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ABSTRACT
Aim: Although the etiology and physiopathology are not yet 
known, the possible effects of tubal sterilization (TS) on ovarian 
function are still debated. Limited studies analyzed the histopa-
thology of endometrium and ovaries after TS. In this study, we 
aimed to evaluate the histopathological and biochemical changes 
of tubal sterilizations with the Pomeroy technique on tubal, ovar-
ian, and endometrial tissues in rats.

Material and Method: Twenty female Wistar albino rats were ran-
domly divided into two groups, with laparotomy only (Group 1) 
and laparotomy + TS (Group 2). Histopathological evaluation was 
performed after Hematoxylin-Eosin staining. Follicle-stimulating 
hormone (FSH), estradiol (E2), and lactate dehydrogenase (LDH) 
levels were biochemically measured.

Results: In Group 2, there was inflammation, hyalinization and 
congestion in the ovaries, tubas and endometrial tissues compared 
to Group 1. A statistically significant decrease in E2 (p <0.05) val-
ues was detected in Group 2 compared to Group 1. In Group 2, 
mean FSH and LDH (p> 0.05) values were found to be increased, 
although not statistically significant, compared to Group 1.

Conclusion: We can say that tubal sterilization causes detrimental 
effects such as inflammatory cell infiltration in the ovaries of rats. 
Further studies are needed to explain the possible mechanisms for 
the reduced ovarian reserves after tubal sterilization.
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ÖZET
Amaç: Tubal sterilizasyonunun (TS) overyan fonksiyonları üzerin-
deki olası etkileri, etiyolojisi ve fizyopatolojisi henüz bilinmemekle 
birlikte hala tartışmalıdır. TS sonrası overyan ve endometriyal his-
topatoloji sınırlı çalışmalarda analiz edildi. Bu çalışmada, ratlarda 
Pomeroy tekniği ile tubal sterilizasyonun tubalar, overyan ve en-
dometrial dokulardaki histopatolojik ve biyokimyasal değişimlerinin 
değerlendirmesi amaçlandı.

Introduction

The most essential factor affecting rapid popula-
tion growth in developing countries is childbirth. 
Augmented childbirth, in turn, triggers high-risk preg-
nancies. On the other hand, frequent risky pregnancies 
are the most significant factors that negatively affect 
mother and child health1,2. The most commonly pre-
ferred and performed method for family planning is 
tubal sterilization (TS). Technological advances have 
made TS in the long term a more reliable, effective, 
and cost-effective way3-5. However, short- and long-
term risks of tubal sterilization have been reported in 

Materyal ve Metot: Yirmi adet dişi Wistar albino rat, laparotomi 
(Grup 1) ve laparotomi + TS (Grup 2) olarak rastgele belirlenerek iki 
gruba ayrıldı. Hematoksilen-Eosin boyamasından sonra histopatolo-
jik değerlendirme yapıldı. Folikül uyarıcı hormon (FSH), estradiol (E2) 
ve laktat dehidrojenaz (LDH) seviyeleri biyokimyasal olarak ölçüldü.

Bulgular: Grup 2’de Grup 1’e göre overler, tubalar ve endometri-
yal dokularda inflamasyon, hyalinizasyon ve konjesyon vardı. Grup 
2’de Grup 1’e göre E2 (p<0.05) değerlerindeki istatistiksel anlamlı 
düşüş tespit edildi. Grup 2’de Grup 1’e göre ortalama FSH ve LDH 
(p>0.05) değerlerinde ise istatistiksel olarak anlamlı olmasa da artış 
tespit edildi.

Sonuç: Tubal sterilizasyonunun rat overlerinde enflamatuar hücre 
infiltrasyonu gibi zararlı etkilere neden olduğu söylenebilir. Tubal 
sterilizasyondan sonra azalan yumurtalık rezervlerinin muhtemel 
mekanizmalarını açıklamak için daha ileri çalışmalara ihtiyaç vardır.
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the current literature. It may cause post-TS problems, 
such as menstrual irregularities, chronic pelvic pain, 
dysmenorrhea, increased risk of osteoporosis, intra-
uterine and ectopic pregnancy (16–80%), changes in 
sexual behavior, low pre-ovulatory estradiol (E2) or 
progesterone levels, and increased incidence of cumu-
lative hysterectomy in the late period6-8. 

Although the etiology and physiopathology are not 
yet known, the possible effects of TS on ovarian func-
tions are still debated. There are limited studies ana-
lyzing the histopathology of endometrium and ovary 
after TS and showing its effects on these tissues6. Of 
those, some reported no significant change in ovarian 
reserves9,10 while others demonstrated definite findings 
of disturbances of ovarian functions11,12.

On the other hand, follicle stimulating hormone 
(FSH) and estradiol (E2) are the crucial hormones 
for women’s pubertal development, female sex char-
acteristics, and ovarian tissues13. Additionally, lactate 
dehydrogenase (LDH) is an enzyme that indicates cy-
totoxicity and organizes some cellular pathways such 
as cellular proliferation, differentiation, angiogenesis, 
and apoptosis14. In this study, we aimed to evaluate the 
histopathological and biochemical changes of tubal 
sterilizations with the Pomeroy technique on the tubal, 
ovarian, and endometrial tissues in rats.

Material and Method 

Ethical Statement
The animals were purchased from Ataturk University 
Medical Experimental Research and Application 
Center (ATADEM), and the study was approved by 
the Local Ethics Committee of Animal Experiments 
at Kafkas University (Approval date and number: 
19.11.2015, KAU-HADYEK/2015-110). All ani-
mal procedures were performed following the “Guide 
for the Care and Use of Laboratory Animals” princi-
ples15. Study reporting was done per the CONSORT 
principles16.

Animals and Study Procedures
Twenty female Wistar albino rats (Rattus norvegicus), 
weighing 200-240 g, were used in this study as models 
for examining tubal sterilization. The rats were housed 
in an animal room maintained at a temperature of 25°C 
with alternating light periods (12 hours light/12 hours 
dark). Using random numbers, the rats were randomly 
allocated into two equal groups (n=10 per group). The 

first underwent only laparotomy (Group 1 - Control 
group), while the second group received laparotomy + 
Pomeroy tubal sterilization (Group 2 - Experimental 
group).

Animals were anesthetized intramuscularly using 50 
mg/kg of ketamine HCI. Before the experiment, the 
abdomens were shaved and disinfected with a 10% 
povidone-iodine solution. The ovaries and the uterine 
horns were exposed after a 3-cm midline incision. The 
rats in Group 1 did not undergo any surgical procedure 
except laparotomy. On the other hand, Group 2 re-
ceived tubal sterilization with the Pomeroy technique. 
Each tube was ligated 1 cm away from the uterine horns 
with a 2/0 catgut (Figure 1). Midline incisions were 
then sutured, and all rats were allowed to recover for 
30 days. Thirty-day after the sterilization procedure, all 
rats underwent a laparotomy at the same incision site, 
when ovarian and endometrial tissues were removed 
bilaterally.

Histopathological Analysis

For histopathological analyses; ovaries, tuba, and the 
endometrium were fixed in 10% buffered neutral for-
malin for 72 h, dehydrated in graded alcohol, cleared in 
xylene, and embedded in paraffin wax. Of the paraffin 

Figure 1. Tubal sterilization with the Pomeroy Technique.
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blocks, five-micrometer thick sections were obtained 
and stained with hematoxylin & eosin. The stained 
sections were examined under light microscopy for 
histopathological evaluation. A pathologist blinded to 
the groups performed the histopathological analyses of 
tubal, endometrial, and ovarian changes.

Biochemical Analysis
Blood samples were taken from all experimental ani-
mals. They were centrifuged at 1000 G and 2-8oC for 
15 minutes, and the collected sera were transferred to 
sterile Eppendorf tubes. The sera were kept at -80oC in 
a deep freeze until the day of analysis. Concentrations 
of E2 (ng/mL), FSH (ng/mL), and LDH (IU/L) were 
measured by an Enzyme-Linked Immunosorbent 
Assay (ELISA) method using commercially available 
Rat E2 ELISA kit, Rat FSH ELISA kit, and Rat LDH 
ELISA kit (Elabscience Biotechnology Inc., Houston, 
USA). All samples were run duplicate in the ELISA 
assay. 

Statistical Analysis
Statistical analyses were performed with the help of 
the Statistical Package for Social Sciences version 22 
(SPSS, IBM, Armonk, NY, USA). The independent 
samples t-test or Mann-Whitney U test were used to 
compare two independent groups. The results were 
evaluated with a confidence interval of 95%, and the 
level of significance, p, was set at 0.05. 

Results

Histopathological Findings
The histopathological results for ovarian, endometrial, 
and tubal tissues are seen in Figure 2, 3, and 4. When 
the histopathological changes in tubal tissues were 
evaluated, all tubal tissues in Group 1 were assessed as 
normal (Figure 2A), while dilatations were detected 
in all tissues of Group 2. Additionally, peritubal ac-
tive chronic inflammation (Figure 2B), fibrosis (Figure 
2B), hyalinization (Figure 2C), and pigment-contain-
ing intratubal lesions (Figure 2C) were accompanying 
the dilatations in some of the tubal tissues in Group 2. 
On the other hand, similar findings were detected for 
the ovarian tissues in Group 1 and 2. 

When the ovarian tissues were evaluated, it was seen 
that ovarian tissues in Group 1 were not entirely nor-
mal. It was possible to detect congestions in veins in the 
control group (Figure 3A). Additionally, Para ovarian 

cysts (Figure 3B) were accompanying the congestion 
and hemorrhage in the ovarian tissues of Group 2 rats.

On the other hand, the endometrial tissues of Group 
1 were in their normal morphological limits (Figure 
4A); however, a mild inflammation was detected in 
some of endometrial tissues of control group. Thinned 
endometrium (Figure 4B), the presence of endometrial 
stromal active inflammatory cells (Figure 4C), and en-
dometrial stromal hyalinization (Figure 4D) were de-
tected in the examination of the endometrial tissues in 
Group 2.

Biochemical Findings
When the biochemical findings were compared be-
tween the two groups, an increase in the mean val-
ues of FSH (70.20±14.49 vs. (96.15±65.34) and 
LDH (850.22±135.74 vs. 887.66±119.55), and a 
decrease in the mean values of E2 (146.40±16.91 vs. 
(119.73±13.68) were detected in Group 2 compared 
to Group 1. Mean values of the biochemical variables 
are given in Table 1. There were no statistically differ-
ences between Group 1 and Group 2 regarding FSH 
and LDH levels (Z=-0.900, p=0.368 and Z=-0.530 
p=0.596, respectively). However, a statistically signifi-
cant difference was detected between the two groups 
concerning E2 (Z=-2.870, p=0.004).

Discussion
The Pomeroy technique for tubal sterilization is a 
widely preferred surgical female sterilization. It is a 
relatively easy, safe, and quite effective method for ster-
ilization. The immediate symptoms of procedure are 
hemorrhage and infection. However, these are general-
ly related the equipments and the skill of the surgeon17. 
Despite its popularity and ease of use, different reports 
are available in the literature about its long-term prob-
lems18,19. It was thought to result in the disturbance of 
the ovarian vascularity and change in hormone levels 
including FSH, LH, and E211.

According to the reports, the main method used to 
show ovarian functions are hormonal tests including 
serum FSH and E24. In our study, the experimental 
group subjected to TS with the Pomeroy technique 
showed elevation in FSH and reduction in E2 levels 
when compared to the control group. However, the 
increase in FSH levels was not statistically significant 
(p>0.05), while there was a substantial decrease in the 
E2 levels (p<0.05). Kelekci et al. performed three dif-
ferent studies about the effects of tubal sterilization on 



Kafkas J Med Sci 2019; 9(3):185–190

188

Figure 2. Tubal sections stained with hematoxylin & eosin. A: Normal uterine tube (x100), B: Peritubal active chronic inflam-
mation and fibrosis in Group 2 (x100), and C: hyalinization (black arrows) and pigment-containing intratubal lesion (white 
arrows) in Group 2 (x100).

Figure 3. Ovarian sections stained with hematoxylene eosin. A: Congestion in veins of control group (x40), and B: Paraovarian 
cysts in Group 2 (x40).

Figure 4. Endometrial sections stained with hematoxylin & eosin. A: Normal endometrium (x100), B: Thinned endometrium in 
Group 2 (x200), C: Presence of endometrial stromal active inflammatory cells in Group 2 (x200), and D: Endometrial stromal 
hyalinization in Group 2 (x200).
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the rats in the two groups. Also, Duran et al.25 report-
ed that inflammatory cell infiltration of the sterilized 
rats was significantly higher than the control group. 
Endometrial inflammation may be the reason of men-
strual irregularities. On the other hand, Souza et al.27 
reported a reduced follicle reserve and follicle number 
1-year after TS.

Conclusion

Limited rat studies in the literature about the effects 
of TS have stated that the rat model may not be suit-
able for testing the effects of sterilization on human 
ovarian and endometrial functions because of the 
differences that exists between two species regarding 
reproductive physiology. However, we can say that 
tubal sterilization causes detrimental effects such as 
inflammatory cell infiltration in the ovarian functions 
of rats. This may explain the menstrual problems oc-
curring in the early period after TS. Further studies 
are needed to explain the possible mechanisms for 
reduced ovarian reserve.

Study Limitations

Our study has some limitations. First, TS with the 
Pomeroy technique could have been compared not 
only to laparotomy group but also to other fam-
ily planning techniques. Second, luteinizing hormone 
(LH) should be measured to show the exact effects of 
TS on rat ovarian tissues. Third, hormone levels could 
have been measured both before and after the TS pro-
cedure. Forth, Doppler flowmetry should have been 
performed to assess any change in uterine or ovarial ar-
terial flows. And finally, it should have been allowed at 
least 3 months (normally 6 or 12 months) to pass after 
the TS procedure to observe the long-term effects of 
TS on ovarian tissues.

hormonal and ovarian stromal blood supply chang-
es4,5,20. They measured ovarian volume, number of an-
tral follicles, intraovarian artery Doppler or hormone 
levels, and reported in both three studies that FSH 
levels were increased and E2 levels were decreased in 
the TS group compared to the controls. There was a 
significant increase in FSH but essential change in the 
E2 levels. Another study performed in Turkey11 con-
firmed these findings (increased FSH, and decreased 
E2 levels); however, the authors also reported that 
these hormonal changes were not statistically signifi-
cant. On the other hand, Carmona et al.21 performed 
a similar study and reported that an increase was de-
tected in both FSH and E2 levels. These changes were 
not significant too. Contradictory findings reporting 
increased FSH22, unchanged FSH23, increased E222, de-
creased E21, and unchanged E210 are available in medi-
cal literature.

On the other hand, ovarian functions of women after 
TS have been assessed by means of hormonal assays in-
cluding FSH, LH, and E2. However, there have been 
limited studies about its histopathological effects on 
the endometrium and ovaries24,25. Additionally, most 
of the related studies performed a Doppler assessment 
of the blood stream samples of ovarian and uterine 
arteries6,7,11. In the present study, we assessed ovar-
ian functions histopathologically using ovarian, endo-
metrial, and tubal tissues, as well as hormonal assays. 
Compared to the control group, dilatation and inflam-
mation in tubal tissues, congestion and hemorrhage in 
ovarian tissues, and hyalinization and inflammation 
in endometrial tissues were detected in the TS group. 
The number of histopathological reports in literature 
is limited and conflicting. Most studies have reported 
no correlation between tubal sterilization and ovarian 
histology25,26. However, others indicated pathological-
ly a significant difference between the endometrium of 

Table 1. Comparison of biochemical variables between the groups

FSH (ng/mL) E2 (ng/mL) LDH (U/L)

Groups Mean±SD Mean±SD Mean±SD

Group 1 (Laparotomy) 70.20 ± 14.49 146.40 ± 16.91 850.22 ± 135.74 

Group 2 (Laparotomy+TS) 96.15 ± 65.34 119.73 ± 13.68 887.66 ± 119.55

p Values 0,368 0.004 0.596
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