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1. Introduction 
Hydrosalpinx (HX) has detrimental effects on implantation, 
pregnancy, live birth, and early pregnancy loss rates due to 
some effects such as reduction in endometrial receptivity 
during in vitro fertilization and embryo transfer (IVF–ET) 
and mechanical washing of the embryo from the uterus 
[1,2]. In a systematic review and metaanalysis, it was 
shown that total salpingectomy (TS) increases the rates of 
implantation, clinical pregnancy rates, and live birth rates 
without impairing ovarian response during IVF treatment 
in patients with HX [3]. Surgical interventions that block 
the communication between the tube and the uterine cavity 
such as laparoscopic proximal tubal occlusion (PTO) and 
laparoscopic removal of HX with TS prevent the leakage 
of HX fluid into the uterine cavity [4]. In a prospective 
randomized controlled trial, PTO was shown to be a 
potentially useful surgical procedure that significantly 
improves the chance of successful implantation and clinical 

and ongoing pregnancy when performed in women with 
unilateral or bilateral HX prior to IVF treatment. It was 
reported that PTO may be considered a viable alternative 
when salpingectomy is technically difficult or not feasible 
[5]. 

In a randomized controlled trial, PTO was shown to 
be superior to salpingectomy as a surgical treatment for 
patients with HX undergoing IVF–ET in terms of ovarian 
reserve. However, two surgical techniques were reported 
to be associated with comparable pregnancy rates [6,7]. 
However, in the comparisons between the two methods, we 
saw the lack of ovarian histopathologic examinations. It is 
ethically very difficult to perform histopathological studies 
on the ovarian tissue in the reproductive period. Thus, we 
planned to show the effects of both methods on ovarian 
tissue in this experimental study. There are increasing 
concerns regarding TS as it was reported to affect the 
ovarian reserve because of the possibility of damage to 

Background and aim: To compare the effects of bilateral proximal tubal occlusion and bilateral total salpingectomy on ovarian reserve 
and the cholinergic system via rat experiment. 

Materials and methods: Twenty-one adult female rats were randomly divided into the following three groups: G1 (n = 7), sham group; 
G2 (n = 7), bilateral total salpingectomy group; and G3 (n = 7), bilateral proximal tubal occlusion group. Four weeks later, the abdomen 
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tubal and ovarian vascular structures due to their close 
proximity [8–13]. However, in a metaanalysis, it was shown 
that TS does not compromise ovarian reserve in the short 
term [14]. The ovarian reserve may be less affected because 
the probability of trauma to the mesosalpinx decreases in 
PTO, which is an easier and less invasive procedure with 
fewer postoperative adhesions compared to TS. It has 
similar success rates with salpingectomy [4,15]. 

In ovaries, systemic and local signaling factors, such 
as hormones, growth factors, and neurotransmitters 
determine the fate of follicles [16,17]. Acetylcholine 
(ACh) is a prominent neurotransmitter because it is 
synthesized by granulosa cells (GCs), which are the main 
cellular components of the follicle. The ovarian cholinergic 
system, consisting of muscarinic receptors, is part of the 
nonneuronal ACh production and local ACh activity 
[18,19]. Previous studies have shown the trophic and 
growth-promoting effects of ACh through the muscarinic 
receptors in cattle and human ovaries [20].

This study aimed to compare the effects of PTO 
performed by using bipolar cautery and bilateral TS on 
ovarian histopathology and cholinergic system in rats. 

2. Materials and methods
This experimental study was carried out in the 
Experimental Animals Laboratory of Fırat University 
Medical Faculty between September 2017 and January 
2018. Twenty-one-week-old adult female Wistar–Albino 
rats, weighing 190–220 g and having regular cycles, were 
fed with standard pellet feeds and city water in a room with 
21–23 °C of constant temperature and in a photoperiod of 
12 h of light (08:00–22:00) and 12 h of dark. This study was 
approved by the Fırat University Ethical Committee (Date: 
16. 02. 2017, Meeting Number: 2017⁄ 04, Decision No: 
52) and performed in the Fırat University Experimental 
Investigations Department in accordance with the 
international ethical standards on experimental animal 
studies. All of the authors have a certificate of laboratory 
animal experiments. 
2.1. Experimental protocol
The rats which were found to be in the estrus phase in the 
vaginal cytology follow-up were randomly divided into 
the following three groups: in Group (G)1 (n = 7), the 
abdomen of these rats was opened and closed, and sham 
operation was performed; in G2 (n = 7), bilateral TS was 
applied; and in G3 (n = 7), bilateral PTO was performed 
with bipolar cautery. 

The rats were placed in the supine position on the 
operating table. Skin of the rats was shaved before surgery. 
Antiseptic conditions were achieved by applying 10% 
povidone iodine solution to the operation area. The 
abdomen of the rats was opened with a midline incision.

2.1.1. TS procedure
The fallopian tube was totally clamped just above the 
ovarian tissue with the clamp. Under the clamp, the tuba 
uterina was tied with 5⁄ 0 vicryl suture. After opening of the 
clamp, the tuba uterina was cut off with the microsurgical 
scissors just above the binding suture. Thus, bleeding was 
controlled and cautery was not used.
2.1.2. PTO procedure
The connection of the uterine horn with the ovarian tissue 
and tuba uterina was determined. Cauterization was 
performed using bipolar cautery from the junction of the 
tuba uterine with the uterine horn. Bipolar cauterization 
with microsurgical cautery (monopolar: 300 W ⁄ 400 
Ω and bipolar: 120 W ⁄ 100 Ω, 400 kHz Intl. 10s ⁄ 30s. 
Profesyonel Elektronik San. ve Tic. AŞ, Ankara/Turkiye) 
was performed for approximately 3 s (50 W) during which 
the coagulation was observed with a surgical microscope.

The abdomens of the rats were opened under general 
anesthesia using ketamine (Ketalar, Eczacibasi Warner 
- Lambert, Istanbul, Turkey) 75 mg/kg and xylazine 
hydrochloride (Rompun, Bayer, İstanbul, Türkiye) 10 
mg/kg i.m. Four weeks later, the abdomens of the rats 
were opened again under general anesthesia. The ovaries 
were evaluated macroscopically. The number and size of 
macroscopic cysts in the ovaries were determined. Then, 
the right ovarian tissues were removed and stored in 
10% formaldehyde, whereas the left ovarian tissues were 
wrapped with aluminum foil and frozen and stored at –80 
°C until required, and MDA analysis was performed after 
dissolution. Blood samples taken intracardiacally were 
centrifuged at 3000 rpm for 10 min to separate the serum, 
which was then placed into Eppendorf tubes and stored at 
–80 °C. Decapitation was performed after blood sampling. 
The antimullerian hormone (AMH) assay was performed 
using rat AMH ELISA kits (Catalog no: E ‐ EL - R0640; 
Elabscience Biotechnology; Wuhan, China). 
2.2. Tissue sampling
The obtained ovarian tissues were cleaned with cold 
(+4 °C) 0.9% sodium chloride (NaCI) and dried with 
tarnishing paper. Then, the tissues were homogenized 
for 3 min at 16,000 rpm in 0.01-M phosphate buffered 
saline (PBS) solution (1: 9, w: v) with a homogenizator 
(Ultra Turrax Type T25- B, IKA Labortechnic, Germany). 
Homogenization was performed in an ice container. 
The homogenate was divided into its supernatants 
by centrifugation at 5000× g for 1 h (at +4 °C). The 
malondialdehyde (MDA) levels in each supernatant were 
determined with the appropriate methods. 
2.3. Determination of the tissue MDA levels
Determination of the MDA levels was based on the 
coupling of MDA with thiobarbituric acid at +95 °C. 
Determination of lipid peroxidation depends on the 
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spectrophotometric measurement at 532 nm of the pink 
complex obtained by the incubation of 0.8% thiobarbituric 
acid (TBA) with tissue homogenate in boiling water bath 
for 1 h under aerobic conditions with pH: 3.5. For the 
measurements, 1,1,3,3 tetraetoxypropan was used as the 
standard. The results were expressed as nmol/mL.
2.4. Histological evaluations
The right ovarian tissues obtained in each group were 
embedded in paraffin blocks after fixing with 10% 
formaldehyde. Sections of 4–6 mm thickness were obtained 
from those paraffin blocks. The sections were stained with 
Masson’s trichrome dye and hematoxylin and eosin (H&E), 
and examined and photographed under the microscope. 
In the calculation of the ovarian reserve, ovarian follicles 
were defined with the method described by Mazaud [21]. 
The fibrosis was assessed with Masson’s trichrome staining 
and scored from 0 to 3 semiquantitatively as follows: 0 = 
no fibrosis, +1 = low fibrosis, +2 = intermediate fibrosis, 
+3 = severe fibrosis [22]. 
2.5. Terminal deoxynucleotidyl transferase dUTP nick 
end labelling (TUNEL) staining
Sections of 5–6 µm thickness obtained from paraffin 
blocks were mounted on polylysine glass slides. Following 
the instructions by the manufacturer, ApopTagPlus 
Peroxidase in situ Apoptosis Detection Kit (Chemicon, 
cat no: S7101, USA) was used to detect the apoptotic cells. 
Slides were evaluated through microscopic examination 
(Novel N - 800M). In the evaluation of TUNEL staining, 
blue-stained nuclei by Harris hematoxylin were evaluated 
as normal, whereas cells displaying brown-stained nuclei 
were considered apoptotic. At 10× magnification, at 
least 500 normal and apoptotic cells were detected in the 
randomly selected regions of the sections. Apoptotic index 
(AI) was calculated by taking the ratio of the apoptotic 
cells to the total (normal + apoptotic) cells [23].
2.6. Immunohistochemical examination
Deparaffinized tissues were passed through graded alcohol 
series and boiled in a citrate buffer solution at pH 6 in a 
microwave oven (750 W) for 12 min for antigen retrieval. 
To prevent surface staining, after treating with Ultra 
V Block (TA – 125- UB, the Lab Vision Corporation, 
USA) solutions, the tissues were incubated with primary 
antibodies for 60 min [CHRM1 was purchased from Boster 
(Cholinergic receptor, muscarinic 1, catalog number: PA 
2202, Boster, 3942 B Valley Ave, Pleasanton, CA, 94566)]. 
After the application of primary antibodies, tissues were 
incubated with secondary antibodies (30 min) (biotinized 
anti-mouse/rabbit IgG, Diagnostic BioSystems, KP 50 
A, Pleasanton, USA), streptavidin alkaline phosphatase 
(30 min) (TS – 060- AP, the Lab Vision Corporation, 
USA), and fast red substrate system (TA – 125- AF, the 
Lab Vision Corporation, USA). Tissues that were exposed 
to contrasting staining with Mayer’s hematoxylin were 

treated with phosphate-buffered saline (PBS) and distilled 
water, then closed with the appropriate shutdown solution. 
The prepared tissues were examined and evaluated 
under the Olympus BX 50 light microscope (Olympus 
Corporation, Tokyo, Japan) and photographed. Extensity 
of the staining was taken as the basis when evaluating the 
immunohistochemical staining. A histoscore was derived 
from the distribution (0.1 = under 25%; 0.4 = 26–50%; 
0.6 = 50–75%; 0.9 = 76–100%) and the intensity (0 = no 
staining; +0.5 = very little staining; +1 = little staining; 
+2 = medium staining; +3 = very strong staining) of the 
staining immunoreactivity (Histoscore = distribution × 
intensity) [24].
2.7. Statistical analysis
When a power analysis of 80% power and 0.05 significance 
level was performed for the variable with the widest 
standard deviation from the variables to be used in the 
study, it was calculated that there should be at least 5, 
optimally 7 subjects in each group. SPSS 21.0 software 
(SPSS Inc., Chicago, IL, USA) was used for the statistical 
analysis of data. The Kolmogorov–Smirnov and Shapiro–
Wilk tests were used as tests of normality for the continuous 
variables. Nonnormally distributed data was expressed as 
the median (minimum–maximum). The comparison of 
continuous variables among three groups was done with 
the Kruskal–Wallis test. Binary comparisons were done 
with the Mann–Whitney U-test. Categorical variables 
were compared with chi-squared test and Fisher’s exact 
test where applicable.  P-value smaller than 0.05 was 
considered statistically significant.

3. Results
The experiment was successfully completed in all rats. 
None of the rats died in the study and all were included 
in the study.
3.1. Ovarian reserve
When G1 and G2 were compared, primordial (P = 0.259) 
primary (P = 0.165) and tertiary (P = 0.017) follicle 
numbers were similar. Secondary follicles (P = 0.001), 
and corpus luteum (CL) (P = 0.001) were significantly 
decreased in G2 than in G1. There was no macroscopic 
cyst formation in G1, new ovarian cyst formation with a 
diameter of 11 (5–15) mm was observed in G2 (P = 0.001), 
(Table 1), (Figures 1a–1c).

When G1 and G3 were compared, primordial (P = 
0.318), primary (P = 0.710), secondary (P = 0.259) and 
tertiary (P = 0.097) follicle numbers were similar. The 
number of CL was significantly decreased in G3 than in 
G1 (P = 0.001). The result was similar in terms of cyst 
formation between G1 and G3 (P = 1.000), (Table 1), 
(Figures 1a–1c).

When G2 and G3 were compared, primordial (P = 
0.165), primary (P = 0.128), tertiary (P = 0.535) follicle, and 
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CL (P = 0.017) numbers were similar. In G2, the number 
of secondary follicle was significantly decreased compared 
to G3 (P = 0.001). Cyst formation was significantly higher 
in G2 than in G3 (P = 0.001), (Table 1), (Figures 1a–1c).
3.2. Fibrosis
When G1 and G2 were compared, the fibrosis scores were 
significantly higher in G2 (P = 0.001), whereas the fibrosis 
scores were similar when G1 and G3 were compared (P 
= 0.902). When G2 and G3 were compared, there was a 
significant increase in the fibrosis score in G2 (P = 0.001), 
(Table 2), (Figures 1d–1f).
3.3. Apoptosis
When G1 and G2 were compared, AI was increased in G2 
(P = 0.001). When G1 and G3 were compared, there was a 
significant increase in AI in G3 (P = 0.011). When G2 and 
G3 were compared, there was a significant increase in AI 
in G2 (P = 0.001), (Table 2), (Figures 1g–1i).
3.4. MDA levels (nmol/mL)
When MDA values were compared, they were significantly 
increased in G2 (P = 0.001) and G3 compared to G1 (P = 
0.002). Compared with G3, MDA levels were significantly 
increased in G2 (P = 0.001), (Table 3).
3.5. AMH levels (ng/mL)
When G1 and G2 were compared, AMH values were 
significantly decreased in G2 (P = 0.001), whereas G1 and 
G3 showed similar values (P = 0.710). When G2 and G3 
were compared, G2 showed significantly decreased values 
(P = 0.001), (Table 3).
3.6. CHRM1 immunoreactivity
When G1 and G2 were compared, CHRM1 
immunoreactivity was significantly decreased in G2 (P = 
0.001). G1 and G3 were similar (P = 0.620). When G2 and 
G3 were compared, it was significantly decreased in G2 (P 
= 0.001), (Table 2), (Figures 1j–1l).

4. Discussion
This study aimed to compare the effects of PTO performed 
with bipolar cautery and bilateral TS on ovarian reserve 
and cholinergic system. In our study, we showed that 
TS caused ischemic changes in ovarian tissue compared 
to PTO, causing damage to the ovarian tissue. In the TS 
group, we found a significant increase in fibrosis, apoptosis 
scores, and MDA level compared to PTO, and a decrease 
in ovarian reserve and CHRM1 immunoreactivity. Our 
findings revealed that, compared with TS, the PTO 
procedure causes less damage to the local cholinergic 
function and histopathology of ovaries.

It has been reported that the TS procedure can cause 
ovarian damage [8–12]. In contrast, when bipolar cautery 
is used in salpingectomy, the ovarian reserve has been 
shown to be unaffected [23,25–27]. In our study, we found 
a significant decrease in the number of secondary follicle 
and CL in the TS procedure. In addition, our TS group had 
a significant macroscopic cyst. In our PTO group, no cyst 
was detected and the follicle numbers were similar to the 
control group, except for the reduced CL number.

In reproductive ages, the cortex is filled with follicles of 
different stages and the medulla consists of elastic fibrils, 
loose connective tissues, blood vessels, lymphatics, and 
nerve fibers [28]. Given that uterine and tubal lymphatics 
are very close to each other in the broad ligament, collagen 
neo-formation is stimulated in blood or lymphatic 
circulatory disorders [29,30]. By applying TS, we disrupt 
the ovarian vascular and lymphatic circulation, as well as 
damage the nerve fibers. When the utero-ovarian vascular 
anastomosis is disrupted, blood flow deteriorates and 
hypoxia develops [31]. This explains the increased fibrosis 
in our TS group. In particular, in rodents, the oxidative 
damage in oocytes was reported to decrease the fertilization 
chance by causing mitochondrial damage [32], inhibition 

Table 1. Comparison of cyst formation and ovarian reserve with follicle numbers among groups. 

Groups Primordial
follicle

Primary
follicle

Secondary
follicle

Tertiary
follicle

Corpus
luteum

Ovarian cyst diameter
(mm)/count

G1 (n = 7) 11 (10–13) 12 (9–14) 12 (9–15) 2 (1‐2) 21 (19–24) 0.00 (0–0) ⁄ 0
G2 (n = 7) 12 (9–13) 12 (8–13) 5 (3–6) 0 (0–1) 12 (10–17) 11 (5–15)⁄  12
G3 (n = 7) 11 (9–15) 13 (9–15) 11 (9–12) 2 (0–2) 15 (13–19) 0.00 (0–0) ⁄ 0

P values

G 1–G2:
0.259
G1–G3:
0.318
G2–G3:
0.165

G1–G2:
0.165
G1–G3:
0.710
G2–G3:
0.128

G1–G2:
0.001
G1–G3:
0.259
G2–G3:
0.001

G1–G2:
0.017
G1–G3:
0.097
G2–G3:
0.535

G1–G2:
0.001
G1–G3:
0.001
G2–G3:
0.017

G1–G2:
0.001
G1–G3:
1.000
G2–G3:
0.001

Note: Values are presented as median (min–max). G1 = Sham group; G2 = Total salpingectomy group; G3 = Proximal tubal occlusion group
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of steroidogenic enzymes [33], damage to other proteins 
involved in the intracellular traffic of cholesterol [34,35], 
damage to cellular membrane lipids, and DNA damage 
that may lead to cell death by apoptosis or necrosis [36–
38]. In our study tissue MDA levels increased significantly 
in TS and PTO groups compared to the control group. 
This shows that both TS and PTO cause oxidative stress 

in ovarian tissue. However, when we compared the TS 
and PTO groups, we found that oxidative stress was 
significantly more severe in the TS group. This shows 
that TS significantly increases oxidative stress in ovarian 
tissue compared to PTO. At the same time there was no 
significant difference in the ovarian reserve and fibrosis 
score between the control group and the PTO group. This 

Figure 1. Ovarian follicles, fibrosis, apoptosis, and CHRM1 immunoreactivity in all groups. a,b,c: different types of follicles; d,e,f: 
fibrosis areas (black star); g,h,i: TUNEL-positive cells (black arrow); j,k,l: chrm 1 immune positivity is observed in granulosa cells of 
secondary follicle (black arrow). Group 1 = Sham group; Group2 = Total salpingectomy group; Group3 = Proximal tubal occlusion group; 
CHRM1 = cholinergic receptor muscarinic 1
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finding shows us that stimulation of oxidative stress after 
PTO is not as high as TS. Moreover, our findings show that 
PTO operation damages the ovarian vascular structure 
significantly less than TS. We thought that salpingectomy 
can damage other systems in addition to oxidative stress in 
the ovarian tissue. These findings suggest that explaining 
the damage in ovarian tissue caused by salpingectomy 
procedure with only oxidative damage would be inadequate 
and other mechanisms may play a role. Therefore, we aimed 
to evaluate the muscarinic receptor activity, which plays 
a role in vascular functions and ovarian folliculogenesis. 
Muscarinic receptors are found in vascular endothelial 
cells. Activation of the muscarinic receptor on vascular 
endothelial cells causes increased nitric oxide (NO) 
synthesis that spreads to adjacent vascular smooth muscle 
cells and causes vasodilatation [39,40]. We thought that 
TS could affect the ovarian cholinergic system and the 
functions of neurotransmitters by damaging the vascular 
and neural structures coming from the broad ligament 
compared to PTO. We found a relationship between the 
decrease in CHRM1 activity due to the damage caused by 
TS in the ovarian tissue as a result of oxidative stress. This 
determination supports our aim to investigate CHRM1 
activity in TS and PTO.

The presence of an intraovarian regulatory system 
produced by rat and human GCs and containing ACh 
has been shown. This neurotransmitter may be effective 
on M 1, M 3, and M 5 muscarinic receptors in GCs of 
oocytes [41]. GCs also express muscarinic receptors for 
ACh. Therefore, the presence of an ovarian cholinergic 
system due to local ACh functions and nonneuronal ACh 
production has been accepted. Previous studies, however, 
have described the trophic, growth-promoting effects of 
ACh on GCs via muscarinic receptors in cattle and human 
induced ovarian cells. Increases in intracellular Ca 2 + levels, 
activation of ion channels, and disruption of gap junction 

communication are among the results of the decrease in 
cholinergic activity [20,42]. Acetylcholinesterase (AChE) 
identified in mRNA and protein level is localized at the 
endocrine and vascular sites of rodent ovaries. It has been 
found that the enzyme is mainly associated with blood 
vessels, follicular GCs, and CL. On this basis, it is thought 
that AChE is associated with rapidly changing endocrine 
sites and blood vessels of the ovary in adulthood [42]. In a 
study by Urra et al. [43], it was shown that the inhibition 
of AChE with huperzine A (Hup A), a specific inhibitor 
of AChE, for 4 weeks was associated with the increase 
of the intra ovarian ACh, which results in a strong 
modification of follicular development and reduction 
in ovarian cyst formation. ACh can maintain the initial 
development of follicles up to the antral stage. However, 
many of these follicles may be exposed to atresia because 
they are not supported by FSH. In this study, the fact that 
the initial follicle growth did not change significantly was 
proven with a similar number of primordial and primary 
follicle numbers. However, an increase in the number 
of secondary follicles has been shown. Specifically, an 
accumulation of small preantral secondary follicles 
occurred. This suggests that the effects of ACh are focused 
on supporting the growth of primary follicles [43]. We 
also did not find any significant difference in primary 
and primordial follicle numbers in TS and PTO groups. 
However, macroscopic cyst formation in the TS group, 
the decrease in the number of secondary follicles, and the 
decrease in AMH levels, which is regarded as the most 
reliable test for ovarian reserve and known to be well 
correlated with the true histological number of ovarian 
follicles [44], may be a consequence of the decrease in 
muscarinic activity, thereby affecting ACh. 

This study has a number of limitations. Firstly, it has 
a very small sample size but we determined the number 
of rats by using power analysis. Secondly, if we performed 

Table 2. Comparison of ovarian fibrosis score, apoptosis 
percentage, and CHRM1 immunoreactivity level among groups. 

Groups Fibrosis score Apoptosis (%) CHRM1
histoscore

G1 (n = 7) 0.0 (0–0.5) 3 (2–5) 1.2 (0.8–1.8)
G2 (n = 7) 3.0 (2–3) 15 (12–18) 0.4 (0.3–0.6)
G3 (n = 7) 1.0 (0–1) 5 (4–8) 0.9 (0.8–1.8)

P values
G1–G2: 0.001
G1–G3: 0.902
G2–G3: 0.001

G1–G2: 0.001
G1–G3: 0.011
G2–G3: 0.001

G1–G2: 0.001
G1–G3: 0.620
G2–G3: 0.001

Note: Values are presented as median (min–max). G1 = Sham 
group; G2 = Total salpingectomy group; G3 = Proximal tubal 
occlusion group; CHRM1 = Cholinergic receptor muscarinic 1

Table 3. Comparison of serum AMH and tissue MDA levels 
among groups. 

Groups AMH (ng/mL) MDA (nmol/mL)
G1 (n = 7) 6.9 (5.5–8.3) 145 (122–165)
G2 (n = 7) 4.2 (3–5) 687 (415‐766)
G3 (n = 7) 7.3 (5.9–8.1) 263 (162–311) 

P values
G1–G2: 0.001
G1–G3: 0.710
G2–G3: 0.001

G1–G2: 0.001
G1–G3: 0.002
G2–G3: 0.001

Note: Values are presented as median (min–max).
G1 = Sham group; G 2 = Total salpingectomy group; G 3 = Proximal 
tubal occlusion group
AMH= Antimullerian hormone; MDA= Malondialdehyde
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ovarian stimulation after two procedures and compared 
the oocyte counts obtained, our study would be more 
valuable. Thirdly, the long-term effects of TS and PTO 
were not studied in our experiment. Short-term effects 
were studied after 1 month. The reason we prefer the 1 
month period is the estrous cycle of the rats, which lasts 
4-5 days. In a 28-day follow-up period, a length of 5–7 
cycles is considered in rats. The developmental stage of 
primordial follicle to secondary follicular may take >30 
days. The developmental period from secondary stage to 
gradual ovulation can be 28 ± 2 to 3 days [45]. For these 
reasons, we planned to investigate the ovaries 4 weeks after 
TS and PTO in order to be able to evaluate the effects of 
all follicles in the stages ranging from primordial follicular 
to ovulation on ovarian reserve after exposure to tubal 
surgery. Therefore, we examined the early effects of TS 
and PTO on ovarian tissue. The results may change with 
longer follow-up period. The fourth limitation is that it is 
also clear that the experimental results in animal models 
cannot be fully applied to humans. 

The strength of our study is that it is the first pilot 
investigation attempting to explain the effects of TS and 
PTO, which are frequently applied in cases of HX, on 
the ovarian morphology through oxidative stress and 
muscarinic receptors. Secondly, ovarian histopathological 
studies are ethically difficult to perform in the ovary of 
women of reproductive age. This increases the value of our 
experimental work.

In conclusion, in the experimental rat model, compared 
to TS, the PTO procedure does less damage to local 
cholinergic function and histopathology of the ovaries.

Conflict of interest
All the authors declare that they have no conflict of interest 
to disclose.

Acknowledgement
We thank Professor Dr. Nevin İlhan and Fırat University 
Biochemistry Clinic for providing biochemical analysis 
data in this study.

References

1. Aboulghlar MA, Mansour RT, Serour GI. Controversies in the 
modern management of hydrosalpinx. Human Reproduction 
Update 1998; 4 (6): 882-890.

2. Strandell A, Lindhard A. Why does hydrosalpinx reduce 
fertility? The importance of hydrosalpinx fluid. Human 
Reproduction 2002; 17 (5): 1141‐1145.

3. Volodarsky-Perel A, Buckett W, Tulandi T. Treatment of 
hydrosalpinx in relation to IVF outcome: a systematic review 
and meta-analysis. Reproductive  BioMedicine Online 2019; 39 
(3): 413-432. doi: 10.1016/j.rbmo.2019.04.012 

4. Surrey ES, Schoolcraft WB. Laparoscopic management of 
hydrosalpinges before in vitro fertilization-embryo transfer: 
salpingectomy versus proximal tubal occlusion. Fertility and 
Sterility 2001; 75 (3): 612-617.

5. Kontoravdis A, Makrakis E, Pantos K, Botsis D, Deligeoroglou 
E, Creatsas G. Proximal tubal occlusion and salpingectomy 
result in similar improvement in in vitro fertilization outcome 
in patients with hydrosalpinx. Fertility and Sterility 2006; 86: 
1642-1649.

6. Vignarajan CP, Malhotra N, Singh N. Ovarian reserve and 
assisted reproductive technique outcomes after laparoscopic 
proximal tubal occlusion or salpingectomy in women with 
hydrosalpinx undergoing in vitro fertilization: a randomized 
controlled trial. The Journal of Minimally Invasive Gynecology 
2019; 26 (6): 1070-1075. doi: 10.1016/ j.jmig.2018.10.013

7. Xu B, Zhang Q, Zhao J, Wang Y, Xu D, Li Y. Pregnancy 
outcome of in vitro fertilization after Essure and laparoscopic 
management of hydrosalpinx: a systematic review and meta-
analysis. Fertility and Sterility 2017; 108 (1): 84-95. doi: 
10.1016/ j.fertnstert.2017.05.005

8. Chan CC, Ng EH, Li CF, Ho PC. Impaired ovarian blood 
flow and reduced antral follicle count following laparoscopic 
salpingectomy for ectopic pregnancy. Human Reproduction 
2003; 18 (10):  2175-2180.  

9. Findley AD, Siedhoff MT, Hobbs KA, Steege JF, Carey ET et 
al. Short -term effects of salpingectomy during laparoscopic 
hysterectomy on ovarian reserve: a pilot randomized 
controlled trial. Fertility and Sterility 2013; 100 (6): 1704-1708. 
doi: 10.1016/ j.fertnstert.2013.07.1997

10. Venturella R, Morelli M, Lico D, Di Cello A, Rocca M et 
al. Wide excision of soft tissues adjacent to the ovary and 
fallopian tube does not impair the ovarian reserve in women 
undergoing prophylactic bilateral salpingectomy: results from 
a randomized, controlled trial. Fertility and Sterility 2015; 104 
(5): 1332-1339. doi: 10.1016/ j.fertnstert.2015.08.004 

11. Sahin C, Taylan E, Akdemir A, Ozgurel B, Taskıran D, 
Ergenoglu AM. The impact of salpingectomy and single‐dose 
systemic methotrexate treatments on ovarian reserve in ectopic 
pregnancy. The European Journal of Obstetrics & Gynecology 
and Reproductive Biology 2016; 205: 150-152. doi: 10.1016/ 
j.ejogrb.2016.08.028

12. Atilgan R, Kuloglu T, Boztosun A, Orak U, Baspinar M et al. 
Investigation of the effects of unilateral total salpingectomy on 
ovarian proliferating cell nuclear antigen and follicular reserve: 
experimental study. The European Journal of Obstetrics & 
Gynecology and Reproductive Biology 2015; 188: 56-60. 
doi:10.1016/ j.ejogrb.2015.02.028



1104

ATILGAN et al. / Turk J Med Sci

13. Song T, Kim MK, Kim ML, Jung YW, Yun BS et al. Impact of 
opportunistic salpingectomy on anti‐Müllerian hormone in 
women undergoing laparoscopic hysterectomy: a multicentre 
randomised controlled trial. British Journal of Obstetrics and 
Gynaecology 2017; 124 (2): 314-320.  doi: 10.1111/ 1471-
0528.14182

14. Mohamed AA, Yosef AH, James C, Al-Hussaini TK, Bedaiwy 
MA, Amer SAKS. Ovarian reserve after salpingectomy: a 
systematic review and meta-analysis. Acta Obstetricia et 
Gynecologica Scandinavica 2017; 96 (7): 795- 803. doi: 10.1111/ 
aogs.13133

15. Murray DL, Sagoskin AW, Widra EA, Levy MJ. The adverse 
effect of hydrosalpinges on in vitro fertilization pregnancy rates 
and the benefit of surgical correction. Fertility and Sterility 
1998; 69 (1): 41-45. 

16. Matsuda F, Inoue N, Manabe N, Ohkura S. Follicular growth 
and atresia in mammalian ovaries: regulation by survival 
and death of granulosa cells. Journal of Reproduction and 
Development 2012; 58 (1): 44-50. 

17. Saller S, Merz-Lange J, Raffael S, Hecht S, Pavlik R et al. 
Norepinephrine, active norepinephrine transporter, and 
norepinephrine-metabolism are involved in the generation 
of reactive oxygen species in human ovarian granulosa cells. 
Endocrinology 2012; 153 (3): 1472-1483. doi: 10.1210/ en.2011-
1769

18. Kawashima K, Fujii T. Basic and clinical aspects of non-neuronal 
acetylcholine: overview of non-neuronal cholinergic systems 
and their biological significance. Journal of Pharmacological 
Sciences 2008; 106 (2): 167-173.

19. Rosas-Ballina M, Olofsson PS, Ochani M, Valdes-Ferrer SI, 
Levine YA et al. Acetylcholine-synthesizing T cells relay neural 
signals in a vagus nerve circuit. Science 2011; 334 (6052): 98-
101.  doi: 10.1126/ science.1209985

20. Al-Zi’abi MO, Bowolaksono A, Okuda K. Survival role of 
locally produced acetylcholine in the bovine corpus luteum. 
Biology of Reproduction 2009; 80 (4): 823-832. doi: 10.1095/ 
biolreprod.108.069203

21. Mazaud S, Guigon CJ, Lozach A, Coudouel N, Forest MG et 
al. Establishment of the reproductive function and transient 
fertility of female rats lacking primordial follicle stock after fetal 
gamma-irradiation. Endocrinology 2002; 143 (12): 4775-4787.

22. Atılgan R, Pala Ş, Kuloğlu T. Investigation of treatment 
efficacy of 10% povidone–iodine sclerotherapy on ovarian cyst 
diameter: an experimental study. Turkish Journal of Medical 
Sciences 2019; 49 (3): 795-801. doi: 10.3906/ sag-1810- 27

23. Lipponen P, Aaltomaa S, Kosma VM, Syrajänen K: Apoptosis 
in breast cancer as related to histopathological characteristics 
and prognosis. The European Journal of Cancer 1994; 30 (14): 
2068-2073.

24. Yalçın E, Pala Ş, Atılgan R, Kuloğlu T, Önalan E et al. Is there any 
difference between endometrial hyperplasia and endometrial 
carcinoma in terms of expression of TRPM2 and TRPM7 ion 
channels? Turkish Journal of Medical Sciences 2019; 49 (2): 
653-660. doi: 10.3906/sag-1810-176

25. Dede FS, Dilbaz B, Akyuz O, Caliskan E, Kurtaran V, Dilbaz S. 
Changes in menstrual pattern and ovarian function following 
bipolar electrocauterization of the fallopian tubes for voluntary 
surgical contraception. Contraception 2006; 73 (1): 88- 91.

26. Carmona F, Cristóbal P, Casamitjana R, Balasch J. Effect of 
tubal sterilization on ovarian follicular reserve and function. 
American Journal of Obstetrics & Gynecology 2003; 189 (2): 
447-452. 

27. Kaya C, Turgut H, Cengiz H, Turan A, Ekin M, Yaşar L. The 
effect of tubal sterilization with the Pomeroy technique and 
bipolar electrocauterization on the ovarian reserve and serum 
anti-Müllerian hormone levels in a rat model. The European 
Journal of Obstetrics & Gynecology and Reproductive Biology 
2015; 185: 108-113. doi: 10.1016/ j.ejogrb.2014.12.005

28. Rolaki A, Drakakis P, Millingos S, Loutradis D, Makriginnakis 
A. Novel trends in follicular development, atresia and 
corpus luteum regression: role for apoptosis. Reproductive 
BioMedicine Online 2005; 11 (1): 93-103.

29. Barber HRK: Ovarian carcinoma: etiology, diagnosis and 
treatment. In: Barber HRK (editor). Anatomy, Embriology, and 
Comparative Anatomy. 3rd ed. New York, NY, USA: Springer-
Verlag New York, 1993. pp. 13-27.

30. Souza AZ, Fonseca AM, Izzo VM, Clauzet RM, Salvatore 
CA. Ovarian histology and function after total abdominal 
hysterectomy. Obstetrics & Gynecology 1986; 68 (6): 847- 849.

31. Langerak P, Nygren AO, Krijger PH, van den Berk PC, Jacobs 
H. A ⁄ T mutagenesis in hypermutated immunoglobulin genes 
strongly depends on PCNAK164 modification. Journal of 
Experimental Medicine 2007; 204 (8): 1989-1998.

32. Kowaltowski AJ, Vercesi AE. Mitochondrial damage induced 
by conditions of oxidative stress. Free Radical Biology and 
Medicine 1999; 26 (3-4): 463-471.

33. Behrman HR, Kodaman PH, Preston SL, Gao S. Oxidative 
stress and the ovary. Journal of the Society for Gynecologic 
Investigation 2001; 8 (1): 40-42.

34. Behrman HR, Aten RF. Evidence that hydrogen peroxide blocks 
hormone sensitive cholesterol transport into mitochondria of 
rat luteal cells. Endocrinology 1991; 128 (6): 2958- 2966.

35. Sawada M, Carlson JC. Intracellular regulation of progesterone 
secretion by the superoxide radical in the rat corpus luteum. 
Endocrinology 1996; 137 (5): 1580-1584. 

36. Tatemoto H, Sakurai N, Muto N. Protection of porcine 
oocytes against apoptotic cell death caused by oxidative stress 
during in vitro maturation: role of cumulus cells. Biology of 
Reproduction 2000; 63 (3): 805-810.

37. Droge W. Free radicals in the physiological control of cell 
function. Physiological Reviews 2002; 82 (1): 47- 95.

38. Yao H, Guo L, Jiang BH, Luo J, Shi X. Oxidative stress and 
chromium (VI) carcinogenesis. The Journal of Environmental 
Pathology, Toxicology, and Oncology 2008; 27 (2): 77- 88.

39. Caulfield MP, Birdsall NJ. International Union of Pharmacology. 
XVII. Classification of muscarinic acetylcholine receptors. 
Pharmacological Reviews 1998; 50 (2): 279-290. 



1105

ATILGAN et al. / Turk J Med Sci

40. Furchgott RF, Zawadzki JV. The obligatory role of endothelial 
cells in the relaxation of arterial smooth muscle by acetylcholine. 
The Nature 1980 (5789); 288: 373-876.

41. Fritz S, Wessler I, Breitling R, Rossmanith W, Ojeda SR et al. 
Expression of muscarinic receptor types in the primate ovary 
and evidence for non-neuronal acetylcholine synthesis. The 
Journal of Clinical Endocrinology & Metabolism 2001; 86 (1): 
349-354.

42.  Blohberger J, Kunz L, Einwang D, Berg U, Berg D et al. 
Readthrough acetylcholinesterase (AChE-R) and regulated 
necrosis: pharmacological targets for the regulation of ovarian 
functions? Cell Death & Disease 2015; 6: e1685. doi: 10.1038/ 
cddis.2015.51

43. Urra J, Blohberger J, Tiszavari M, Mayerhofer A, Lara HE. In 
vivo blockade of acetylcholinesterase increases intraovarian 
acetylcholine and enhances follicular development and fertility 
in the rat. Scientific Reports 2016; 6: 30129.  doi: 10.1038/ 
srep30129

44. Hansen KR, Hodnett GM, Knowlton N, Craig LB. Correlation 
of ovarian reserve tests with histologically determined 
primordial follicle number. Fertility and Sterility 2011; 95 (1): 
170‐175. doi: 10.1016/ j.fertnstert.2010.04.006

45. McGee EA, Hsueh AJ. Initial and cyclic recruitment of ovarian 
follicles. Endocrine Reviews 2000; 21 (2): 200-214.


