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New L- valine peptide mimetics as potential neuropharmacological agents
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Aim of the present study was to evaluate the effect of four recently synthesized peptide mimetics, derivatives of L-
Valine, containing moieties of nicotinic/isonicotinic acids and hydrophobic spacers with two different lengths, on the
cognitive functions of rodents. Male Albino mice were treated with these compounds in daily doses 125 and 250 mg/kg
b. wt. for 3 consecutive days. Their learning and memory were evaluated with Step-through test, their exploratory
activity with Hole-board test and their muscular coordination - with Rota-rod test. The ability of the used substances to
affect metabolism of biogenic amines in hippocampus was studied in Wistar rats, 1 hour after single treatment (250
mg/kg i.p.). Our results revealed a significant dose-dependent effect of two of the compounds, which appear as
positional isomers and contain longer hydrophobic spacer. Their effect on the parameters of learning and memory,
exploratory activity and muscular coordination, was well pronounced. The levels of neuromediators in hippocampus
were significantly changed after a single treatment. Serotonin (5-HT) levels were increased significantly by both
compounds, one of which increased also noradrenaline levels. The improving effect on cognitive functions of rodents is
most probably related to the presence of L-Valine, as well as nicotinic or isonicotinic residue. The much stronger
influence of the pair with a longer hydrophobic spacer is due to the better lipid solubility and the possible blood-brain
barrier transport related to it, so as to modulate biogenic neuromediators' levels in rat hippocampus.
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H-bonds, and to self-assemble into supra-molecular
INTRODUCTION complexes, particularly forming nano- and micro-
filaments both in the absence of a solvent and in
some solutions [1-3]. Determining of pKa shows
that at pH=7 the four compounds exist mainly in
their unionized form, which means that at
physiological conditions (pH=7.4) they are again in
a molecular (non-charged) form [5]. Studies of the
solubility of these compounds in water and in
octanol revealed a much higher (in orders)
solubility in octanol than in water, defining high
values of the partition coefficient (log P) that
characterizes their distribution between water and
lipid phase in the body [5].

Our previous studies established low in vivo oral
and intraperitoneal toxicity (over 2000 mg/kg b.w.)
and high therapeutic index for all studied
substances (over 8). In vitro studies showed the
lack of practical toxicity at concentrations 250 pM -

Four newly synthesized peptide mimetics,
derivatives of L-Valine bound to nicotinic or
isonicotinic acids from one side and to alkyl
hydrophobic spacer from the other side, have been
synthesized by Tsekova et al. [1]. Their synthesis
and self-assembly behavior have been published
earlier [1-3] and some data for their biological
properties have been recorded [4,5], although
investigations on their biological activities are still
in progress. In our previous publications these
compounds were introduced as M3, P3, M6 and P6,
where the sign M means derivatives of m-pyridinic
(nicotinic) acid and P means derivative of p-
pyridinic (isonicotinic) acid, while 3 and 6 point the
number of methylene groups building the
hydrophobic spacer in the molecule. All of them
possess a very high ability to form intermolecular
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toxicity is lower even than that of ascorbic acid
(Vitamin C) [5]. Some changes in the orientation
and nociception in white mice treated with the same
substances were also established [5].

On the basis of all the data cited above we
decided to study the neuropharmacological
activities of these four peptide mimetics as potential
pharmacological agents in rodents.

The aim of the study is to evaluate the ability of
the used compounds to affect the cognitive
functions of mice and to clarify some biochemical
correlations in the rat brain after treatment with the
compounds.

MATERIALS AND METHODS

Male ICR Albino mice were used for treatment
with the targeted compounds in daily doses 125 and
250 mg/kg b. wt. intraperitoneally for 3 consecutive
days. A control group has been treated with the
same volume of solvent (Ol. Helianthi).

Several tests were performed to study the
changes in the animals’ cognition:

e for learning and memory (Step-through test) —
on the 1* and 7™ day,

e exploratory activity (Hole-board test) - on the
1%, 2™ and 3™ minute and

e muscular coordination (Rota-rod test).

In parallel experiments the changes in biogenic

levels in hippocampus of dopamine (DA),
noradrenaline ~ (NA) and  serotonin- 5-
hydroxytriptamine-(5-HT) were studied

fluorimetrically 1 hour after single administration
of M6 and P6 (250 mg/kg, b.wt. i.p). Experiments
were performed on male Wistar rats, applying a
method described by Jacobowitz et al (1978) [6].

The Student-Fisher test was used for statistical
assessment of the experimental data.

RESULTS AND DISCUSSION

Our results demonstrate a significant improving
effect of the pair of positional isomers with a longer
spacer — both compounds M6 and P6 (125 mg/kg b
wt, 3 days) - on all of the parameters studied:
learning and memory, exploratory activity and
muscular coordination.

As it is seen in Fig. 1, compound M6 has a
positive influence on learning and memory in mice,
evident both on the 1% and on the 7™ days after
treatment with the substances. Compound P6 has
significant effect only on the 7th day, while the
effect of M6 is well pronounced both on the 1st and
on the 7th day (Fig. 1). It was established that the
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Fig. 1. Learning and memory after 3 days of treatment
with M6 and P6 (125mg/kg, i.p.).
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Fig. 3. Exploratory activity after 3-days of treatment
with compounds M6 and P6.

positive effect of the compound M6 is dose-
dependent (Fig. 2). Fig. 3 presents the effect of the
active compound upon exploratory activity and it is
well visible that both P6 and M6 compounds
increase exploratory activity; although on the 1%
day this influence was only slightly expressed, on
the 7" day it had better expression. Neuromuscular
coordination was improved significantly by M6 and
P6 treatment and this effect was recorded not only
on the 1 day, but also on the 7™ day (Fig. 4).

The fact that the improving effect of the
compounds lasts relatively long after the treatment-
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Fig. 4. Neuromuscular coordination (Rota rod test) after
3 days of treatment with M6 and P6

e.g. on the 7" day - is quite interesting and leads us
to the suggestion of a slow metabolism and slow
elimination of the studied compounds from the
body.

The other two compounds — (M3 and P3), that
contain 3 methylene groups in their spacer, did not
affect significantly the processes of learning and
memory (results are not presented) even though
they increased moderately the exploratory activity
of mice (Fig. 5a and 5b).

Both compounds decreased significantly motor
coordination of the treated animals in comparison
to the controls (with 22 % with M3 and 32 % with
P3) (Fig. 6). Our experiments clearly demonstrated
that the four used compounds can be divided into
two groups on the basis of their investigated
neuropharmacological activity, the first one
including 6 methylene groups in their spacer -M6
and P6, which are positional isomers, and the
second group: M3 and P3, another pair of positional
isomers including 3 methylene groups in the
molecule. The two groups affect cognitive
functions of mice differently. All three parameters
of the cognition (see above) were changed in a
different way by the compounds with 6 methylene
groups in the spacers in comparison to compounds
with 3 methylene groups in the spacers. M6 and P6
increased them, as it is visible from Fig. 1 on the
1*, and with an enhanced effect on the 7 day;
while M3 and P3 decreased them (they increased
exploratory behavior as visible from the Hole-board
test in Fig.5a and 5b).

The stable preventive effect of M6 and P6 on the
cognitive processes, together with the physico-
chemical analysis of compounds (water solubility
and their partition coefficient), suggest a long half-
life time and a slow metabolism of compounds in
the body. Higher neuropharmacological activity of
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Fig. 5a. Hole-Board test for exploratory behavior in
mice on the 1* day after 3 days of treatment with the
compounds M3 and P3
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Fig. 5b. Hole-Board test for exploratory behavior in
mice on the 3™ day after 3 days of treatment with the
compounds M3 and P3.
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Fig. 6. Changes in neuromuscular coordination (Rota rod
test) after 3 days of treatment with M3 and P3.

both compounds with 6 methylene groups spacer is
probably related to their higher lipid solubility
(higher log P) compared to shorter spacer ones [5].
Results obtained show that both compounds M6
and P6 influence the same cognitive functions,
which is obviously due to the Val presence. The
fact that the strength of their effect differs, we
assume, is related to the different effects of the
isonicotinic and nicotinic acid moieties, which are
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positional isomers, contributing to the differences
in the activity and pharmacokinetics of the
compounds.

Biochemical studies in rat brain indicated
significant changes in the levels of some
neuromediators in the hippocampus after M6 and
P6 treatment. Even after single administration both
peptide mimetics with longer spacer increased
significantly the serotonin (5-HT) levels in
hippocampus in comparison to control levels. The
isomer P6 increased significantly noradrenaline
brain levels too.

The idea to use L-a-aminoacids and their
derivatives for improving brain functions is not
new. There are some publications in the literature
revealing the important role of such substances for
the better functioning of the CNS. The effects of
several natural essential amino acids: branched-
chain amino acids (BCAAs) and tryptophan, on the
cognition of rodents and humans have been
reported from other authors [7-9]. It has been
reported in the literature that dietary BCAAs,
including L-Val, ameliorated injury-induced
cognitive impairment in mice [7], and also,
supplementation with BCAAs in patients with
severe traumatic brain injury improved recovery of
cognition [8]. Dietary supplementation with
tryptophan has been found to increase 5-HT levels
in rat brain which correlated with a significant
improvement in memory function of rats, as
reported in a different study [9]. Also, a large body
of research has documented memory-improving
effects of the 5-HT uptake inhibitors, which are
known to increase 5-HT-ergic neurotransmission by
increasing 5-HT concentrations in the synaptic cleft
[10].

Improving effects of the peptide mimetics
containing L-Valine on some cognitive functions of
rodents were also established in our experiment
described here. Experimental results demonstrated
positive effects of two of the newly synthesized
peptide mimetics on cognitive functions and their
biochemical correlates in rodents. Taking into
account the important role of the hippocampus in
cognition, we suggest that the increase of 5-HT
level in this brain region by the compounds M6 and
P6 may be one of the important neurochemical
correlations of their nootropic effects.

The established changes in 5-HT and NA levels
in rat hippocampus by P6 provided evidence for the
realization of its CNS effect through changes in
monoamine levels. P6 can modulate levels of

biogenic amines probably via regulation of the
release of noradrenaline and serotonin.

We assume that the two new compounds with 6
methylene groups in the spacer can be useful as
pharmacological modulators of declined cognitive
functions, and they most probably exert their
effects by influencing 5-HT metabolism in the
brain.

CONCLUSIONS:

The neuropharmacological effects of M6 and P6
established in rodents can be related to the ability of
compounds to modulate biogenic neurotransmitter
levels in brain and especially 5-HT metabolism in
hippocampus. The improving effect on cognitive
functions of rodents is probably related to the
presence of L-Valine, as well as of a nicotinic or
isonicotinic residue, but the much stronger effect of
the pair with a longer hydrophobic spacer is due to
the better lipid solubility and is related to the
possible transport to the brain cells.
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(Pesrome)

Ilen Ha HacTOAMIOTO M3cleaBaHe Oe Ja ce OleHW edeKTa Ha YEeTUPH HOBOCHHTE3WpPAHU MENTHAOMUMETHKA,
MPOU3BOIHY Ha L-BajiuH, ChABPIKAIIA OCTATHIM OT HUKOTHHOBA/M30HUKOTHHOBA KHUCEIHHH, U XUAPOo(HOoOHH crieiicepu
C JIBe Pa3IMYHU AbDKUHH, BPXY KOTHUTHBHU (YHKIMK y Ipu3aud. bsxa H3M0I3BaHM MBKKH Ja0OPATOPHU MHUIIKH,
KOUTO 0siXa TPETHUPaHU C TE3U CHEAMHEHHUS B IHEBHH 1034 1o 125 u 250 mg/kg T.M. 3a Tpu MOC/ICAOBATEIHH JIHU.
Texuute mamer U oOydeHue Osixa m3cienBanu Step-through tect, m3cnemoBarenckoTo uM nosenenue - ¢ Hole-board
TECT, a HEBPO-MYCKyNHAaTa MM KoopAwHamus - ¢ Rota-rod Tect. CrocoOHOCTTa Ha W3CIICABAHUTE BEIISCTBA Oa
MOBITUSBAT METa0OIM3Ma Ha OMOTCHH aMUHU B XHITOKAaMII, O¢ W3CIIe[BaH NpH IIbXoBe Wistar, 1 4ac cien enuHIYHA
nmo3a (250 mg/kg i.p.). Pesynratute HH pa3Kpuxa 3HAYUTEICH [[030-3aBUCHM €¢(EeKT Ha IBE OT CHEOMHEHUSATA, KOUTO
MIPEICTaBISBAT TO3UIIMOHHN U30MEPH U CHIBPIKAT MO-IBIBT XuapodobeH creficep. EQEKThT MM BBPXY MapaMeTpUTe
Ha OOy4YeHHE W MaMeT, M3CIeA0BaTe]ICKa aKTUBHOCT M HEBPO-MYCKYIIHA KOOpAMHAI, Oe moOpe m3paseH. HuBara Ha
HEBPOMEIUATOPH B XUIIOKAMII OsXa 3HAUUTEIHO IPOMEHEHH cliel eAMHUYHO TpetupaHe. CeporonuHoBute (5-HT) HuBa
0sixa 3aBUINCHM 3HAYUTECIHO U OT JBETC CHEAWHCHHS, €JHO OT KOHTO YBEJIMYH CHII0 HOPAIPCHATUHOBUTC HHBA.
[MomoOpsiBaKAT KOTHUTHBHA (DYHKIMH Y Tpu3adn e()eKT Ha BEl[eCTBaTa Haii- BEPOSTHO € CBbP3aH C HAIN4YKMETO Ha L-
BaJIMHOB, KAKTO M HAa HUKOTHHOB WJIK U30HUKOTHHOB OCTaThK. MHOI'0 MO-CHITHOTO MOBJIUSBAHE OT CTPaHa Ha JABOMKaTa
C HO-IIBJIBT XUAPOPOOCH crielicep, 3a 1a MOTaT J1a ObIaT MOAYJIUPAaHU HUBAaTa HA OMOTCHHU HEBPOMEIUATOPHU B TUTHIIUSL
XHUIIOKaMII, C€ IBJDKH Ha IO0-Jo0paTa JUIMOPa3TBOPUMOCT Ha Te3W CHEAWHEHHS, O0yCIaBsia BB3MOXKHHSA TEXCH
TPaHCIOPT Tpe3 KPHBHO-MO3bUHATA Oapuepa.
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