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Abstract: Introduction: Female infertility is a very common pathology for women of reproductive age with autoimmune 

disorders, which are known to be followed by the abnormal increment of reactive oxygen species levels, moreover, further 

contributing to follicular atresia and aging of oocytes in the ovaries what directly leads to infertility. Thus, in search for 

strategies of preventing oxidative threat to ovaries, the current study was aimed to assess the influence of sirtuin 1, a key 

cellular metabolism regulator and oxidative stress, activator/blocker on the viability of the follicular environment of oocytes 

(FEO) cells under conditions of experimental systemic autoimmune damage (ESAD). Methods: The study was performed 

using the model of ESAD on female mice. The FEO cells were cultivated in different conditions: resveratrol 20 µM, Ex-527 20 

µM. After 24h, the cells were examined for viability; the ways of cell death via apoptosis, necrosis were estimated using the 

method of in vivo dual-color with fluorescent nucleic acid dyes Hoechst 33342 and propidium iodide, and the levels of 

autophagy were estimated using the autophagic vacuoles labeling with monodansylcadaverine assay. Results: The obtained 

data indicate that a specific inhibitor of sirtuin 1 Ex-527 (20 µM) in vitro inhibits the viability of cells of the FEO cells and 

increases the percent of cell death via autophagy, apoptosis, and necrosis. On the contrary, the activator of sirtuin 1 - 

resveratrol, led to an improvement of the viability status of FEO cells, while reducing the negative impact of the inflammatory 

process. Unidirectional action of Ex-527 and resveratrol compounds at the cellular level has been established. Conclusion: 

Thus, the results of the present study suggest the involvement of sirtuin 1 in the regulation of the damaging effect of reactive 

oxygen species on female ovarian cells under the conditions of experimental systemic autoimmune damage. 
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1. Introduction 

Ovarian failure, which often leads to complete female 

infertility is a very common pathology of women of 

reproductive age with autoimmune disorders. Autoimmune 

disorders are reported to be one of the pivotal factors that 

directly contribute to the development of female primary 

ovarian failure. The autoimmune disorders are known to be 

followed by the abnormal increment of reactive oxygen 

species levels, moreover, further contributing to follicular 

atresia and aging of oocytes in the ovaries what directly leads 

to infertility [1-6]. 

Therefore, the development of strategies aimed at 

preventing the oxidative threat to ovaries, caused by 

autoimmune disorder is a subject of great current relevance. 

Strong experimental evidence supports the statement that 

sirtuin1 plays a crucial role in sensing and modulating the 

redox status of cells providing protective effects in cells and 

tissues exposed to oxidative stressors in vitro and in vivo [7-

9]. Moreover, a crucial role for sirtuin 1 and sirtuin 3, the 

main components of the sirtuin family, as sensors and 

guardians of the redox state in oocytes, granulosa cells, and 

early embryos has been reported [10]. Thus, in search for 

strategies of preventing oxidative threat to ovaries, the 
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current study was aimed to assess the influence of sirtuin 1, a 

key cellular metabolism regulator and oxidative stress, 

activator/blocker on the viability of the follicular 

environment of oocytes (FEO) cells under conditions of 

experimental systemic autoimmune damage (ESAD). 

Sirtuins are the family of high-conserved NAD
+
-dependent 

proteins with deacetylase and Mono-ADP-ribosyl transferase 

activity that impact multiple somatic cell pathways, which 

regulate cellular and organismal aging together with 

metabolism. Mammals express seven sirtuins, sirtuin 1-7 [8, 

11]. 

Ex-527 is a potent and highly selective inhibitor of sirtuin 

1 (IC50 38 nm), while not inhibiting the activity of other 

histone deacetylases class I/II at concentrations below 100 

µm. Inhibition of sirtuin 1 is accompanied by the formation 

of the complex Sirt1/NAD +/Ex-527 [12] Resveratrol (3,5,4-

trihydroxystylene) is a specific activator of sirtuin 1 and does 

not adversely affect the functional state of cells of the 

reproductive system [8, 13]. 

In search of ways to prevent oxidative damage to the 

ovaries, the role of sirtuins, in particular nuclear sirtuin 1, is 

being actively studied [14-16]. The etiology of this disorder 

can be investigated on animal models. In recent years, the 

study of the pathways of programmed cell death, including 

apoptosis and autophagy, has attracted much attention. 

The questions of their occurrence mechanisms in the 

presence of autoimmune damage in the body and their role in 

the further functioning of organs and systems of the body still 

remain open. Therefore, our aim was to investigate the 

effects of specific activators and inhibitors of sirtuin 1 on the 

viability of FEO cells and their pathways (autophagy, 

apoptosis, and necrosis) under the conditions of ESAD 

followed by oxidative stress. 

2. Materials and Methods 

2.1. Materials 

Dulbecco's modified Eagle medium (DMEM/D2902), 4-

(2-Hydroxyethyl) piperazine-1-ethanesulfonic acid, N-(2-

Hydroxyethyl) piperazine-N′-(2-ethanesulfonic acid) 

(HEPES) (7365-45-9), propidium iodide (25535-16-4), 

Hoechst 33342 (875756-97-1), N-(5-Amino-pentyl)-5-di-

methyl-amino-naphtha-lene-1-sulfon-amide, N-(Dimethyl-

amino-naphtha-lene-sulfonyl)-1,5-pentane-diamine 

(Monodansylcadaverine) (10121-91-2) were purchased from 

Sigma-Aldrich, resveratrol (501-36-0) was purchased from 

Carl Roth GmbH + Co. Other reagents were obtained from 

usual commercial sources. 

2.2. Animals and Ethics 

Experiments were conducted on white laboratory mice at 

the age of 10 weeks, 18-20 g weight) the maintenance and 

care of which complies with National Institutes of Health 

guidelines for the humane use of laboratory animals and have 

been approved by Bogomoletz Institute of Physiology of 

NASU Biomedical Ethics Committee. 

2.3. Experimental Design 

The laboratory mice were divided into following 

experimental groups: group I – Control, group II – ESAD, 

group III – Resveratrol 20 µM, group IV - Ex-527 20 µM, 

group V – ESAD+ Resveratrol 20 µM, group VI - ESAD+ 

Ex-527 20 µM. 

Experimental systemic autoimmune damage 

The model of systemic autoimmune damage was 

reproduced by immunization of Albino I generation mice 

with a suspension of renal antigen obtained from the mother. 

Immunization of animals was performed at the rate of 10 µl 

of suspension per 10 grams of body weight according to the 

following scheme: 3 times with an interval of 1 day 

intraperitoneally 1 time per day. Re-immunization was 

performed after three weeks once intraperitoneally in the 

same dose. Before and during the experiment, the objective 

status of the animals and protein levels in the urine were 

assessed. Control were Albino female mice injected with 

saline according to the same scheme. 

Collection of experimental material (ovaries) was 

performed under ether anesthesia on the third day after the 

last injection. 

2.4. FEO Cells Cultivation 

The FEO cells were isolated mechanically from the ovaries 

of mice in a non-enzymatic way and distributed in sterile 

cultivation cameras. All FEO cells were cultured under the 

same condition: A sterile box, cameras with 0.4 mL culture 

medium - Dulbecco’s modified Eagle’s medium (DMEM) 

and 15 mM HEPES, Ca
2+

 concentration of 1.71 mM, 

temperature 37°C, duration 24 h. The resveratrol and Ex-527 

were stored at -20°C and diluted in cell cultivation media 

immediately before use to required concentrations (20 µM 

for resveratrol and 20 µM for Ex-527, doses were chosen 

according to the results of the preliminary studies). 

2.5. Assessment of Autophagy, Apoptotic and Necrotic Cell 

Death 

To examine the levels of apoptosis and necrosis death of 

FEO cells after being sirtuin’s modulators treated, in vivo 

double staining with fluorescent nucleic acid dyes 

(propidium iodide and Hoechst 33342) was performed. 

Chromatin-related dyes make it possible to assess the 

morphological features of nuclear material. Autophagic cell 

death was determined by labeling autophagic cell vacuoles 

with the fluorescent dye monodansylcadaverine. Cells (at 

least 200) were examined on a fluorescence microscope with 

a water-immersion lens x85. 

2.6. Statistical Analysis 

For the statistical analysis of the results, the software 

package Origin 8Pro (OriginLab Corp., North., MA, USA) 

and spreadsheets Microsoft®Excel2003 were used. Student’s 

t-test was performed for continuous variables. P<0.05 was 

considered statistically significant. The statistical analysis of 
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the research results was conducted by using analysis of 

variance ANOVA followed by a comparison of mean values 

between groups by Newman-Coles test using the statistic 

program-5 (program GraphPad Prism 5.0 (GraphPad 

Software, San Diego, USA). 

3. Ex-527 and Resveratrol Effects on 

FEO Cells Viability 

3.1. Apoptotic and Necrotic Death Levels of FEO Cells 

After Treatment with Sirtuin Modulators 

After the exposure to a specific inhibitor of sirtuin 1 Ex-

527 in vitro at a concentration of 20 µM there was a decrease 

in the proportion of living FEO cells by 12.85% compared 

with the control group (P<0.01, N=9). At the same time, the 

percentage of apoptosis of FEO cells in these conditions 

increased by 10.68% (P<0.01, N=9), necrosis - by 2.17% 

compared with the control group, respectively. It was found 

that the activator of sirtuin 1 resveratrol probably did not lead 

to a decrease in the proportion of apoptotic and necrotic cells 

FEO (Figure 1). 

3.2. Autophagic Death of FEO Cells After Sirtuin’s 

Modulators Exposure 

When assessing the autophagic death of FEO cells after 

exposure to Ex-527, it was shown that the proportion of 

autophagic FEO cells after in vitro Ex-527 at a concentration 

of 20 µM increased by 7.33% compared to control (P<0.01, 

N=9) (Figure 2). 

After cultivating in the presence of 20 µM resveratrol 

activator of sirtuin 1, the number of FEO cells with signs of 

autophagic death decreased 1.8-fold to 4.66±0.81% 

compared with 8.33±0.51% in the control group of animals 

(see Figure 2). 

 

Figure 1. The viability of the oocyte follicular environment cells and the ways of its cell death after treatment with resveratrol (20 µМ) and Ex-527 (20 µМ) in 

vitro. 

Note: **P<0.01, * P<0.05, the probability of differences in the average data experimental groups (N=9) compared with such values in the control group of 

animals (N=9). 

 

Figure 2. The levels of autophagy of FEO cells after treatment with resveratrol (20 µM) and Ex-527 (20 µM) in vitro. 

Note: * P<0.05, the probability of differences in the average data experimental groups (N=9) compared with such values in the control group of animals 

(N=9). 

Thus, it has been shown that a specific inhibitor of sirtuin 

1 Ex-527 at a concentration of 20 µM led to a decrease in the 

proportion of living FEO cells and increased levels of 

autophagy, apoptosis and necrosis of these cells. Specific 

activator of sirtuin 1 resveratrol at a concentration of 20 µM 

led to a decrease in autophagy levels in FEO cells. 

Significant damage to the ovaries of mice was recorded in the 

simulation of systemic autoimmune damage. Thus, in 
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animals, a probable (P<0.01; N=9) decrease in the number of 

mature follicles isolated from the ovary (large follicles with 

an egg with a pronounced transparent shell and surrounded 

by many layers of follicular cells) was found. 

4. Ex-527 and Resveratrol Effects on 

FEO Cells Viability Under the 

Conditions of ESAD 

4.1. Apoptotic and Necrotic Death Levels of FEO Cells 

After Treatment with Sirtuin Modulators Under the 

Conditions of ESAD 

Degradation of follicular cells was also observed in the 

follicles of mice with ESAD simulation. The next step was to 

evaluate the effect of the introduction of the inhibitor of sirtuin 

1 Ex-527 20.0 µM on the viability of cells of the follicular 

environment of oocytes and the ways of their death under the 

conditions of experimental systemic autoimmune damage. It 

was found that in the conditions of ESAD the share of living 

FEO cells decreased by 38.61% (P<0.01, N=9) compared with 

the control group, while the shares of apoptotic and necrotic 

FEO cells increased by 27.06% (P<0.01, N=9) and 10.55% 

(P<0.01, N=9), respectively (Figure 3). 

After cultivating in the presence of a sirtuin 1 inhibitor Ex-

527 20 µM, the number of live FEO cells in animals with 

ECAU decreased by 10.1% (P<0.01, N=9) compared with 

those in animals with ECAU without cultivating in nutrient 

medium, which contained Ex-527 20 µM (see Figure 3). At 

the same time, the number of apoptotic FEO cells increased 

by 10.55% (P<0.01, N=9). After cultivating in a medium 

containing sirtuin activator 1 resveratrol, the number of 

living FEO cells increased by 10.3% (P<0.01, N=9) 

compared with those in animals with ECAU without 

cultivating in a nutrient medium containing resveratrol 20 

µM. The proportions of apoptotic and necrotic cells 

decreased by 8.29% (P<0.01, N=9) and 2.01%, respectively 

(see Figure 3). 

 

Figure 3. The viability of the oocyte follicular environment cells and the ways of its cell death after treatment with resveratrol (20 µM) and Ex-527 (20 µM) in 

vitro in the ESAD conditions. 

Note: ** P<0.01, the probability of differences in the average data experimental groups (N=9) compared with such values in the control group of animals 

(N=9). ## P<0.01, the probability of differences in the average data experimental groups (N=9) compared with such values in the group of animals with ESAD 

(N=9). 

 

Figure 4. The levels of autophagy of FEO cells after treatment with resveratrol (20 µM) and Ex-527 (20 µM) in vitro in the ESAD conditions. 

Note: ** P<0.01, the probability of differences in the average data experimental groups (N=9) compared with such values in the control group of animals 

(N=9). ## P<0.01, the probability of differences in the average data experimental groups (N=9) compared with such values in the group of animals with ESAD 

(N=9). 

That is, it is shown that a specific inhibitor of sirtuin 1 Ex-

527 20 µM under the conditions of ESAD has a depressant 

effect on the viability of FEO cells, and a specific activator of 

sirtuin 1 - resveratrol 20 µM on the contrary - improves these 
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indicators. 

4.2. Autophagic Death of FEO Cells After Sirtuin’s 

Modulators Exposure Under the Conditions of ESAD 

It was found that under the conditions of ESAD the 

number of autophagic FEO cells increased by 20.0% 

compared with the control group (P<0.01, N=9) (Figure 4). 

The activator of sirtuins resveratrol at a concentration of 20 

µM led to a decrease in the level of autophagic cell death of 

FEO animals from ESAD at 9.00% (P<0.01, N=9) (see Figure 

4). The specific inhibitor of sirtuin 1 Ex-527 (20 µM) in vitro 

reduced the proportion of autophagic FEO cells in animals 

with ESAD by 5.67%. Evaluating the simultaneous in vitro 

effect of resveratrol sirtuin activator (20 µM) and Ex-527 

inhibitor (20 µM), the following data were obtained. Thus, the 

simultaneous addition of resveratrol offset the depressant 

effect of Ex-527 (see Figure 4). Thus, based on the obtained 

results the same direction of action of resveratrol and Ex-527 

and the existence of a common cellular target can be suggested. 

5. Discussion 

It was shown that mice under the conditions of ESAD, 

caused by immunization with antigenic suspension of the 

kidney, develop an inflammatory process, accompanied by 

the death of FEO cells. This is an important cause of 

impaired meiotic maturation of oocytes. 

Apoptosis, autophagy, and necrosis are types of 

programmed cell death (PCD) that result from the 

implementation of its genetic program or the response to 

external signals that require energy expenditure and de novo 

macromolecule synthesis. Apoptosis is characterized by a 

decrease in cell size, condensation and fragmentation of 

chromatin, compaction of the outer and cytoplasmic 

membranes without release of cell contents into the 

environment. Apoptosis is carried out caspase-dependent 

(receptor) or mitochondrial-dependent way [17-19]. 

Autophagy is characterized by vacuolation of the cell 

cytoplasm and is accompanied by degradation and intracellular 

utilization of damaged organelles and proteins without cell 

damage. In the case of autophagic death, phagophores, 

autophagosomes, autolysosome, or chaperone-mediated fusion 

with lysosomes are sequentially formed in the cytoplasm [20]. 

Autophagy in a normal cell is a way to renew organelles, if 

autophagy is triggered in the cell after activation of apoptosis, 

programmed cell death is canceled. Apoptosis eliminates 

damaged cells by phagocytosis without the development of 

inflammation, which is detrimental to the macro organism, or 

accompanies the source of inflammation for its localization and 

final healing [21, 22]. Another significant difference between 

autophagy and apoptosis is the absence of a phagocytic link in 

the mechanism of autophagy. An important characteristic of 

necrosis is the localization of non-viable tissue by inflammation 

and the immune response to toxic and harmful effects on the 

macro organism. Necrosis is accompanied by swelling of the 

organelles with subsequent rupture of the inner and outer 

membranes, followed by swelling and further lysis of cells. 

Phagocytic link in the mechanism of necrosis, as in the case of 

apoptosis, is very important [17, 18]. Thus, all the above types 

of PCD play crucial role in maintaining homeostasis at the level 

both on cellular and macro organismal levels. Therefore, the of 

our study was to investigate the effects of specific activator and 

inhibitor of sirtuin 1 on the viability of FEO cells and their 

pathways (autophagy, apoptosis and necrosis) under the 

conditions of ESAD followed by oxidative stress. 

The intensification of autophagy and apoptosis processes, by 

which ESAD was shown to be followed, according to our results, 

is considered to be important mechanisms of regeneration of 

damaged cell organelles (in case of autophagy) and elimination of 

damaged cells by phagocytosis without inflammation, or 

localization of inflammation (in case of apoptosis). Thus, it was 

found that a specific inhibitor of sirtuin 1 Ex-527 (20 µM) in vitro 

inhibits the viability of cells of the follicular environment of 

oocytes and increases the proportion of their death by autophagy, 

apoptosis and necrosis. Such a depressant effect is observed both 

under normal conditions and under conditions of the presence in 

the body of experimental systemic autoimmune lesions. 

The specific activator of sirtuin 1 - resveratrol, on the 

contrary, led to an improvement in the viability of FEO cells, 

while reducing the negative impact of the inflammatory 

process in ESAD on these cells. 

Unidirectional action of Ex-527 and resveratrol 

compounds at the cellular level has been established. 

Therefore, sirtuin 1 is involved in the regulation of apoptosis, 

necrosis and autophagy of FEO cells both in normal 

conditions and in autoimmune diseases. We hypothesize that 

the above-mentioned modulators of sirtuin affect the viability 

of FEO cells due to their effect on the nucleus of these cells 

(due to the fact that sirtuin 1 is localized in the nucleus). 

6. Conclusion 

The results of the present study revealed that a specific 

inhibitor of sirtuin 1 Ex-527 in vitro inhibits the viability of 

cells of the follicular environment of oocytes and increases the 

proportion of their death by autophagy, apoptosis, and necrosis. 

Such a depressant effect is observed both under normal 

conditions and under conditions of the presence in the body of 

experimental systemic autoimmune lesions. The specific 

activator of sirtuin 1 - resveratrol, on the contrary, led to an 

improvement in the viability of FEO cells while reducing the 

negative impact of the inflammatory process in ESAD on these 

cells. Thus, we consider the abovementioned sirtuin’s 

modulators to be potent substances that can be used in 

developing strategies of preventing oxidative threat to ovaries 

during the inflammation process. Further investigations aimed 

to study the direct mechanisms of sirtuins modulators 

prevention the oxidative threat are needed with the subsequent 

development of the abovementioned threat prevention. 
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