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Abstract 
Background: Endometriomas are cysts caused by 

endometriosis that can impair ovarian function and 

fertility. Anti-Müllerian hormone (AMH) is an important 

marker for ovarian reserve. This study aimed to determine 

the optimal timing of operative management for 

endometrioma by evaluating the impact of cyst size on 

ovarian tissue damage and hormone levels. Methods: The 

study included 32 endometrioma patients who underwent 

laparoscopic cystectomy between February 2018 and 

December 2019 at Women and Children’s YPK Hospital, 

Jakarta. Patient characteristics were recorded, including 

age, parity, BMI, and cyst diameter. Serum AMH levels 

were measured using ELISA before and one month after 

cystectomy. Immunohistochemical examination assessed 

apoptotic factor gene expression on the inner surface 

epithelium of endometriomas. Results: AMH levels 

declined post-cystectomy in both endometriomas ≤4 cm 

and >4 cm, with significant differences in the latter group. 

Additionally, there was increased Bax expression in >4 cm 

endometriomas. Correlation tests revealed a strong 

positive relationship between TNFR1 and Caspase-3 in  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

both groups. Multivariate analysis suggested a connection 

between apoptotic factor gene expression and reduced 

AMH levels. Conclusion: TNF-α appears to initiate 

apoptosis in endometriomas through the intrinsic 

pathway. It is advisable to perform endometrioma surgery 

when the diameter is ≤4 cm and before the age of 30 to 

achieve optimal outcomes. 

Keywords: AMH, apoptosis, caspase-3, caspase-8, caspase-9, gene 

expression, endometrioma, intrinsic pathway, P53, Bcl-2/Bax ratio, 

cytokine TNF-α. 
 

 

Introduction 

Endometriosis, a medical disorder characterized by the growth of 
endometrial tissue outside the uterus, causes an endometrioma, an 
ovarian cyst. Endometriomas, also known as brown cysts, are cysts 
in the ovaries that contain menstrual blood or endometrial tissue 
(Benagiano et al. 2016). Endometriosis, a disorder characterized by 
the growth of endometrial tissue outside the uterus, is the primary 
cause of endometriomas. The World Health Organization (WHO) 
aims to advocate for and support the adoption of effective strategies 
and measures to tackle endometriosis worldwide, with a specific 
emphasis on low- and middle-income nations. WHO (2023), will 
work together with a range of partners, such as educational 
institutions, non-state organizations, and other research-focused 
groups, to identify effective approaches for preventing, diagnosing, 
treating,   and   providing   care   for   endometriosis.  Roughly  10% 
  
 
 
 
 
 
 
 
 
 

Significance | Early laparoscopic cystectomy for endometriomas, 
especially before 4 cm diameter, preserves ovarian function, preventing 
significant AMH decline and reducing long-term fertility risks. 
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Endometriosis and endometriomas, prevalent disorders globally, 
affect approximately 10% of women in their reproductive years 
(Cardoso 2020).  cystectomy is a frequently used surgical technique 
in gynecology (Brilhante et al. 2017). The consequences of ovarian 
tissue damage resulting from endometrioma cystectomy might be 
substantial, particularly for women desiring to conceive (Vercellini 
et al. 2014). Endometriosis, as described by Ballard et al. (2008), is a 
prevalent condition where endometrial glands grow outside the 
uterus, leading to potential health concerns and a detrimental 
impact on the patient's lifestyle. The primary symptoms linked to 
this uterine-infiltrating ailment include intense pain, which can 
significantly affect specific patients, as well as the inability to 
conceive (Abrao, Muzii, and Marana 2013). Dysmenorrhea, 
dyspareunia, low back pain, tenesmus, painful bowel movements, 
pelvic pain that persists, and urinary dysfunction are among the 
common complaints (Andres 2014). 
Endometriomas are ovarian cysts caused by endometriosis. These 
cysts account for roughly 17–44% of all cases of endometriosis. 
Endometriomas induce pain and infertility by inflicting harm on 
the adjacent ovarian tissue (Brosens et al. 2013; Fassbender et al. 
2015). Drug administration alone is ineffective in treating 
endometrioma; hence, cystectomy surgery is necessary. However, 
the use of cystectomy surgery is still a topic of debate (Garcia-
Velasco and Somigliana 2009; Kitajima et al. 2014; Margarida 2017). 
Cystectomy can result in the extraction of viable ovarian tissue, as 
well as a reduction in ovarian reserve (Barnhart, Dunsmoor-Su, and 
Coutifaris 2002; Raffi, Shaw, and Amer 2012; Yeung et al. 2011). In 
order to assess the decline in ovarian reserve, the levels of anti-
mullerian hormone (AMH) are evaluated (Brosens et al. 2014; 
Gardner 2011; Keyhan et al. 2015; Obstet et al. 2016). The diameter 
of an endometrioma increases, leading to a drop in the value of anti-
Müllerian hormone (AMH). The AMH value will also decrease if 
the endometrioma remains untreated surgically (Carnahan et al. 
2013; Chen et al. 2014). Postponing surgery exacerbates ovarian 
harm (Chen et al. 2014; Gordts et al. 2015; Rosen et al. 2012). 71–
83% of recurring cases detect endometriosis advancement during a 
second laparoscopy (Fassbender et al. 2015; Keyhan et al. 2015). 
Brosens et al. (2014), Kitajima et al. (2011), Obstet et al. (2016), it is 
necessary to remove tumor tissue in order to safeguard ovarian 
reserve. This should be done early, before the tumor reaches a size 
of 4 cm. Endometriosis causes the initiation of inflammatory 
responses in the abdominal cavity, which negatively impact the 
quality and quantity of oocytes. These effects are further intensified 
by the presence of endometriomas. Endometriomas serve as an 
indicator of the extent of endometriosis disease (Briley et al. 2016; 
Matsuzaki 2010). According to Gupta et al. (2008), endometriosis 
patches in the peritoneal area affect 99% of instances with an 
established endometrioma, impairing the patient's ability to 
become pregnant. It has been mentioned by various researchers 

(Brosens et al. 2004; Foti et al. 2018; Koninckx et al. 2021) in their 
studies.  
The peritoneal fluid of patients with endometriosis has a higher 
concentration of macrophages. 22 A measure of inflammation, 
tumor necrosis factor alpha (TNF-α), is produced by macrophages. 
Patients with endometrioma exhibit a significant presence of TNF-
α in their blood, peritoneum, and endometrioma fluid, along with 
other harmful chemicals. Toxic substances cause harm to the 
surrounding healthy tissue of the ovary, resulting in fibrosis. This, 
in turn, leads to a decrease in the density of follicles (Isono et al. 
2019; Somigliana et al. 2012; Sugita et al. 2013). It is important to 
understand the function of TNF-α in regulating the damage to 
healthy ovarian tissue surrounding endometrioma. An 
investigation was conducted to examine the TNF-α receptors 
present on the surface of endometrioma epithelial cells. We can 
assess epithelial damage, which acts as a natural protective barrier, 
by examining the expression of specific genes involved in apoptosis. 
We can determine apoptosis, a form of programmed cell death, by 
comparing the levels of Bax expression, a pro-apoptotic factor, to 
the expression of Bcl-2, an anti-apoptotic factor, and by measuring 
caspase-3 activity, which executes cell death (Obstet et al. 2016; 
Sugita et al. 2013). In endometrioma patients, it is possible to 
prevent harm to ovarian tissue by removing the cyst and its 
protective capsule from the ovarian tissue as soon as possible with 
a cystectomy (Canis et al. 2001; Celik et al. 2012). This procedure 
can lead to the excision of healthy tissue surrounding the 
endometrioma, resulting in the depletion of follicles (Raffi et al. 
2012). Granulosa cells in ovarian follicles synthesize Anti-Müllerian 
hormone (AMH). A reduction in AMH levels might serve as an 
indicator of the remaining egg supply in the ovaries, also known as 
the ovarian reserve (Iwase et al. 2010; Somigliana et al. 2012; Sugita 
et al. 2013). The European Society of Human Reproduction and 
Embryology, or ESHRE, suggests doing laparoscopic cystectomy 
for endometriomas in cysts that are equal to or larger than 3 cm. 
Identifying an endometrioma already damages the adjacent healthy 
tissue, and delaying the cystectomy will worsen the condition of the 
surrounding healthy tissue (Matsuzaki 2010). Nevertheless, the 
intensity of discomfort does not correlate with the extent of ovarian 
injury (Porpora et al. 1999; Shi et al. 2011). As a result, cystectomy 
is recommended for endometrioma patients who do not experience 
pain. The impact of early cystectomy on ovarian reserve before the 
endometrioma reaches a size of 3 or 4 cm is currently uncertain in 
terms of its benefits or drawbacks. Furthermore, it remains unclear 
how much the endometrioma has affected the healthy tissue 
surrounding it before its diameter grows to 3 or 4 cm, particularly 
in terms of ovarian tissue apoptotic factor expression (Bast 2011; 
Miller, Samec, and Alexander-Bryant 2021; Vercellini et al. 2018). 
We must decide when to perform a cystectomy. 
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The objective of this study is to establish the best time for a 
cystectomy while maintaining ovarian reserve by analyzing the 
damage to ovarian tissue in endometriomas with dimensions of < 4 
cm and > 4 cm. The research aims to provide evidence for the 
benefits of early surgical intervention by comparing AMH values 
and the expression of apoptotic genes (p53, Bcl-2, Bax, caspase-8, 
caspase-9, caspase-3, and TNF-α receptor) before and after 
cystectomy. Because the results may improve ovarian reserve 
protection in endometrioma-affected women, lowering the chance 
of infertility, they will have important socioeconomic ramifications. 
Theoretical implications include a more profound understanding 
of the relationship between the growth of endometriomas and the 
harm inflicted on ovarian tissue, facilitated by apoptotic pathways. 
The study also seeks to innovate by identifying biomarkers that 
might predict the optimal timing for cystectomy, which could 
potentially result in more personalized and efficient treatment 
approaches for individuals with endometrioma. 
 
Material and methods 
Research Sample 
This quasi-experimental study was conducted to evaluate the 
impact of laparoscopic cystectomy on serum Anti-Müllerian 
Hormone (AMH) levels in patients with endometrioma. The study 
was performed at RSIA YPK Jakarta and RSIA Bunda Jakarta from 
February 2018 to December 2019. A total of 44 patients were 
initially recruited, but only 32 subjects met the inclusion criteria 
and completed the study. Inclusion criteria were women aged 18 to 
45 years with endometriomas ≤7 cm in diameter and ≤2 cysts, 
regular menstrual cycles, no hormonal treatment or contraceptive 
use for three months prior, and no pregnancy or history of 
recurrent miscarriages. Exclusion criteria included patients with 
malignancies, previous ovarian surgeries, smoking within six 
months, or endocrine disorders. AMH levels were measured before 
and one month after surgery. Non-probability consecutive 
sampling was employed to select participants. The sample size was 
calculated using a standard formula with α=5%, β=20%, standard 
deviation of AMH (s=0.25), and a clinically significant difference 
(Δ=15%), resulting in a minimum of 16 subjects per group, with a 
final sample size of 32 accounting for a 10% dropout rate. This 
methodological approach ensures the reliability and validity of the 
findings regarding the effect of cystectomy on ovarian reserve as 
indicated by AMH levels. 
 
Research Variables and Operational Definition 
The independent variable in this study is the size of the 
endometrioma, while the dependent variables include AMH levels, 
and the expression of p53, Bcl-2, Bax, caspase-3, caspase-8, caspase-
9, and TNFR-1. The operational definitions for these variables are 
as follows: Endometrioma size is measured via two-dimensional 

ultrasound by a specialist, with the result recorded in centimeters 
(Nominal). The expressions of p53, Bcl-2, Bax, caspase-3, caspase-
8, caspase-9, and TNFR-1 are assessed through 
immunohistochemistry (IHC) by comparing the epithelial cell 
responses to negative controls, indicating cellular damage, survival, 
apoptosis initiation, and TNF-α induced apoptosis, respectively 
(Ordinal). AMH levels, before and one month after surgery, are 
measured using ELISA to evaluate ovarian reserve (Ordinal). The 
difference in AMH levels pre- and post-operation is calculated to 
observe changes in ovarian reserve (Ordinal). The AMH 
normogram is referenced from the Yasmin Clinic 2011 data to 
determine normal blood levels based on age (Ordinal). These 
precise measurements and definitions ensure accurate evaluation of 
the study's outcomes related to endometrioma impact and surgical 
effects on ovarian function. 
 
Observation Research Methods 
The preparation phase included drafting the research proposal and 
obtaining ethical approval and permissions for the study at RSIA 
Bunda and RSIA YPK Mandiri Jakarta. The study involved 
experienced and trained healthcare professionals, including doctors 
and nurses, who managed patients with endometrioma and 
performed laparoscopic cystectomy procedures. The researcher, 
with the help of these professionals, observed and recorded relevant 
patient data. Laboratory staff were responsible for blood sample 
collection and immunohistochemistry (IHC) analysis, while a 
pathology expert assisted in reading and documenting the IHC 
results. The laboratory staff also prepared materials to measure the 
expression of p53, Bcl-2, Bax, caspase-3, caspase-8, caspase-9, and 
TNFR-1, and conducted AMH testing. 
Subjects were consecutively selected based on inclusion and 
exclusion criteria. Blood samples were drawn from the antecubital 
vein to measure preoperative AMH levels. Endometrioma capsule 
tissue samples were obtained via stripping during cystectomy and 
immediately transported fresh to the Anatomical Pathology 
Laboratory for paraffin block preparation and histopathological 
examination. IHC staining was performed, and the expression of 
p53, Bcl-2, Bax, caspase-3, caspase-8, caspase-9, and TNFR-1 was 
evaluated by three doctors: a general practitioner (research 
assistant), the primary researcher, and an anatomical pathology 
expert. The staining was assessed using an Olympus CX 21 light 
microscope, and results were documented with a Nikon Eclipse E 
200 and Indomicro camera. Each variable's immunoexpression was 
quantified using the histoscore (H-score) formula; 
H-score=∑(i×Pi) (1) 
Where 𝑖𝑖i is the staining intensity score and 𝑃𝑃𝑃𝑃Pi is the percentage of 
cells with positive staining. The epithelial cells were examined at 
three fields of view at 400x magnification. Staining intensity was 
categorized as weak (1), moderate (2), or strong (3), and 
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percentages of positive cells were scored as 1 (< 20%), 2 (20–50%), 
3 (50–80%), or 4 (> 80%). IHC expression was considered weak if 
the H-score was < 6 and strong if the H-score was > 6, based on the 
receiver operating characteristic (ROC) curve. One month post-
surgery, another blood sample was taken from the antecubital vein 
to measure postoperative AMH levels, which are expected to 
increase after six months. The initial blood sample was collected just 
before entering the operating room. 
Data Management and Analytics 
The collected data were processed comprehensively. Data entry was 
performed using SPSS version 20, including sample characteristics 
and the expression levels of p53, Bcl-2, Bax, caspase-3, caspase-8, 
caspase-9, TNFR-1, and AMH values before and after surgery. Each 
data point was coded according to the endometrioma size groups 
(≤ 4 cm and > 4 cm) and entered into tables categorized 
accordingly. Rows represented the expression levels and AMH 
values, while columns denoted the endometrioma size groups. 
Univariate analysis was conducted to describe the characteristics of 
the variables in frequency distribution form. For numerical data, 
mean and standard deviation were used for normally distributed 
data, while median and range were applied for non-normally 
distributed data. The Kolmogorov-Smirnov test was used to assess 
the normality of numerical data distribution. Bivariate analysis 
examined the relationships between the expression levels of p53, 
Bcl-2, Bax, caspase-3, caspase-8, caspase-9, TNFR-1, and 
endometrioma size. It also explored the relationship between the 
change in AMH values before and after surgery and endometrioma 
size, as well as changes in preoperative AMH values against age-
adjusted AMH normograms. Independent t-tests were used for 
normally distributed data and Mann-Whitney tests for non-
normally distributed data. Bivariate analysis also assessed the 
relationship between preoperative and postoperative AMH values 
within each endometrioma size group, using paired t-tests for 
normally distributed data and Wilcoxon-signed rank tests for non-
normally distributed data. Correlation tests determined the 
relationships between the expression levels of p53, Bcl-2, Bax, 
caspase-3, caspase-8, caspase-9, TNFR-1, and AMH values before 
and after surgery. Multivariate analysis was performed to ascertain 
the direction and strength of the relationships between the 
expression levels of p53, Bcl-2, Bax, caspase-3, caspase-8, caspase-9, 
TNFR-1, and postoperative AMH values. Linear regression was 
applied to significant variables (p < 0.2) assuming normal, linear, 
and homogeneous data distributions. A significance level of α = 0.05 
was used, with p-values < 0.05 considered statistically significant. 
The study was conducted after receiving ethical approval from the 
Ethics Committee of the Faculty of Medicine, University of 
Indonesia. Blood samples were taken from patients before and after 
surgery, and tissue samples were obtained during the removal of the 
endometrioma capsule and accompanying healthy tissue. All 

samples and blood materials were recorded and numbered 
systematically. All procedures were carried out with the knowledge 
and consent of the patients or their families, documented in the 
medical records. 
 
Results 
Table 1. shows that in the paired t test there is no significant 
difference in the decrease in AMH values in endometriomas with a 
diameter of ≤ 4 cm. In endometriomas with a diameter of > 4 cm, 
analysis with a paired t test found a significant difference indicating 
that AMH values were associated with surgery. 
Comparison of Delta AMH in the Endometrioma Group 
In Table 2. It can be seen that the difference in the decrease in AMH 
(delta AMH) before cystectomy with normogram values in groups 
≤ 4 cm and > 4 cm (delta AMH 2) unpaired t test does not show 
significant differences. In both endometrioma groups, there was 
also no significant difference in the decrease in AMH before and 
after cystectomy (delta AMH 1). 
Comparison of Delta AMH in Age Groups 
To determine the difference in AMH difference before and after 
surgery (delta AMH 1) in endometriomas ≤ 4 cm based on age, an 
unpaired t test was conducted and the results showed no significant 
difference. The difference between preoperative AMH and normal 
values in endometriomas ≤ 4 cm (delta AMH 2) was also not 
significantly different in both age groups (Table 3.). 
In Table 4. Statistical tests were conducted on the endometrioma > 
4 cm group in the age group (< 30 years and ≥ 30 years) on the 
difference between AMH before and after surgery (delta AMH 1), 
as well as the difference between AMH before surgery and normal 
values (delta AMH2). 
Statistical test Table 4., there was no significant difference in the 
decrease in AMH endometrioma > 4 cm (delta AMH 1) in both age 
groups. However, delta AMH 2 of the endometrioma > 4 cm group 
found a significant difference (p 0.028) in the age group. 
Comparison of TNF-α Receptor p53, Bcl-2 and Bax Expression 
In Table 5, with IHK examination, there was an increase in TNFR-
1 expression and an increase in diameter > 4 cm, but not significant. 
Statistical tests performed on both endometrioma diameter groups 
did not find significant differences in the expression of p53 and Bcl-
2. A significant increase in Bax expression (p 0.010) in the 
endometrioma > 4 cm group. Increased Bax expression illustrates 
heavier tissue damage in ovarian tissue with endometrioma 
diameter > 4 cm.  
In Table 6., immunohistochemical examination showed an increase 
in the expression of Caspase-8, Caspase-9, Caspase-3. Statistical 
tests performed on both endometrioma diameter groups found no 
significant differences in overall gene expression.  
Correlation of Apoptosis Factor Gene Expression and 
Endometrioma Diameter 
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In Table 7, the correlation test of Caspase-3 and Caspase-9 found a 
strong positive relationship (r 0.780 and r 0.653) and significant (p 
= 0.005 and p = 0.001, respectively) in both endometrioma groups 
(≤ 4 cm and > 4 cm), illustrating apoptosis takes place through the 
instrinsic pathway and apoptosis is strongly associated with both 
endometrioma groups. Moderate positive association of Caspase-9 
and p53 (r 0.594) and significant (p = 0.054) in endometriomas ≤ 4 
cm. Moderate positive association of Bax and p53 (0.508) was not 
significant (p = 0.111) in endometrioma ≤ 4 cm.  
In Table 7, the TNFR-1 and Caspase-3 correlation test found a very 
strong positive relationship (r 0.859) significant (p = 0.001) in 
endometrioma diameter ≤ 4 cm and moderate positive (r 0.425) 
significant (p = 0.055) in endometrioma diameter > 4 cm. The 
TNFR-1 and Caspase-9 correlation test found a strong positive 
relationship (r 0.747) significant (p = 0.008) in the endometrioma ≤ 
4 cm group and a moderate positive correlation (r 0.495) significant 
(p = 0.023) in the endometrioma diameter > 4 cm. Increased 
expression of TNFR-1 and p53, positively related moderate (r 
0.595) significant (p = 0.053) in endometrioma ≤ 4 cm and weakly 
positively related not significant (r 0.375 and p = 0.094) in 
endometrioma > 4 cm. 
Comparison of AMH, Apoptosis Factor Gene Expression and 
Endometrioma Diameter  
In Table 8., a comparison was made of AMH before and after 
cystectomy in both endometrioma groups. In AMH before 
cystectomy, there was no significant decrease in AMH in both 
endometrioma groups (≤ 4 cm and > 4 cm) although AMH was 
found to be lower in the endometrioma group > 4 cm. In Table 4.9, 
there was an increase in the expression of apoptotic factor genes in 
endometriomas > 4 cm except p53. A significant difference was 
found in the expression of Bax (p = 0.010). 
Comparison of AMH, Apoptosis Factor Gene Expression and Age 
Groups 
In Table 9, AMH before and after cystectomy was higher in the age 
group < 30 years compared to age ≥ 30 years but no significant 
difference was found. Comparison of apoptotic factor gene 
expression in both age groups (≥ 30 years and < 30 years) found no 
significant difference. Bax was found to be higher in the < 30 year 
old group but not significant. 
Expression of Bax, Caspase-9 and Diameter Increase 
In this study, it was found that the increase in diameter was followed 
by an increase in gene expression, especially Bax. Other parameters 
in the 3 cm cyst and 4-5 cm diameter cyst groups were also followed 
by an increase in gene expression except in the 6 cm diameter group 
where there was a downward trend. 
There was an increasing trend in Bax expression values with 
increasing cyst diameter, but not in the expression of other genes in 
the study. In other gene expressions, the increase occurred up to 
diameter 4-5 and decreased at diameter 6. 

Percentage of Positive Values of Apoptosis Factor Gene Expression 
In Figure 3, it appears that in this study all factors examined showed 
positive values or positive. 
CPI reactions with the lowest exposure presented by Caspase-8 at 
25% and the highest was Bax 97%. 
Figure 3. Percentage of Positive Values of Apoptosis Factor 
Expression 
In Table 10, the number of cysts and age were found to be weakly 
negative and not significant, as well as postoperative, there was a 
weak negative relationship not significant in more than one cyst and 
age after surgery. 
Table 10., Correlation between the number of cysts and age 
In Figure 4A, there is a decrease in AMH values from normal values 
with increasing age of endometrioma patients who have more than 
one cyst and AMH values lower than normal before surgery. 
Relationship between AMH-post Surgery and Age 
In Figure 4B., this study found a decrease in AMH as the number of 
cysts increase; 
In Figure 4C. it is found that the age of patients with endometrioma 
and more than one cyst will have a lower decrease in AMH value 
after surgery. The decrease in AMH value in cysts that are more 
than one is much lower. 
In Table 11, the correlation test found a positive association of 
decreased AMH values before surgery with apoptotic factor gene 
expression. Increased p53 expression was positively associated very 
strongly (r 0.895) and significantly (p < 0.001) with delta AMH-2 in 
the endometrioma ≤ 4 cm group. Increased expression of TNFR-1 
had a moderate positive relationship and was not significant with 
delta AMH-2 in the endometrioma ≤ 4 cm group. A moderate and 
significant positive relationship was found for Bax expression, in 
the endometrioma > 4 cm group. 
In multivariate analysis Table 12. it was found that the expression 
of apoptotic factors was significantly positively and strongly 
associated with a decrease in baseline AMH levels (before surgery) 
in the endometrioma ≤ 4 cm group (R2 = 0.918) and significantly 
positively and strongly associated with the > 4 cm group. 
Relationship between Apoptosis Factor and Delta AMH-1 Gene 
Expression 
In Table 13, the correlation test of AMH difference after before 
surgery in the endometrioma group > 4 cm, TNFR-1 expression was 
found to have a strong negative relationship (r -0.687) significant (p 
= 0.001) and a moderate negative relationship (-0.506) significant 
(p = 0.019) Bax expression.  
In Table 13. the endometrioma ≤ 4 cm group, TNFR-1 expression 
had a moderate negative relationship and was not significant. A 
strong negative relationship (r-0.654) significant (p = 0.029) was 
found in Caspase-9 expression, Caspase-3 expression (r -0.705 p = 
0.010) and p53 (r -0.738 p = 0.010). The expression of these 
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apoptotic factors illustrated a strong association with decreased 
AMH after surgery, except for Bcl-2. 
In Table 14, there was a very strong relationship (R2 0.957) of 
apoptosis factor gene expression to AMH values after surgery in the 
endometrioma ≤ 4 cm group. There was a moderate positive 
association (R2 0.405) in the endometrioma > 4 cm group in the 
decrease of AMH after surgery. 
In this study, the gene expression of apoptotic factors was examined 
by means of IHK to see the role of pro-inflammatory TNF-𝛼𝛼 
inducing cell apoptosis in ovarian tissue damage. TNFR-1 
expression was found to be 47% strong intensity, Caspase-8 strong 
intensity 25%, p53 expression strong intensity 66% and Bax 
expression strong intensity increased 97%. This increase in Bax 
expression was found in both groups of endometriomas ≤ 4 cm and 
> 4 cm. 
Bcl-2 expression (Figure 5A) was found in 48% of strong positive 
reactions and 97% % of cases were found in strong intensity Bax 
expression (Figure 5B). The normal ratio of cells in defending 
themselves from exposure is high anti-apoptotic (Bcl-2) and low 
pro apoptotic (Bax). Increased expression of Bax followed by high 
expression of Caspase-9 (85%) (Figure 5C) proves mitochondrial 
damage which shows a strong positive reaction and high expression 
of Caspase-3 (Figure 5D) (56%) as the executor of cell death 
indicates apoptosis occurs. 
Figure 5. Blue arrows indicate positive CPI values, black arrows 
indicate negative CPI values.  
 
Discussion 
Laparoscopic Cystectomy for Endometrioma 
This study divided the diameter of endometriomas into two groups, 
namely ≤ 4 cm and > 4 cm. This grouping refers to the HIFERI 
policy on the management of endometriosis pain with 
endometriomas. Currently, surgery is performed on large 
diameters. In accordance with Chen et al. (2014) Henes and Engler 
(2018) because AMH values decrease after 5 cm and 7 cm 
endometrioma diameter. In contrast to them, this study showed 
that the AMH value of endometriomas ≤ 4 cm had decreased before 
surgery. This proves that exposure to toxic substances damages 
healthy tissue since small diameters before reaching 4 cm (Rumph 
et al. 2020). In accordance with Feng, Gao, and Peng (2019), 
Kitajima et al. (2014), Matsuzaki (2010), reported high 8-
hydroxydeoxyguanosine as an indicator of DNA damage due to 
oxidative stress and the formation of fibrosis in the tissue around 
endometriomas as an indication of chronic inflammatory 
processes. It is necessary to perform small diameter surgery to avoid 
extensive fibrosis formation... 
In endometriomas ≤ 4 cm and > 4 cm, AMH values had decreased 
before surgery and worsened significantly after surgery in 
endometriomas > 4 cm. However, it was not significant in ≤ 4 cm. 

Endometriomas decrease ovarian reserve and the risk increases 
with increasing diameter. AMH values falling from normal 
preoperatively are in line with (Davies et al. 2019; Uncu et al. 2013). 
Delaying surgery is avoided because surgery of small 
endometriomas (≤ 4 cm) does not significantly reduce AMH values. 
Also to prevent worsening of ovarian reserve due to time, as well as 
when cystectomy of endometriomas > 4 cm. 
In this study, AMH values after and before surgery for 
endometriomas ≤ 4 cm did not differ significantly. In line with 
Brosens et al. (2014), early preventive measures are needed to 
maintain fertility. Endometrioma surgery ≤ 4 cm is recommended, 
because small endometriomas without surgery have reduced AMH 
values. According to Dr. Kasapoglu131, the rate of AMH decline 
was greater in endometriomas (26.4%) than in normal ovaries 
(7.4%). The rate of decline based on age in normal ovaries was 0.2 
ng/mL/year130. In line with Gordts (2017), loss of ovarian reserve 
in endometriomas < 4 cm coincides with fibrosis in the ovarian 
cortex. Therefore, early detection and removal of endometrioma 
toxic substances is necessary to minimize the risk of ovarian tissue 
damage with endometrioma surgery before it is > 4 cm in diameter. 
Endometrioma Diameter and Age 
When compared to unilateral endometriomas, large, bilateral 
endometriomas considerably lower AMH values. AMH readings 
were much lower in this study due to the age of the individuals and 
several endometriomas. Bilateral AMH readings were lower than 
unilateral AMH values both before and one month after surgery. 
According to research by Busacca and Vignali (2009), Hwu et al. 
(2011), Kitajima et al. (2011), the postoperative AMH value drop 
will depend on the cyst's width and bilaterality. Prior to surgery, the 
basal AMH value was low, which is a factor that exacerbates the fall 
in AMH value and should be taken seriously. In order to prevent 
harm early on and prevent the basal AMH value from worsening 
the postoperative AMH value, surgery should be performed before 
the diameter reaches 4 cm. 62% of the participants in this study had 
AMH readings that were below normal and that dramatically 
dropped following surgery for endometriomas larger than 4 cm. 
This shows the possibility of a significant drop in AMH values in 
the event that surgery is postponed. Large diameter surgery carries 
a higher risk of increased ovarian reserve depletion and decreased 
basal AMH levels. According to Chiu et al. (2022), there is a 
significant correlation between large endometriomas and the high 
incidence of recurrence following surgery. Surgery at small 
diameters is recommended because to the potential for greater loss 
of healthy tissue in larger diameters and the significance of the basal 
AMH value prior to surgery (Alammari, Lightfoot, and Hur 2017).  
In this study, 77% of the participants were older than 30, and 40% 
of the subjects had AMH values less than 1.4 ng/mL.  If the embryo 
transfer is done at a young age, Iwase et al. (2010), Shi et al. (2011) 
states that these low AMH values are strongly linked to the failure   
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Table 1. AMH Values Before and After Cystectomy in Endometriomas ≤ 4 cm and 
Endometrioma   Sebelum Sesudah p 
≤ 4 cm 2,393 (± 1,619) 1,752 (± 1,955) 0,083 
> 4 cm 1,656 (± 0,945) 1,276 (± 0,911) 0,023 

 
Table 2. Association of Delta AMH 1 and Delta AMH 2 with Endometrioma ≤ 4 cm versus > 4 cm 

Delta AMH ≤ 4 cm (n = 11) > 4 cm (n = 21) p 
Delta AMH 1 -1,029 (± 0,710) -0,599 (±0,854) 0,164 
Delta AMH 2 -0,971 (±1,951) -0,985 (±1,484) 0,982 

 
Table 3. Delta AMH in Endometrioma ≤ 4 cm by Age Group 

Delta AMH ≥ 30 tahun 
 (n = 7) 

< 30 Tahun 
(n = 4) 

p 

Delta AMH 1 -0,878 (± 0,618) -1,292 (± 0,878) 0,380 
Delta AMH 2 -0,512 (± 1,642) -1,772 (± 2,438) 0,328 

 
Table 4. Delta AMH in Endometrioma > 4 cm by Age Group 

Delta AMH ≥ 30 tahun  (n = 13) < 30 Tahun (n = 8) p 
Delta AMH 1 -0,512 (± 0,761) -0,738 (± 1,027) 0,570 
Delta AMH 2 -0,441 (± 0,950) -1,868 (± 1,817) 0,028 

 
Table 5. Apoptosis Factor Gene Expression in Endometriomas < 4 cm and ≥ 4 cm 

Ekspresi Gen ≤ 4 cm (n = 11) > 4 cm (n = 21) p 

TNFR-1, Rerata (SB) 5,414 (± 3,350) 5,855 (± 3,387) 0,728 

Ekspresi p53, Rerata (SB) 6,831 (± 3,304) 6,127 (± 2,270) 0,483 

Bcl-2, Rerata (SB) 5,107 (± 2,328) 5,981 (± 3,691) 0,420 

Bax , Rerata (SB) 11,340 (± 4,125) 14,981 (± 3,222) 0,010 

 
Table 6. Expression of Caspase-8, Caspase-9, Caspase-3 in Endometriomas ≤ 4 cm and > 4 cm 

Ekspresi Gen ≤ 4 cm (n = 11) > 4 cm (n = 21) p 
Caspase-3, Rerata (SB) 5,841 (± 4,096) 7,367 (± 4,675) 0,369 
Caspase-8, Rerata (SB) 3,969 (± 2,269) 4,436 (± 4,624) 0,756 
Caspase-9, Rerata (SB) 8,353 (± 3,948) 11,245 (± 4,109) 0,065 

 
Table 7. Correlation of Apoptosis Factor Gene Expression on Endometrioma Diameter 

Gene Expression ≤ 4 cm (n = 11) > 4 cm (n = 21) 
r p r p 

Caspase-3 – Caspase-9 
Caspase 3 – Bax 
Caspase 9 – Bax 

0,780 
0,607 
0,630 

0,005 
0,048 
0,038 

0,653 
0,380 
0,443 

0,001 
0,089 
0,045  

Caspase-9 – p53 0,594 0,054  0,078 0,736 
TNFR-1 – Caspase-3 0,859 0,001 0,425 0,055 
TNFR-1 – Caspase-8 0,467 0,147 0,231 0,313 
TNFR-1 – Caspase-9 0,747 0,008 0,495 0,023 
TNFR-1 – p53 
TNFR-1 – Bax 
p53       – Bax 
Bcl-2     – Bax 
Caspase 8– Bax 

0,595 
0,586 
0,508 
0,487 
0,160 

0,053 
0,056 
0,111 
0,137 
0,638 

0,375 
0,456 
0,172 
0,407 
0,116 

0,094 
0,038 
0,455 
0,067 
0,617 

 
Table 8. AMH and Apoptosis Factor Gene Expression in Endometrioma Diameter ≤ 4 cm and > 4 cm 

AMH dan Ekspresi Gen  ≤ 4 cm (n = 11) > 4 cm (n = 21) p 
AMH  
Sebelum 

 
2,392 (± 1,619) 

 
1,656 (± 0,945) 

 
0,113 

Sesudah 1,753 (± 1,955) 1,276 (± 0,911) 0,352 
Expression  
Expression p53, Rerata (SB) 

 
6,831 (± 3,304) 

 
6,127 (± 2,270) 

 
0,483 

Bcl-2, Rerata (SB) 5,107 (± 2,328) 5,981 (± 3,691) 0,420 
Bax, Average (SB) 11,340 (± 4,125) 14,981 (± 3,222) 0,010 
Caspase-3, Rerata (SB) 5,841 (± 4,096) 7,367 (± 4,675) 0,369 
Caspase-8, Rerata (SB) 3,969 (± 2,269) 4,436 (± 4,624) 0,756 
Caspase-9, Rerata (SB) 8,353 (± 3,948) 11,245 (± 4,109) 0,065 
TNFR-1, Rerata (SB) 5,414 (± 3,350) 5,855 (± 3,387) 0,728 
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Table 9. AMH and Apoptosis Factor Gene Expression by Age Group ≥ 30 Years and < 30 Years 
AMH dan Ekspresi Gen ≥ 30 tahun  

(n = 20) 
< 30 Tahun 
 (n = 12) 

p 

AMH  
Before 

 
1,747 (± 1,180) 

 
2,180 (± 1,353) 

 
0,349 

After 1,350 (± 1,515) 1,590 (± 1,063) 0,635 
Expression 
Ekspresi p53, Rerata (SB) 

 
6,596 (± 2,403) 

 
5,991 (± 3,065) 

 
0,539 

BCL-2, Rerata (SB) 6,340 (± 3,194) 4,581 (± 3,248) 0,144 
Bax , Rerata (SB) 13,489 (± 4,207) 14,130 (± 3,494) 0,661 
Caspase-3, Rerata (SB) 7,00 (± 3,870) 6,575 (± 5,526) 0,798 
Caspase-8, Rerata (SB) 4,806 (± 4,772) 3,392 (± 1,731) 0,333 
Caspase-9, Rerata (SB) 10,256 (± 4,146) 10,243 (± 4,546) 0,993 
TNFR-1, Rerata (SB) 6,045 (±3,260) 5,133 (± 3,501) 0,461 

 
Table 10. Correlation between the number of cysts and age 

      Kista r p 
Unilateral (pre) -0,052 0,832 
Bilateral (pre) 
Unilateral (post) 
Bilateral (post) 

-0,319 
-0,104 
-0,286 

0,289 
0,672 
0,343 

 
Table 11. Association of Apoptosis Factor Gene Expression with Delta AMH-2 Based on Endometrioma 

Gene Expression ≤ 4 cm (n = 11) > 4 cm (n = 21) 
r p r p 

TNFR-1 – Delta AMH-2 0,569 0,068 0,437 0,048 

 p53 – Delta AMH-2 0,895 < 0,001 0,181 0,432 

Bax – Delta AMH-2 0,455 0,160 0,533 0,013 

Caspase-3– Delta AMH-2 0,539 0,087 0,198 0,389 

Caspase-8– Delta AMH-2 -0,279 0,406 0,159 0,490 
Caspase-9– Delta AMH-2 0,532 0,092 0,170 0,461 
BCL-2 – Delta AMH-2 0,648 0,031 0,005 0,984 

 
Table 12. Correlation of Apoptosis Factor Gene Expression to AMH-1 Based on Endometrioma Size 

Gene Expression ≤ 4 cm (R2 = 0,918) > 4 cm (R2 = 0,648) 

Koefisien p Koefisien p 
TNFR --1 1,390 0,035 -0,620 0,016 

 p53  -0,989 0,024 0,182 0,386 

Bax  0,371 0,127 -0,280 0,191 

Caspase-3 -1,069 0,033 0,156 0,544 

Caspase-8 -0,581 0,094 -0,090 0,629 

Caspase-9 -403 0,180 -0,234 0,368 

BCL-2  - - 0,197 0,416 

 
Table 13. Association of Apoptosis Factor Gene Expression with Delta AMH-1 by Endometrioma Size 

Ekspresi  ≤ 4 cm (n = 11) > 4 cm (n = 21) 
r p r p 

TNFR-1 - Delta AMH -0,472 0,143 -0,687 0,001 
 p53 - Delta AMH -0,738 0,010 -0,014 0,953 
Bax - Delta AMH -0,313 0,349 -0,506 0,019 
Caspase-3 - Delta AMH -0,705 0,010 -0,239 0,296 
Caspase-8 - Delta AMH 0,099 0,773 -0,146 0,528 
Caspase-9 - Delta AMH -0,654 0,029 -0,484 0,026 
BCL-2 - Delta AMH -0,227 0,502 -0,027 0,906 
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Table 14. Multivariate Analysis of Apoptosis Factor Gene Expression on AMH-2 in the Endometrioma Group 
Ekspresi  ≤ 4 cm (R2 = 0,957) > 4 cm (R2 = 0,405) 

Koefisien p Koefisien p 
TNFR-1  0,491 0,286 - - 
 p53  0,594 < 0,001 - - 
Bax  -0,114 0,555 0,295 0,184 
Caspase-3 -0,318 0,340 0,521 0,031 
Caspase-8 -0,319 0,249 - - 
Caspase-9 0,055 0,808 - - 

BCL-2  0,387 0,074 -0,301 0,165 

 
 
 

 
 
Figure 1. Theoretical Framework of Ovarian Reserve Damage in Endometrioma 
 
 
 

          
 
Figure 2. Bax Expression and Endometrioma Diameter Increase. 
 
 

 
Figure 3. Percentage of Positive Values of Apoptosis Factor Expression. 
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Figure 4 (A) Relationship between Age and Pre-operative AMH.  (B) 

Relationship between Post-operative AMH and Number of Cysts. (C) 

Relationship between Age and Post-operative AMH Value. 
 

Figure 5 (A) Expression of Bcl-2; Cytoplasm of Moderately 

Positive Epithelium by Immunohistochemistry.  (B) Bax 

Expression; Strong Positive Epithelial Cytoplasm by 

Immunohistochemistry. (C) Caspase-9 Expression; Cytoplasm 

of Strongly Positive Epithelial Cells by Immunohistochemical 

Reaction. (D) Caspase-3 Expression; Strong Positive Epithelial 

Cell Cytoplasm by Immunohistochemical Reaction 
 

Figure 6. Proposed Mechanism of Ovarian 
Tissue Damage by TNF-α 
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of the embryo transfer process. An estimated 17–44% of 
endometriosis patients also have endometriomas, and 20–40% of 
them will use assisted reproductive technologies. AMH readings 
will decline with age, and Briley et al. (2016), Seifer, Baker, and 
Leader (2011), state that age is a significant factor in aggravating the 
loss of ovarian reserve. It is critical to identify endometriomas as 
soon as possible to preserve ovarian reserve. 25% of the individuals 
had an AMH value of less than 1 ng/mL when they were brought to 
the hospital; this indicated a poor prognosis for a successful 
induction of ovulation and a lowered likelihood of becoming 
pregnant. The group with the highest severity was composed of 6% 
of patients who arrived at the hospital with an AMH result below 
0.5 µg/mL, which is the cutoff point for early menopause. The 
proportion of patients with low fertility rose following cystectomy. 
In that order, 31% (< 0.5 ng/mL), 44% (< 1 ng/mL), and 56% (< 1.4 
ng/mL) were found. This is in line with the findings of Celik et al. 
(2012), who have indicated that patients with basal or preoperative 
AMH concentrations will have worse reproductive outcomes. 
Therefore, surgery should be done while AMH readings are still 
good in order to prevent more serious harm (Lew 2019; Sugita et al. 
2013; Zikargae 2018). 
The 30-year restriction used in this study is based on Isono et al. 
(2019), who stated that severe endometriosis was managed before 
the age of 30 in order to conceive. Atkins' research indicates that 
primordial follicles are also strongly impacted by age.49 AMH 
readings become basal values prior to surgery as people age, 
according to Briley et al. (2016), Seifer, Baker, and Leader (2011). 
Age is therefore a factor in this investigation. The deterioration of 
healthy ovarian tissue is related to age. Age-related increases in 
ovarian tissue damage are marked by elevated Bax expression at 30 
years of age and greater attempts by the body to repair the damage 
by markedly raising Bcl-2 at 30 years of age. This study also 
indicated that age has an impact on AMH values. Before surgery, 
there was a statistically significant difference in the low AMH values 
between the age 30 and endometrioma > 4 cm groups. According 
to Isono et al. (2019), it is advised that attempts be made to achieve 
conception before the age of thirty. The findings of this study 
suggest that endometrioma surgery should be performed before to 
the age of thirty years and before the endometrioma diameter 
reaches four centimeters (Gordts et al. 2015). 
Apoptosis Factor and AMH Gene Expression 
The study observed a correlation between the growth of 
endometrioma and the upregulation of genes associated with 
apoptosis. This was demonstrated by the increased expression of 
TNF-α receptors, Caspase-8, Bcl-2, Bax, Caspase-9, and Caspase-3, 
which are known to play a role in cell death. Apoptosis of the 
endometrioma epithelium is enhanced, leading to the removal of 
natural barriers and causing more harm to the ovarian reserves, 
particularly the primordial follicles. According to Gupta's findings, 

it has been observed that granulosa cells, which are responsible for 
producing AMH, undergo apoptosis. The study observed a rise in 
apoptosis, which was subsequently accompanied by a decrease in 
AMH levels from their initial normal values before to surgery. 
There was no significant difference in the expression of apoptotic 
factor genes between the two endometrioma groups, one with a size 
of 4 cm or less and the other with a size greater than 4 cm. This 
demonstrates that the exposure to hazardous compounds occurs 
over a range of dimensions, starting from small (2.5 cm) and 
extending to larger (6 cm) sizes.  This study demonstrates that the 
existence of endometrioma has caused early harm to healthy tissue 
and is linked to preoperative exposure to toxic substances. This 
study additionally demonstrated that pro-inflammatory cytokines 
contribute to the destruction of ovarian tissue.  
The expression of caspase increased as the diameter of the 
endometrioma increased. The enlargement of endometrioma 
diameter to more than 4 cm is indicative of heightened Caspase-9 
expression, which signifies mitochondrial impairment. This 
process commences with an upregulation of Bax expression, 
leading to the creation of apoptosomes that trigger the conversion 
of procaspase-9 into active Caspase-9. Elevated levels of Caspase-9 
induce the activation of Caspase-3, leading to the initiation of 
programmed cell death. This diagram depicts the progressive 
deterioration of ovarian tissue as the size of the endometrioma 
increases. According to Sanchez et al. (2014), Gene expression alters 
the physical barrier separating cyst fluid from healthy ovarian 
tissue, allowing reactive oxygen species (ROS) to induce fibrosis by 
crossing the cyst wall. This study found that TNF-α stimulated the 
expression of genes associated with programmed cell death and was 
associated with harm to nearby healthy tissue. Brosens et al. (2004), 
Chiu et al. (2022), provided evidence that smooth muscle 
metaplasia, fibrosis of the cortical layer, and the extent of the 
endometrioma are associated with a decrease in AMH levels. 
Cystectomy is necessary to halt the enlargement of the cyst's 
diameter and minimize exposure to harmful substances. 
Activation of TNF-α receptors by pro-inflammatory cytokines, 
which in turn initiated the process of programmed cell death in the 
epithelial cells of both endometrioma groups (≤ 4 cm and > 4 cm). 
This aligns with the findings of Vetvicka,11 who demonstrated the 
involvement of pro-inflammatory cytokines in triggering the 
apoptotic cascade. The IHK's response to TNFR-1 is feeble, which 
aligns with the findings of Salmeri's research.The number is 68. An 
escalation in the severity of endometriosis leads to a reduction in 
the level of TNF-α binding with its receptor (TNFR-1). 
Endometriosis is a persistent inflammatory condition. During the 
chronic inflammatory process, the M1 phenotype transitions into 
the M2 phenotype. M2 is a type of immune cell called a macrophage 
that plays a role in tissue regeneration and the development of 
fibrosis. As a result, the presence of TNF-α, a pro-inflammatory 
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molecule, is reduced. Hence, it is imperative to halt the 
inflammatory process that triggers damage to ovarian tissue and the 
development of permanent fibrosis once the diagnosis is 
established.  
Gene expression is the process by which organisms modify gene 
transcription in order to respond to environmental factors such as 
hormones, heavy metals, and toxins. This work demonstrates that 
cells undergo a process of adaptation in response to the risk of 
mortality, characterized by an upregulation of Bcl-2 expression, 
albeit with low intensity. Similarly, studies carried out by 
(Dufournet et al. 2006; Korkmaz et al. 2013; Pejovic et al. 2020). 
revealed a low level of Bcl-2 expression in 25% of the analyzed cases. 
The Bcl-2/Bax ratio serves as an indicator of the cell's capacity to 
withstand exposure to harmful chemicals. The endometrioma 
epithelium exhibited a significant increase in Bax expression in 
comparison to Bcl-2 expression. Elevated levels of pro-apoptotic 
expression are indicative of the intensity of toxicant exposure, 
leading to cellular demise. Eliminating exposure to hazardous 
substances is a viable strategy to enhance the flexibility of the 
natural barrier in the ovaries. 
The cell membrane contains TNF-α receptors, which are referred to 
as death receptors (DRs) or death signals. The correlation analysis 
between TNFR-1 expression and apoptosis occurrence revealed a 
robust positive association, indicating that the pro-inflammatory 
cytokine TNF-α initiates the apoptotic pathway in the epithelium of 
endometriomas. Apoptosis occurs via the intrinsic mechanism, 
namely including upregulation of Bax, Caspase-9, and Caspase-3. 
(Illustration of the proposed mechanism can be found in Figure 6) 
This contrasts with the findings of Haupt et al. (2003), Obstet et al. 
(2016), Salmeri et al. (2015), propose that the active TNF-α receptor 
induces apoptosis via the extrinsic pathway. Specifically, the active 
death receptor activates Caspase-8 and Caspase-3. Contrarily, this 
work aligns with Bredesen's findings that TNF-α effectively attaches 
to death receptors and triggers apoptosis both directly via caspases 
and indirectly through mitochondria.  
The study found a drop in the balancing ratio of Bcl-2/Bax. The 
levels of pro-apoptotic Bax were higher in both endometrioma 
groups (≤ 4 cm and > 4 cm) and showed a significant difference. 
Elevated Bax expression leads to mitochondrial impairment, which 
serves as a vital energy source for cells.Prolonged exposure to 
harmful substances will result in cellular apoptosis and irreversible 
cellular harm. 121 Activation of death receptors triggers the 
production of Bax and p53, which are involved in preserving the 
integrity of the genome (the guardian of the genome).One hundred 
eighteen If cell damage cannot be healed, the presence of activated 
Bax alters the proportion of Bcl-2 to Bax (Depalo et al. 2009; Haupt 
et al. 2003).  The investigation revealed a notable increase (66%) in 
p53 expression, indicating the presence of significant damage. 
Consistent with (Fauvet et al. 2005; Haupt et al. 2003).  Dufournet 

et al. (2006) Fauvet et al. (2005), observed that the expression of p53 
was elevated in borderline cysts, specifically endometriomas and 
ovarian cancers, compared to benign ovarian cysts. Ensuring the 
cessation of contact with harmful substances is of utmost 
importance after endometrioma is diagnosed. According to 
Lincenstein, mitochondrial damage is both permanent and 
progressively worsens from a mild to severe state.One hundred 
seventeen The study demonstrates a significant upregulation of Bax 
and p53, which are indicators of apoptosis, indicating the severity 
of exposure. The upregulation of p53 in this study is consistent with 
the findings of (Chen et al. 2014; Fauvet et al. 2005). In contrast to 
Nezhat's research, which found negative p53 staining in 30 cases of 
ovarian endometriosis cysts, this study observed positive Bcl-2 
expression that aligns with its own findings. Higher levels of p53 
expression serve as a sign of advancing cases that necessitate 
immediate intervention, hence it is advisable to refrain from 
postponing endometrioma surgery. All instances showed a high 
level of Bax expression (97%), suggesting a reduced Bcl-2/Bax ratio. 
Cell death occurs as a result of mitochondrial dysfunction caused 
by damage to the mitochondrial membrane (Bateman, Blanco, and 
Sheffi 2017; Heca et al. 2018). Apoptosis is observed by the 
upregulation of Caspase-3, which acts as the executor of cell death. 
This diverges from(Depalo et al. (2009), Giacomini et al. (2017), 
states that endometrial lesions sustain their survival by evading 
apoptosis or enhancing the Bcl-2/Bax ratio. Nevertheless, this 
distinction aligns with the viewpoint of Nisolle and Donnez (2019), 
who argues that endometrioma, as a cyst caused by endometriosis 
in the ovary, is a distinct entity from endometriosis lesions in the 
peritoneal cavity and deep infiltrating endometriosis located in the 
rectum. Therefore, medicine alone is not a successful treatment for 
endometrioma, and surgery is the preferred initial option. 
Apoptotic factor gene expression (Bax, Caspase-9, Caspase-3) was 
greater in endometriomas larger than 4 cm compared to those that 
were 4 cm or less. There was a notable disparity in the expression of 
Bax, with a p-value of 0.01. The levels of Caspase-9 and Caspase-3 
were elevated in endometriomas larger than 4 cm, however the 
difference was not statistically significant. A correlation test was 
conducted to examine the expression of apoptotic factor genes in 
the endometrioma group with a size more than 4 cm. The results 
showed a significant and strong positive association between 
Caspase-3 and Caspase-9. The expression of TNFR-1 showed a 
modest and statistically significant positive connection with 
Caspase-9 (r = 0.495) and Caspase-3 (r = 0.425).  This demonstrates 
how the intrinsic pathway's apoptotic process is triggered by 
proinflammatory cytokines (TNF-α) in both endometrioma 
groups. This study demonstrates that gene expression reveals 
serious damage when the diameter exceeds 4 cm. Therefore, to 
prevent the widespread deterioration of the ovarian natural barrier, 



ANGIOTHERAPY                                     RESEARCH 
 

https://doi.org/10.25163/angiotherapy.859690                                                                                                1–18 | ANGIOTHERAPY | Published online May 20, 2024 
 

it is advisable to undergo surgery prior to the ovarian diameter 
reaching 4 cm. 
This study observed a rise in the mortality of the epithelial cells in 
the endomyoma wall. According to Muzii et al. (2007) out of 40% 
of the cyst surface lacks epithelium. The absence of a natural barrier 
facilitates the susceptibility of surrounding healthy tissue to damage 
from exposure to poisonous substances released by endometrioma. 
The injury is identified by a reduction in the AMH value prior to 
the surgical procedure. These findings align with the research 
conducted by (Garcia-Velasco and Somigliana 2009; Giacomini et 
al. 2017). They indicate that endometriomas decrease the anti-
Müllerian hormone (AMH) levels in both blood and follicular fluid. 
Endometriomas have a detrimental impact on the surrounding 
tissue as a result of disruptions in iron metabolism and the 
occurrence of oxidative stress. Kitajima et al. (2011), in their study, 
observed a higher occurrence of primary follicle degeneration in the 
ovarian cortex of endometriomas, along with increased caspase-3 
expression and reduced diameter of primordial follicles, as 
compared to ovaries without cysts. This study examines how the 
absence of the normal protective barrier in the ovaries affects the 
harm caused to the surrounding healthy tissue by the 
endometrioma. Consequently, it is imperative to perform surgery 
promptly upon diagnosing endometrioma in order to prevent the 
spread of harmful compounds from the endometrioma and prevent 
more harm. 
Consistent with the findings of Khan et al. (2013), Kitajima et al. 
(2014), Matsuzaki (2010), our study demonstrates that the absence 
of endometrioma epithelium raises the risk of further harm to the 
ovarian reserve from additional hazardous substances associated 
with endometrioma. Measures must be implemented to safeguard 
the quantity and quality of oocytes, particularly the primordial 
follicles, as well as the ovarian reserve. Consistent with the findings 
of Coccia et al. (2014), Nisolle and Donnez (2019), the mesothelium 
that covers the ovary might fold inward, causing the primordial 
follicles to be displaced towards the rear of the cyst. The study found 
that the lack of epithelium allowed hazardous chemicals to directly 
access the primordial follicles. The reduction in the quantity of 
primordial follicles will impact the AMH level. Prior to surgery, it 
is crucial to assess the basal anti-Müllerian hormone (AMH) levels 
in order to prevent any potential ovarian dysfunction. Early surgical 
intervention is necessary in order to safeguard fertility and prevent 
harm to the adjacent healthy tissue surrounding the endometrioma. 
This study revealed that the expression of apoptotic factor genes 
influences the ability of free radicals to traverse the natural barrier. 
The upregulation of TNF-α receptors marks the initiation of the 
apoptotic pathway, leading to ovarian tissue damage and decreased 
AMH levels prior to surgery in both groups with endometrioma. 
According to Sanchez's research, the AMH value decreases as a sign 
of ovarian reserve loss caused by fibrosis surrounding the 

endometrioma. ROS, or reactive oxygen species, penetrates the cyst 
wall and contributes to the development of ovarian fibrosis, 
resulting in a decrease in follicular density. Miller et al. (2021), it has 
been observed that reactive oxygen species (ROS) can permeate past 
the cyst membrane barrier and cause harm to the surrounding 
healthy tissue around the endometrioma. It is crucial to inhibit the 
activation of death receptors by pro-inflammatory cytokines to 
prevent extensive damage to the ovaries (Akhtar Muhammad 2021; 
Foti et al. 2018). 
According to a correlation test, there was a substantial positive link 
between TNFR-1 expression and increased expression of Bax, 
caspase-9, and caspase-3 with moderate, strong, and very strong 
results in both endometrioma groups (≤ 4 cm and > 4 cm). This 
demonstrates that apoptosis takes place via the intrinsic 
mechanism. The activity of the intrinsic pathway was enhanced by 
upregulation of Bax, leading to increased production of caspase-9 
and caspase-3, which exhibited a highly significant positive 
correlation. Both sets of endometriomas had a significant 
correlation between the expression of apoptotic factor genes, 
ranging from mild to strong. Unlike Vetvicka's study, TNF-α 
triggers apoptosis through the extrinsic mechanism by activating 
receptors. This work demonstrates that exposure to the pro-
inflammatory cytokine TNF-α activates the TNFR-1 receptor in the 
epithelium of endometrioma, leading to apoptosis via the intrinsic 
pathway. The presence of natural barriers to apoptosis will regulate 
the toxic compounds in endometriomas, particularly the pro-
inflammatory cytokine TNF-α, which stimulates the development 
of fibrosis and decreases follicular density. (Illustration of the 
proposed mechanism can be found in Figure 6. 
Early Detection and Treatment of Endometrioma is Important 
A significant positive connection was seen between AMH levels and 
the expression of apoptotic factor genes in both types of 
endometriomas, those with a size of 4 cm or less and those larger 
than 4 cm. A multivariate correlation test was conducted to 
examine the relationship between the expression of apoptotic factor 
genes and the decrease in AMH values before surgery. The results 
revealed a highly significant positive connection (R2 0.918). A 
robust and statistically significant inverse correlation was seen in 
the expression of TNFR-1 in the group with endometriomas larger 
than 4 cm. According to Obstet et al. (2016), TNF-α is a pro-
inflammatory cytokine that interacts to its receptor TNFR-1, 
leading to the initiation of apoptosis. The detrimental effects of the 
endometrioma facilitate the passage of other hazardous substances 
beyond the natural barrier, leading to destruction of the 
surrounding healthy tissue. This leads to the development of 
fibrosis and a decrease in follicular density, resulting in lower AMH 
readings prior to surgery. Therefore, it is crucial and paramount to 
prevent any additional harm (Baker et al. 2018; Lew 2019; 
Somigliana et al. 2012). 
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This study demonstrates a decline in anti-Müllerian hormone 
(AMH) levels prior to surgery. In the correlation test conducted on 
endometrioma measuring 4 cm or less, there was a robust and 
statistically significant positive association between p53 expression 
and a decrease in AMH value prior to surgery. Similarly, there is a 
favorable correlation between the expression of Bcl-2 and a 
substantial and statistically significant reduction in AMH levels 
prior to surgery in endometriomas that are 4 cm or less. This 
suggests that there is an ongoing attempt to compensate cells in 
order to adjust to the encountered exposure. In contrast to larger 
diameters (> 4 cm), there is no correlation between Bcl-2 expression 
and the decrease in AMH readings prior to surgery (Parameswaran 
and Patial 2010). Endometrioma larger than 4 cm is linked to a 
notable reduction in AMH levels, which is correlated with a 
substantial and meaningful rise in TNFR-1 and Bax expression. 
This suggests that the presence of harmful compounds that 
stimulate TNF-α receptors leads to damage in ovarian tissue, 
particularly when the diameter exceeds 4 cm. 
This study observed a significant upregulation of Bax expression, 
which exhibited a positive correlation with the cyst diameter. 
Greater levels of Bax and caspase-9 expression were observed in 
endometriomas larger than 4 cm, indicating more extensive 
damage. The expression of Bax showed a statistically significant 
difference (p = 0.01) between both groups of endometrioma. This 
demonstrates that as the diameter of an endometrioma increases, 
there is a corresponding increase in damage to the ovarian tissue, as 
observed through changes in gene expression. This study 
demonstrates that the damage to endometriomas begins with the 
lowest diameter (2.5 cm) and progresses to the largest diameter (6.5 
cm). This damage is associated with the pro-inflammatory cytokine 
TNF-α and is influenced (Molvig 1988; Parsa et al. 2018; Sipak-
Szmigiel et al. 2017). Therefore, it is crucial to discover 
endometriomas early. 
Failure to promptly address the presence of endometrioma from the 
outset will exacerbate the likelihood of diminishing the patient's 
ovarian reserve. This study revealed a significant difference in the 
lowering of the AMH value following cystectomy in the group with 
endometrioma larger than 4 cm. It is crucial to prevent ovarian 
function failure, particularly during reproductive years, as it would 
prevent the possibility of using assisted reproductive technologies 
in cases where the AMH value is extremely low. This study revealed 
that 31% of the total participants experienced a decline in their 
AMH readings below 0.5 ng/mL after cystectomy. This decrease 
serves as a threshold, indicating that patients with endometrioma 
may be at risk of early menopause. 
The main finding of this study is that surgery for endometriomas 
measuring < 4 cm does not have a significant impact on anti-
Müllerian hormone (AMH) levels, but surgery for endometriomas 
measuring > 4 cm considerably reduces AMH levels. The size of 

ovarian cysts directly correlates with the extent of damage to 
ovarian tissue, as evidenced by the upregulation of genes associated 
with programmed cell death. Bax expression, in particular, 
continues to rise as cyst width increases. The expression 
upregulation begins with the activation of TNF receptor-α, which 
subsequently triggers the intrinsic pathway, leading to an increase 
in the expression of Bax and caspase-9. This ultimately results in the 
death of epithelial cells. The presence of caspase-3 indicates 
apoptosis in the epithelium of endometrioma, resulting in the loss 
of the ovary's natural protective barrier. This process also affects the 
exposure of the ovary to harmful substances, which can cause 
damage to the healthy tissue. The presence of tissue damage in the 
tiny-diameter cyst, measuring 2.5 cm, and the decline in AMH 
values prior to surgery are apparent. The drop in anti-Müllerian 
hormone (AMH) levels was a result of injury to the ovarian tissue. 
Investigators found a positive correlation between this decrease and 
the expression of genes related to programmed cell death 
(apoptosis). Endometrioma decreases fertility, and the presence of 
cyst fluid jeopardizes the progression of ovarian tissue damage. To 
save the ovarian reserve, it is advisable to extract the fluid from 
endometrioma cysts before they reach a diameter of 4 cm, 
particularly in patients who are 30 years of age or younger. 
According to this study, 50% of endometriomas have surface 
epithelium that has undergone apoptosis due to the pro-
inflammatory cytokine TNF-α. However, given the high expression 
of p53 (66%), 97% of endometriomas have Bax, and 56% of them 
have caspase-3, it is impossible to rule out the possibility that other 
endometrioma-causing toxins are also responsible for seriously 
harming epithelial cell mitochondria. ROS, generated by the Fenton 
reaction, can permeate the cyst wall in endometrioma fluid 
(Scutiero et al. 2017). 
 
Conclusion 
Based on the findings, laparoscopic cystectomy for endometriomas 
smaller than 4 cm does not significantly reduce AMH levels, 
whereas for endometriomas larger than 4 cm, there is a significant 
decline in AMH. The increase in endometrioma diameter is 
associated with elevated Bax expression, indicating ovarian tissue 
damage. Laparoscopic cystectomy of endometriomas larger than 4 
cm in women over 30 years significantly decreases AMH and poses 
a risk of ovarian failure, with 31% of cases experiencing early 
menopause. The expression of apoptosis-related genes shows a very 
strong positive correlation with AMH reduction in endometriomas 
smaller than 4 cm and a strong correlation in larger 
endometriomas. These results suggest that immediate surgical 
intervention for endometriomas is crucial, particularly before the 
diameter reaches 4 cm, to preserve ovarian function and prevent 
long-term reproductive complications. 
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