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Abstract 
 
Background: In this study we aimed to investigate the distribution and expression level of pro and anti-apop-
totic proteins, Bax and Bcl-2, in different developmental stages of ovarian follicles and any relations between 
these proteins and follicle atresia. 
Materials and Methods: For that purpose, bilateral 16 ovaries of adult 8 mice were received and the tissues 
were fixed in 10% neutral buffered formalin. Routine tissue processing protocol was performed and the sam-
ples were embedded into paraffin blocks. Five µm thick sections were received and the tissue sections were 
stained with Bax and Bcl-2 immunohistochemistry. The ovarian follicles were classified as primordial, primary, 
secondary and antral. Distribution and expression levels of Bax and Bcl-2 were evaluated among and within 
the developmental stages. The expression levels of Bax and Bcl-2 were also compared with atretic follicle ratio. 
Results: Immunopositivity of Bax and Bcl-2 were observed in ovarian stromal cells, granulosa, oocytes, and 
lutheal cells in a varying range. Despite of some immunpositivity, most of the primordial and primary follicle 
granulosa cells and oocytes were negative for these apoptosis regulator proteins. The intensity of immuno-
positivity increased at the farther developmental process in follicles. In addition, the immunoexpression level 
significantly increased just with the beginning of the secondary follicular stage and the expression levels were 
the most intense in antral follicles. Furthermore, some of the antral follicles were intense Bax positive which 
were observed with atretic follicle morphology. 
Conclusions: Bax and Bcl-2 are crucial regulators in ovarian follicle development. Although Bcl-2 contributes 
on follicular development, correlation analyses of this study indicated that Bax is a stronger decision marker 
than Bcl-2 for the fate of ovarian follicle. 
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 ÖZ. 
 
Amaç: Bu çalışmada, farklı gelişimsel evredeki ovaryum foliküllerinde Bax ve Bcl-2 ekspresyon düzeylerini ve 
bu proteinlerle folikül atrezisi arasındaki ilişkiyi araştırmayı amaçladık. 
Materyal ve Metod: Bu amaçla 8 fareye ait bilateral toplam 16 ovaryum toplandı ve dokular 10%’luk tampon-
lanmış formalin içerisinde fikse edildi. Dokulara rutin doku takibi protokolü uygulandı ve örnekler parafin blok-
lara gömüldü. Parafin bloklara gömülü doku örneklerinden alınan 5 µm kalınlığındaki kesitler Bax ve Bcl-2 im-
munohistokimya boyandı. Ovaryum folikülleri primordiyal, primer, sekonder ve antral şeklinde sınıflandırıldı. 
Gelişim aşamalarının içinde ve aşamalar arasındaki Bax ve Bcl-2 dağılımı ve ekspresyon düzeyi değerlendirildi. 
Ekspresyon düzeyleri aynı zamanda folikül atrezisi ile kıyaslandı. 
Bulgular: Ovaryum stroma hücrelerinde, granuloza, oosit ve luteal hücrelerde Bax ve Bcl-2 immunopozitivitesi 
değişen oranlarda izlendi. Yer yer gözlenen immunopozitiviteye karşın, primordiyal ve primer folikül granuloza 
hücreleri ve oositleri büyük bir oranda apoptozis düzenleyici proteinler yönünden negatifti. İmmunopozitivite 
yoğunluğu ileri gelişim dönemlerinde artış eğilimindeydi. Ayrıca, immunoekspresyon düzeyi sekonder foliküler 
aşamadan sonra önemli bir artış gösteriyordu ve antral foliküllerde en yüksek düzeyde ekspresyon yoğunluğu 
izlendi. Dahası bazı antral foliküllerdeki yoğun Bax pozitifliğine atretik folikül morfolojisi eşlik etmekteydi. 
Sonuç: Bax ve Bcl-2 ovaryum folikül gelişiminin önemli düzenleyicileridir. Her ne kadar Bcl-2 gelişim sürecinde 
etkili olsa da, korelasyon analizleri Bax’ın folikül atrezi veya gelişim kararını vermede Bcl-2’den daha güçlü 
olduğunu göstermiştir. 
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Introduction 
Due to having functions such as hormone secretion and ex-
pelling oocyte, the ovaries are considered as both endo-
crine and exocrine organs (1). Females born with approxi-
mately 2 million primordial follicles and the follicles keep 
dormant until puberty with the contribution of Anti-Müller-
ian hormone and phosphatidylinositol 3-kinase/protein ki-
nase B (PI3K/Akt) signaling pathway (2, 3). Each month dur-
ing the reproductive lifespan one of these follicles reaches 
to the end of the developmental stages, the ovulation. In 
literature, the follicles are divided into three groups accord-
ing to their gonadotropin dependency. The first and the 
second groups are partially gonadotropin independent, but 
the third group contains follicle recruitment, selection, and 
ovulation under the regulation of gonadotropins, follicle-
stimulating hormone and luteinizing hormone). In recent 
years it was identified that intra-ovarian paracrine and au-
tocrine regulators (cytokines, growth factors etc.) are con-
tributing on follicular development or elimination (4-6). Be-
side of the selected dominant follicle, rest of the simultane-
ously growing follicles undergo follicle atresia with pro-
grammed cell death (7). Programmed cell death (apoptosis) 
is a cellular death process which is controlled by the cell it-
self, unlike the uncontrolled cell death in necrosis. Apopto-
sis is regulated by involvement of numerous genes, some 
of which regulate cell vitality and proliferation, but the oth-
ers activate apoptosis or the other sub-types of pro-
grammed cell death (pyroptosis or autophagy) (8, 9). The 
most well identified apoptotic cell death processes are ar-
ranged by intrinsic (mitochondrial) and extrinsic (receptor-
mediated) signaling pathways. The key regulators of intrin-
sic apoptotic signaling pathway are Bcl2 associated X (Bax) 
and B-cell lymphoma 2 (Bcl-2) proteins which are two mem-
bers of Bcl-2 superfamily (10). Bax and Bcl-2 are classified 
in pro-apoptotic and anti-apoptotic protein groups respec-
tively. Even though, the current literature provides infor-
mation on the relationship between apoptosis and the fol-
licle atresia, the underlying mechanism hasn’t been fully 
defined yet. For that reason we aimed to investigate the 
distribution and expression levels of Bax and Bcl-2, in dis-
tinct developmental stages and atretic ovarian follicles. 
 
Materials and Methods 
Experimental design and tissue processing 
All experimental procedures of this study were performed 
with the approval of Experimental Animal Ethics Commit-
tee of Adana Veterinary Control Institute (approval no: 
2021-1/522). Ovaries of 8 mice were bilaterally obtained 
and totally 16 ovaries were fixed in 10% formalin. The fixed 
tissue samples were washed under tap water and dehy-
drated through increasing alcohol series. The samples were 
cleared in two series of Xylene and embedded into paraffin 
blocks.  
Five µm thick sections were obtained from paraffin blocks 
with a rotary microtome and immunohistochemistry of Bax 
and Bcl-2 performed. 

 
Immunohistrochemistry  
Tissue sections were deparaffinized in two series of Xylene 
and re-hydrated through decreasing alcohol concentration 
series for 5 minutes in each. The samples rinsed in distilled 
water and brought to the phosphate buffered saline (PBS). 
Aldehyde bindings between the epitopes of antigens were 
removed with the antigen retrieval process which is per-
formed in citrate buffer (pH 6.0) on a hot plate. Tissue sec-
tions were cooled to the room temperature and rinsed in 
two series of PBS. Endogenous peroxidase activity was 
blocked with incubating the samples in 3% H2O2 that dis-
solved in methanol. Non-specific binding of antibodies was 
blocked via incubating the samples with Ultra V Block 
(Thermo Scientific, Waltham, MA, USA. cat no: TP-125-UB) 
at room temperature for 7 minutes. After blocking steps, 
1:300 diluted antibodies of Bax (Santa Cruz Biotechnology, 
Dallas, Texas, USA. cat no: sc-7480) and Bcl-2 (Santa Cruz 
Biotechnology, Dallas, Texas, USA. cat no: sc-7382) were 
dropped on the sections. Antibody incubation performed in 
a humidified chamber at +4°C for overnight. The subse-
quent steps of the immunohistochemistry were performed 
with a ready to use kit of UltraVision Plus Large Volume De-
tection System Anti-Polyvalent, HRP (Thermo Scientific, 
Waltham, MA, USA. cat no: TP-125-HL) and all steps were 
performed according to the manufacturer’s instructions. 
3,3'-Diaminobenzidine (DAB) chromogen used for the de-
velopment of signals and the reaction monitored under a 
light microscope. Sections were counter stained with he-
matoxylin and mounted with entellan. Immunohistochem-
istry stained sections were visualized under a camera at-
tached light microscope (Carl Zeiss Microscopy, GmbH, 
Germany) and the micrographs were captured. 
 
Classification of the ovarian follicles 
The ovarian follicles were classified as primordial, primary, 
secondary and antral. The classification performed with the 
criteria of Sonigo et al. as identified previously (11). The fol-
licles were considered as primordial if surrounded by single 
layer flattened granulosa cells, and the follicles were pri-
mary if the flattened granulosa cells were transformed into 
cuboidal shape. When the granulosa cells were with two or 
more layer then the follicles were considered as secondary. 
The follicles with multi layered granulosa cells were classi-
fied as antral if an obvious antral cavity observed. Besides 
of the developmental classification, the ovarian follicles 
were classified as atretic or developing depend on the nu-
clei shape. The follicles were accepted as atretic if granu-
losa nuclei and/or the oocyte nuclei were pyknotic. In other 
cases follicles were accepted as healthy and developing. 
 
Quantification of immunohistochemistry 
The immunohistochemistry samples were scored with h 
score intensity. Scoring performed with the criteria as fol-
lows; granulosa cells and oocyte were totally negative (0), 
mild immunopositivity in granulosa cells and oocyte (1), 
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immunopositivity in granulosa cells and low or mild im-
munopositivity in oocyte (2), dense immunopositivity in 
granulosa and mild or dense positivity in oocyte (3). Ran-
domly selected 14 follicles of each developmental stage 
were analyzed under criteria as described above. The ob-
tained scores were recorded and besides the distinct Bax 
and Bcl-2 scoring, Bax/Bcl-2 ratio was manually calculated. 
When the score were 0 for both Bax and Bcl-2 the ratio ac-
cepted as null. All obtained data were analyzed statistically. 
 
Statistical analyses 
Due to limited sample size it was determined to use non-
parametric Kruskal Wallis test to perform statistical anal-
yses. Multiple comparisons performed with Tamhane’s T2 
test. The correlations among the Bax/Bcl-2 ration, Bax ex-
pression level, Bcl-2 expression level, and follicle atresia 
were considered with one-tailed Sperman's Correlation 
analysis. Results were expressed as mean ± SD and p < 0.05 
considered as significant. 
 
Results  
Immunohistochemistry results 
Representative micrographs of Bax and Bcl-2 immunohisto-
chemistry were shown in Figure 1 and 2. 
 

 
Figure 1. Bax immunohistochemistry in ovarian follicles. a & b; 
Immunonegative or very low immunoexpression of Bax in granu-
losa cells of primordial (arrow head) and primary (arrow) follicles. 
A secondary follicle with intense Bax positivity (triangle) that un-
dergoes to atresia as observed with pyknotic granulosa and oo-
cyte nuclei. c; Developing secondary (curved arrow) and antral 
(asterix) follicles with slight Bax immunopositivity. Dense Bax im-
munopositivity in germinal epithelium (double arrow). d; Atretic 
antral follicle with dense Bax immunopositivity (thick arrow). 
Staining: Bax immunohistochemistry. Bar: 50 µm. 
 
 Immunohistochemistry observations indicated that both 
Bax and Bcl-2 were expressed in ovarian tissue in a varying 
intensity. Positivity was observed in germinal epithelium, 
stromal cells, theca, and granulosa cells, even oocytes. Alt-
hough observed weak signaling, most of the primordial fol-
licle granulosa cells were immunonegative for both Bax and 
Bcl-2. Immunopositivity intensity of Bax increased with the 

formation of antral cavity, but increase in Bcl-2 expression 
was observed just after the primary/secondary phases and 
dramatically increase was observed in antral follicles. In ad-
dition we observed increased Bax positivity in granulosa 
cells of some antral follicles. In some follicles, the granulosa 
cells were observed with pyknotic nuclei and dense Bax im-
munopositivity. Bax intensity in these follicles indicated the 
relationship between increased Bax expression and follicle 
cell nuclei pyknosis. When we consider theca cells, the fol-
licles with less Bax immunopositivty were observed with 
low theca immunopositivity.  
 

 
 
Figure 2. Bcl immunohistrochemistry in ovarian follicles. a; Low 
immunoexpression in primordial follicle granulosa cells (arrow). b; 
Slight immunopositivity in primary and dense immunopositivity in  
antral follicle granulosa cells (curved arrow). c; Mild immunoposi-
tivity in secondary (thick arrow) follicle and antral follicle with pyk-
notic granulosa cell nuclei (triangle). d; Dense immunpositivity in 
antral follicle (asterix). Staining: Bcl-2 immunohistochemistry. 
Bar: 50 µm. 
 
Statistical analyses results 
Bax and Bcl-2 immunoexpression scores were the lowest in 
primordial follicles when compared with the other follicle 
phases. During follicle development, the Bax expression in-
tensity hasn’t changed until the antral phase, but Bax ex-
pression score of antral follicle was significantly higher than 
primordial and primary follicles (p < 0.01). However, the in-
crease in Bcl-2 immunoexpression level was observed at 
earlier stages of follicular development. Increased expres-
sion score in secondary phase was significantly different 
than primordial follicle phase (p < 0.01) but it was similar to 
the primary stage (p > 0.05). The score result of Bcl-2 in pri-
mary follicle was similar (p > 0.05) to the both primordial 
and secondary follicles. The scoring result of secondary fol-
licles was similar (p > 0.05) to the primary and antral 
phases, but antral follicle score was significantly higher 
than primordial and primary follicles (p < 0.01). 
Bax/Bcl-2 ratio in primordial, primary and secondary folli-
cles was similar (p > 0.05). The ratio in antral follicles was 
the highest but there weren’t any significantly difference (p 
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> 0.05) among the antral, secondary and primary follicles. 
The difference between primordial and antral follicles for 
Bax/Bcl-2 ratio was significantly different (p < 0.05) (Table 
1). When we consider relationship among Bax/Bcl-2 ratio, 
Bax expression level and Bcl-2 expression with follicle 

atresia, there was a significant correlation (p < 0.01). Fur-
thermore, correlation analyses indicated that the correla-
tion between Bax and follicle atresia was stronger than Bcl-
2 and follicle atresia. Results of the correlation coefficient 
analyses were shown in Table 2. 

 
Table 1. Statistical results of immunohistochemistry analyses. Different superscripts on each data demonstrate signif-
icantly difference between groups  

Bax 0.50 ± 0.76a 0.79 ± 0.80a 1.07 ± 0.73ab 1.86 ± 0.77b 
     
Bcl-2 0.43 ± 0.65c 0.86 ± 0.86cd 1.43 ± 0.51de 2.00 ± 0.68e 
     
Bax/Bcl-2 ratio 0.29 ± 0.61f 0.39 ± 0.59fg 0.82 ± 0.64fg 1.12 ± 0.78g 

. a-b p < 0.01, c-de p < 0.01, c-e p < 0.01, cd-e p < 0.01, f-g p < 0.05. 
 
Table 2. Spearman correlations coefficients among Bax, Bcl-2 scores, Bax/Bcl-2 ratio, and the follicle atresia analyses 

Bax expression - .551** .854** .777** 
Bcl-2 expression .551** - .483** .267* 
Bax/Bcl-2 ratio .854** .483** - .669** 
Follicle atresia .777** .267* .669** - 

*Correlation is significant at the 0.05 level (1-tailed), **Correlation is significant at the 0.01 level (1-tailed) 
 
Discussion 
Folliculogenesis is a complicated cyclic developmental pro-
cess of reserve primordial follicles to primary, secondary 
and antral follicle phases respectively which is regulated by 
pituitary gonadotropins and intra-ovarian paracrine regula-
tors (12). Follicles either develop until ovulation or regress 
with a controlled regulatory process of atresia and approx-
imately 99.99% of the developing follicles are eliminated in 
a female reproductive lifespan (13). The fetal precursors of 
oocytes are the germ cells and the total number of germ 
cells reaches to maximum number 4-5 months after con-
ception, and apoptotic oocyte precursors can be detect at 
13th week of gestation (14, 15). Previously published re-
searches indicated that granulosa cells of atretic follicles 
are overexpressing Fas receptor (16). Overexpression of Fas 
is probably a cellular response to Fas ligand (FasL) thus in-
duction of extrinsic apoptotic signaling pathway. Fas/FasL 
knock out animal studies indicated involvement of extrinsic 
apoptotic signaling pathway in follicular elimination pro-
cess during ovarian cycle. Also it has been reported that 
Fas/FasL deficiency results with increase in number of ab-
normal secondary follicles (17). These findings confirm con-
tribution of apoptosis during follicle atresia. In addition, Fas 
and FasL regulated extrinsic apoptosis was also identified in 
luteolysis (18). In literature review we reached very limited 
studies that are investigating the relationship between fol-
licle atresia and intrinsic apoptotic regulators. However, in 
one of these Gursoy et al. investigated the distribution and 
expression levels of Bax and Bcl-2 in non-atretic rat ovarian 
follicles of newborn, one month old and adult rats (19). Re-
sults of this study indicated that both of the Bax and Bcl-2 
were not expressed in oocytes and granulosa cells of pri-
mordial follicles. The authors also reported a linear increase 
in Bax and Bcl-2 expression at granulosa cells and oocytes 
during developmental stages. When we compare results of  

 
this study we observed some similarity but our results not 
only demonstrating expression and the distribution of Bax 
and Bcl-2 in developing healthy follicles but also indicate 
possible contribution of intrinsic apoptotic regulators dur-
ing follicular atresia. One of the most similarities between 
two studies is negative or slight expression of both Bax and 
Bcl-2 at the granulosa and oocytes in the primordial folli-
cles. Our results also confirm increase in expression during 
follicular development process in healthy follicles. Further-
more, we have observed that besides of follicle develop-
ment increased Bax and Bcl-2 has correlation with follicle 
atresia. The correlation between Bax expression and follicle 
atresia was stronger than the correlation between Bcl-2 ex-
pression and follicle atresia. For that reason we believe that 
both of the Bax and Bcl-2 expression is a crucial checkpoint 
for follicle atresia, but the Bax determines the fate of folli-
cle. 
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