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У диакамфа – (±)-цис-3-(2´-бензимидазолил)-1,2,2-триметилцикло-пентан-карбоновой 

кислоты гидрохлорида в исследованиях in vivo выявлены церебропротективные свойства в 

некоторых моделях повреждения мозга. Цель. Исследовать нейропротективную и антиде-

прессанто-подобную активность диакамфа. Материалы и методы. В электрофизиологиче-

ских исследованиях на срезах гиппокампа крыс исследовали влияние диакамфа на угнетение 

популяционных синаптических потенциалов пирамидных нейронов, вызываемые N-метил-
D-аспартатом, аноксией и нейроагликемией, а также Н2О2 для оценки его нейропротективной 

активности. В поведенческих исследованиях изучали влияние диакамфа и антидепрессанта 

имипрамина на основные проявления вызываемой пятидневным плавательным стрессом по-

веденческой депрессии – беспомощность и ангедонию. Результаты. В исследованиях на сре-

зах гиппокампа крыс установлена нейропротективная активность диакамфа, проявляющаяся 

особенно при системном введении ослаблением повреждений синапсов пирамидных нейронов, 

вызываемых процедурой аноксии/агликемии и оксидативным стрессом, но не N-метил-D-
аспартатом. Хроническое введение крысам диакамфа в дозе 10 мг/кг ослабляло проявления 

вызванной плавательным стрессом поведенческой депрессии, уменьшая время иммобилизации 

в плавательном тесте (беспомощность) и увеличивая предпочтение потребления сладкого рас-

твора по сравнению с водой (ослабление ангедонии). Антидепрессанто-подобное действие 

диакамфа отличается от действия традиционного антидепрессанта имипрамина, поскольку 

диакамф не уменьшает времени иммобилизации в плавательном тесте при однократном введе-

нии и характеризуется более медленным развитием действия. Выводы. Диакамф обладает ней-

ропротективным действием и, благодаря этому, проявляет антидепрессанто-подобное действие 

при вызываемой плавательным стрессом поведенческой депрессии. 
Ключевые слова: диакамф, нейропротективное действие, поведенческая депрессия, 

беспомощность, ангедония. 
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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 H2O2 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-
zolyl)-1,2,2-trimethylcyclopentan-carbonic acid 
hydrochloride – was synthesized in Kharkov 
National Pharmaceutical University under the 
direction of prof. S.I. Merzlikin.  

It was found in research on experimen-
tal animals that diacamphe possesses neuro-
protective properties manifested by increase 
in the survival of animals and by improve-
ment of the functional condition of the brain 
in acute cerebral circulation disorders, in 
neurotrauma and in alcohol intoxication. In 
studies conducted on rats with experimental 
diabetes mellitus it was found that di-
acamphe diminished manifestations of brain 
damage and improved survival of animals in 
bilateral occlusion of carotid arteries, in 
acute asphyxia and in normobaric hypoxia 
with hypercapnia, and also increased the 
flow rate of the cerebral circulation in posti-
schemic reperfusion [1-4].  

It is also known that classic antidepres-
sants demonstrate an evident cerebroprotec-
tive effect in hard injuries of the brain tissues 
such as anoxia/aglycemia, excitotoxic action 
and oxidative stress [5,6]. Al last, according 
to some data, pharmacological substances that 
improve biochemical parameters of the activi-
ty of the brain tissues, eliminate certain ma-
nifestations of depressive syndrome – anhe-
donia, anxiety [7,8].  

One of the trends in treatment for medi-
cal drug-resistant forms of depression is po-

tentiation of action of antidepressants by 
medical drugs possessing cerebroprotective 
effect, since depression is characterized by 
morpho-functional disorders in the limbic 
structures of the brain [9]. Therefore, in this 
study we tried to find out the effect of the 
substance that improves the functional condi-
tion of the brain and can be used in treatment 
for non-psychiatric diseases (cerebral circula-
tion disorders, traumatic damages, intoxica-
tions) of the brain, and influences the level of 
depressiveness in modeling of depressive 
syndrome. Such properties are inherent to di-
acamphe used in the present study. 

Materials and Methods 
The study was conducted on 76 white 

outbred rats of 150-250 g mass that were kept 
in cages of 4-6 animals in each with 12-hour 
light/dark cycle (switching on the light at 
7.00) with a free access to water and food. 
The study was conducted in correspondence 
with the requirements of Bioethics Commis-
sion of M. Gorkiy Donetsk’s National Medi-
cal University.  

Electrophysiological study was con-
ducted on slices of the dorsal hippocamp. The 
details of the method were given earlier [10]. 
In brief: rats were narcotized by intra-
peritoneal introduction of ketamine at the 
dose 50 mg/kg. Narcotized animals were de-
capitated, the brain was taken out of the skull 
and cooled in the preparation solution at tem-
perature 4-6°C. Dorsal hippocamp was iso-
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lated from the posterior pole of the brain. 
Slices of 400 µm 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, KCl – 
3; KН2PO4 – 1.25; NaHCO3 – 26, CaCl2 – 2, 
MgSO4 – 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 
CA1 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 µM NMDA was applied 

on the hippocamp slices in the presence of 1 
µM 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 A.J. [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 Н2О2 in the con-
centration 1 мМ 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 
CA1 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 
(23-25о

С) 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 10th and 20th 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 10th and 20th 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 µM) 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 µM 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 µM 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 µM 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 µM 

exhibited a moderate neuroprotective activity 
in action on the brain slices exposed to 1 mM 
Н2О2 (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. 



        ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ 
  

DOI:10.23888/PAVLOVJ2018263351-359                  ORIGINAL STUDY 
 

355 
РОССИЙСКИЙ  МЕДИКО-БИОЛОГИЧЕСКИЙ  ВЕСТНИК 
имени академика И.П. Павлова. 2018. Т. 26. №3. С. 351-359 

I .P .  PAVLOV RUSSIAN MEDICAL  
BIOLOGICAL HERALD. 2018; 26(3):351-9 

 

 
 

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 H2O2 action;  

3 – the same as 2 in the presence of diacamphe in the concentration 43 µM. 
Vertical axis – pEPSP amplitude, in mV, horizontal axis – intensity of presynaptic stimulation, in V.  

* – differences are reliably significant at р<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 

 

Damaging factor 
Changes in pEPSP amplitudes (mV) 

Control After damaging effect 
The same with introduction  

of diacamphe 
Oxidative stress (Н2О2) 3.44±0.33 0.52±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 р<0.05;  

# – differences in comparison with damaging effect are reliably significant at р<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-

V 

mV 
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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  

in Induced Swimming Test 
% of Preference  

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 

20 days after cessation of stress, introduction of 
diacamphe 

21.6±3.9+ 84.5±4.2+ 

10 days after cessation of stress, introduction of 
imipramine 

58.1±7.8# 80.3±4.2# 

20 days after cessation of stress, introduction of 
imipramine 

24.5±2.6+ 85.3±4.7+ 

 
Note: * – differences in comparison with control are reliably significant at р<0.05;  

# and + – differences in comparison with damaging impact of swimming stress are reliably signi-
ficant at р<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 от 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 70.2±3.6 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).

 
______________________________________________________________________________ 

 
Литература 

1.  Шатилова О.А. Экспериментальное изучение це-

ребропротективных и психотропных свойств диа-

камфа. Дис. … канд. фарм. наук. Харьков; 2010. 
2.  Шведський В.В., Штриголь С.Ю., Мерзлікін С.І. 

Вплив діакамфу гідрохлориду на показники енер-

гетичного обміну в головному мозку щурів із мо-

деллю церебральної ішемії на тлі цукрового діабету 

// Клінiчна фармація. 2011. Т. 15, №3. C. 57-61. 
3.  Шведський В.В., Штриголь С.Ю., Мерзлікін 

С.І., и др. Вплив діакамфу гідрохлориду на ін-

тенсивність нейроапоптозу при експеримен-
тальному порушенні мозкового кровообігу на 

тлі цукрового діабету // Фармакологiя та лікар-

ська токсикологія. 2012. №2. С. 49-53. 
4.  Шведський В.В. Вплив діакамфу гідрохлориду 

на кровопостачання головного мозку за ішемії-
реперфузії на тлі алоксанового цукрового діабе-

ту у щурів // Украiнський біофармацевтичний 

журнал. 2012. №1-2. C. 18-21. 
5.  Абрамец И.И., Евдокимов Д.В., Талалаенко А.Н. 

Влияние хронического введения антидепрес-

сантов на повреждение нейронов гиппокампа и 

коры крыс, вызываемые действием NMDA (N-
метил-D-аспартата) // Нейрофизиология. 2010. 

Т. 42, №1. С. 20-27. 
6.  Абрамец И.И., Евдокимов Д.В., Талалаенко 

А.Н. Ранние аноксические повреждения гиппо-

кампа и их изменения, обусловленные хрониче-

ским действием антидепрессантов // Нейрофи-

зиология. 2011. Т. 43, №2. С. 123-133. 
7.  Яценко К.А., Глазова Н.Ю., Иноземцева JI.C., и др. 

Гептапептид Семакс ослабляет последствия непре-

дсказуемого хронического стресса у крыс // Докла-

ды академии наук. 2013. Т. 453, №5. С. 581-584. 
8.  Nussbaumer M., Asara J.M., Teplitska A., et al. 

Selective mitochondrial targeting exerts anxiolytic 
effects in vivo // Neuropsychopharmacology. 2016. 
Vol. 41, №7. P. 1751-1758. 

9.  Mathew S.J., Manji H.K., Charney D.S. Novel 
drugs and therapeutic targets for severe mood dis-
orders // Neuropsychopharmacology. 2008. Vol. 
33, №12. P. 2080-2092. 

10. Абрамец И.И., Евдокимов Д.В., Талалаенко 

А.Н., и др. Центральная глутаматергическая си-

наптическая передача при поведенческой де-

прессии у крыс // Нейронауки: теоретичнi та 

клiнiчнi аспекти. 2006. Т. 2, №1-2. C. 22-30. 
11. Liu Y., Wong T.P., Aarts M., et al. NMDA receptor 

subunits have differential roles in mediating exitotoxic 
neuronal death in vitro and in vivo // Journal of Neu-
roscience. 2007. Vol. 27, №11. P. 2846-2857. 

12. Tian G.F., Baker A.J. Protective effect of high glu-
cose against ischemia-induced synaptic transmis-
sion damage in rat hippocampal slices // Journal of 
Neurophysiology. 2002. Vol. 88, №2. P. 236-248. 

13. De Almeida L., Leite M.C., Tomazi A.P., et al. 
Rosveratrol protects against oxidative injury in-
duced by H2O2 in acute hippocampal slice prepara-
tions from Wistar rats // Archive of Biochemistry & 



ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ  
  

ORIGINAL STUDY         DOI:10.23888/PAVLOVJ2018263351-359 
 

358 I .P .  PAVLOV RUSSIAN MEDICAL  
BIOLOGICAL HERALD. 2018; 26(3):351-9 

РОССИЙСКИЙ  МЕДИКО-БИОЛОГИЧЕСКИЙ  ВЕСТНИК 
имени академика И.П. Павлова. 2018. Т. 26. №3. С. 351-359 

Biophysics. 2008. Vol. 480, №1. P. 27-32.  
14. Porsolt R.D. Bertin A., Jalfre M. «Behavioural 

despair» in rats and mice: strain differences and the 
effects of imipramine // Еuropean Journal of Phar-
macology. 1978. Vol. 51, №3. P. 291-294. 

15. Benelli A., Filaferro M., Bertolini A., et al. Influence 
of S-adenosyl-L-methionine on chronic mild stress-
induced anhedonia in castrated rats // British Journal 
of Pharmacology. 1999. Vol. 127, №3. P. 645-654. 

16. Sun P., Wang F., Wang L., et al. Increase in cortic-
al pyramidal cell excitability accompanies depres-
sion-like behavior in mice: a transcranial magnetic 
stimulation study // Journal of Neuroscience. 2011. 
Vol. 31, №45. P. 16464-16472. 

17. Sachdev P.S., McBride R., Loo C., et al. Effects of 
different frequencies of transcranial magnetic sti-
mulation (TMS) on the forced swim test model of 
depression in rats // Biological Psychiatry. 2002. 
Vol. 51, №3. P. 474-479. 

18. Mul J.D., Zheng J., Goodyear L.J. Validity assessment 
of 5 day repeated forced-swim to model human de-
pression in young-adult C57BL/6J and BALB/cJ mice 
// eNeuro. 2016. Vol. 3, №6. P. ENEURO.0201-
16.2016. doi:10.1523/ENEURO.0201-16.2016 

19. Serchov T., H.W., Schwarz M.K., Iasevoli F., et al. 
Increased signaling via adenosine A1 receptors, 
sleep deprivation, imipramine, and ketamine inhibit 
depression-like behavior via induction of Homer1a 
// Neuron. 2015. Vol. 87, №2. P. 549-562. doi:10. 
1016/j.neuron.2015.07.010 

References 
1.  Shatilova OA. Eksperimental'noe izuchenie cerebro-

protectivnykh i psikhotropnykh svoystv diakamfa 
[dissertation]. Khar’kov; 2010. (In Russ). 

2.  Shvedsky VV, Shtrygol SYu, Merzlikin SI. Vplyv 
diakamfu gidrokhlorydu na pokaznyky energe-
tychnogo obminu v golovnomu mozku shchuriv iz 
modellyu cerebral'noi ishemii na tli cukrovogo di-
abetu. Clinichna Pharmaciya. 2011;15(3):57-61. 
(In Ukrainian). 

3.  Shvedskiy VV, Shtrygol SYu, Merzlikin SI, et al. 
Vplyv diakamfu gidrokhlorydu na intensyvnist ney-
roapoptozu pry eksperimentalnomu porushenni 
mozkovogo krovoobigu na tli cukrovogo. Pharma-
cologiya i Medicinskaya Toxicologiya. 2012;2:49-
53. (In Ukrainian). 

4.  Shvedskiy VV. Vplyv diakamfu gidrokhlorydu na 
krovopostachannya golovnogo mozku za ishemii-
reperfuzii na tli alloksanovogo cukrovogo diabetu u 
shchuriv. Ukrains’kiy biopharmacevtychniy zhurnal. 
2012;1-2:18-21. (In Ukrainian). 

5.  Abramets II, Evdokimov DV, Talalayenko AN. 
Vliyanie chronicheskogo vvedeniya antidepressantov 
na povrezhdenie neyronov hippokampa i kory, vysy-
vaemoe vvedeniem NMDA (N-methyl-Daspar-tate. 
Neurophysiology. 2010;42(1):20-7. (In Russ). 

6.  Abramets II, Evdokimov DV, Talalayenko AN. 
Rannie anoksicheskie povrezhdeniya hippokampa i 
ikh izmeneniya obuslovlennye khronicheskim 

deystviem antidepressantov. Neurophysiology. 
2011;43(2):123-33. (In Russ). 

7.  Yacenko KA, Glazova NY, Inozemtseva LS, et al. 
Geptapeptid Semaks oslablyaet posledstviya ne-
predskazuemogo khronicheskogo stressa u krys. 
Doklady Academii Nauk. 2013;453(5):581-4. (In 
Russ). 

8.  Nussbaumer M, Asara JM, Teplitska A, et al. Se-
lective mitochondrial targeting exerts anxiolytic ef-
fects in vivo. Neuropsychopharmacology. 2016; 
41(7):1751-8. 

9.  Mathew SJ, Manji HK, Charney DS. Novel drugs 
and therapeutic targets for severe mood disorders. 
Neuropsychopharmacology. 2008;33(12):2080-92. 

10. Abramets II, Evdokimov DV, Talalayenko AN, et 
al. Central'naya glutamatergicheskaya sinapti-
cheskaya peredacha pri povedencheskoy depressii u 
krys. Neyronauki: theoretichni ta clinichni aspecty. 
2006;2(1-2):22-30. (In Russ). 

11. Liu Y, Wong TP, Aarts M, et al. NMDA receptor 
subunits have differential roles in mediating exito-
toxic neuronal death in vitro and in vivo. Journal of 
Neuroscience. 2007;27(11):2846-57. 

12. Tian GF, Baker AJ. Protective effect of high glu-
cose against ischemia-induced synaptic transmis-
sion damage in rat hippocampal slices. Journal of 
Neurophysiology. 2002;88(2):236-48. 

13. De Almeida L, Leite MC, Tomazi AP, et al. M. 
Rosveratrol protects against oxidative injury in-
duced by H2O2 in acute hippocampal slice prepara-
tions from Wistar rats. Archive of Biochemistry and 
Biophysics. 2008;480(1):27-32. 

14. Porsolt RD, Bertin A, Jalfre M. Behavioural «des-
pair» in rats and mice: strain differences and the ef-
fects of imipramine. European Journal of Pharma-
cology. 1978;51(3):291-4. 

15. Benelli A, Filaferro M, Bertolini A, et al. Influence 
of S-adenosyl-L-methionine on chronic mild stress-
induced anhedonia in castrated rats. British Journal 
of Pharmacology. 1999;127(3):645-54. 

16. Sun P, Wang F, Wang L, et al. Increase in cortical 
pyramidal cell excitability accompanies depression-
like behavior in mice: a transcranial magnetic sti-
mulation study. Journal of Neuroscience. 2011; 
31(45):16464-72. 

17. Sachdev PS, McBride R, Loo C, et al. Effects of dif-
ferent frequencies of transcranial magnetic stimulation 
(TMS) on the forced swim test model of depression in 
rats. Biological Psychiatry. 2002; 51(3):474-9. 

18. Mul JD, Zheng J, Goodyear LJ. Validity assess-
ment of 5 day repeated forced-swim to model hu-
man depression in young-adult C57BL/6J and 
BALB/cJ mice. eNeuro. 2016;3(6):ENEURO.0201 -
16.2016.  doi:10.1523/ENEURO.0201-16.2016 

19. Serchov T., Clement HW, Schwarz MK, et al. In-
creased signaling via adenosine A1 receptors, sleep 
deprivation, imipramine, and ketamine inhibit de-
pression-like behavior via induction of Homer1a. 
Neuron. 2015:87(2):549-62. doi:10.1016/j.neuron. 
2015.07.010

http://dspace.nuph.edu.ua/browse?type=author&value=Shvedsky%2C+V.+V.
http://dspace.nuph.edu.ua/browse?type=author&value=Shtrygol%2C+S.+Yu.
http://dspace.nuph.edu.ua/browse?type=author&value=Merzlikin%2C+S.+I.


        ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ 
  

DOI:10.23888/PAVLOVJ2018263351-359                  ORIGINAL STUDY 
 

359 
РОССИЙСКИЙ  МЕДИКО-БИОЛОГИЧЕСКИЙ  ВЕСТНИК 
имени академика И.П. Павлова. 2018. Т. 26. №3. С. 351-359 

I .P .  PAVLOV RUSSIAN MEDICAL  
BIOLOGICAL HERALD. 2018; 26(3):351-9 

 

 
Дополнительная информация [Additional Info] 

 
Финансирование исследования. Бюджет Донецкого национального медицинского университета им. М. Горького. [Financing of study. 
Budget of M. Gorkiy Donetsk’s National Medical University]. 
 
Конфликт интересов. Авторы декларируют отсутствие явных и потенциальных конфликтов интересов, о которых необходимо сооб-

щить в связи с публикацией данной статьи. [Conflict of interest. The authors declare no actual and potential conflict of interests which should 
be stated in connection with publication of the article]. 
 
Участие авторов: Зайка Т.О. – сбор и обработка материала, статистическая обработка, написание текста, Евдокимов Д.В. – сбор и обра-

ботка материала, статистическая обработка, Абрамец И.И. – концепция и дизайн исследования, редактирование. [Participation of  
authors. T.O. Zayka – acquisition and processing of the material, statistical processing, writing the text, D.V. Evdokimov – acquisition and 
processing of the material, statistical processing, I.I. Abramets – concept and design of the study, editing]. 
 
_____________________________________________________________________________________________________________________ 

 
Информация об авторах [Authors Info] 

 
Зайка Тамара Олеговна – ассистент кафедры фармакологии и клинической фармакологии Донецкого национального медицинского 
университета им. М. Горького, Донецк, ДНР. [Tamara O. Zayka – Assistant of Department of Pharmacology and Clinical Pharmacology, M. 
Gorkiy Donetsk National Medical University, Donetsk, DPR]. 
SPIN: 8344-1556, ORCID ID: 0000-0003-0950-5999, Researcher ID: D-1558-2018. 
 
Евдокимов Дмитрий Владимирович – к.м.н., доцент кафедры фармакологии и клинической фармакологии Донецкого национального 
медицинского университета им. М. Горького, Донецк, ДНР. [Dmitriy V. Evdokimov – MD, PhD, Associate Professor of Department of 
Pharmacology and Clinical Pharmacology, M. Gorkiy Donetsk National Medical University, Donetsk, DPR]. 
SPIN: 2998-0084, ORCID ID: 0000-0003-2989-7811, Researcher ID: D-5538-2018. 
 
*Абрамец Игорь Игоревич – д.м.н., профессор кафедры фармакологии и клинической фармакологии Донецкого национального меди-

цинского университета им. М. Горького, Донецк, ДНР. [Igor I. Abramets – MD, Grand PhD, Professor of Department of Pharmacology and 
Clinical Pharmacology, M. Gorkiy Donetsk National Medical University, Donetsk, DPR]. 
SPIN: 9831-1762, ORCID ID: 0000-0002-2229-7541, Researcher ID: C-9940-2018. E-mail: abrametz2009@yandex.ru 
 
______________________________________________________________________________________________________________________ 
 
Цитировать: Зайка Т.О., Евдокимов Д.В., Абрамец И.И. Антидепрессанто-подобное действие диакамфа при стресс-индуцируемой пове-

денческой депрессии // Российский медико-биологический вестник имени академика И.П. Павлова. 2018. Т. 26, №3. С. 351-359. 
doi:10.23888/PAVLOVJ2018263351-359 
 
To cite this article: Zayka TO, Evdokimov DV, Abramets II. Antidepressant-like action of diacamphe against the background stress-induced 
behavioral depression. IP Pavlov Russian Medical Biological Herald. 2018;26(3):351-9. doi:10.23888/PAVLOVJ2018263351-359 
 
 

Поступила/Received:10.11.2017 
Принята в печать/Accepted:10.09.2018 


