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Y mmakamda — (£)-1mc-3-(2’-0en3umunazonmi)-1,2,2-TpuMeTHIIITUKIIO-TIEHTaH-KapOOHOBOM
KHCJIOTHI THIPOXJIOPUIA B MCCIICAOBAHUAX IN VIVO BBISIBICHBI IEPEOPONIPOTEKTUBHBIC CBOMCTBA B
HEKOTOPBIX MOJEINSAX MoBpexaeHus mosra. Ilens. ViccnenoBarh HEHpONPOTEKTUBHYIO U aHTHIE-
NPECCaHTO-TIOIO0OHYI0 aKTUBHOCTh TuakaMbpa. Mamepuanvl u memoowt. B 31nekTpodusnonornye-
CKUX MCCJIEIOBAHUSAX HA CpPe3ax TMIIMOKAMIIa KPBIC MCCIICAOBAIN BIUSHUE TuaKkamda Ha yTHETCHHE
MOITYJIIIIUOHHBIX CHHANITHYECKUX TOTCHIIMAIOB IMHPAMHIHBIX HEHPOHOB, BbI3bIBacMble N-METHII-
D-acnaprarom, aHokcueil u HelpoarnukeMueil, a Takke HyOp 1t OIIeHKH ero HeWpOorpOTEeKTUBHOM
aKTHBHOCTH. B MOBeIeHUECKUX MCCICAOBAHMUAX M3YYaId BIMSAHUE TUakaMda M aHTHIETpPECCaHTa
MMUIPAMHHA Ha OCHOBHBIE MIPOSBICHUS BBI3BIBAEMOM MATHIHEBHBIM IJIaBaTEIbHBIM CTPECCOM TIO-
BEJICHUYECKOM JIETIPECCHU — OECIIOMOLITHOCTb U aHIe/I0OHUI0. Pe3ynbmamet. B nccienoBanusx Ha cpe-
3aX TUNIOKaMIla KPbIC YCTaHOBJICHA HEHPOIPOTEKTUBHAS aKTUBHOCTH AMakamda, MPOSBISIOIASICS
0COOEHHO ITPY CHCTEMHOM BBEJICHUH OCJIa0JIEHHEM MTOBPEKICHUI CHHAIICOB ITMPAMH/IHBIX HEHPOHOB,
BBI3BIBAEMBIX TPOLEAYPON AHOKCHU/ATTIMKEMUH W OKCHAATHBHBIM cTpeccoMm, HO He N-mertun-D-
acraptatoM. XpOHHYECKOE BBeIECHHE KpbicaM auakamda B mo3e 10 MI/Kr ociabisuio mposiBICHUS
BBI3BAHHOM IJIaBaTEIbHBIM CTPECCOM MOBEICHUECKOH JIEMPECCUH, yMEHbIIIasi BpeMsi MMMOOMIN3aIH
B TUIABATEIILHOM TecTe (OECIIOMOIIHOCTh) U YBEIMYHBAs TPEAIIOYTEHIE MOTPEOICHHs CIIIKOTO pac-
TBOpa MO CPaBHEHUIO C BOZAOH (ocrnabieHue aHrelIOHWH). AHTHICTIPECCAHTO-TIOAOOHOE JeiicTBIE
mrakamda oTaMYaeTcs OT JEHCTBHS TPAAMIIMOHHOTO aHTHACIPECCAHTa MMHUIPAMHUHA, MOCKOJIBKY
nrakaM@ He YMEHbBIIAeT BpeMEeHH UMMOOMIN3AIMH B TJIaBATEIbHOM TECTE IPU OJHOKPATHOM BBEJIe-
HUM U XapaKTepu3yeTcs 0oJiee MeIEHHBIM Pa3BUTHEM JCUCTBUS. Bolgoosl. Jlnakamd obnamaeT Hew-
PONPOTEKTUBHBIM JACUCTBUEM U, O1aroapsi STOMY, MPOSIBIISIET aHTUACTIPECCAHTO-TI0I00HOE JIeiCTBIE
NP BBI3bIBAEMOM I1J1aBaTENILHBIM CTPECCOM MOBEIECHUYECKON AEPECCHN.

Knrwoueswie cnoea: ouaxameh, netiponpomexmusHoe oelicmeue, nogedeH4eckas 0enpeccus,
becnomowHocms, AH2EOOHUS.

ANTIDEPRESSANT-LIKE ACTION OF DIACAMPHE AGAINST
THE BACKGROUND STRESS-INDUCED BEHAVIORAL DEPRESSION

T.O. Zayka, D.V. Evdokimov, I.1. Abramets

M. Gorkiy Donetsk National Medical University, Donetsk, DPR

Background. It was find out the cerebroprotective properties of diacamphe — (+)-cis-3-(2’-
benzimidazolyl)-1,2,2-trimethylcyclopentan-carbonic acid hydrochloride in vivo experiments in
the some models of brain injury. Aim. To investigate the neuroprotective and antidepressant-like
activities of diacamphe. Materials and Methods. It was investigated an impact of diacamphe on
inhibition of the pyramidal neurons field synaptic potentials evoked by N-methyl-D-aspartate,
procedure anoxia/neuroaglicemia, and H,O, in the electrophysiological experiments on hippo-
campal slices for evaluating of diacamphe neuroprotective activity. It was explored in behavioral
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experiments the impacts of diacamphe and antidepressant imipramine on basic manifestations of
behavioral depression evoked by five-days swimming stress — helplessness and anhedonia. Re-
sults. It was ascertained in experiments on the hippocampal slices that diacamphe especially at
conditions of systemic administration diminished of injury of the pyramidal neurons synapses in-
duced by procedure anoxya/aglicemia, oxidative stress, but not N-methyl-D-aspartate action. The
chronic administration of diacamphe in dose 10 mg/kg reduced the manifestations of induced by
swimming stress behavioral depression, decrease duration of immobility in forced swimming test
(helplessness) and increase preference of intake of sweet solution comparably with water (dilution
of anhedonia). Antidepressant-like action of diacamphe differences from action of traditional an-
tidepressant imipramine so far as diacamphe did not diminishes immobilization duration in
swimming test after single administration and by more slow developing of action. Conclusions.
Diacamphe possesses neuroprotective action and therefore manifests antidepressant-like action
against the background behavioral depression evoked by swimming stress.

Keywords: diacamphe, neuroprotective action, behavioral depression, helplessness, anhedonia.

Diacamphe — (#)-cis-3-(2’-benzimida- tentiation of action of antidepressants by
zolyl)-1,2,2-trimethylcyclopentan-carbonic acid medical drugs possessing cerebroprotective
hydrochloride — was synthesized in Kharkov effect, since depression is characterized by
National Pharmaceutical University under the morpho-functional disorders in the limbic
direction of prof. S.1. Merzlikin. structures of the brain [9]. Therefore, in this

It was found in research on experimen- study we tried to find out the effect of the
tal animals that diacamphe possesses neuro- substance that improves the functional condi-
protective properties manifested by increase tion of the brain and can be used in treatment
in the survival of animals and by improve- for non-psychiatric diseases (cerebral circula-
ment of the functional condition of the brain tion disorders, traumatic damages, intoxica-
in acute cerebral circulation disorders, in tions) of the brain, and influences the level of
neurotrauma and in alcohol intoxication. In depressiveness in modeling of depressive
studies conducted on rats with experimental syndrome. Such properties are inherent to di-
diabetes mellitus it was found that di- acamphe used in the present study.
acamphe diminished manifestations of brain Materials and Methods
damage and improved survival of animals in The study was conducted on 76 white
bilateral occlusion of carotid arteries, in outbred rats of 150-250 g mass that were kept
acute asphyxia and in normobaric hypoxia in cages of 4-6 animals in each with 12-hour
with hypercapnia, and also increased the light/dark cycle (switching on the light at
flow rate of the cerebral circulation in posti- 7.00) with a free access to water and food.
schemic reperfusion [1-4]. The study was conducted in correspondence

It is also known that classic antidepres- with the requirements of Bioethics Commis-
sants demonstrate an evident cerebroprotec- sion of M. Gorkiy Donetsk’s National Medi-
tive effect in hard injuries of the brain tissues cal University.
such as anoxia/aglycemia, excitotoxic action Electrophysiological study was con-
and oxidative stress [5,6]. Al last, according ducted on slices of the dorsal hippocamp. The
to some data, pharmacological substances that details of the method were given earlier [10].
improve biochemical parameters of the activi- In brief: rats were narcotized by intra-
ty of the brain tissues, eliminate certain ma- peritoneal introduction of ketamine at the
nifestations of depressive syndrome — anhe- dose 50 mg/kg. Narcotized animals were de-
donia, anxiety [7,8]. capitated, the brain was taken out of the skull

One of the trends in treatment for medi- and cooled in the preparation solution at tem-
cal drug-resistant forms of depression is po- perature 4-6°C. Dorsal hippocamp was isO-
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lated from the posterior pole of the brain.
Slices of 400 um thickness were obtained us-
ing vibratom. After that hippocamp was iso-
lated from transverse slices; the slices of the
mentioned stricture were placed into an incu-
bation chamber, where they were superper-
fused with Krebs’ solution of the following
ionic composition in mM: NaCl — 124, KCI -
3; KH,PO4 — 1.25; NaHCO3 — 26, CaCl, — 2,
MgSQO, — 1, glucose — 10. In the incubation
chamber Krebs’ solution was saturated with
carbogen, at the temperature maintained at
25°C, with flow velocity 2 ml/min. After 90
min of incubation one of slices was placed
into the working chamber of 0.5 ml volume
where it was superfused with Krebs’ solution
saturated with carbogen at 28°C, with flow
velocity of solution 2 ml/min. In slices of hip-
pocamp, population excitatory postsynaptic
potentials (pEPSP) of pyramidal neurons of
CAL region were evoked by electrical stimula-
tion of Schaffer collaterals and were recorded.
Synaptic inputs were stimulated using a bipo-
lar nichrome electrode with rectangular current
pulses with 0.1 msec duration. After stabiliza-
tion of the amplitude of pEPSP, curves of
PEPSP amplitude vs. intensity of presynaptic
stimulation were constructed.

Excitotoxic action of NMDA was stu-
died using the method proposed by Liu Y., et
al. [11]. For this, 50 uM NMDA was applied
on the hippocamp slices in the presence of 1
uM glycine for 15 min. After that slices were
placed into the incubation chamber for not
less than 1 hour. The slices were taken to
electrophysiological research in 1 hour after
termination of the effect of NMDA. Anoxia
and aglycemia were modeled by method of
Tian G. & Baker AJ. [12] — the slices were
placed into Krebs’ solution where glucose was
substituted with the equivalent amount of
mannit in the chamber with nitrogen atmos-
phere, at 32°C for 7.5 min. Then slices were
placed into aerated Krebs’ solution in the in-
cubation chamber. The slices were used for
electrophysiological research in 1 hour after
termination of anoxia and aglycemia proce-
dure. Oxidative stress was modeled by method
of de Almeida L.M., et al. [13], for which slic-

es were subject to action of H,O, in the con-
centration 1 MM for 30 min. After that slices
were transferred into the incubation chamber
and in 1 hour were taken for research.

Since the main function of neurons is
generation of postsynaptic potentials and
action potentials, the earliest manifestations
of neuron damage are considered to be an
irreversible (sometimes progressive) de-
crease in the amplitude of pEPSP and of
population spikes of pyramidal neurons of
CALl region, the latter being more vulnera-
ble to damaging effects. If after systemic
introduction of diacamphe into rats at the
dose of 10 mg/kg less evident reduction in
the amplitude of pEPSP was observed after
action of damaging procedures on the brain
slices, this was considered a manifestation
of a neuroprotective effect.

The level of depressiveness of rats was
evaluated by registration of parameters of
Porsolt swimming test (PST) [14]. Rat were
placed into a plexiglass cylinder with 46 cm
diameter and 45 cm height filled with water
(23-25°C) to the height 30 cm from the bot-
tom. On the first day duration of swimming
was 15 minutes (pretest); in 24 hours rats
were placed into water for 6 minutes and their
parameters were taken using video filming
kept as a separate file. Immobilization beha-
vior was characterized by a vertical position
of a rat, absence of movements, with the fore
feet pressed to the chest and hind feet
stretched, head above the water The longer
the immobilization, the higher the level of
depressiveness of the animal.

The test of preference of sucrose cha-
racterizing hedonic behavior of rats was
realized by method of Benelli A., et al. [15].
For this, on the first day rats were placed
into individual cages with two drinking
bowls with 1% sucrose solution. On the
next day one bowl was filled with water,
and the other — with sucrose solution. On
the third day rats were deprived of food and
water for 23 hours, then two bowls were
returned for 60 min. filled with water and
sucrose solution with preliminarily taken
weight. After an hour the bowls were taken
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weight. On the fourth day the animals re-
ceived food and water within 2 hours, after
which they were deprived of food and water
for 21 hours. Then bowls were again re-
turned for 1 hour and % of preference of
sucrose was determined by the formula:

C = weight of consumed sucrose solution/
weight of consumed liquid x 100%.

This procedure was repeated in 24
hours and on the 10" and 20" day after cessa-
tion of the swimming test.

Experimental depressive syndrome was
modeled by method of Sun P, et al [16]. For
this the rats every day were placed into water
for 10 min. within five days after taking the
initial parameters of PST. In 10 and 20 days
after the last swimming session the immobili-
zation time was determined. Diacamphe was
introduced intraperitoneally at the dose 10
mg/kg once a day starting from the first day
after cessation of the five-day stress-inducing
procedure. Control animals were introduced
the equal amount of solvent (0.9% NaCl solu-
tion). In control and experimental animals on
the 10" and 20" day after the stress-inducing
procedure alterations in the PST parameters
and preference for glucose solution were rec-
orded. Each series of experiments was con-
ducted on 8-10 animals.

The results of studies were processed by
conventional methods of variation statistics
using Medstat license program. For each se-
ries standard error of mean was determined.
The reliability of differences between the
compared values were assessed using paired
Student t-test.

Results and Discussion

Superfusion of hippocamp slices with
Krebs’ solution containing diacamphe in the
concentrations equivalent to doses 3, 10 and
30 mg/kg in vivo (13, 43 and 130 uM) pro-
duced no effect on the amplitudes of pEPSP
of pyramidal neurons induced by electrical
stimulation of Schaffer collaterals with in-
creasing intensity. Action of diacamphe on
the brain sections in concentrations 43 and

130 uM resulted in shortening of duration of
pEPSP. Here, their amplitude did not
change, but the falling edge became steeper.

Since shortening of duration of pEPSP
may be due either to suppression of ampli-
tudes of their NMDA components or to en-
hancement of GABA-ergic inhibition causing
shunting of pEPSP, it was decided to check
these moments. It was found that diacamphe
in the studied concentrations produced no in-
fluence on NMDA components of pEPSP. In
higher concentrations diacamphe induced
shortening of duration of NMDA components
of pEPSP. In the concentration corresponding
to the dose 10 mg/kg in vivo, diacamphe did
not influence suppression of the amplitude of
antidromic population spikes of pyramidal
neurons induced by 1 uM GABA. Conse-
quently, shortening of duration of pEPSP in-
duced by diacamphe is not associated with the
influence of the substance either on NMDA,
or on GABA receptors. Understanding of the
nature of this phenomenon required additional
research.

In research on hippocamp slices it was
found that the preliminary action of diacamphe
in the concentration 43 uM did not produce
any significant effect on excitotoxic damage to
pyramidal neurons induced by NMDA. In
anoxic damage to neurons diacamphe in the
same concentration showed neuroprotective
activity on the edge of reliability.

Diacamphe in the concentration 43 uM
exhibited a moderate neuroprotective activity
in action on the brain slices exposed to 1 mM
H,0; (Fig. 1, curves 2 and 3).

Different results were obtained with
intraperitoneal introduction of diacamaphe
into the rats at the dose 10 mg/kg 12 hours
before electrophysiological experiments.
Here, diacamphe significantly weakened
suppression of synaptic reactivity of pyra-
midal neurons of hippocamp induced by
oxidative stress and anoxia/aglycemia pro-
cedure (Table 1). At the same time, in case
of systemic introduction diacamphe did not
produce any effect on NMDA-induced exci-
totoxic damage to neurons.
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Fig. 1. Effect of diacamphe in the concentration equivalent to the dose 10 mg/kg in vivo
on damage to pyramidal neurons induced by hydrogen peroxide (1 mM).
1 — changes in pEPSP amplitudes depending on the intensity of presynaptic stimulation
in control slices; 2 — the same in 1 hour after stoppage of H,O, action;
3 — the same as 2 in the presence of diacamphe in the concentration 43 pM.
Vertical axis — pEPSP amplitude, in mV, horizontal axis — intensity of presynaptic stimulation, in V.
* — differences are reliably significant at p<0.05

Table 1

Influence of Diacamphe Systemically Introduced at the Dose 10 mg/kg
on Suppression of Synaptic Reactivity of Pyramidal Neurons of CA1 Region
of Hippocamp Induced by Damaging Factors

Changes in pEPSP amplitudes (mV)
Damaging factor Control After damaging effect The same W'th introduction
of diacamphe
Oxidative stress (H,O,) 3.44+0.33 0.524+0.11* 1.56+0.23"
Anoxia and aglycemeia 2.91+0.27 0.24+0.07* 1.74+0.26"
NMDA + glycine 3.27+0.31 1.12+0.24* 1.29+0.23

Note: * — differences in comparison with control are reliably significant at p<0.05;
# — differences in comparison with damaging effect are reliably significant at p<0.05

Thus, the results of these series of expe-
riments show the existence of neuroprotective
effect in diacamphe. It should be noted that, in
contrast to nootropics (e.g., piracetam), di-
acamphe did not change the amplitude of
pEPSP of pyramidal neurons in a single sys-
temic introduction. However, in systematic
introduction within 10 days diacamphe caused
a significant increase in amplitudes of pEPSP
on average by 20% mostly due to presynaptic
effect, since a reduction in the value of paired-

pulse facilitation with 50 msec interpulse pe-
riod was noted (not illustrated).

Of models that reproduce depression-
like condition we chose a behavioral depres-
sion induced by five-day consecutive swim-
ming for 10 minutes [16]. The main advan-
tage of this model is a prolonged, within one
month, persistence of depressive status. Ma-
nifestations of this depressive status were di-
minished by procedures used for treatment of
antidepressant-resistant forms of major de-
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pression, such as anticonvulsive therapy and
transcranial magnetic stimulation [16,17]. We
used two important components of the repro-
duced behavioral depression. The first com-
ponent was helplessness that was assessed by

duration of the time of immobilization in the
forced swimming test. The second compo-
nents reflecting emotional disorders — anhe-
donia — was assessed using the test of sucrose
preference.

Table 2

Influence of Studied Substances on Immobilization Time in Induced Swimming Test
and on Consumption of Sucrose Solution by Animals in Test of Sucrose Preference

Experimental Condition Immobilization Time % of Preference
P in Induced Swimming Test of Sucrose Consumption

Intact control 45.5+2.6 83.6+3.4

10 days after cessation of stress without substances 133.0+5.1* 57.6+5.3*

20 days after cessation of stress without substances 70.2+3.6* 65.4+5.5*

10 days after cessation of stress, introduction of

diacamphe 123.0+4.4 59.8+5.1

29 days after cessation of stress, introduction of 21 643.9° 84.5:4 2%
diacamphe

_10_days_after cessation of stress, introduction of 58 117.8" 80,324 2"
imipramine

_20_days_after cessation of stress, introduction of 24 549 6° 85.3+4.7"
imipramine

Note: * — differences in comparison with control are reliably significant at p<0.05;
# and + — differences in comparison with damaging impact of swimming stress are reliably signi-
ficant at p<0.05 in 10 and 20 days after introduction, respectively

As it follows from Table 2, the action of
swimming stress was manifested by increase
in the level of helplessness of an animal
which was evidenced by prolongation of im-
mobilization time from or 45.5+2.6 sec to
133.0+5.1 sec. In parallel with this, reduction
in the preference of sweet substance in com-
parison with water was observed from
83.6+4.4% to 57.6+£5.3% (Table 2), which
indicated an emotional disorder in the form of
anhedonia. Since a traditional tricyclic anti-
depressant imipramine introduced at the dose
20 mg/kg within 20 days, diminished manife-
stations of both helplessness and anhedonia
(Table 2), it can be suggested that the beha-
vioral phenotype observed after swimming
stress, could be considered a behavioral de-
pression. This conclusion was made by other
researches, since manifestations of behavioral
depression in their experiments were reduced
by electroconvulsive actions and by magnetic
stimulation of the rat’s brain [16,17]. Howev-
er, there exist opinions that alterations in the

behavior of animals after swimming stress are
not depression-like behavior, but an adapta-
tion to stress, because the authors did not ob-
serve anhedonia in their works [18]. The dif-
ferences in results are due to the fact that in
the latter work juvenile animals were used,
while we and authors of other research works
[16,19] used mature animals.

Chronic introduction of diacamphe at the
dose 10 mg/kg within 10 days did not cause
reliable changes in the duration of immobiliza-
tion of animals and in the parameters of prefe-
rence of sucrose solution disturbed by swim-
ming test (Table 2). However, after 20 days of
introduction, diacamphe, like imipramine,
demonstrated antidepressant-like effect, reduc-
ing duration of immobilization to 21.6+3.9 sec
against 70.243.6 sec and increasing the para-
meter of preference of sucrose solution to
84.5+4.2% against 65.4+5.5% in animals that
were introduced solvent (Table 2).

As seen from Figure 1 and Table 1, di-
acamphe reduces damaging effects of oxida-
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tive stress and anoxia/aglycemia (ischemia)
on pyramidal neurons of hippocamp. It should
be noted that it is not diacamphe itself that
possesses neuroprotective activity but its me-
tabolite produced in the process of its bio-
transformation, since in intraperitoneal intro-
duction the activity of diacamphe was higher
than in its direct action of the brain slices
(Fig. 1, Table 1). The ability to weaken stress-
induced functional damages to neurons of the
cortical and limbic structures of the brain may
be a probable basis of its antidepressant-like
effect. The latter is manifested by reduction in
the immobilization time in the test with in-
duced swimming and recovery of the level of
preference of sweet solution in comparison
with water after stress (Table 2).
Antidepressant-like effect of diacamphe
differs from that of imipramine. In 1 hour af-
ter intraperitoneal introduction, diacamphe, in
contrast to imipramine, does not reduce the

time of immobilization of intact rats in the

test of induced swimming. Its antidepressant

effect is not recorded in 10 days of its syste-

matic introduction, although the anti-

depressive effect of imipramine already mani-

fests itself by that time (Table 2).
Conclusions

1. Diacamphe —  (%)-cis-3-(2’-
benzimidazolyl)-1,2,2-trimethylcyclopentan-
carbonic acid hydrochloride — diminishes
damage to pyramidal neurons in slices of hip-
pocamp induced by anoxia and oxidative
stress, but not by excitotoxic action of N-
methyl-D-aspartate.

2. Neuroprotective effect of diacamphe
is associated with its antidepressant-like ac-
tivity that is manifested by reduction in the
immobilization time in the induced swimming
test (reduction in helplessness) and recovery
of preference of sucrose solution in compari-
son with water (reduction in anhedonia).
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