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The aim of the study was to evaluate the cerebroprotective effect of some phenolic acids under the conditions of experimental cerebral
ischemia in rats.

Materials and methods. The experiment was conducted on male Wistar rats weighing 220-240 g. Focal cerebral ischemia was modeled by
irreversible right-sided thermocoagulation of the middle cerebral artery under chloral hydrate anesthesia (350 mg/kg, intraperitoneally). The
experimental compounds (4-hydroxy-3.5-di-tert-butyl cinnamic acid, caffeic acid and gallic acid 100 mg/kg each compound) and a reference
drug (Mexicor — 100 mg/kg) were administered intragastrically next day after the surgery and then for three daysrunning. The effect of the
test-compounds on the cognitive functions of the rats was evaluated by CRPA and TEA tests. The influence of the compounds on the changes
in the concentration of lactate, pyruvate, homocysteine, as well as the degree of cerebral edema formation and necrosis of the brain tissue,
were studied.

Results. In the study, it has been established that against the background of the focal cerebral ischemia, the administration of caffeic,
4-hydroxy-3,5-di-tert-butylcinnamic and gallic acid, contributed to the preservation of a memorable trace in rats, as well as a decrease in
lactate concentration (by 40.37% (p<0.05), 151.26% (p<0.05), 48.02% (p<0.05)) and pyruvate (by 96.6,% (p<0.05), 38, 78% (p<0.05), 33.3%
(p<0.05)), homocysteine (by 59.6% (p<0.05), 102.18% (p<0.05), 28.8% (p<0.05)), anecrosis zone (by 122.79% (p<0.05), 165.11% (p<0.05),
12.38% (p<0,05)) and cerebral edema (by 10.47% (p<0.05), 11.08% (p<0.05), 9.92% (p<0.05)) relative to the NC group of rats.

Conclusion. The obtained data indicate the possibility of further detailed investigation of the cerebroprotective effect of 4-hy-
droxy-3,5-di-tert-butylcinnamic, caffeic and gallic acids.

Key words: cerebral ischemia, an insult to the brain, lactate, pyruvate, caffeic acid, gallic acid, 4-hydroxy-3,5-di-tert-butylcinnamic acid, eth-
ylmethylhydroxypyridine succinate, choline alfoscerate.

Abbreviations: SO — sham-operated animals; NC — negative control; M — Mexicor; CA — caffeic acid; GA — gallic acid; HDTBCA — 4-hy-
droxy-3,5-di-tert-butylcinnamic acid; CRPA — Conditioned Reflex of Passive Avoidance; TEA — extrapolation avoidance test; ATP — adenosine
triphosphate; AMP — adenosine monophosphate; ROS — reactive oxygen species.
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Lienb uccnepoBaHna — U3y4nTb LepebponpoTEKTUBHYO aKTUBHOCTb HEKOTOPbIX GEHONOKMCIOT B YCI0BUAX SKCNIEPUMEHTAZIbHOW ULIEMUU
roJI0BHOrO MO3ra Yy KpbiC.

Martepuanbl U MeToabl. IKCNepUMEHT bbin NpoBeaeH Ha Kpbicax-camuax MHum Wistar, maccoit 220—240 r. PoKaibHYH ULWEMUIO FOSI0BHOTO
MO3ra MOAENNPOBaaU NyTeM HeobPaTUMOW NPaBOCTOPOHHEN TEPMOKOAryALMKN CPEeAHEN MO3rOBOM apTepumn NoA, X0PaNrMapPaTHbIM Hap-
K030M (350 Mr/Kr, UHTapnepUTOHeanbHO). IKCNepUMEHTaNbHbIE CoeAMHeHUn (4-TAPOKCK-3,5-An-TpeT-6yTUNKOPUYHAA KUCI0Ta, KodelHan
KucnoTa u rannosas kuciota 100 mr/Kr Kaxpoe coeavHeHune) u pedepeHTHble npenapatsl (Mekcvkop — 100 mr/kr, XonnHa anbdocuepat
— 150 mr/Kr) BBOAUAM Ha C/ieaytoLime CyTKM Noce onepauuyn MHTParacTpaabHO U Aanee B TeYeHUU Tpex AHel. BauaHue coegmHeHui Ha
KOFHUTUBHbIE GYHKLIMM KPbIC OLEHWBAAN B TECTAX YCOBHAA peaKLmA NnaccuBHoro nsberanua» (YPIN) n Tecte skcTpanonaLmMoHHoro n3bas-
nenua (T3N). Usyyanocb BAMAHWE AaHHBIX COEAUHEHNIM Ha U3MEHEHME KOHLIEHTPALIMKW 1aKTaTa, NMpyBaTa, TOMOLIMCTENHA, a TaKXKe CTeneHb
$bopMUpPOBaHMA OTEKA U HEKPO3a MO3rOBOM TKaHM.

PesynbTathbl. YcTaHOB/NEHO, YTO Ha GpOHE POKaNbHOW ULLIEMUU TONIOBHOTO MO3ra MPUMeHeHUe KopeHoW, 4-ruapoKeun-3,5-au-TpeT-6yTnaKo-
PWUYHOM M rannoBoOW KUCAOT CNOCOBCTBOBANO COXPAHEHMIO MAMATHOIO C/1efa Y KPbIC, @ TaKXKe CHUMKEHUIO KOHLLeHTpaLumn nakTata (Ha 40,37%
(p<0,05), 151,26% (p<0,05), 48,02% (p<0,05)) n nupysaTa (Ha 96,6,% (p<0,05), 38,78% (p<0,05), 33,3% (p<0,05)), romoumcTenHa (Ha 59,6%
(p<0,05), 102,18% (p<0,05), 28,8% (p<0,05)), 30HbI HEKPO3a (Ha 122,79% (p<0,05), 165,11% (p<0,05), 12,38% (p<0,05)) n oTeKka (Ha 10,47%
(p<0,05), 11,08% (p<0,05), 9,92% (p<0,05)) OTHOCUTENLHO rPYMNMbl KPbIC HEraTUBHOTO KOHTpoAA (HK).

3akoueHue. PesynbTaTthl IKCNEPUMEHTaNbHbIX AaHHbIX CBUAETENLCTBYIOT O BO3MOMXKHOCTU AasibHelero yrybaeHHoro nsyvyeHmna 4-ru-
OPOKCK-3,5-AU-TPeT-6yTUNIKOPUYHOMN, KODENHOM, raNNoBoM KMCIOT Ha NpeaMeT LepebponpoTeKTUBHOM aKTUBHOCTY.

KnioueBble cnoBa: niiemus roloBHOro Mo3ra, MHCY/bT, 1IaKTaT, NMpyBaT, KodelHaa KUCNOoTa, raNnoBas KMCAO0Ta, 4-rnapoKeu-3,5-an-TpeT-by-
TUNKOPUYHAA KUCNOTA, STUIMETUATMAPOKCUNUPUANHA CYKLMHAT, XONUHa anbdocLepar.

CnUCOK coKpaleHumii: J1/0 — 10}KHOOMNEePUPOBaHHbIE KUBOTHbIE; HK — HeratmeHbIN KOHTPoAb; M — Mekcukop; KK — KodeiHas kuciota; MK
— rannosas kucnota; [ATEKK — 4-ruapokcu-3,5-au-TpeT-6yTunkopuyHas kucnota; YPIMU — ycnoBHas peakuma naccuBHoro nsberaHus; TIU —
TECT 3KCTPanoNALMOHHOro n3basnenns; AT® — ageHosnHTpudocdat; AM® — ageHosnHmoHopocdaT; APK — akTMBHbIE GOPMbI KUCAOPOAA.

INTRODUCTION

Due to ischemic events, brain damage remains the
leadingcausefordeath and primarydisabilityinthe whole
world [1, 2]. Social and economic consequences of an
insult to the brain require the development of effective
pharmacotherapeutic approaches, in connection with
which the targeted search for new compounds used
for the treatment and prevention of this pathology,
becomes relevant. For the world scientific and medical
community improving the pharmacological correction
and rehabilitation of people who have suffered acute
cerebrovascular accident, this is still an acute problem
[3].

However, to date, the problem of pharmacological
correction of an insult to the brain, remains an elusive
goal, despite various major studies on the pathogenesis
of cerebrovascular diseases and new compounds that
can affect it [4, 5].

Based on the results of new domestic and foreign
studies, it can be assumed that among the compounds
that can influence patogenetic elements of an ischemic
stroke, a special role is played by plant-origin bioactive
substances, which can become an effective treatment
of cerebral ischemia. Such assumptions are mainly
associated with the positive effects possessed by plant-
origin-substances. These include the breadth of the
pharmacological activity spectrum, the ability to use
these compounds in complex therapy, as well as the
minimal risk of undesirable adverse effects [6, 7].

Cinnamic acid is knownto have antioxidant, anti-
inflammatory, anti-apoptotic properties [8]. To date,
many scientists have also found out a positive effect of
various phenolic compounds on the course of neuro-
degenerative diseases, in particular, Alzheimer’s disease
[9]. Caffeic acid (3.4-dihydroxycinnamic acid) is a phenolic

Tom 7, Beinyck 6, 2019

compound that is widely found in medicinal plants, as
well as in fruits, vegetables, wine, coffee and olive oil
[10]. Caffeic acid has various types of apharmacological
activity: antioxidant [11], antihypertensive [12], antiviral
[13], anti-inflammatory [14] and antidiabetic ones [15].
Recently, a cerebroprotective effect of caffeic acid has
also been evaluated [16-18]. Gallic acid is a secondary
metabolite present in most plants. This metabolite is
known to have a number of pharmacological properties,
including antioxidant, antimicrobial, anti-inflammatory
and antitumor ones [19].

THE AIM of this study is to evaluate the
cerebroprotective effect of caffeic, gallic and 4-hydroxy-
3.5-di-tert-butylcinnamic acid under the conditions of
experimental cerebral ischemia.

MATERIALS AND METHODS

Biological model

The experiment was performed on 42 Wistar male
rats weighing 220-240 g, obtained from the «Rappolovo»
laboratory animal nursery. All manipulations with animals,
as well as their contents, met the requirements of the
European Convention for the Protection of Vertebrate
Animals used for experimental and other scientific
purposes (Strasbourg, 1986). This study was approved
by the Independent Ethics Committee of Pyatigorsk
Medical and Pharmaceutical Institute. The rats were
kept in macrolon cages, where a granular wood fraction
was used as litter material at the relative humidity of 60
+ 5% and the air temperature of 22+2°C. The animals
received food and water ad libitum. Previously, the rats
had been randomized by behavioral activity byCRPA and
TEA tests. During the study, seven experimental groups
wereformed. The first group of rats wassham-operated
(SO) animals (n = 6). The second group of animals (n = 6)

333



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

was a negative control group (NC); they received a 0.9%
solution of sodium chloride in the equivalent volume.
The second and subsequent groups of rats (n = 6in each
group) were subjected to the ischemic damage to the
brain by irreversible occlusion of the right middle cerebral
artery, while the animalsof groups 3—7 received the test-
compounds and referebce drugs (Fig. 1).

Reference drug and test compounds

Ethylmethylhydroxypyridine succinate («Mexicor»,
100 mg/kg, EcoFarminvest, Russia) [20, 21] (Fig. 1) was
chosen as a reference drug. The reference medicines
and test compounds were administered per os next
day after the simulation of cerebral ischemia and then
for 3 days running. The test compounds-4-hydroxy-3,5-
di-tert-butylcinnamic, caffeic, and gallic acids — were
administered at the dose of 100 mg/kg (Fig. 1).

Focal cerebral ischemia model

Focal cerebral ischemia was modeled by irreversible
right-sided thermocoagulation of the middle cerebral
artery under chloral hydrated anesthesia (350 mg/kg).
The area below and to the right of the eye was depilated,
an incision was made and soft tissues were spread apart,
exposing a process us of the zygomatic bone, which
was removed. Then, a trepanation hole was madewith
a drill and the middle cerebral artery was burned by a
thermocoagulator under the place of its intersection with
the olfactory tract. After that, if possible, the topography
of the soft tissues was restored. The seam was treated
with a 5% iodine alcohol solution. The biomaterial was
taken outon the 4th day after the reproduction of focal
ischemia.

Cognitive tests

Before modeling ischemia, the animals of all groups
were skill-trained in the Conditioned Reflex of Passive
Avoidance (CRPA) and extrapolation avoidance test (TEA)
tests. The essence of the CRPA test is to form a memorial
trace in animals, after which the latent entry time into
the dark compartment, where electricity is supplied, is
lengthened, or the rat does not enter it at all.

The TEA test, also makes it possible to evaluate the
cognitive functions of the animals, based on the time of
theratdivesfromthe cylinder. Subsequent reproductions
of CRPA and TEA tests, as well as the assessment of the
animal’s behavioral activity and emotional status, were
performed on the fourth day in theCRPA (latent time of
the rat entry into the dark compartment was recorded)
and TEA tests (the rat diving time was recorded) [22, 23].

Studied laboratory parameters

As biomaterial, the animals’ brain and blood were
used in the work. The parameters under study were:
concentrations of lactic and pyruvic acids in the blood
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serum, the size of the necrosis zone and the cerebral
edema rate. The contents of lactic and pyruvic acids
in the blood serum, were determined by an enzymatic
colorimetric method using a standard reagents Kkits,
manufactured by SMA«Arbis +» (St. Petersburg,
Russia). The necrosis zone was evaluated using the
triphenyltetrazolium method, which is based on a
change in the absorbance of the formazan chloroform
extract between the necrotic and intact parts of the
brain [24]. The degree of brain hydration was estimated
by the drying method, for which the animal’sbrain was
removed and incubated for 24 hours at 60°C. The value
of cerebral edema was determined by the difference in
the brain masses before and after incubation [23].

Statistical Methods

The experimental data were processed by the
variation statistics method using the STATISTICA 6.0
software. (StatSoft, Inc., USA for the Windows). The
data obtained, checked the normality of the distribution
using the Shapiro-Wilk test. In case the data had been
normally distributed, ANOVA with a posteriori Newman-
Case criterion was used for statistical average calculation.
In case the data of the experiment had been abnormally
distributed further statistical processing of the data was
carried out using the Wilcoxon test.

RESULTS

In the CRPA test, after the reproduction of ischemia
in rats of the NC group, a decrease in the latent time
of rat entry into the dark compartment by 10% (p<0.05)
was registered, the diving time of the animals in the
TEA test was increased by 69.6% (p<0.05) relative to
the SO group. The data of CRPA and TEA tests indicate
that all the experimental compounds positively affect
the cognitive functions of rats under the conditions of
cerebral ischemia.

In the CRPA test, against the background of the
administration of all the test compounds, a statistically
significant increase in the latent time of entry into the
darkcompartmentwasobserved.Incomparisonwiththe
NC group of animals, the maximum effect was observed
after the administration of caffeic acid: the latent time
of entry into the dark compartment was increased by
239.39% (p <0.05), after the administration of gallic
acid —by 129.09% (p<0.05), after the administration of
4-hydroxy-3,5-di-tert-butylcinnamic acid — by 90.15%
(p<0.05). The administration of Mexicor to the animals,
caused an increase in the time of entry into the dark
compartment by 71.2% (p <0.05). It is worth noting
that all phenolic compounds exceeded the reference
drug in thepharmacological effect rate: caffeic acid —
by 103.74% (p <0.05), gallic acid — by 33.8% (p<0.05),
4-hydroxy-3,5-di-tert-butylcinnamic acid —-by 11.06
(p<0.05) (Fig. 2).
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Figure 1 — Model of the study

Table 1 - Study of the effect of experimental compounds on the concentration
of lactate, pyruvate and homocysteine

Investigated

4-hydroxy-3,5-

SO NC Mexicor Caffeic acid Gallic acid di-tert-butyl

parameter . L
cinnamic acid

Lactate, mmol/I 1.08+0.1 2.99+0.024# 2.57+0.16* 2.13+0.040%* 2.02+0.079* 1.1940.043*
Piruvate, mmol/I 100.38+1.1 200.68+15.664# 116.89+5.82* 102.0743.48*  150.51+3.787* 144.60 +7.357*

Homocysteine,

10.271£0.675
ng/ml

46.44+1.054#

26.75+1.617*

29.07+1.303* 36.0+0.86* 22.95+1.342*

Note: * — statistically significant relative to the NC group of rats (Newman-Keulse test; p<0.05);
# — statistically significant relative to the SO group of rats (Newman-Keulse test; p<0.05)

In the TEA test, the latent diving time was evaluated.
In this test, in comparison with the NC group of animals,
a decrease in diving time by 1042.2% (p <0.05) was
notedin the rats treated with 4-hydroxy-3,5-di-tert-
butylcinnamic acid, whereas, when caffeic and gallic
acids were used, this parameter decreased by 358.9%
(p <0.05) and 229.48% (p <0.05), respectively. Under the
same conditions, the administration of Mexicor reduced
the diving time relative to the group of the NC rats by
96.69% (p <0.05). Therefore, in this test,4-hydroxy-3,5-
di-tert-butylcinnamic, caffeic and gallic acids exceeded
the reference drug effect by 477.7% (p <0.05), 132.14%
(p <0.05) and 66.6% (p <0.05), respectively (Fig. 2).

The reproduction of focal cerebral ischemia in rats,
caused the development of edema and necrosis of the
brain tissue (52.38+3.03), which corresponds with the
published data [25]. There was a significant increase in
lactate (176.8% (p<0.05)), pyruvate (99.9% (p<0.05)), as
well as homocysteine (352.2% (p<0.05)) in the NC group
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of animals (Tab. 1).

The administration of the reference drug contributed
to a decrease in the concentration of lactate, pyruvate
and homocysteine. Thus, in the group of the animals
treated with Mexicor, a decrease in lactate by 16.3%
(p<0.05), in pyruvate — by 71.68% (p<0.05), and in
homocysteine content — by 73.45% (p<0.05) relative to
the NC group of rats, was noted. (Tab.1).

When the animals were treated with 4-hydroxy-
3,5-di-tert-butylcinnamic acid, a decrease in the serum
lactate concentration by 151.26% (p<0.05), in pyruvate
— by 38.78% (p<0.05) and in homocysteine — by 102.18%
(p<0.05) relative to the NC group of the animals, was
observed. It is worth emphasizing that against the
background of the use of 4-hydroxy-3,5-di-tert-butyl
cinnamic acid, a greater decrease in the formation of
lactate — by 115.96% (p<0.05) and homocysteine —
by16.5% (p<0,05) compared with the group of the rats
treated with the reference drug, was observed (Tab.1).
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Figure 2 - The influence of the test-compounds on the execution time of tasks in CRPA and TEA tests
Note: * — statistically significant relative to the NC group of rats (Newman-Keulse test; p <0.05); SO —sham- operated animals;
NC — negative control; M — Mexicor; CA — caffeic acid; GA — gallic acid; HDTBCA — 4-hydroxy-3,5-di-tert-butylcinnamic acid.
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Figure 3 — Influence of caffeic, gallic and 4-hydroxy-3,5-di-tert-butylcinnamic acids on the formation
of cerebral edema and necrosis of brain tissue against the background of the experimental focal ischemia
Note: * — statistically significant relative to the NC group of rats (Newman-Keulse test; p<0.05); SO —sham-operated animals;
NC — negative control; M — Mexicor; CA — caffeic acid; GA — gallic acid; HDTBCA — 4-hydroxy-3,5-di-tert-butylcinnamic acid

In the group of the rats treated with gallic acid, a
decrease in the lactate, pyruvate and a homocysteine
content by 48.02% (p<0.05), 33.3% (p<0.05), 28.8%
(p<0.05), respectively, relative to the NC group of rats,
was noted. Compared with the Mexicor-treated group,
gallic acid administration reduced the level of lactate
formation by 27.2% (p<0.05) (Tab. 1).

The administration of caffeic acid also caused a
decreasein the formation of lactate—by 40.37% (p<0.05),
pyruvate — by 96.6% (p<0.05) and homocysteine —
by 59.6% (p<0.05) relative to the NC group. When
compared with the group of the animals treated with
Mexicor, it was noted that the concentration of lactate
and pyruvate in the blood serum was 20.65% (p<0.05)
and 14.52% (p<0.05) higher than in this group of the
animals treated with caffeic acid (Tab. 1).
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In the rats treated with Mexicor, a decrease in
cerebral edema relative to the NC group of rats by 9.36%
(p <0.05) was noted. The administration of caffeic,
4-hydroxy-3,5-di-tert-butylcinnamic and gallic acids to
the rats, caused a decrease in the hydration of the brain
tissue, relative to the NC group, by 11.08% (p<0.05),
10.47% (p<0 05) and 9.92% (p<0.05), respectively
(Fig. 3).

According to the effect on the degree of the
brain necrosis formation, 4-hydroxy-3,5-di-tert-
butylcinnamic was the most effective of the three
experimental compounds and the reference drug. So,
relative to the NC group of rats, the administration
of 4-hydroxy-3,5-di-tert-butylcinnamic acid reduced
the degree of cerebral necrosis by 165.11% (p<0.05),
caffeic acid — by 122.79% (p<0.05), Mexicor — by
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83.4% (p <0.05). In the rats treated with gallic acid, a
decrease in brain tissue necrosis by 12.38% (p<0.05)
was observed. It should be noted that 4-hydroxy-3,5-
di-tert-butylcinnamic acid exceeded Mexicor by 44.8%
(p<0.05) (Fig. 3).

DISCUSSION

Focal cerebral ischemia leads to the depletion
of brain energy reserves. In biochemical tests, this is
manifested by a decrease in the content of macroergs
(ATP, creatine phosphate), an increase in the number
of semi-oxidized products (ADP, AMP, lactate, pyruvate,
homocysteine), a decrease in the energy charge of
the system, and the development of lactic acidosis
[26]. Lactate, pyruvate, homocysteine are biomarkers
of various neurodegenerative diseases, including an
insult to the brain, Alzheimer’s disease, as well as
pathologies caused by a decrease in the mitochondrial
function [27]. The conducted study has shown that
against the background of the cerebral ischemia in
rats, phenolic acids have a positive effect on theenergy
metabolism in the brain decreasing the concentration
of lactate; pyruvate and homocysteine in blood serum.
Separately, it is worth noting a decrease in the degree of
necrotization of the brain tissue when the experimental
compounds were administered to the animals.
The potential cerebroprotective effect of phenolic
compounds may be associated with the chemical
structure of these substances and their antiradical effect
[28]. The cerebroprotective effect of 4-hydroxy-3,5-di-

tert-butylcinnamic, caffeic, and gallic acids, can be also
associated with their antioxidant, anti-apoptotic and
anti-inflammatory properties [8-19]. It is possible that
phenolic compounds improve the functional activity
of mitochondria, which are most sensitive to ischemic
conditions [29]. Mitochondria are organelles, which are
the main producers of reactive oxygen species (ROS).
Since ROS play one of the key role in the induction of
mitochondrial pores, preventing the development of
oxidative stress, is an effective method of stopping the
cell death, and antioxidants, in particular phenolic acids,
can be used as drugs of pharmacological correction of
a mitochondrial dysfunction against the background of
the focal cerebral ischemia.

CONCLUSION

Against the background of rats’ cerebral ischemia,
4-hydroxy-3,5-di-tert-butylcinnamic, caffeic and gallic
acids improved metabolic processes and brain energy
exchange, had a positive effect on cognitive functions.
Experimental compounds may have a potential
cerebroprotective activity against the background of the
rat’s cerebral ischemia, as evidenced by the experimental
data.

This creates prerequisites for a further in-
depth study of phenolic compounds, in particular,
derivatives of cinnamic acid, in order to confirm
cerebroprotective properties, as well as to continue the
search for compounds of plant origin that can exert a
cerebroprotective effect.
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