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Acetylcholinesterase inhibition activity of peptide analogues of galanthamine with
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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.
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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
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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
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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.
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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.
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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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N3CJIIEABAHE UHXUBUTOPHATA AKTUBHOCT BBbPXY ALIETUJIXOJIMHECTEPA3A
HA HEINTUIHN AHAJIO31 HA T'AJIAHTAMIH, C HOTEHIUAJIHO TTIPHJIOXKEHUE ITPU
INAIOUEHTU C BOJIECTTA HA AJILIXAVMEP
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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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