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A B S T R A C T   

Introduction: Estrogens play a considerable role in maintaining bone and articular cartilage homeostasis. 
Menopause provokes joint disorders due to metabolic syndrome and altered signaling pathways. Phytoestrogen 
resveratrol was demonstrated to provide chondroprotective and osteoprotective effects. However, the mecha-
nisms of such action of Resveratrol are still being explored. 
Aim: The study aims to determine the effect of Resveratrol on the joints and its therapeutic mechanism in 
ovariectomized rats. 
Material and methods: The study was carried out on Wistar female rats that were divided into three groups, 
including control animals; ovariectomized rats (OVX); and the OVX group treated with an intravaginal gel 
containing Resveratrol (0.5 % 0.1 mL, daily 28 days). Knee joint tissues (articular cartilage, subchondral plate, 
subchondral bone) were assessed by histomorphometry. The expression of mTOR, PTEN, Caspase 3 and BCL-2 in 
articular cartilage and subchondral bone were evaluated immunohistochemically. 
Results: Resveratrol treatment of OVX rats prevented weight gain by 17 % (P < 0.001), demonstrating the sys-
temic effect on metabolic pathways. Although there were no statistically significant differences in the thickness 
of articular cartilage between groups, OVX rats possessed degenerative changes in chondrocytes, associated with 
the enhanced expression of mTOR (P < 0.001) and Casp-3 (P = 0.005). Resveratrol decreased mTOR (P = 0.007) 
and Casp-3 (P = 0.011) expression in chondrocytes, reducing degenerative changes. At the same time, resveratrol 
attenuated the deterioration of trabecular bone in OVX rats (P = 0.002). This effect was through the up- 
regulation of BCL-2 (P = 0.018) and down-regulation of Casp-3 expression (P < 0.001). 
Conclusions: Intravaginal administration of resveratrol provided systemic effects and ameliorated joint tissue 
structure and signaling in OVX rats through stimulation of BCL-2 and reduced Casp-3 expression.   

1. Introduction 

One of the most critical problems of modern medicine is related to 
the aging of the population and the growth of the age group of people 
older than 60 years. The amount of elderly people worldwide is 
increasing every year. According to forecasts, their number may double 
in the next 35 years [1]. Therefore, the share of women of the older age 
group in the climacteric period is also progressively increasing yearly. 

Menopause is diagnosed after a woman has gone one year without a 
menstrual period (usually 45–55 years of age) [2,3]. During menopause, 
the functions of organs and systems fade due to decreased synthesis and 
secretion of sex steroid hormones – estrogens [4,5]. 

Clinical manifestations that occur due to a decrease in the synthesis 
of estrogens are diverse. They can be divided by time: the early ones 
include vasomotor, psychoemotional to medium-genitourinary disor-
ders, sexual dysfunction, atrophic changes in the skin, mucous 
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membranes of the vagina, nails, and hair; late clinical manifestations, 
which are accompanied by dramatic consequences and include meno-
pausal metabolic syndrome, which is caused by atherosclerosis, arterial 
hypertension, neurological symptoms, and osteoporosis [6–10]. 

Diseases of the musculoskeletal system evolution are typically slow 
and can take years to develop, with resultant joint pain and stiffness, 
mobility limitations, and compromised quality of life. Estrogens play a 
considerable role in maintaining bone and articular cartilage homeo-
stasis [11]. Menopause provokes joint disorders due to altered signaling 
pathways. Unfortunately, no curative treatments for joint diseases in 
menopause are available today, and most conventional therapies 
(medications, physiotherapy, mechanical devices) provide relatively 
short-term, unsustained relief of the symptoms [12]. 

Phytoestrogens are widely used to treat menopausal symptoms as 
hormone replacement therapy [13]. Resveratrol (R) is structurally 
similar to natural and synthetic estrogens and was ranked as a phyto-
estrogen. Previous studies demonstrated that R binds directly to nuclear 
estrogen receptor (ER), modulating its genomic activity, and can 
interact with membranous ER, contributing to non-genomic estrogen--
like effects [14]. The dietary polyphenol possesses antioxidant, cyto-
protective and anti-inflammatory properties [15–18]. Phytoestrogen R 
was demonstrated to provide chondroprotective and osteoprotective 
effects. It can bind to estrogen receptors on bone and cartilage cells. As a 
result, there is an increase in the expression of genes that have osteo-
protective and chondroprotective impacts [19]. Several experimental 
studies have shown the protective effects of oral resveratrol intake on 
bone tissue in different animal models of osteoporosis [20–23]. 

One of the possible protective mechanisms of R action is regulating 
cell death by modulating the expression of molecules responsible for the 
execution of apoptosis (Caspase-3) and anti-apoptotic agent (BCL-2). 
Recently it was demonstrated that the expression of Casp-3 (cysteine 
proteinase playing a central role in the execution phase of cell apoptosis) 
and BCL-2 (B cell lymphoma/leukemia-2) are related to ovarian hor-
mone levels [24]. Ovariectomy, causing hypoestrogenemia can disrupt 
cell survival, inducing cell apoptosis. As R acts as an ER agonist, it is 
supposed that R-treatment can modulate signaling pathways in the 
target cells under the OVX setting. 

On the other hand, there are mutual and complex relationships be-
tween estrogens and mTOR-mediated signaling. It was shown previously 
that estrogen binding to ERα triggers the expression of the target genes 
through the genomic pathway. Still at the same time ERα can modulate 
the cytoplasmic signaling pathways, including PI3K/AKT/mTOR [25]. 
mTOR affects various aspects of cells’ functioning, growth, metabolism 
and death. In another study it was established that R enables a signifi-
cant reduction in the expression of inflammatory cytokines in cartilage 
cells, increases the activation of the PI3K/AKT signaling pathway and 
regulates the expression of BCL-2 and Bax, which results in the allevi-
ation of the inflammatory response in chondrocytes and leads to a 
reduction in chondrocyte apoptosis [26]. So, the assessment of mTOR 
and its antagonist PTEN expression in joint tissues can provide insights 
into the understanding of OVX-related arthropathy and mechanisms of 
protective R action. 

The study aims to decipher the mechanisms of R effects when 
administered as vaginal gel on joint tissues in ovariectomized rats. 

2. Material and methods 

2.1. Ethics statement 

This study was carried out in strict accordance with the recommen-
dations in the Guide for the Care and Use of Laboratory Animals of the 
National Institutes of Health and the general ethical principles of animal 
experiments (Strasbourg, 1985), approved by the First National 
Congress on Bioethics Ukraine (September 2001). Guide for the Care and 
Use of Laboratory Animals and approved by the bioethics commission of 
Bogomolets National Medical University (Protocol number: 4/2021). 

2.2. Study design 

The study was carried out on 21 Wistar female rats aged 6–8 months. 
The animals were raised in the vivarium nursery of the Bogomolets 
National Medical University. Rats were kept in a clean, ventilated room 
with a controlled temperature (20–25 оС), relative humidity (50–55 %), 
and a 12-hour light-dark cycle [24]. They were fed standard laboratory 
rodent chow with water available ad libitum. The rats were acclimatized 
for one week before the start of the experiment. Bilateral ovariectomy of 
females was performed in aseptic conditions under thiopental anesthesia 
(70 mg/kg, intraperitoneal) as previously described [27]. After castra-
tion, the females were kept in an accessible model for five weeks. This 
time was necessary for developing hypoestrogenemia. On the 35th day 
of the experiment, OVX-rats were administered, with the help of an in-
sulin syringe with an atraumatic tip once a day for 28 days, 0.1 mL of test 
samples of R-HA (R-HA group) or saline (OVX-group and control group) 
(Table 1). 

2.3. Drugs 

Test samples of vaginal gel with R-HA were developed under the 
guidance of Professor Ruban O. A. at the Department of Industrial 
Technology of the National University of Pharmacy (Kharkiv). The gel 
contains R, which is a polyphenol, a phytoestrogen that does not require 
prior metabolism to detect pharmacological action (unlike soy iso-
flavones), HA and excipients, including lactic acid (LA) [24]. R sub-
stance containing 50 % trans-resveratrol of plant origin, was obtained 
from Polygonum Cuspidatum. According to dose escalation studies pre-
viously reported [24], test samples of vaginal gels containing different R 
dosage (0.5 %, 1 %, 2 %, 3 %), HA (0.5 %) and auxiliary substances were 
investigated. The proposed gels were effective under conditions of 
intravaginal 28-day administration to OVX female rats, as they decrease 
body weight gain, normalized the tail temperature, contributed to the 
restoration of the normal vaginal microflora and the acidic environment 
of vaginal secretions, and prevented the development of atrophic 
changes in the vaginal mucosa. Based on the results of an integral 
assessment of the therapeutic effect of vaginal gels, it was established 
that the optimal R content in the dosage form is 0.5 % [24]. In their 
composition, additionally to R-HA, vaginal gel contains auxiliary sub-
stances: sodium alginate, aristoflex AVC, propylene glycol, preservative, 
lactic acid and purified water. 

2.4. Histological evaluation of joint tissues 

The joint tissues were fixed in 10 % neutral buffered formalin for 72 
h. After that, the decalcification was performed using rapid decalcificant 
(Kaltek, Italy). Then tissues were processed and embedded into paraffin. 
Paraffin-embedded blocks were cut 4 µm thickness. For routine histo-
logical evaluation, sections were stained with hematoxylin and eosin 
(HE). 

The histological assessment included an evaluation of the articular 
cartilage and subchondral bone. The following features were evaluated 
in articular cartilage: surface discontinuity, cartilage thickness, 

Table 1 
Experimental groups and experimental conditions [24].  

Experimental 
group 

Experimental conditions Dose according to 
the drug form 

Control rats (n 
= 7) 

Intact animals were intravaginally 
administered with saline in the same time 
as intervention group 

0.1 mL / day 

OVX (n = 7) Females after bilateral ovariectomy were 
intravaginally administered with saline 

0.1 mL / day 

R-HA (n = 7) Ovariectomized females were 
intravaginally administered 0.5 % gel 
with R and HA 

0.1 mL / day  
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chondrocytes` orientation, proliferation, hypertrophy, grouping, and 
death. In addition, we assessed the tidemark regularity and subchondral 
bone changes. The subchondral trabecular bone was evaluated with 
respect to the mean thickness of the trabeculae (TT; µm) and the width of 
trabecular spaces (TS, µm) as the mean distance between trabeculae 
[28]. 

2.5. Immunohistochemistry (IHC) 

To assess the possible mechanisms of resveratrol action on joint tis-
sues, the expression of the following biomarkers was assessed: mTOR1, 
PTEN, Caspase 3 and BCL-2 using immunohistochemical staining kits 
(Table 2). For IHC, serial Section 4 µm in thickness were used. Tissues 
were deparaffinized and hydrated. Endogenous peroxidase activity was 
blocked using 3 % methanol in hydrogen peroxide. Next, antigen 
retrieval in a water bath at 98 ◦C was performed using Tris EDTA or 
citrate buffer (pH6), followed by primary antibodies incubation. After 
washing, labeled polymer secondary antibodies (Envision Detection 
System, Dako, CA, USA) were added to the slides. Peroxidase activity 
was detected using diaminobenzidine (DAB)—tetrahydrochloride liquid 
plus Chromogen System (Dako) substrate. The reaction was stopped 
with distilled water. After that, sections were counterstained with he-
matoxylin and mounted in Richard–Allan Scientific Mounting Medium 
(ThermoFisher, Waltham, MA, USA). 

Assessing the IHC results, we considered the number of immuno-
positive cells [29]. The semi-quantitative scoring system was used to 
assess the immunostaining of the articular cartilage and bone cells 
(Table 3). 

2.6. Estradiol measurement 

The content of estradiol in the serum of female rats was performed by 
enzyme-linked immunosorbent assay on Stat Fax 303 plus (Awareness 
Technology, Palm City, FL, USA) using standard sets of reagents 
“Estradiol ELISA” (LLC “HEMA”, Kharkiv, Ukraine) according to 
instructions. 

2.7. Statistical analysis 

Statistical analysis was performed by using SPSS-21 and GraphPad 
Prism 7 software. All normally distributed variables were expressed as 
mean ± standard error (M±SEM). Median values, 25th and 75th per-
centiles were used to present non-normally distributed variables. Data 
distribution was analyzed using the Kolmogorov–Smirnov normality 
test. Normally distributed continuous variables were analyzed with 
Analysis of Variance (one-way ANOVA) and if the results were signifi-
cant, a post-hoc Turkey’s test was performed. Non-normally distributed 
continuous variables were assessed with non-parametric Kruskall-Wallis 
test. P value of < 0.05 was considered statistically significant. 

3. Results 

3.1. Systemic effects of R-treatment 

Ovariectomy resulted in weight gain in the 5th week after surgery. 
Weight of ovariectomized rats is 23.2 % higher as compared to initial 
figures (260.17 ± 1.92 vs 211.33 ± 1.15 g, P < 0.05) and intact rats 
(260.17 ± 1.92 vs 217.83 ± 2.51 g, P < 0.05). 

The administration of R-HA intravaginally for 4 weeks led to the 
slowing of the rate of weight gain. As a result, at 28-day the weight of the 
treated rats was 17 % (P < 0.001) lower as compared to OVX rats (P <
0.05). The total body weight gain was not more than 6.05 % as 
compared to the intact rats. 

Naturally, serum estradiol dropped significantly after the 4th week of 
OVX as compared to control (P = 0.001). An assessment of estradiol 
levels in the serum of R-treated rats revealed the trend of estradiol 
elevation (35.6 ± 2.32 vs. 28.54 ± 1.6 pg/mL, P = 0.072). However, its 
level did not reach the values of the intact rats. So, R-treatment provided 
a limited effect on systemic levels of estradiol in OVX rats (Fig. 1). 

Thus, intravaginal administration of R provided a systemic effect 
that resulted in reduced weight gain and elevation of estradiol levels in 
ovariectomized rats. 

3.2. Joint tissue changes after OVX and effects of R-treatment 

In intact rats, the articular cartilage demonstrated a smooth surface 
and three distinct layers, including superficial, intermediate, and deep 
zones reflecting chondrocytes heterogeneity because of differentiation. 

Table 2 
Biomarkers characteristics.  

Biomarkers Rationale Antibody characteristics 

BCL-2 BCL-2 is a mitochondrial membrane 
protein that blocks the apoptotic 
death of various cells by controlling 
mitochondrial membrane 
permeability 

DAKO, clone 124, catalog 
number IR614 

Caspase 3 Caspase-3 is a cysteine proteinase 
playing a central role in the 
execution phase of cell apoptosis. It is 
considered as one of the biomarkers 
of pro-apoptotic signaling 

Diagnostic Biosystems, clone 
D3R6Y, catalog number RP 
096–05 

mTOR mTOR, also known as the 
Mechanistic Target Of Rapamycin 
Kinase, belongs to a family of 
phosphatidylinositol kinase-related 
kinases (PI3K), mediating cellular 
responses to stresses, including DNA 
damage or nutrients deprivation. It is 
also involved in regulating cell 
growth, survival and proliferation. 
Ageing and menopause are 
associated with the upregulation of 
mTOR in various cell lines[40]. 

Termo Fisher Scientific, 
clone EPR426(2), catalog 
number PA1–518 

PTEN PTEN (Phosphatase and Tensin 
Homolog) is a tumor suppressor and 
negatively regulates mTOR/AKT/ 
PIK3 signaling. 

BiocareMedical, clone 
6H2.1, catalog number 
CM278A,  

Table 3 
Scoring system for assessing the articular cartilage and trabecular bone 
immunostaining.  

Grade Number of immunopositive cells (chondrocytes and osteoblasts) 

0 no cells are stained 
1 <25 % of cells are stained 
2 25–50 % of cells are stained 
3 50–75 % of cells are stained 
4 >75 % of cells are stained  

Fig. 1. Serum estradiol levels in control, ovariectomized rats and after 4 weeks 
of resveratrol and hyaluronic acid gel. Data are presented as the M±SEM. One- 
way ANOVA with post hoc Tukey’s test for multiple comparisons were per-
formed for data analysis. * **P = 0.001. 
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Chondrocytes of the superficial zone were flattened and arranged along 
with the joint surface. Mid zone comprised chondrocytes in small 
chondrons surrounded by a metachromatic matrix rich in proteoglycans. 
The deep zone contained large vacuolated chondrocytes embedded in 
the intercellular matrix getting calcified toward the subchondral bone. 
The tidemark, corresponding to the uncalcified and calcified cartilage 
border, was smooth and aligned parallel to the cartilage surface. 

OVX affected both articular cartilage and subchondral bone struc-
ture. Estrogen depletion induced by OVX caused regional thinning of 
cartilage with histological changes suggestive of an altered chondrocyte 
functioning. Although the mean articular cartilage thickness did not 
differ significantly as compared to the control group, it demonstrated 
high heterogeneity and variance. In addition, we observed irregular 
distribution of chondrocytes and cell dystrophy in the mid and deep 

Fig. 2. Structural changes in rats joint tissues 
after ovariectomy (OVX) and resveratrol with 
hyaluronic acid gel (R-HA) treatment. 
Comparing to control group (A), OVX-induced 
structural changes in articular cartilage (B), 
demonstrating mid-zone chondrocytes disar-
rangement and dystrophy (asterisk) associated 
with the irregular tidemark (arrows) and 
remarkable thinning of the subchondral plate. 
R-treatment attenuated cartilage dismorpho-
genesis with no effect on articular cartilage 
thickness (D). A – control group, B – OVX rats, C 
– OVX rats after R-HA treatment. Hematoxylin 
and eosin staining (A-C). In Fig. D data pre-
sented as the M±SEM. One-way ANOVA was 
used for comparison. Changes were not statis-
tically significant.   

Fig. 3. Effect of resveratrol with hyal-
uronic acid gel (R-HA) on trabecular 
bone in ovariectomized (OVX) rats. In 
contrast to control group (A), estrogen 
depletion (B) led to loss of trabecular 
bone that was prevented by R-HA 
administration in OVX-rats (C). OVX 
resulted in thinning of bone trabeculae 
(red arrows) (D) with the corresponding 
widening of intertrabecular space (red 
asterisk) (E). A – control group, B – OVX 
rats, C – OVX rats after R-HA treatment. 
Hematoxylin and eosin staining. In 
figure D, E data presented as the Me 
(25:75 percentiles). Kruskal-Wallis test 
was used for comparison. *P < 0.05; 
* *P < 0.01; * **P < 0.001.   
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zones with “ghosts” cells (Fig. 2). These features were accompanied by 
the significant waving of the tidemark and remarkable changes in the 
subchondral bone plate with its penetration by growing vessels. In 
addition, the resorption of subchondral trabecular bone was recorded 
(P < 0.001) – TT was significantly lower compared with intact rats 
(34.1 ± 7.62; 95 % CI 30.6–37.5 vs 50.1 ± 9.56 µm, respectively; 
P < 0.001). This resulted in intertrabecular spaces widening (µm; 
P = 0.01) forming a loose subchondral trabecular bone pattern (Fig. 3). 

R-HA treatment attenuated the OVX-induced changes. The thickness 
of the articular cartilage did not demonstrate significant differences with 
the OVX and control group. The articular cartilage assessment revealed 
slight changes in chondrocytes possessing cytoplasm vacuolation in the 
deep zone and waiving tidemark. TT (42.5 ± 8.58 µm) was higher than 
in OVX-rats (P = 0.002), but lower than in control group (P = 0.009) 
and correspondingly intertrabecular spaces were wider than in OVX 
(P = 0.023) and comparable with the control group (P = 0.46) (Fig. 3). 

3.3. Biomarkers reflecting the mechanisms of R effects 

Although there were no statistically significant differences in the 
thickness of articular cartilage between groups, OVX rats possessed 

degenerative changes in chondrocytes, associated with the enhanced 
expression of Casp-3 (P = 0.005) and mTOR (P < 0.001) (Fig. 4 G, H). 
Most chondrocytes of OVX-rats expressed mTOR and its score was 
significantly higher than that in the control group (P < 0.001). Resver-
atrol decreased mTOR (P = 0.007) and Casp-3 (P = 0.011) expression in 
chondrocytes as compared to OVX rats, so the expression of these 
markers showed no difference from the control group (Fig. 4 G, H). At 
the same time, BCL-2 and PTEN expression in chondrocytes was low in 
all groups and was not affected by OVX and R-treatment (Fig. 4 I, J). 

Alternatively, in trabecular bone, there was another pattern of bio-
markers expression in experimental groups. OVX rats demonstrated 
reduced expression of BCL-2 (P = 0.003), but higher levels of Casp-3 
(P < 0.001) in osteoblasts covering the trabecular of the subchondral 
bone of OVX rats. The osteoprotective effect of R-treatment was related 
to the up-regulation of BCL-2 (P = 0.018) and own-regulation of Casp-3 
(P = 0.005) for restoring the primary levels of antiapoptotic signaling 
and apoptosis execution (Fig. 5). 

4. Discussion 

The present study discovered the mechanisms by which R impacts 

Fig. 4. Altered expression of mTOR and 
Caspase-3 (Casp-3) in articular cartilage after 
ovariectomy (OVX) and resveratrol with hyal-
uronic acid gel (R-HA) treatment. A – C – mTOR 
expression and D-F – Casp-3 expression in 
control group (A and D), OVX rats (B and E) and 
R-HA treated animals (C and F). The increased 
expression of mTOR and Casp-3 under estrogen 
depletion was attenuated by R-HA treatment 
(G, H). I and J demonstrate the low levels of 
BCL-2 and PTEN expression in chondrocytes of 
the articular cartilage in all groups. In figure G- 
J data is presented as the M±SEM. Kruskal- 
Wallis test was used for comparison. 
*P < 0.05; * *P < 0.01; * **P < 0.001.   
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articular tissues under the OVX model in rats. Ovariectomy disrupted the 
homeostasis of joint tissues, leading to the alteration of articular carti-
lage and thinning trabecular bone. This effect is due to estrogen deple-
tion, which can activate oxidative stress and various pro-inflammatory 
pathways, including NF-kB, RANKL, TNF-α, IL-1β, and sclerostin 
(11,12). Inflammation-mediated mechanisms are crucial for chon-
drocyte growth and apoptosis regulation as well as for bone tissue 
resorption control. High levels of IL-1β have been shown to up-regulate 
Bax and Casp-3 and down-regulate Bcl-2 expression, inducing cell 
apoptosis [30]. Recent studies have shown that R can attenuate the 
disruption of various tissue health after a decline of estrogens in both 
experiments and human studies [31,32]. Our recent study also showed 
the relationship between Casp-3 and BCL-2 levels in endometrium after 
OVX and R-treatment [24]. In this study, we tested the hypothesis that 
intravaginal R-treatment of OVX rats can impact Casp-3 and Bcl-2 ex-
pressions in joint tissues. 

The study found that intravaginal R treatment had a systemic effect, 
attenuating weight gain and elevating estradiol levels in OVX rats. The 
histological examination of joint tissues in OVX rats confirmed the 
protective effect of R-treatment against degenerative changes in artic-
ular cartilage and trabecular bone resorption in estrogen-deficient rats. 
OVX modeling resulted in dystrophic alteration of chondrocytes and 
bone trabecular thinning, which was associated with the decline of BCL- 
2 and an increase in the Casp-3 expression in both chondrocytes and 
osteoblasts. Casp-3 is a biomarker that reflects cellular apoptosis. 
Numerous studies have demonstrated the protective effects of R in 
different models of joint pathology, including experimental osteoar-
thritis and sodium nitroprusside-induced chondrocyte apoptosis, medi-
ated through ROS and NO generation, followed by the activation of 
caspases and cytoskeletal remodeling [33–35]. These studies have 

shown that R has a protective anti-apoptotic effect on chondrocytes 
[34]. 

We found that R-HA treatment reduced Casp-3 expression in chon-
drocytes, supporting the concept of anti-inflammatory and cytopro-
tective effects of R on cartilage. Similarly, decreased cell apoptosis and 
down-regulated Casp-3 activity were observed after R-application in 
nucleus pulposus cells induced by IL-1β. This effect was related to 
simultaneous down-regulation of gene and protein expression of Bax, 
increased cleavage of casp-3 and PARP, and up-regulation of anti- 
apoptotic Bcl-2 expression [30]. 

In bone tissue, R also reduces apoptosis and promotes osteoblast 
differentiation, enhancing bone matrix production and mineralization 
[36]. In this study, elevated expression of BCL-2 was observed under 
R-action in osteoblasts, indicating that R ameliorated the balance be-
tween pro- and antiapoptotic mediators. R-treatment was also shown to 
be associated with an increase in SIRT1 expression, providing an addi-
tional cytoprotective effect on joint tissues [37]. 

In addition to the cytoprotective effects, R-treatment downregulated 
mTOR expression in articular cartilage chondrocytes. This effect is 
crucial for preventing chondrocyte hypertrophy and maintaining carti-
lage homeostasis. The inhibition of mTOR signaling by R can be medi-
ated through reduced phosphorylation of mTOR and its downstream 
targets, including p70S6K and 4EBP1 [38]. Additionally, R can activate 
autophagy, leading to autophagy-mediated mTOR degradation and 
promoting survival of chondrocytes under OVX conditions [39]. 

Limitations of the study. This study addressed only early changes in 
joint tissues after ovariectomy and did not discover long-term effects of 
OVX and R-treatment. We also did not measure bone mineral density, so 
there is no data to consider osteopenia and bone-mediated effects on 
articular cartilage. Another limitation that the phosphorylation of the 

Fig. 5. Resveratrol with hyaluronic acid gel (R- 
HA) ameliorates apoptotic and signaling path-
ways in joint tissues of ovariectomized (OVX) 
rats. OVX was associated with the decline in 
BCL-2 expression with an alternative elevation 
for Casp-3 levels. A-C expression of BCL-2 in 
osteoblasts covering bone trabecules of control 
(A), OVX (B) and R-HA treated animals (C). G – 
bar chat demonstrating BCL-2 expression score 
among observed animals, H – bar chat demon-
strating Casp-3 expression score among groups. 
In figure G-H data presented as the M±SEM. 
One-way ANOVA was used for comparison. 
*P < 0.05; * *P < 0.01; * **P < 0.001.   
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mTOR leading to caspase expression was not studied. This study does 
not cover all the potential mechanisms of apoptosis regulation in joint 
tissues under ovariectomy and R-action. Further investigations are 
needed of joint tissues remodeling under R-administration in hypo-
estrogenic settings are needed. 

5. Conclusion 

Intravaginal administration of Resveratrol provided systemic effects 
and ameliorated joint tissue structure and signaling in OVX rats through 
stimulation of BCL-2 and downregulation of Casp-3. 
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