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 Relevance. The aging of the female body is one of the most actual problems 

of modern gynecology. According to the World Health Organization (WHO) 

"healthy aging" was identified as one of the newest priorities in the work of national 

health care systems in 2014 [1]. During menopause, decreased synthesis and 

secretion of sex steroid hormones estrogens lead to the attenuation of functions of 

organs and systems [2, 3, 4].  There will be 1 billion 200 million women on earth 

in the menopausal period by 2030 [5]. 

 Menopause in women is a physiological condition. During this period, only 

20% of women do not experience problems [5], and more than 50% of women with 

reduced estrogen production have various symptoms of menopausal disorders [6]. 

Reduced estrogen synthesis causes diverse clinical manifestations of different time-

onset. The early symptoms include vasomotor and psychoemotional disorders. 

Then sexual dysfunction, urogenital disorders, atrophic changes in the skin, nails, 

hair, and mucous membranes of the vagina appear. The most severe and dramatic 

consequence of the latest clinical manifestations is menopausal metabolic 

syndrome. It is caused by atherosclerosis, hypertension, osteoporosis, and 

neurological symptoms such as decreased cognitive function, memory, Alzheimer's 

disease [7]. The most effective method of preventing and treating estrogen  
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deficiency of various etiologies is hormone replacement therapy (HRT). However, 

long-term hormone therapy is associated with various side effects, including an 

increased risk of coronary heart disease, stroke, heart attack, thrombosis, and breast 

tumors [8, 9]. There is also a problem with patients' negative attitudes toward 

hormonal drugs (hormonal phobia). Therefore, the frequency of HRT in European 

countries is, on average, less than 30% [10]. 

According to the recent researches, the number of publications about alternative 

treatment using phytoestrogens is growing.  Plant extracts containing 

phytoestrogens are more effective and safe for the development of adverse 

reactions. Phytoestrogen-containing drugs are an alternative to hormone therapy 

because they have estrogen-like, antioxidant, anti-inflammatory, antimicrobial, 

antitumor types of pharmacological action [11]. The use of plant extracts containing 

phytoestrogens, especially in the initial stages of menopausal syndrome, has been 

proven by numerous clinical trials [12, 13, 14]. To preserve and improve the quality 

of life of women during menopause, it is extremely important to timely diagnose 

menopausal disorders and begin preventive and curative therapy. 

 

Objective. The study aimed to evaluate the neuroprotective effect of vaginal gel 

with resveratrol and hyaluronic acid (as monotherapy) or combining vaginal gel 

with resveratrol and hyaluronic acid and oral administration of resveratrol 

(combined administration of phytoestrogen) as the treatment regimens for  

 

Materials and methods. Vaginal gels with resveratrol and hyaluronic acid were 

developed under the guidance of Doctor of Pharmacy, Professor Ruban O.A. at the 

Department of Industrial Technology of the National University of Pharmacy 

(Kharkov). Resveratrol substance contains 50% trans-resveratrol of plant origin. It 

was obtained from Polygonum Cuspidatum from the manufacturer of 

pharmaceutical substances "Naturex S.p. A" (France), supplier LLC "Company 

Euroimpex" (series №С091 / 004 / А16). In addition to phytoestrogen resveratrol, 

the vaginal gel contains hyaluronic and lactic acid. These substances are important 

components of the vaginal environment, they have antioxidant [15] and 

antimicrobial action, effects on wound healing, and capillary strengthening [16]. 

                 Vaginal cream "Colpotrophin" Netherlands, series: 6H772 was selected 

as a comparison drug. The cream contains synthetic estrogen - promestrin (P) at a 

dose of 10 mg/g. 

 The experiments were performed on 30 outbred white nonlinear female rats 

weighing 220-240 g and 4.5 months of age. Rats were kept in standard vivarium 

conditions: temperature - 20-25 ° C, relative humidity - 50-55%, natural light, diet 

recommended for these species, drinking regime "ad libitum". Experimental studies  

were conducted following the basic principles of the Council of Europe Convention 

on the Protection of Vertebrate Animals Used for Experimental and Other Scientific 

Purposes (Strasbourg, 1986), and others [17, 18]. 

 The chemical substance VCD (4-vinyl cyclohexene diepoxide; 4-vinyl 

cyclohexene diepoxide) was used to model hypoestrogenic state in rats with intact 

ovaries. The VCD model is recommended for the study of disorders of the musculo-  
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skeletal system, cardiovascular system, and CNS in perimenopause and menopause. 

We used VCD (Sigma-Aldrich), which was diluted with refined corn oil and 

administered subcutaneously daily for 15 days at a dose of 60 mg/kg. This dose 

destroys 80-90% of small preantral (primordial and primary) follicles in the ovaries 

of female rats, accelerating the processes of atresia and thereby causing premature 

development of perimenopause/menopause [19]. Vaginal gel with resveratrol (R) 

and hyaluronic acid (HA) (for monotherapy), vaginal gel with resveratrol (R) and 

hyaluronic acid and resveratrol tablets (iHerb, USA) (for combination therapy), and 

the reference drug cream "Colpotrophin" were administered intravaginally after 15 

days of chemical stimulation of hypoestrogenic state. The duration of treatment 

with vaginal gels was 28 days. Gel with resveratrol and hyaluronic acid and cream 

with P were administered vaginally once a day using a syringe-dispenser with an 

atraumatic tip of 0.005 ml/kg. Tablets with resveratrol at a dose of 100 mg/kg were 

transformed into suspension and administered intragastrically using a gavage. 

 Rats' biological material was taken under thiopental anesthesia (40 mg/kg). 

Blood from the abdominal artery and brain were used for research. Blood was 

rapidly removed from the brain, separated from the meninges, and the test pieces 

were placed in liquid nitrogen. Then ground in liquid nitrogen to a powdery state 

and homogenized in a 10-fold volume of a medium at (2 ° C) containing (in mmol): 

sucrose - 250, Tris-HCl buffer - 20, EDTA - 1 (pH 7.4 ). Mitochondrial fraction 

was isolated by differential centrifugation on a Sigma 3-30k refrigerator centrifuge 

(Germany) at a temperature (+ 4 ° C). The brain of the experimental animals was 

placed for a day in Buen's fixator and after standard histological conduction, the 

tissue was placed in a paraplast. Sections of CA-1 hippocampal zone with a 

thickness of 5 microns were made for PCR on a rotating microtome.   

 

  Real-time PCR 

The expression pattern of HSP70, HIF-1, c-fos mRNA was determined by real-time 

polymerase chain reaction. The tissues were dewaxed by incubation in xylenes and 

100% ethanol baths. After dewaxing and centrifugation, the precipitate was dried 

in air to remove ethanol residues. 

  Isolation of total RNA from rat tissue was performed using the kit "Trizol 

RNA Prep 100" (ISOGEN ", Russia). This kit contains the following reagents: 

Trizol reagent and ExtraGene E. RNA was isolated according to the protocol of the 

kit. "Set of reagents for reverse transcription (OT-1)" ("syntola", Moscow) was used 

for reverse transcription (synthesis to DNA). Amplifier CFX96 ™ Real-Time PCR  

Detection Systems ("Bio-Rad Laboratories, Inc.", USA) and a set of reagents for 

PCR-RV in the presence of SYBR Green R-402 ("Sintol", Russia) were used to 

determine the expression level of the studied genes. For analysis of studied and 

reference genes, specific primer pairs (5'-3 ') were selected using PrimerBlast 

software (www.ncbi.nlm.nih.gov/tools/primer-blast). They were manufactured by 

ThermoScientific, USA. The fluorescence intensity was recorded automatically at 

the end of the elongation stage of each cycle on the SybrGreen channel. The actin, 

beta (Actb) gene was used as a reference gene to determine the relative value of the 

change in the expression level of the studied genes. 
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  Enzyme-linked immunosorbent assay (ELISA) 

 

The principle of the method is based on solid-phase enzyme-linked 

immunoadsorption, on the principle of "sandwich". The level of HSP70 heat shock 

protein was determined in the cytoplasmic and mitochondrial fractions of the brain 

by enzyme-linked immunosorbent assay using the AMP'D® HSP70 high sensitivity 

ELISA kit, Enzo (Sweden). The concentration of HSP70 was expressed in ng/ml. 

 

             Statistics 

The data are presented as the arithmetic mean and standard error of the mean value 

(M ± m). The results of the study were processed using the statistical package of 

the licensed program STATISTICA® for Windows 6.0 (StatSoftInc., № 

AXXR712D833214FAN5), as well as "Microsoft Excel 2010". Statistical 

processing was performed using Student's t-test and Mann-Whitney U-test. 

Differences with a significance level less than 0.05 (95%) were considered 

statistically significant for all types of analysis [20]. 

 

  Research results 

Table 1 characterizes the expression of HIF-1α, HSP70 mRNA, and c-fos mRNA 

in the hippocampal CA1 region of female rats' brains with VCD stimulated 

hypoestrogenic state. Expression of HIF-1α mRNA in the untreated rat group 

(control) was 92.2% lower compared to the intact group. There was also a decrease 

in the expression of HSP70 mRNA by 92.5% and c-fos mRNA by 80.6%. Enzyme-

linked immunosorbent assay revealed a decrease in the concentration of HSP70 in 

mitochondria by 61% and the cytosol of the  brain of female rats with VCD 

stimulated hypoestrogenic state compared with healthy females of the same age. 

Course treatment using vaginal cream with P did not significantly affect the 

expression of HIF-1α mRNA, HSP70 mRNA, and c-fos mRNA, as well as the 

concentration of HSP70 in the brains of female rats with VCD stimulated 

hypoestrogenic state. Course administration of vaginal gel containing R and HA to 

female rats with VCD stimulated hypoestrogenic state led to a significant increase 

in the expression of HIF-1α mRNA (150%), HSP70 mRNA (33%), and c-fos 

mRNA (200%) in hippocampal CA1 region. 

  Also, administration of the vaginal gel with R and HA led to a significant 

increase in the concentration of HSP70 by 20% in the cytosolic fractions of the 

brain of female rats with the hypoestrogenic state. Course combined usage of gel 

and tablets with resveratrol led to a significant increase in the expression of HIF-1α 

mRNA, HSP70 mRNA, and c-fos mRNA in the hippocampal CA1 region of 

females with hypoestrogenic state 23 times, 30.7 times, and 6.7 times, respectively, 

citing these indicators to IC values or increasing them by 2.3 times (HSP70 mRNA). 

Combined administration of vaginal gel and tablets with resveratrol to female rats 

with VCD stimulated hypoestrogenic state significantly increased the concentration 

of HSP70 in the cytosolic and mitochondrial fractions of the brain by 118 and 177 

%%, respectively. The combined effect of gel and tablets with resveratrol signifi- 
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icantly exceeds the monotherapy of gel with R and cream with P in terms of the 

degree of their influence on the research parameters. 

 

Table 1. The expression of HIF-1α mRNA, HSP70 mRNA, and c-fos mRNA in 

the brains of female rats with VCD stimulated hypoestrogenic state and 

pharmacological correction on the 29th day after treatment 

Experiment

al group 

(M ± m) 

mRNA 

HIF-1α 

% in 

relation 

to IC 

HSP70 

mRNA 

% in 

relatio

n to IC 

mRNA c-

fos 

 

 

% in 

relation 

to IC 

IC 1,000± 

0,00211 

– 1.000± 

0,00166 

– 1.000± 

0,00830 

 

– 

CP 0,07790± 

0,00024 

 

-

92,21% 

0,0744± 

0,00011 

 

-

92,56

% 

0,19345 

±0,00690 

 

-

80,66% 

CP + gel 

with R and 

HA 

0,19447± 

0,01022* 

 

149,64

% 

0,09895± 

0,00029* 

 

33% 0,57921 

±0,00192* 

 

199,41

% 

CP + gel 

with R and 

HA and 

tablets with 

R 

 

1,82738 

±0,00486*1

,2 

 

2246% 2,36338± 

0,00121*1

,2 

 

3076

% 

1,30514 

±0,03465*1

,2 

 

574,67

% 

CP + cream 

with P 

0,08337 

±0,00382 

 

6,94% 0,06123± 

0,00012 

 

-

17,7% 

0,24084 

±0,03892 

 

24,5% 

 

      Table 2. The concentration of HSP70 in the cytoplasm and mitochondria in the 

brains of female rats with VCD stimulated hypoestrogenic state and 

pharmacological correction on the 29th day after treatment 

 

 Experimental 

group 

(M ± m) 

 

HSP70 , pg/ml fractions 

Mitochondrial fraction Cytosolic fraction 

  IC 1,340±0,099 

 

 

% in  

relation  

to IC 

3,589±0,051 

 

 

% in relation  

to IC 

CP 0,512± 0,013 

 

-61,79 1,29± 0,052 

 

-64,06 

 CP + gel with R 

and HA 

 

0,608± 0,016 

 

18,75 1,548± 

0,027* 

 

20 
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Table 2 (continued). The concentration of HSP70 in the cytoplasm and 

mitochondria in the brains of female rats with VCD stimulated hypoestrogenic state 

and pharmacological correction on the 29th day after treatment 

 

CP + gel with R 

and HA and 

tablets with R 

1,268± 

0,039*1,2 

 

147,66 2,821± 

0,031*1,2 

 

118,68 

CP + cream with 

P 

0,544± 0,019 

 

6,25 1,517± 0,071 

 

17,6 

 Note: * - р <0,05   % in relation to controlled pathology (CP) 

1 - р <0,05 in relation to CP + cream with P 

                   2 - р <0,05 in relation to CP + gel with R 

 

Discussion of results  

VCD stimulated hypoestrogenic state leads to a significant deficiency of 

progesterone and estradiol and an increased level of FSH [21]. Estradiol and, 

especially, progesterone play an important role in the mechanisms of endogenous 

cytoprotection and neuroprotection, regulate learning, memory, psycho-emotional 

behavior [22]. VCD stimulated hypoestrogenic state leads to impaired expression 

of mRNA, and in particular mRNA encoding the superoxide dismutase and 

glutathione reductase gene. A decrease in the level of reduced glutathione and 

increased expression of iNOS, activation of oxidative stress were found in 

experimental animals. Our research does not contradict these conclusions. Thus, a 

decrease in the expression of c-fos mRNA indicates the suppression of 

transcriptional activity in the hippocampal neurons of female rats with VCD 

stimulated hypoestrogenic state. 

  It is known that transcription factors (c-fos and c-jun) play a 

significant role in the initiation of the endogenous neuroprotection mechanisms. 

These factors trigger the expression of heat shock protein genes (HSP70 and 

HSP72), as well as factor induced by hypoxia (HIF-1). c-fos play a crucial role in 

controlling the cell cycle, development, growth, and cell differentiation and 

function, they are involved in the transmission of information from cell to cell. 

When the adaptive capacity of the organism is disrupted, ROS level is increased 

and the level of reduced thiols is decreased, transcription factors are inactivated 

with subsequent inhibition of c-fos gene expression [24]. The detected decrease in 

HSP70 mRNA expression and HSP70 concentration in the brain of rats with VCD 

stimulated hypoestrogenic state may be due to both progesterone and glutathione 

deficiency.  

  It is known that aggregation and accumulation of denatured proteins, 

activation of free radical processes, and calcium overload are the ischemic cellular 

signs. HSP70s can limit the accumulation of denatured proteins, activate free 

radical processes, increase the potency of antioxidant enzymes and limit the 

damaging effects of calcium overload by binding to the calcium receptor-

calmodulin, as well as limiting the expression of iNOS [25]. Experiments showed 

the ability of HSP70 to prolong the lifetime of the main adaptation factor - HIF-1.  
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In extreme conditions, this factor initiates the launch of compensatory mechanisms 

of energy production [26]. Thus, an experimental hypoestrogenic state leads to a 

significant deprivation of the endogenous neuroprotection mechanisms associated 

with HSP70. The revealed neuroprotective properties of resveratrol, especially 

combining its dosage forms - vaginal gel and tablets, can be explained as follows. 

It is known that estrogens, including phytoestrogens, are able to simulate the 

expression of global transcription factors responsible for the synthesis of HSP 

proteins. In addition, the activation of the modulation of β-estrogen receptors in the 

brain causes the separation of the last HSP70 - proteins, which ensures the entry of 

these proteins into the cell and the realization of their biological function. The 

mechanism of this interaction is related to the role of HSP70 in maintaining inactive 

estrogen receptors not associated with estrogen [26]. It is assumed that binding of 

the receptor with the steroid ligand leads to conformational changes in the receptor 

molecule, its release from the complex with heat shock proteins, and their entry into 

the cell. 

  Bioflavonoids in resveratrol can increase the activity of estrogen 

receptors, reduced by oxidative stress, due to ROS/SH-regulation [26]. Estrogen 

receptor modulators can enhance HSP70 expression by stimulating the effect of 

protein transcription factor - heat shock factor (FHS) [26]. Estrogen modulators can 

inhibit neuroapoptosis by reducing the activity of caspase-3 and two nuclear factor-

κB transcription factors (p65 / RelA and p50),  regulating the expression of the c-

fos early response gene.  Resveratrol can also act as a direct antioxidant because it 

has a phenolic group and can trap reactive oxygen species and nitrogen and thus 

regulate the JNK (ROS-sensitive) cascade. JNK activates DNA-binding proteins 

cJun, c-Fos, and AP-1, and binding of these proteins to palindromic DNA sequences 

induces apoptosis [26]. 

 

Conclusions 

1. We were the first who noticed that the simulation of hypoestrogenic state in 

female rats by 15-day administration of VCD leads to a sharp suppression of 

endogenous neuroprotection associated with HSP70. 

 2. Evaluation of the neuroprotective effect of a 28-day course of vaginal gel 

with resveratrol and hyaluronic acid, vaginal cream with P, as well as a combination 

of gel and tablets with resveratrol in females with hypoestrogenic state, revealed 

the desired effect only in dosage forms of resveratrol. The most pronounced effect 

was observed with the combined use of vaginal gel and tablets with resveratrol. 

  3. Resveratrol neuroprotective action is explained by its ability to activate 

HSP70-mechanisms of endogenous neuroprotection, depressed by estrogen 

deficiency. Resveratrol increases the expression of HIF-1α mRNA, HSP70 mRNA, 

and c-fos mRNA, as well as the concentration of HSP70 in the brain. 

4. The obtained results confirm the expediency of developing a new vaginal gel 

with resveratrol and hyaluronic acid as an alternative to hormone-containing drugs. 

These substances can be used for the prevention and treatment of pathological 

hypoestrogenic conditions that occur on the background of estrogen deficiency. 
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