, social
isolation rearing of animals has no alternative and
serves as a valuable and successful tool in
experimental neuropharmacology.

So here we have an essential BCAA and vitamin
Bs; and its isomer, incorporated into a combined
chemical structure of two isomeric dimers.

e  Bioactivity = f (Chemical structure)

e  Hydrophobic spacer + L-valine = Increase
in liposolubility, which suggests permeability
across blood-brain barrier

e We assume the isomers will exert
biological activity upon the CNS not just in
grouped, but also in animals with changed brain

functions due to the presence of a vitamin of the B-
group.
MATERIAL AND METHODS

Socially isolated male Albino ICR mice and
Wistar rats (n=10 in each group) were treated with
effective daily doses (125-150 mg/kg b.w. daily)
for 3 consecutive days. Administration of the
compounds was intraperitoneal. The dry substance,
in view of the proven liposolubility of compounds,
was dissolved in Oleum Helianthi. The two control
groups: of socially isolated mice and rats, were
administered for three days with the solvent only.

Behavioral methods for testing cognitive
functions were used (learning and memory - Step-
through test, exploratory activity - Hole-board test)
to evaluate these vs controls on day 1 and on day 7
after training.

The effects of the compounds after 3 days of
administering of the compounds in vivo on
stimulated release and reuptake of [*H] 5-HT, in
hippocampus of rats/whole brain tissue of mice and
on stimulated [3H] Ach release were also studied in
hippocampal slices of Wistar rats, via radiolabelling
techniques.

RESULTS AND DISCUSSION

The two isomeric peptidomimetics modulated
cognitive functions (memory and exploratory
behavior) in socially isolated and aggressive rats
and mice, which proves their neuropharmacological
efficacy. This is well illustrated in Figures 2 (mice)
and 3 (rats) for aversive stimulus memory and
Figures 4 (mice) and 5 (rats) for exploratory
behavior (spatial memory and exploration).

2% - Control Grouped

+» Isolated Agressive
150 ~ Isolated Non-agressive

..............

1" day 7 day

RT3 Tay

Fig.2. Opposite effects of M6 and P6 upon memory
of socially isolated mice versus non-aggressive mice

The very interesting thing about the dimers is
that there is clearly a diverse effect upon
neuropharmacological behavior parameters
depending on whether they are administered to
mice or to rats. These differences in effects could
be due to inter-species differences in
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neurotransmitter systems / metabolism of the two

types of rodents.
Sec|

Baperessive rats

Bgrouped rats

pageressive M6 (150 mgkg)

mageressive+P6 (150 mekg)

Fig.3. Effects of isomers on memory of rats tested
with the Step-through test.

*p < 0.001 vs. aggressive controls On the Y-axis:
Sec. = Latency to step through of rats into the dark
compartment

1 Conlro! Grovped
& Isolated Agressive
(@ 1solated Non-agresshe

& Conteol Crouped
2] Isolated Agrassive
Isolated Non-agressive

b) <)

Fig.4. Effects of isomers on the number of peeks in
the holes of the Hole-board for every single minute in
the course of 3-minute observation, on the 1% and 7%
days after 3 days of i.p. treatment with M6 (b) and P6
(©);

+ p<0,05 vs controls isolated animals from Fig.4.a;
* p < 0.05 vs grouped control mice, treated with the
respective isomer.

Hole-board test

= collective control day 7
uisolated aggressive
oisolated nonagaressive
@ aggressive M6

a PG

On 1the ¥-axis: Mean number
of head-dips anrd rearings

on the X-axis: 14, 2=, and
3rd minute of testing of
animals

Fig.5. Effects of isomers on the number of peeks in
the holes of the Hole-board for every single minute in
the course of 3-minute observation, on the 7™ day after 3
days of i.p. treatment with M6 and P6;

+ p<0,01 vs controls isolated rats; * p < 0.05
significance of difference between M6-treated rats’ vs
P6-treated.
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The effects of the compounds on release and
reuptake of serotonin in hippocampus of Wistar rats
and whole brain tissue of mice and also on
stimulated acetylcholine release in hippocampal
slices of rats were also studied. The change in
neurotransmitter release and reuptake is also related
to memory modulation. Both isomers exerted the
same decreasing effect upon serotonin reuptake, as
evident in Fig. 6a— (mice whole brain tissue) and 6b
— (in rats’ hippocampus) alike.

- vahicle (0.9% Nach)
= lzolated aggressive
- G SEgroY -

- PG s garessive

MY uptake (pmol/mg protein/mines.0.)

a)

SEROTONIN REUPTAKE (puoil'minfnn protein)
0,16

4 v p<0,01 vs, aggressive controls
o w% r< 0,001 vs. aggressive controls
0,12
(% SR
0,08 -
0,06
904 -
0,02

0 i =i

Crouped  Agrressive Iiclated won- ‘Aggressive -Aggressive
b) itrol ! ‘ M6 73

Fig. 6. Reuptake of [*H]-5-HT in synaptosomes of
whole brain of mice (a), and in synaptosomes of
hippocampal tissue of rats (b).

The compounds were administered for 3 days, daily
dose 150 mg/kg body weight

Our results revealed also different effects of the
two isomers on neurotransmission. Serotonin (5-
HT) release and Ach release from hippocampal
slices of aggressive rats were changed differently
by the two isomers (Fig. 7b and Fig. 8).

The effects of the two isomers upon [*H] 5-HT
release in slices of hippocampus of rats and of
whole brain of mice with aggressive behavior were
the opposite — M6 increased serotonin release,
while P6 decreased it both in whole brain tissue of
aggressive mice and in hippocampal tissue of
aggressive rats, as seen on Fig. 7. a) /mice/ and
b)/rats/.

It is very interesting that similar opposite effects
of the two isomers upon [*H] ACh release in
hippocampus of rats with aggressive behavior after
social isolation were also found: M6 having a
neutral vs P6 a definitely decreasing effect on
neurotransmitter release (Fig.8).
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Fig.7. Stimulated release of [3H] 5-HT in brain
tissue (%) a) — of whole brain of mice; b) in
hippocampal slices of rats
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Fig.8. Electrically stimulated Acetylcholine release from
hippocampal slices of rat (% radioactivity of fractions
compared to initial level)

The CNS effects are most probably related to
the presence of L-Valine and a hydrophobic spacer
which increases liposolubility of the compounds.
The main reason for differences in the modulating
effect on cognitive functions of rodents, and upon
neuromediator release is obviously the positional
isomerism of the nicotinic/isonicotinic residues. We
could consider also another reason — interspecies
differences in neurotransmission systems of the
brain in aggressive rodents that were reported by
Kulikov, Carillo, Vergnes and other authors [13-
15].

CONCLUSIONS

M6 and P6 improve memory on the 7" day of
the Step through test in aggressive mice after long
term social isolation.

Both  L-valine peptidomimetics  decrease
serotonin reuptake in synaptosomes of whole brain

Bcontrol aggressive

BEcontrol grouped

of mice and of hippocampal tissue of rats,
compared to grouped and aggressive controls, M6
increases, while P6 decreases KCI-stimulated
serotonin release in whole brain slices of socially
isolated aggressive mice and of hippocampal slices
of socially isolated aggressive rats.

The effects of M6 and P6 upon electrically
stimulated release of ACh from hippocampal slices
of socially isolated aggressive rats are opposite: M6
slightly increases, while P6 significantly decreases
ACh release, correlating with the effect of this
isomer upon memory in the aggressive rats.

We believe that peptidomimetic drug design and
experimental neuropharmacology are indispensable
tools, to be used together, in exploration of the
brain and of neurotransmitter interactions at the
level of chemical synapses in brain structures.
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(Pesrome)

INo3uimonHaTa M3oMepHsi € BapuMaHT Ha CTPYKTypHara m3oMmepus. V3BecTHO e, e OHMOJOrMYHaTa aKTHBHOCT €
(GYHKIMA HAa XMMUYHATa CTPYKTYpa Ha ChEIMHEHMATA, U CHINO, Y€ MO3UIMOHHUTE M30MEPH YECTO C€ pa3nnuyaBar IIo
OnoNOTMYHa aKTUBHOCT. J[BE€ HOBH CHEIMHEHHS, KOUTO Ca N30MEPHH MENTHAHN MUMETHUIIH, IPON3BOJHN Ha L-BanuH,
ChIBpXKAIM XUIPOPOOEH MOCT C INECT METWICHOBH TPYNH, M OCTarblldi HAa HHUKOTMHOBAaTa, CBHOTBETHO Ha
HM30HUKOTHHOBATA KHCEIMHA, OYaKBaMe Ja TIPOSIBIBAT Pa3IHIHHU eeKTH in Vivo.

Ilen Ha HACTOSIIOTO MpOy4YBaHE € Ja Ce OLECHW BB3ACHCTBUETO HAa TE3W TNENTHIHA MHUMETHLIH BbpPXY
OpPUEHTHPOBBYHOTO TNOBEACHHE U MaMeTTa y rpu3add. CouuaaHo M30JIMpaHd MBXKH rpusaun: 6emu ICR Mumkn wu
Wistar mpxoBe, Osixa TpeTHpaHu ¢ ©(hCKTHBHH THEBHM IO03U 33 3 MOCICAOBATETHH THH. TEXHHTE KOTHUTHBHH
byukuun Osxa onenenu (o0ydeHue u maMet — ¢ momornTa Ha Step through, opuentuporbuHo moBenenue ¢ Hole board
tect). Edextute Ha chenaMHEHUWATAa CHUIO Ca M3CIEABAHM BBPXY OCBOOOXKIAaBaHETO M OOpPATHOTO 3axXBalllaHE HA
CEpOTOHMHA B XHIIOKAMIIA M BBPXY CTHMYJIHMPAHOTO ALETWIXOJMHOBO OCBOOOK/IaBaHE B XHUIIOKaMITAJHH CPE3HW Ha
Wistar mrexoBe.

Hammre pesynraTu moka3BaT 3HaUMTENIEH 103a-3aBUCHM €(EKT Ha MO3HIMOHHNTE n3oMepH. CepoTOHMHOBOTO (5-
HT) 1 aneTUIXONWHOBOTO OCBOOOXKIABaHE B CPe3W Ha XUIIOKaMII OsXa MPOMEHEHW IO pa3iM4yeH HayWH OT JBaTa
n3omepa. Epexrure Bopxy LIHC ca BeposiTHO CBBbp3aHu C MPUCHCTBHETO Ha L-BannH u xuapodobeH creiicep, KoeTo
yBeJIMYaBa JIMIIOPA3TBOPUMOCTTA Ha CheAnHeHusTa. OCHOBHaTa NpPHYMHA 33 pa3IUKUTe B e(EeKTHTE BBPXY
KOTHUTUBHHTE (DYHKLIMHM HA TPHU3aud, U BbPXY HEBPOMEIMATOPHHUTE HUBA € Hai-BEPOSITHO MO3UIIMOHHATA U30MEPHS Ha
HUKOTHHOBHTE WJIM M30HUKOTHHOBUTE OCTATBIIH.
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Ghrelin is a recently discovered peptide, described predominantly in gastric endocrine cells. Gastric ghrelin —
positive cells were studied in chronic atrophic gastritis, H. Pylori-related gastritis and gastric carcinoids mainly.
Presence of ghrelin- positive cells in gastric cancer was less investigated. The aim of the present study was to describe
ghrelin-positive cells in gastric cancer of diffuse and intestinal types and in surrounding mucosa from antral, fundic and
corpus regions. Endocrine cells were revealed immunohistochemically with antibodies against chromogranin (Cha),
gastrin (Gas), somatostatin (Som), serotonin (Ser) and ghrelin (Ghr). Ghrelin positive cells were found in all cancers
(diffuse type gastric cancer), (1,93+1,76 cells/fmm?). In antral mucosa Ghr* cells were between 42,37+4,8 cells/ mm?
followed by corpus mucosa between 27,6+1,27 cells/ mm? and by fundus mucosa between 25,2+6,3 cells/ mm?. Co-
localization studies showed that some of the Cha*cells, Gas* cells, and Som *cells were also Ghr *. In conclusion we
may state that in gastric cancer from the diffuse type there could be detected Ghr *ECs. Ghrelin could be secreted not

only by separate Ghr * ECs but also by ECs positive for gastrin and somatostatin.

Keywords: ghrelin, endocrine cells, gastric cancer

INTRODUCTION

Ghrelin structure and production

Ghrelin was described by Kojima et al. [1] as a
novel growth-hormone-releasing peptide, which
was originally isolated from rat and human
stomachs. It was also reported that human ghrelin
is homologous to rat ghrelin exept for two amino
acids. This ligand for growth hormone secretagogue
receptor (GHS-R) is a peptide consists of 28 amino
acids. Its serine 3 residue is n-octanoylated. The
acylated peptide was established to release growth
hormone (GH) both in vivo and in vitro, and O-
noctanoylation at serine 3 is very important step in
its activation. Circulating ghrelin contains more
than 90% of desacyl ghrelin and less than 10% acyl
ghrelin [2]. However, according to Kojima et al. [1,
3] the acyl group of ghrelin is essential for its
binding to GHS-R and the simultaneus activation of
the inositol triphosphates-calcium pathway).

The human ghrelin gene is located on the short
segment of chromosome 3 (3p25-26) and comprises
4 introns and six exons (2 are noncoding) and
encodes a 511 bp mRNA [4, 5, 6]. In relation to the
chemical properties of its precursors, Korbonits et
al. [7] reported that preproghrelin (117 AA)
contains 23 AA signal peptide and a 94AA segment

* To whom all correspondence should be sent:

E-mail: ivstefanov@abv.bg

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

corresponding to proghrelin. Proghrelin is made of
the 28AA ghrelin peptide and a 66AA
carboxyterminal peptide named C-ghrelin [6, 8, 9].
C-ghrelin can be transformed to a 23AA peptide
colled obestatin [10]. On the other hand, some
authors give information for the alternative splicing
of the human ghrelin gene produces additional
transcripts coding for other peptides including des-
GInl4-ghrelin [6, 11]. The enzymes responsible for
transforming preproghrelin into ghrelin include
signal peptidase cleaving at Arg23, prohormone
convertase 1/3 (PC 1/3) cleaving at Arg51
(producing ghrelin 1-28) [12], and
carboxypeptidase-B like enzyme cleaving at Pro50
(producing ghrelin 1-27) [13].

As mentiomed above, two ghrelin peptides are
described as a result of human ghrelin gene
transcription and translation. The main metabolic
pathway is the acylation of the hydroxyl group of
the Ser3 [1]. Both ghrelin 1-28 and ghrelin 1- 27
undergo to acylation, mainly by an octanoyl group
(C8:0) and more rarely by a decanoyl (C10:0) or
decanoyl (C10:1) group [Hosoda et al., 2003).
Enzyme involved in ghrelin acylation is ghrelin O-
acyl transferase (GOAT), which is a member of the
family of membrane O-acyl transferases (MBOAT)
[14, 15]. Gutierrez et al. [14] found out that ghrelin
and GOAT are co-expressed in X/A like cells of
gastric mucosa. The addition of C8 medium-chain
or C10 medium chain triglycerides in diets
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modificate the proportions of octanoyl or decanoyl
ghrelin involved in the same granules in gastric
X/A like cells, suggesting that GOAT uses the most
available substrate to catalize ghrelin acylation
[16]. It is known that ghrelin acylation is performed
in the endoplasmic reticulum prior to the processing
of proghrelin by proteases on either the
preproghrelin or the proghrelin precursors [12, 15,
17, 18]. GOAT acylates ghrelin with fatty acids
ranging from C:7 to C:12 [14]. Yang et al. (2008)
described acyl-CoA as donors of acyl group. After
that, Ohgusu et al. (2009) proved that in vitro
GOAT prefers n-hexanoyl-CoA to n-octanoyl- CoA
as an acyl donor.

Biological activities of ghrelin depend on the
presence of acyl group on Ser3 [19, 20]. C8:0 Ser3
defines maximal ghrelin activity, which is
maintained by C10:0 Ser3, C12:0 Ser3, and C16:0
Ser3 but decreased by C4:0 Ser3 orC2:0 Ser3 [19].
The replacement of Ser3 by Trp3 maintains the
activity of ghrelin, but its replacement by aliphatic
AA (such as Val, Leu, or lle) inhibits its activity
[19]. The N-terminal positive charge and Phe4 are
necessary for ghrelin activity and recognition by
GHS-R1A [21]. Systematic C-terminal reduction of
ghrelin identified the N-terminal pentapeptide of
ghrelin, including C8:0 Ser3, to be the minimal
peptide fragment with the same power like ghrelin
[20, 22]. In addition, amidation of the C-terminus
increased the activity of the ghrelin fragments [20,
22] while N-acetylation decreased it [21, 22].

In human, circulating ghrelin contains desacyl
ghrelin (more tan 90%), acyl ghrelin, and C-ghrelin
[2, 8, 23]. Desacyl ghrelin mostly circulates as a
free peptide, while acyl ghrelin is bound to
lipoproteins [24, 25]. The acyl group is needed for
ghrelin interaction with lipoproteins bound with
triglycerides and low-density lipoprotein, while N-
and C-terminal ends of ghrelin are needed for its
coupling to high-density lipoproteins and very
high-density lipoproteins. In this regard, De Vriese
et al. [24] hypothesized that triglyceride-rich
lipoproteins predominantly transport acyl ghrelin,
while  high-density and very high-density
lipoproteins transport both acyl and desacyl ghrelin.

Ghrelin receptor (GHS-R)

GHS-R is a type of G-protein coupled receptors
(GPCR), characterized by seven transmembrane
helix domains [26]. The localization of human
GHS-R was established on chromosome 3 (3926.2)
consisting of 2 exons and 1 intron. Exon 1 codes for
the GHS-R region from the extracellular N-terminal
end to the 5th transmembrane helix, while exon 2
codes for the rest of the receptor GHS-R is
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represented by GHSR1A and GHS-R1B. GHS-R1A
is a 366AA protein consisting of 7 transmembrane
helix domains, while GHS-R1B is a 289AA protein
consisting of 5 transmembrane helix domains [27].

Binding of GHS-R1A to G-protein involves the
3rd intracellular loop. The lack of a 3rd intracellular
loop in GHS-R1B prevents its binding to G-
proteins. GHS-R1A activation causes the
activation of  phospholipase C, inositols
triphosphates, and intracellular calciump athways
[28]. At physiological concentrations, only acyl
ghrelin  binds to GHS-R1A, while at
supraphysiological concentrations (1 uM) desacyl
ghrelin couples to the receptor as well [29, 30].
Acyl ghrelin and desacyl ghrelin  are
electrostatically attracted to membranes by their
basic residues, but acyl ghrelin penetrates deeper by
its acyl group [30]. GHS-R1A was shown to
function as homodimer [31, 32] and it also forms
heterodimers with members of the prostanoid
receptor family such as vasodilatator prostacyclin
receptor (IP), the vasoconstrictor prostaglandin E2
receptor subtype EP3-1 (EP3-I), and thromboxane
A2 (TPa) [33].

GHS-R1B, considered in the past to be
functionally inactive, is now believed to act as an
important modulator in ghrelin-induced GHS-R1A
signaling. Indeed, GHS-R1B is able to
heterodimerize with GHS-R1A and to decrease the
constitutive activity of GHS-R1A [32, 34, 35, 36].
GHS-R1B exerts a dominant negative effect via a
conformational restriction of the GHS-R1A that
becomes unable to subsequently activate G protein
and recruit g -arrestin [37].

GHS-R1B is unable to bind acyl or desacyl
ghrelin and acts as a modulator in ghrelin-induced
GHS-R1A signaling. GHS-R1B is able to
heterodimerize with GHS-R1A and decrease the
constitutive activity of GHS-R1A [32, 34, 35, 36].
GHS-R1B exerts a negative effect through a
conformational constraint of the GHS-R1A which
becomes wunable to activate G protein and
strengthen S-arrestin [37].

The role of ghrelin in physiological processes

Ghrelin expression is mainly detected in the
digestive tract, with highest levels in the gastric
mucosa [1, 38]. Gastric mucosa involves five
endocrine cell types, represented by
enterochromaffin cells (EC), enterochromaffin-like
cells (ECL), D cells, G cells, and X/A like cells
which, respectively, secrete serotonin, histamine,
somatostatin, gastrin, GABA, and ghrelin. Human
and rat gastric mucosa are, respectively, composed
of 30%/60—70%ECL cells, 20%/20%X/A-like cells,
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22%/2.5%Dcells, and 7%/0-2% of EC and G cells
[39, 40]. Ghrelin is mainly located in the oxyntic
mucosa of the gastric fundus in neuroendocrine cell
subtype of P/D: cells which represent 20% of all
neuroendocrine cells at this place [41, 42]. In the
normal mucosa of stomach corpus, ghrelin-positive
cells were located between parietal cells and chief
cells in the lower part of the fundic glands. In man,
ghrelin cells (147 nm) were characterised by round,
electron-dense secretory granules [42]. Ghrelin has
been known as a multifunctional hormone. Various
studies have investigated ghrelin and its systemic
effects regarding growth hormone release from the
pituitary gland, appetite regulation and its impact
on body weight [43, 44]. However, ghrelin is also a
hormone with gastro-protective local effects. It
stimulates propulsion and mucus secretion and
contributes to the healing process after a mucosal
injury. Therefore, ghrelin is essential for
maintaining the mucosal barrier of the human
stomach [45, 46]. The mechanism for the action of
ghrelin on feeding, growth hormone secretion,
secretion of gastric acid and the gastric contractility
was studied and demonstrated that the vagal nerve
was involved in the action of ghrelin [47, 48].
Yakabi et al., [49] established that ghrelin
stimulates gastric acid secretion via a mechanism
involving activation of vagal efferent nerve and
histamine release from gastric enterochromaffin-
like cells. In humans, peripheral administration of
ghrelin stimulate gastric emptying [50] with no
modification of orocecal and colonic transit [51].
Moreover, ghrelin strengthens the human migrating
motor complex [52]. Furthermore, ghrelin has been
established to be useful for the treatment of
gastrointestinal motility disorders [53, 54]. Future
studies are needed to study the beneficial effects of
novel ghrelin receptor agonists in gastrointestinal
motility disorders.

The role of ghrelin and its receptors in
pathological processes of the human stomach

The role of ghrelin in pathological processes has
been described in different aspects. Several studies
have reported that ghrelin is able to exert anti-
inflammatory actions by inhibiting the production
of proinflammatory cytokines [55, 56, 57, 58].
Ghrelin anti-inflammatory actions were found out
in inflammatory bowel disease, pancreatitis, sepsis,
arthritis [59, 60, 61, 62].

Rau et al., [63] investigated the influence of
ghrelin in several pathological situations of the
stomach. For example, in autoimmune gastritis,
Rau et al. [63] established a new gastrin-mediated
mechanism for ghrelin suppression. In autoimmune

gastritis, ghrelin-positive cells comprised up to 50%
of the investigated nodules of neuroendocrine cell
hyperplasia. Neoplastic ghrelinomas have also been
described by several authors [64, 65, 66, 67]. Some
authors  claim  that ghrelin  plays an
autocrine/paracrine role in a number of processes
related to cancer progression, including cell
proliferation [68, 69], cell migration [70], and
apoptosis [71]. According to Duxbury et al. [72]
ghrelin increases cell proliferation, migration and
invasion in pancreatic cancer cell lines via
PI3K/Akt pathway [72], which is associated with
an increase in cell motility and invasion. The
participation of ghrelin in proliferation of gastric
cancer was also reported by Tian and Fan [73].
These authors found out that ghrelin and des-acyl
ghrelin stimulate the proliferation of gastric cancer
cells via the activation of the ERKZL/2 and
PI3K/Akt pathway. While a number of studies have
demonstrated that ghrelin  stimulates  cell
proliferation, some reports indicate that ghrelin may
inhibit proliferation. These include thyroid [74],
prostate [75] and breast cancer [76] and small cell
lung carcinoma [77] cell lines. Ghrelin is expressed
in a wide range of cancer tissues and plays a role in
a number of key processes in cancer progression,
including cell proliferation, cell migration and
invasion, and apoptosis. As there have been a
number of conflicting reports, it is currently unclear
whether ghrelin promotes cancer or inhibits its
development..

The data about ghrelin expression in gastric
cancer cases is too limited, but it is different for
neuroendocrine tumors. In gastric cancer, Rau et al.
[63] did not detect any ghrelin-expressing cells.
Papotti et al. [64] demonstrated that the majority of
gastric carcinoids and a fraction of intestinal
endocrine tumors show immunoreactivity for
ghrelin. It was established that 75% gastric
carcinoids were immunoreactive for ghrelin in a
variable percentage of tumor cells. Cellular ghrelin
reactivity was observed as a diffuse, finely granular
cytoplasmic staining, as strong as that of
peritumoral gastric endocrine cells. Intratumoral
stromal or inflammatory cells were not stained.
Although gastric carcinoids are rare and generally
benign conditions, Papotti et al. [64] observed two
aggressive cases and an additional low grade tumor
with a lymph node metastasis. Ghrelin was found to
be produced by two of these tumors, which meens
that its expression is probably independent from the
biological aggressiveness of the tumor. These
findings suggest that assessment of circulating
ghrelin levels may be useful in diagnosis of
atrophic gastritis and associated neuroendocrine
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cell growths as well as of gastrointestinal tumors of
neuroendocrine nature. Tsolakis et al. [66] studied a
patient with a malignant gastric neuroendocrine
tumor secreting ghrelin as the main hormone. This
might be a new tumor entity of the stomach, and it
is suggested that patients with malignant gastric
neuroendocrine tumors should be investigated for
ghrelin ~ production, for example  ghrelin
immunoreactivity in tumor cells as well as total and
active ghrelin concentrations in the blood.

It was reported that ghrelin-expressing cells are
a cell type differs from the enterochromaffin-like
cells, but intermingle with them as derivatives from
type A-like cells. However, the idea of
enterochromaffin-like cell hyperplasia is derived
from the idea of a direct gastrin influence on these
cells which still has to be shown for ghrelin-
positive cells [78]. Gastrin is known to have growth
stimulating effects on neuroendocrine cells in the
gastric fundus [78, 79] but it is unknown if it
interacts with ghrelin-expressing cells. Some
authors presented data that shows synergistic
effects of gastrin and ghrelin on gastric acid
secretion and histamine production by gastric
mucosa which involves the vagal nerve [80, 45].

However, Rau et al. [64] confirmed the
existence of the gastrin/cholecystokinin (CCKB)
receptor for the first time on human ghrelin-positive
cells, which corresponds to data from animal
models [45]. The finding of this receptor on

ghrelin-expressing cells suggests a possible
influence by gastrin. For example, Rau et al. [63]
observed dose-dependent ghrelin suppression by
gastrin.

MATERIALS AND METHODS

We used specimens from two patients with
intestinal type of gastric cancer who undergo of
total gastrectomy in Surgical Department in
University Hospital in Stara Zagora. Tissue
specimens were fixed in 10% buffered formalin,
embedded in paraffin and cut to 4 pum thickness.
Specimens were deparaffinated and endogenous
peroxidase was blocked for 5 minutes with
blocking reagent according to the protocol. Then
the slides were washed 3 times with PBS and
incubated with primary antibody for 1 hour
followed by incubation with marked polymer and
washed again.

Tissue samples were incubated with DAB
substrate-chromogen and after washing
counterstained by Mayer’s hematoxylin.

Tablel shows immunohistochemistry panel of
applied antibodies and components, their
manufacturer, dilution and reaction:

Table 1. Immunohistochemistry panel of applied antibodies and components

Ne Antibody Manifacture Dilution Reaction

1. Monoclonal Mouse M0869, DAKO 1:100 Cytoplasmatic
Anti-Human Chromogranin A

2.  Polyclonal Rabbit Anti-Human A 0568, DAKO 1:500 Cytoplasmatic
Gastrin

3. Monoclonal Mouse Anti-Human MO0758, DAKO 1:100 Cytoplasmatic
Serotonin

4.  Polyclonal A0566, DAKO 1:200 Cytoplasmatic
Rabbit Anti-Somatostatin

5. Polyclonal Rabbit Anti-Human H-40 Santa Cruz 1:100 Cytoplasmatic
Ghrelin Biotechnology

6  EnVision™ FLEX+, Mouse, High K8002, DAKO - -
pH, (Link)

RESULTS AND DISCUSSION

After analysis, we found endocrine positive
cells (ECs) for all investigated markers in tumor
parenchyma and in the overlying mucosa of gastric
antrum, corpus and fundus (Table 1, Fig. 1, Fig. 2
and Fig. 3).
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The most common ECs in the tumor tissue were
cells positively for Chromogranin (15,9+8,5
cellss/mm?2), followed by somatostatin positive
(5,33+1,25  cells/mm?),  Ghrelin*  (1,93+1,76
cellssfmm?), gastrin positive (1,59+0,32 cells/mm?)
and serotonin positive cells (1,47+1,44 cells/mm?).
In normal tissue from gastric antrum and gastric



1.S. Stefanov et al.: Ghrelin and gastric cancer

fundus the distribution of ECs was similar:
Cha*cells (306,35+6,97 and 156,5+1,6
cells/fmm? respecively), Ghr*cells (42,37+4,8 and
252+6,3 cellssmm?,  respectively), Som*cells
(29,14+5,93 and 19,4+7,2 cells/mm?, respectivly),
Ser*cells (and 17,84+4,14 cells 12,1£6,9 cells/mm?,
respectively). cells/mm?, respectivly), and ECs
positively for gastrin were least (12,2+8,4 for
antrum and 17,6+2,03 cells/mm? for fundus).

Finally after investigation of gastric corpus the
result shown that the most common type of ECs
was again chromogranin positive
(165.76+3,13cellssrmm?),  followed by ghrelin
positive (27,6+1,27 cellssrmm?), serotonin +
(12,6+1,4  somatostatin  positive  (8,1+0,04
cellssmm?), /mm?) and gastrin positive (6,89+1,4
cells/mm?).

Table 2. Distribution of ECs markers in gastric cancer tissue and normal stomach

350 -
300 -
250 - B Cha+
200 - m Som+
Ghr+
150
B Ser+
100 - Gas+
N L L
Tumor Antrum Corpus Fundus
Ghrelin has a number of functions, including gastro-protective local effects. It stimulates

roles in the regulation of growth hormone release,
metabolism, appetite, the cardiovascular system and
insulin secretion [1]. Another function of ghrelin is
that it increases the secretion of gastric acid via
nitric oxide which stimulates mucosal blood flow
[81. Ghrelin cell density was found by to be
positively correlated with the degree of diarrhea
and inversely correlated with the degree of
constipation [82]. Therefore, changes in ghrelin cell
density play a decisive role in the development of
diarrhea and constipation in irritable bowel
syndrome patients.

In addition the role of ghrelin and its receptor
GHS-R is not clear. It was reported that GHSR la
expression differs from that of GHSR 1b in cancer.
For instance, in a number of cancers, GHSR 1a
expression is downregulated or absent [76, 83, 84,
85], while the non-functional form of the receptor,
GHSR 1b is widely expressed in cancer and
expression may be upregulated compared to normal
tissues [86]. Some autors state that gastric cancers
arised after different types of mucosal injury, but
today we know that ghrelin is also a hormone with

propulsion and mucus secretion and contributes to
the healing process after a mucosal injury.
Therefore, ghrelin is essential for maintaining the
mucosal barrier of the human stomach [44, 45].

Ghrelin is expressed in a wide range of cancer
tissues and plays a role in a number of key
processes in cancer progression, including cell
proliferation, cell migration and invasion, and
apoptosis. As there have been a number of
conflicting reports, it is currently unclear whether
ghrelin promotes cancer or inhibit its development
and it is possible that it could have both stimulatory
and inhibitory effects.

Since in the literature data is scarce, our results
suggest that ghrelin and some from the other
endocrine markers in gastric cancer tissue and
normal mucosa may play an important role in
carcinogenesis, and its expression will be a
valuable prognostic marker for prognosis and
prediction in gastric cancer patients.
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Fig. 1a) Ghrelin positive ECs (arrows) hyperplasia in transitional mucosa and in tumor (x200); b) Ghrelin positive ECs
(arrows) in tumor (x200).

Fig. 2a) Gastrin positive ECs (arrows) in gastric fundus (x200); b) Ghrelin positive ECs (arrows) ingastric fundus
(x200); c) Somatostatin positive ECs (arrows) in gastric fundus (x200)

Fig. 3. a) Ghrelin positive ECs (arrows) in pylor (x100); b) Ghrelin positive ECs (arrows) in corpus (x100).
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I'PEJIMH U PAK HA CTOMAXA

U. C. Creanos *, FO. A. Ananues 2, A. H. Tonekosa 3, K. W. Jlunkosa, 2, C. Xam3a !, M. K. Urnarosa ?,
M. B. I'srp60Ba 2

! Kameopa “Anamomus “, Meduyuncku gpaxynmem, Tpaxuticku yuueepcumem, Cmapa 3azopa, Bvneapus
2 Kameopa ,, Obwa u xnunuuna namonoaus *“, Meouyuncku gaxyamem, Tpaxuiicku yuueepcumem, Cmapa 3azopa,
bvacapus
8 Kameopa ,, @usuonoeus, namogusuonozus u papmaxonoaus * Meouyuncku gaxyamem, Tpaxuiicku ynusepcumen,
Cmapa 3azopa, bvneapus

[ocrenuna Ha 28 centemBpy; 2016 r.; Kopurupana na 13 ¢espyapu, 2017 r.
(Pestome)

I'penvHBT € HACKOPO YCTAHOBEH MENTHI, ONHMCaH MPEAUMHO B E€HJOKPDHHHHUTE KJIETKH HAa cToMaxa. B cromaxa,
IPENTUH MO3UTUBHU KIETKU Ca OMUCAHH OCHOBHO NPH XpoHHWYeH aTpoduueH ractput, H. Pylori- cBbp3an ractpur u
CTOMAIITHA KapIMHOUIH. [[pHCHCTBUETO HA TPENUH MO3UTUBHU KJICTKH MPH pak Ha cToMaxa e ciabo mpoyueno. enra
Ha HACTOAIIOTO M3CIEIBAaHE € Ja OIHWINEM TPEJIMH MO3UTHBHUTE KIECTKH TPU AU(Y3CH W UHTECTHHAJEH TUI pak Ha
CTOMaxa W B OKOJIHATA JIMTABHI[A HA aHTpyMa, QYHIyca W TAIOTO HA CTOMaxXa. EHIOKpUHHUTE KIETKH Ca YCTAaHOBEHH
HMYHOXHUCTOXUMHUYHO C aHTUTeNa cpeury xpomorpauud (Cha), racrpun (Gas), comarocratud (Som), cepotonun (Ser)
u rpenuH (Ghr). I'pennH MO3UTHBHM KIIETKH ca HaOJII0[aBaH! BbB BCHUKH BHIOBE CTOMANICH KapIIMHOM (IU(y3€eH THII)
(1,93+1,76 cellsyrmm?). Haii-muoro Ghr* knerku 42,37+4,8 cells/ mm? ca oTkpuTu B aHTpalHATa IMTaBUIA HA CTOMAXa,
nocneasany ot te3u (27,6+1,27 cells/ mm?) B nmurapunara Ha TANOTO M Haii-Manko - 25,2+6,3 cells/mm? B murasunara
Ha (yHayca Ha cromaxa. M3BhpIiieHaTa KOJOKAIU3aIMsl ¢ H3MOI3BaHUTE aHTHTENA MMOKa3a, ye Hskou or Cha* kietku ,
Gas* xretkn 1 Som* kietku ca eauoBpeMento u Ghr *. B 3akmrouenue, Ghr *ECS morat na 6b1aT uaeHTHQUIMPAHH B
CTOMAIITHUS KapIUHOM OT Audy3eH Tuil. [ penuHbT MOKe 1a Obae cekpeTupad He camo ot onpenenenn Ghr * ECs, Ho
CBIIO OT MO3UTHBHU 33 TACTPUH M COMATOCTATHH €HIOKPHUHHH KIIETKH.
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Peptides have important functions in human’s body. Tyr-MIF-1 represents a tetrapeptide with opioid activity and
good selectivity in binding to u-receptors. In the same time lots of pyrrole-containing drugs with different activities take
part in medical practice. A series of hybrid molecules representing Tyr-MIF-1 mimetics incorporated in a pyrrole
heterocycle, with potential analgesic activity, was synthesized. The synthesis of the peptide moiety was realized by
peptide synthesis in solution. Pyrrole cycle and aimed hybrid structures were obtained by Paal-Knorr reaction.

The aim of the present study was to investigate the analgesic and anti-inflammatory effects of Tyr-MIF-1 mimetics
during acute pain in rats.

The experiments were carried out on male Wistar rats. The analgesic effects were evaluated using Paw-pressure and
Hot-plate tests and the anti-inflammatory effect was evaluated by Digital Water Plethysmometer.

All drugs were administered intraperitoneally at a dose of 1mg/kg, dissolved in sterile saline (0.9% NaCl) solution.
The results showed that some of the newly synthesized peptides possessed analgesic activity and the opioid system took
part in such effects.

The anti-inflammatory activity of the newly synthesized compounds with manifested analgesic activity was
evaluated, but showed to be lower than the referent substance indomethacin.

Keywords: Tyr-MIF-1"s mimetics, nociception, inflammation.

INTRODUCTION

Pain and inflammation are ordinary participants

in every-day’s life. Innumerous factors can be
responsible  for painful and inflammatory
conditions, causing distress and sometime severe
disorders in people’s social and economic life.
Given the unpleasant and adverse consequences of
pain and inflammation, different fields™ specialists
are involved in the search of means to fight such
undesirable conditions.
Each day doctors prescribe large number of
painkiller drugs belonging to different groups -
corticosteroids, non-steroidal anti-inflammatory
drugs (NSAIDs), etc. [1]. Since the last century
there was a strong exploration of the properties of
various heterocyclic compounds including pyrrole
as anti-inflammatory and anti-pain agents [2]. A
number of molecules containing  pyrrole
heterocycle in their structure were approved as
drugs with different application in medical practice
[3-8].

Since pain and inflammation represent stressful
conditions for the human body, the organism
possesses also natural mechanisms to slow down

* To whom all correspondence should be sent:
E-mail: dr_inna@yahoo.com

and oppose their adverse consequences. Different
systems take part in anti-stress activity, with the
opioid, endocannabinoid, adrenergic ones being
among the most important ones [9- 12].

The opioid system includes opioid receptors
(e.g. p-, 6-, k- receptors) and their endogenous
ligands (e.g. endorphins, enkephalins, dynorphin)
[13]. Some natural occurring molecules including
peptides perform a variety of functions in the
human body. They can be neurotransmitters,
neuromodulators, hormones, etc. Tyr-MIF is a
tetrapeptide well know from the literature for its
opioid activity and good selectivity binding to p-
receptors [9-11]. A series of hybrid molecules
representing Tyr-MIF-1 mimetics with a pyrrole
heterocycle incorporated possessing potential
analgesic and anti-inflammatory activity was
synthesized. Such modifications in the structure of
the natural opioid peptide combined into hybrid
structure with various heterocyclic compounds are
investigated as promising alternatives to existing
commercial non-steroidal anti-inflammatory and
opioid agents.

The aim of the present study was to investigate
the analgesic and anti-inflammatory effects of Tyr-
MIF-1 mimetics during acute pain in rats.
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Fig.1. Structure of Pyrrole modified Tyr-MIF analogues (1) and (3)

EXPERIMENTAL
Chemical synthesis

All used solvents are purchased by Valerus
(Bulgaria) and used without any additional
treatments. All amino acids are purchased by IRIS
Biotech (Germany).

Both compounds analogues of Tyr-MIF, Pyr-
Tyr-Phe-Leu-Ala-OAll (1) and Pyr-Ala-Leu-Phe-
Tyr-OAll (3) (fig. 1) were synthesized by reaction

Tyr Phe Leu Ala
Z—— OH H—+ OMe Boc— OH H— 0All
TBTU/Et;N TBTU/Et;N
J—  OMe Boc OAll

| 2N N,OH |
Z————4+——OH § — OAll
TBTU/Et;N
Z OAll
HBr/AcOH
H OAll

of Paal-Knorr between modified pyrrole and
tetrapeptides H-Tyr-Phe-Leu-Ala-OAll and H-Ala-
Leu-Phe-Tyr-OAll in acetic acid as a solvent.

Both necessary tetrapeptides were synthesized
by standard peptide synthesis in solution by means
of 2+2 Scheme (fig. 2).

Compound Pyr-Tyr-Phe-Leu-Ala-OH (2) with free
COOH-function at C-terminus is obtained starting
by substance 1 by treatment with Pd(PPhs)s for
around 5 h (TLC control) in Ar atmosphere.

Ala Leu Phe Tyr
Boc—— OH H— OMe Boc— OH H—— 0All
TBTU/Et;N TBTU/Et;N
Boc—| | OMe Boc OAll
Boc 2N N,OH OH H — OAll
TBTU/E;N
Boc OAll
TFA
H OAll

Fig. 2. Schemes of synthesis of tetrapeptides analogues of Tyr-MIF.

Animals

The experiments were carried out on male
Wistar rats (180-220g). The rats were housed
individually in polypropylene boxes with free
access to food and water and kept in a constant
temperature environment (22 £2°C) on a 12:12 h
light/dark cycle.

The newly synthesized substances (Peptides 1,
2, and 3) were administered intraperitoneally (i.p.)
at a dose of 1mg/kg, dissolved in sterile saline
(0.9% NaCl) solution.

Along with estimation of analgesic activity of
newly synthesized peptides the involvement of the
opioid system in such effects was evaluated by

blocking opioid receptors with the non-selective
opioid-receptors antagonist naloxone (Nal, at a dose
1 mg/kg, i.p., dissolved in saline).

All procedures were approved by the Animal
Care and Use Committee of the Medical University
of Sofia.

Nociceptive tests

Pain perception was estimated between 10:00
a.m. and 1:00 p.m. by mechanical (Paw pressure
test) and thermal (Hot plate test) stimuli.
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Paw pressure test (Randall-Selitto test)

The changes in the mechanical nociceptive
threshold of the rats were measured by the use of an
analgesiometer (Ugo Basile). Increasing pressure
(g) was applied to the hind-paw and the value
required to elicit a nociceptive responses (a squeak
or struggle) was taken as the mechanical
nociceptive threshold. A cut-off value of 500 g was
observed in order to prevent damage of the paw.

Hot plate test

The latency of response to pain was measured
from the moment an animal was placed on a metal
plate (heated to 55 + 0.5° C) to the first signs of
pain (paw licking, jumping). A cut-off time of 30
sec was observed.

Anti-inflammatory activity of the newly
synthesized substances was estimated by a Digital
Water Plethysmometer designated to provide highly
precise measurement of small volume changes due
to inflammation. The test typically follows the
evolution of the inflammatory response
experimentally induced in rodents and screens
potential  anti-inflammatory  or  anti-edema
properties of pharmacological substances. The
volume transducer consists in two tubes
interconnected and filled with conductive solution
and an electrode for each chamber. The animal paw
immersed in the measuring tube displaces some
water and the displacement produced is then
reflected into the second tube, inducing a change in
the conductance between the two electrodes. The
Plethysmometer  Control ~ Unit  detects the
conductance changes and generates an output signal
to the digital display indicating the volume
displacement measured (0.01 ml resolution).

The anti-inflammatory effect of the newly
synthesized peptides with analgesic activity was
then compared to the referent substance
indomethacin (2 mg/kg, i.p.).

All results were statistically assessed by one-
way analysis of variance ANOVA followed by t-
test comparison. Values are mean = S.E.M. Values
of p< 0.05 were considered to indicate statistical
significance.

The experimental procedures were carried out in
accordance with the requirements of the Ethical
Committee of the Medical University of Sofia.

RESULTS AND DISCUSSION

The biological activity of newly synthesized
substances was first compared to Tyr-MIF-1. The
results showed that on the 10" min Peptide 2
expressed a statistically relevant higher analgesic
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activity compared to the referent substance
(p<0,01) and even higher on the 20™ min
(p<0,001).

350 contrals

O Tyr-MIF-
300 Tyr-MIF-1

g/cm2

m1
250 -

200 m3

150

100

Paw pressure test

50

0 .
10° 20° 30° min
Fig. 3. Effects of newly synthesized Peptides 1, 2,
and 3 measured by Paw pressure test. The results are
represented as mean values = S.E.M. ™ p<0,001 relative
to control; * p<0,05 relative to control;*** p<0,001
relative to Tyr-MIF-1; ** p<0,01 relative to Tyr-MIF-1.

The analgesic activity of Peptide 1 was equal to
Tyr-MIF-1's on the 10" min and comparable to the
control values for the remaining time of the
experiment. Peptide 3 showed no analgesic activity
compared to Tyr-MIF-1 for the whole time of the
experiment (Fig. 3).

On hot plate evaluation Peptide 2 showed an
analgesic activity comparable to the control values
for the entire time of the experiment and without
statistically relevant differences compared to Tyr-
MIF-1 on the 10" and 20" min, while on the 30"
min its analgesic activity was higher than the
referent substance’s one (p<0,001). Peptides 1 and
3 showed no analgesic activity and even a tendency
toward hyperalgesia both compared to the referent
substance and controls (Fig. 4).

7.0 [ controls

sec

6.0 O Tyr-MIF-1

Jr

m1

5.0 a2

4.0 m3

3.0
2.0

1.0

Hot plate test

0.0 .
10° 20" 30" min
Fig. 4. Effects of newly synthesized Peptides 1, 2,
and 3 measured by Hot plate test. The results are
represented as mean values = S.E.M. ™ p<0,001 relative
to control; * p<0,05 relative to control;*** p<0,001
relative to Tyr-MIF-1.

Involvement of the opioid system in analgesic
effects of the newly synthesized Peptides was
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assessed due antagonizing opioid receptors with
Nal. A brisk decline in analgesic activity of
Peptides 1(p<0,001) and 3 (p<0,001) after
administration of opioid receptors antagonist was
assessed for the entire time of the experiment
compared to animals without naloxone and
controls, while Peptide 2 maintained its analgesic
activity on the 10" min compared to controls
(p<0,001) even pain thresholds being lower than
those of animals without naloxone (Fig. 5).

On hot plate evaluation all latencies were shorter
the controls and the respective group of animals
without Nal (Fig. 6).

The estimated anti-inflammatory activity of
Peptides 1 and 2 (showing the most expressed
analgesic activity) was estimated. It resulted lower
that the referent substance’s one (Table 1).

3500 [ controls

mi1

g/cm2
g
o

B1+Nal

250.0 ns =2

W2+ Nal

200.0
m3

150.0 B3+ Nal

100.0

50.0

Paw pressure test

0.0 3
10 200 30° min

Fig. 5. Effects of newly synthesized peptides (1, 2,
and 3) evaluated by PP test in animals without and with
naloxone (Nal, 1 mg/kg, i.p.). The results are represented
as mean values = S.E.M. " p<0,001 relative to control;
p<0,05 relative to control;*** p<0,001 relative to Tyr-
MIF-1.

6.0 [ controls

sec

m1

5.0
E1+ Nal

m2
4.0

22+ Nal
3.0 w3
E3+ Nal

20

Hot plate test

1.0

0.0

30 min

Fig. 6. Effects of newly synthesized peptides (1, 2,
and 3) evaluated by HP test in animals without and with
naloxone (Nal, 1 mg/kg, i.p.). The results are represented
as mean values = S.E.M. ™ p<0,001 relative to control;
™ p<0,01 relative to control;*** p<0,001 relative to Tyr-

MIF-1; ** p<0,01 relative to Tyr-MIF-1; * p<0,05
relative to Tyr-MIF-1.

Table 1. Anti-inflammatory effects of newly synthesized
peptides (1 and 2) estimated by decrease (%) of edema
caused by carrageenan (100 pg/paw) compared to
indomethacin (2 mg/kg, i.p.).

D %) of
Edema on the 4h ecrease (%) o
. edema due to
Substance | and 10 min after
carrageenan
the substance (100 pg/paw)
administration Ha'p
Indomethacin 2.20+0.2 54,6
2 mgl/kg, i.p.
1,1 mglkg, i.p. 2.69+0.1 44 .5
2,1 mglkg, i.p. 2.84+0.1 414

Searches of new substances with analgesic and
anti-inflammatory activity is justified, on one hand,
because both acute and chronic pain, as well as
inflammation accompany many diseases and
clinical conditions decreasing quality of life, and,
on the other hand, most of the already known drugs
possess undesired collateral effects (ulcerogenic
effect, drug-dependence, etc.). In order to
avoid/decrease undesired collateral effects more
than one drugs, possessing each one a lower effect,
are often prescribed together relying on their
agonistic final effect. Such therapeutic approach
allows decreasing the dose of each drug thus
avoiding/decreasing the individual collateral effect
of each one of them. Two of the new substances
showed an analgesic effect, and an anti-
inflammatory effect even lower than the referent
substance’s one was also present. Such findings
could represent a starting position for additional
searches.

In the same time it’s important to understand the
mechanisms of the newly synthesized substances
action in order to establish the best way of
administration and to predict possible interactions
with other drug components.

Our study tried to elucidate the participation of
the opioid system in the mechanisms of action of
the newly synthesized substances. The experiments
demonstrated the participation of the opioid system
in the analgesic effects of the three new peptides.
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[NPOTUBOBB3ITAJIMTEJIHA 1 AHAJITETUYHA AKTUBHOCT HA HOBOCUHTE3WPAHU
IEITTUAN, BKIIFOYBAIIU ITMPOJI

M. IserkoBal, X. Houesa®", P. Xamxuonosal, 1. lananes?, C. Bnanumuposa®, C. Suesa®, A. Bouepal

! Kamedpa no Iamogusuonozus, Meduyuncku Ynusepcumem — Cogpus
2 Kameopa bBuomexnonozust, Xumuxomexnonozauuen u memanypeuden Yuueepcumem - Cogus

3 Kameopa Opaanuuen cunmes u 2opusa, Xumuxomexuono2uuen u memanypeuyen Yuueepcumem - Coghus
4 Kameopa Ocnosu na xumuunume mexnonozuu, Xumuxomexunonoauden u memanypauien Yuueepcumem - Cogus
[ocrenuna va 20 cenremBpu, 2016 r.; Kopurupana ua 20 despyapu, 2017 1.
(Pe3tome)

[lenTuaure npuTexaBaT BaKHU (QYHKIMM B 4oBEIIKHA opraHu3bM. Tyr-MIF-1 mpencrasisBa TeTpanentun ¢
OTMOMJIHA AKTHBHOCT U J00pa CEJIEKTHBHOCT MO OTHOLICHHE CBBP3BAHETO My C U-penenTtopure. B chimoTo Bpeme
MHOYECTBO MUPOJI-CHIBPIKAIIN MEAUKAMEHTH C Pa3InYHO MPUIOKEHHE HaMUPAT MACTO B TepareBTUYHATA MPAKTHKA.
B®B BpB3Ka ¢ TOBa Oe CHHTE3UpaHa cepusi XUOPUIHHN MOJIeKyNH, peacTaBngBamy Tyr-MIF-1-mumeruiy, cpappxamu
ITUPOJIOB XETEPOIMKBI, C MOTEHIHANeH aHaureTH4eH edext. CHHTE3bT Ha MENTHIUTE O€ peanu3upaH MOCPEICTBOM
cranaaptHa SPPS (Fmoc/Ot-Bu crpaterus). [TuponoBusT LUMKBI U XMOPUIHUTE CTPYKTYpH Osxa mojydeHu upe3 Paal-
Knorr - peaxrus.

Lenta Ha mpoyuBaHEeTO O€ OIpeneNsHe aHANTCTHYHHA W TPOTHBOBB3manurteneH edekr Ha Tyr-MIF-1-
MHUMETHIIUTE TIPH OCTPO BB3MAJIECHUE NIPH ILTHXOBE.

ExcriepumenTuTe 0sixa NMpOBENCHNM BBPXY MBXKH IITBXOBE OT mopojara Wistar. AHaNreTHUHUAT edekT Oe
OTIpENeTsIH  TIOCPE/ICTBOM METOAMTE paw-pressure M hot-plate, mgokato NIPOTHBOBB3NAIUTEIHATA AKTUBHOCT O¢
n3CIIe/IBaHa MOCPEICTBOM JUTHTAJICH BOJICH TUIETU3MOMETHD.

W3cnenBanuTe BemecTBa 0s51Xa BbBEXKAaHH HHTPANIEPUTOHEATHO.

Pesynrature nokasaxa, 4e HAKOM OT HOBOCHMHTE3UPAHUTE MENTHIN IPUTEKaBaT aHANTeTUYHA aKTHUBHOCT, KaTo
ONMOU/IHATA CHCTEMA y4acTBa B TE3H €PEKTH.

[IpoTuBOBB3MATUTETHATA AKTUBHOCT HA HOBOCHHTE3UPAHUTE BeliecTBa O¢ mo-cinabda oT Ta3u Ha pedepeHTHHS
IpernapaT HHAOMETAIKH.
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