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Introduction: The purpose of this study is to investigate the 
effects of tetracycline (TC), clarithromycin (CM) and bleomycin 
(BLM) on the cyst diameter and ovarian tissues in the treatment 
of simple ovarian cysts.

Methods: We employed Wistar albino female rats (n=38) to 
create ovarian cysts, and did not intervene in any form in the 
control group (GC) (n=6). In total, 32 female rats underwent 
unilateral salpingectomy for the creation of cysts. Macroscopic 
cysts were manifested in 25 (78%) rats who underwent 
salpingectomy. We divided the rats (n=25) with cysts into 
four groups. Salpingectomy with saline was performed in G1, 
salpingectomy with tetracycline (TC) was performed in G2, and 
salpingectomy with Clarithromycin (CM) was performed in G3. 
Additionally, salpingectomy with BLM was exploited in G4. 

Results: There was a significant decrease in the diameter of 
the cyst in G2 as compared to G1, but there was no significant 
difference among the other groups. There was no significant 
change in total ovarian reserve in the groups (p=0.066). 
There was a statistically significant increase in fibrosis in G1 
and G3 groups as compared to GC (p<0.0001). As compared 
to G1, fibrosis was significantly decreased in G2 (p=0.003) and 
G4 (p=0.0001). TUNEL positivity was similar in GC and G1; 
however, there was a significant increase of TUNEL positivity 
in G2, G3 and G4 as compared to the control group (p<0.0001). 
In addition, there was a significant increase of adhesion in G2 
(p=0.030) and G3 (p=0.010) as compared to G1. 

Conclusion: TC is a more effective agent than CM and BLM in 
the sclerotherapy treatment of ovarian cysts. These three agents 
have no negative effect on the total ovarian reserves. There is 
an increasing need for further clinical studies regarding the 

Amaç: Basit over kistlerinin tedavisinde Tetrasiklin, Klaritromisin 
ve Bleomisinin kist çapı ve over dokuları üzerine etkisini 
araştırmak. 

Yöntemler: Over kistlerini oluşturmak için 38 Wistar albino 
rat ile çalışıldı. Kontrol grubuna (GK) (n=6) hiçbir müdahale 
yapılmadı. Toplam 32 dişi Wistar albino cinsi ratta ise tek 
taraflı salpenjektomi yapıldı. İşlemden 1 ay sonra tüm ratlara 
laparotomi yapıldı. Salpenjektomi yapılanların 25’inde (78%) 
makroskobik kist oluşmuştu. Kist oluşan ratlar (n=25) 4 gruba 
ayrıldı. Grup 1’e (G1) salpenjektomi ve salin, Grup 2’ye (G2) 
salpenjektomi ve tetrasiklin (TC), Grup 3’e (G3) salpenjektomi ve 
klaritromisin (CM), Grup 4’e ise (G4) salpenjektomi ve bleomisin 
uygulandı.  

Bulgular: G1 grubu ile karşılaştırıldığında G2 grubunda 
kist çapında anlamlı derecede azalma olduğu görüldü, 
diğer gruplar ile anlamlı farklılık yoktu. Kontrol grubu ile 
karşılaştırıldığında G1, G2, G3 ve G4 gruplarında toplam 
over rezervinde bir değişiklik izlenmedi (p=0.066). Kontrol 
grubu ile karşılaştırıldığında G1 ve G3 gruplarında fibrozis 
istatistiksel olarak anlamlı artış gözlendi (p<0.0001). G1 
ile karşılaştırıldığında ise G2 (p=0.003) ve G4 (p=0.0001) 
gruplarında fibrozis istatistiksel olarak anlamlı şekilde azalmış 
gözlendi. TUNEL pozitifliği; GK ve G1 gruplarında benzerdi. 
Kontrol grubuyla kıyaslandığında ise G2, G3 ve G4 gruplarında 
anlamlı artış gözlendi (p<0.0001). Adhezyon G1 grubuyla 
karşılaştırıldığında G2 (p=0.030) ve G3 (p=0.030) gruplarında 
anlamlı olarak artmıştı. 

Sonuç: TC, over kistlerinin skleroterapisinde, klaritromisin ve 
bleomisinden daha etkili bir ajandır. Bu üç ajanın total over 
rezervleri üzerine olumsuz etkisi yoktur. Basit over kistlerinin 
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Introduction
Non-neoplastic ovarian cysts are the most commonly detected adnexal 
masses in menstruating females. Most of these cysts are functional and 
regress spontaneously (1). Follicular and luteal cysts are defined as the 
physiological ones, whereas pathologic cysts are classified as benign, 
malign or borderline ovarian tumours (2). Cysts that have diameters of 
up to 4 cm are mostly resolvable within 2-3 months. In case if the size 
of cyst increases or stays the same, then a cyst aspiration or operation 
is recommended (3). However, aspiration is generally not preferred 
because of tremendous recurrence rate of cysts, infectious complications 
and non-optimal histopathological data (4,5). The classical treatment 
of a persistent ovarian cyst is exploratory laparotomy or laparoscopic 
resection (6). Minimally invasive therapies are some alternative methods 
that have been gaining popularity because of negligible surgical 
complications and the reduction of fertility rate in ovarian cysts during 
the treatment. It is reported that localized benign cysts observed in 
thyroid, parathyroid, liver, kidney or spleen regions can be treated 
effectively and cost-efficiently by applying ultrasound-guided aspiration 
and sclerosis (7). Sclerotherapy treatment can be considered for females 
who have ovarian cysts and do not want surgical treatments (8). Before 
sclerotherapy, it is crucial to consider the preoperative evaluation of 
the previous pathologic diagnosis, the midscalp serum CA 125 level and 
the coloured Doppler ultrasonography to exclude a possible chance of 
malignancy (9).

Tetracyclines, for example, doxycycline, tetracycline (TC) and 
minocycline, are regarded as the sclerosing agents that are applied in 
clinical settings such as pleural effusions, pneumothoraxes, hydroceles, 
benign lymphoepithelial cysts of the parotid gland and lymphoceles 
after renal transplantation (10). The results of local chemical irritation 
and inflammatory response are dedicated to the underlying setting of 
the sclerosing effect (10).

Clarithromycin (CM) is a powerful and effective semi-synthetic 
14-membered macrolide. It is a prevalent antibiotic, combined with 
another antibiotic and an acid-suppressing agent, employed in the 
normal helicobacter pylori eradication regimens (11,12).

Bleomycin (BLM) is a glycopeptide antibiotic, which is isolated from 
Streptomyces verticillus. It acts as an antineoplastic and antibiotic drug 
for the treatment of several cancers. The BLM breaks DNA in tumour 
cells, which induces apoptosis afterwards (13).

It is a potent and gentle sclerosant, which is widely used in the treatment 
of vascular malformations and cystic lesions such as mucoceles and 
renal cysts (14,15).

The purpose of this study is to determine the effects of TC, CM and BLM 
on the cyst diameter and ovarian tissues as well as the sclerotherapy 
efficacy of TC, CM and BLM on simple ovarian cysts, which were created 
experimentally with salpingectomy in rats.

Methods
This study was conducted under the approval of the Fırat University 
Institutional Animal Ethics Committee (Decree date: 14.05.2014, 
Decree no: 116). All experiments were conducted at Fırat University 
Experimental Researches Laboratory FUTDAM, an institution authorized 
to perform non-clinical studies under the Good Laboratory Practice 
(GLP) regulations.

Animals

This study’s design is based on the creation of experimental ovarian cyst 
generation model of Atilgan et al. (16). For the creation of ovarian cysts, 
we randomly picked 38 rats for performing salpingectomy. We selected 
20 female Wistar albino rats aged 12-14 weeks old with weights ranging 
between 200 and 220 grams. We provided standard pellet feed and tap 
water to the rats within 12 h light/dark cycles at a room temperature 
(21°C-23°C). 

Experimental Design

We administered the rats with anaesthesia in form of ketamine and 
xylazine. The temperature in the operating room was kept at 20ºC. 
Afterward, we injected the dosages of 60 mg/kg of ketamine HCL 
(Ketalar, Eczacıbaşı Warner-Lambert, İstanbul, Turkey) and 7 mg/kg of 
xylazine hydrochloride (Rompun, Bayer, İstanbul, Turkey) i.m. to the left 
hind foot of each rat. We placed the rats in the supine position on the 
operating table. The midline was accessed via incision. 

Surgical Technique

We used Atilgan et al’s (16) method to create ovarian cysts after 
performing right total salpingectomy. After achieving bleeding control, 
we sutured the abdomens of the rats with 3/0 silk sutures. One month 
later, we re-explored the abdomens of the rats. We excluded the rats 
that did not develop cysts (seven rats) and had very small (diameter of 
less than 4 mm) cysts from this study. We randomly separated 25 rats 
with macroscopic (diameter of more than 4 mm) (Figure 1) ovarian cysts 
into four different groups with a prospective, single-blind design. The 
classification of the groups are as follows: TC is a more effective agent 
than CM and BLM

Group C (GC) (n=6): Control group, wherein the abdomens of rats were 
opened and closed. 

Group 1 (G1) (n=6): Saline was injected into the cyst and aspirated 5 
minutes later as much as half of the aspirated fluid.

Group 2 (G2) (n=6): TC was injected into the cyst and aspirated 5 minutes 
later as much as half of the aspirated fluid.

Group 3 (G3) (n=6): CM was injected into the cyst and aspirated 5 
minutes later as much as half of the aspirated fluid.

use of sclerotherapy agents, primarily concerning the TC, in 
the treatment of simple ovarian cysts.

Keywords: Ovarian cyst, sclerotherapy, tetracycline, 
clarithromycin, bleomycin

tedavisinde TC öncelikli olmak üzere skleroterapik ajanların 
kullanılabilmesi için klinik çalışmalara ihtiyaç vardır.

Anahtar Kelimeler: Over kisti, skleroterapi, tetrasiklin, 
klaritromisin, bleomisin
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Group 4 (G4) (n=7): BLM was injected into the cyst and aspirated 5 
minutes later as much as half of the aspirated fluid.

Histopathological Evaluation

After cutting the right ovary, we put it into a solution with 10% 
formalin and sent to the laboratory. We prepared paraffin blocks for 
histopathological and histochemical examinations. Haematoxylin and 
eosin and Masson’s trichrome stains were applied to the 5-μm sections 
of paraffin blocks, which were investigated in this study. We examined 
the preparations and photographed them with a light microscope 
(Olympus BX-50).

According to the method of Souza et al. (17), we evaluated the reserve 
of ovarian follicles (primordial, primary, secondary and tertiary follicle 
counts) and fibrosis with light microscopy. We used Mazaud et al’s (18) 
method for the microscopic identification of follicles. The follicles were 
identified as follows:

Primordial follicle: The oocytes were enclosed partly or totally by pre-
granulosa cells, which were flattened;

Primary follicle: The oocytes were expanded with the layer of one or 
more cuboidal cells amid the granulosa cells, which were flattened;

Secondary follicle: Two layers of granulosa cells or the second layer were 
present with one layer and one cell;

Preantral follicle: The oocytes were surrounded by two or more layers of 
granulosa cells without the formation of antrum;

Antral follicle: The oocytes were surrounded by two or more layers of 
granulosa cells in the formation of antrum;

The fibrosis was assessed by using Masson’s trichrome stain. They were 
semi-quantitatively scored from 0 to 3 (19,20). The scores are as follows:

0= no fibrosis,

+1= low fibrosis

+2= intermediate fibrosis,

+3= severe fibrosis

The TUNEL Method

The sections with the thicknesses of 5-6 µm were taken from the 
paraffin blocks and were put on polystyrene lamas. Apoptosis cells 
were detected by using the ApopTag Plus Peroxidase In Situ Apoptosis 
Detection Kit (Chemicon, catno: S7101, USA). The tissue sections that 
were deparaffinised with xylene were washed with phosphate buffered 
saline (PBS) by passing them through the graded alcohol series. The 
tissues that were incubated for 10 minutes with 0.05% proteinase K 
were additionally incubated for 4 minutes with 3% hydrogen peroxide 
to prevent the endogenous peroxidase activity. After washing the tissue 
sections with PBS and incubating them with equilibration buffer for 6 
minutes, they were further incubated for 60 minutes with the study’s 
solution (70% µl Reaction Buffer and 30% TdT Enzyme) in a humid 
environment at 37ºC. The tissues were kept in Stop/Wash Buffer for 10 
minutes and treated with anti-digoxigenin–peroxidase for 30 minutes. 
Apoptotic cells were displayed with diaminobenzidine substrate. 

Sections, which had contrasting dye with Harris haematoxylin, were 
closed by exploiting an appropriate closure solution. The preparations 
were evaluated and photographed by using the Novel N-800M 

microscope. For the evaluation of TUNEL dyeing, the blue-coloured 

nuclei with Harris haematoxylin were evaluated as normal, and the cells 

showing brown nuclear dyeing were considered as apoptotic. At least 

500 normal and apoptotic cells were counted in the randomly selected 

areas of the sections with the magnification of 10. Statistical analysis 

was performed by calculating the apoptosis index of the apoptosis cells 

and proportioning the number of apoptosis cells to the total number 

(normal + apoptosis) of cells. 

Statistical Analysis

We employed the Statistical Package for the Social Sciences, version 

21.0 (SPSS Inc., Chicago-USA) for analysing the data. Additionally, we 

compared the groups with the one-way ANOVA test and post hoc Tukey 

HSD test. For the comparisons, we considered p<0.05 as statistically 

significant value in our study.

Results

Table 1 shows the comparison of cyst diameters and adhesion strength 

among the groups.

Histologic Results

The examination of the ovarian tissue dyed with Masson’s trichrome 

stains under the light microscope revealed that the ovarian tissue was 

normal in the control group (Figure 2). As compared to the control group 

(Figure 2A), there was no significant change of total ovarian reserve in 

the saline (Figure 2B), TC (Figure 2C), CM (Figure 2D) and BLM (Figure 2E) 

groups (p=0.066). However, cyst formation was clearly observed in the 

G1, G2, G3 and G4 groups. In addition, fibrosis (black star) significantly 

increased in G1 and G3 groups as compared to GC (p=0.001). As 

compared to the saline group, there was a statistically significant 

decrease in fibrosis in G2 (p=0.0003) and G4 groups (p=0.0001) (Table 2).

TUNEL Results

The examination of TUNEL dye for the detection of apoptotic cells 

under the light microscopy revealed TUNEL positivity in the secondary 

follicles of the ovarian tissue. TUNEL positivity (Figure 3) was similar in 

the control (Figure 3A) and saline (Figure 3B) groups. As compared to 

the control group, there was a significant increase in TUNEL positivity 

in TC (Figure 3C), CM (Figure 3D) and BLM (Figure 3E) groups (p<0.0001) 

(Table 3).

Discussion

Salpingectomy with TC, CM and BLM was applied for the creation of 

the ovarian cyst model. The comparison of the aspirated groups in 

ovarian cysts revealed a significant decrease for the cyst size in the TC 

group. There was no significant difference among the groups in the 

evaluation of ovarian reserve. There was a significant increase in the 
adhesion intensity in the group with saline than in the other groups. The 
adhesion intensity increased significantly in the TC, CM and BLM groups 
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as compared to the control group. The apoptotic index in sclerotherapy 
groups was significantly increased as compared to both control and 
saline groups. Our experimental study showed that the sclerotherapy 
activity of TC was stronger than CM and BLM in the simple ovarian cysts. 
The sclerotherapy activity also decreased the cyst diameter.

Table 1. Comparison of cyst diameters and adhesion strength between groups

Groups
Cyst Diameter 1

(After salpingectomy) (mm)

The amount of aspirated

fluid (cc)

Cyst Diameter 2

(After sclerotherapy) (mm)
Severe score of 
Adhesion

GC - - - -

G1 11.2±3.7 0.7±0.2 10±2.5 0.05±0.15

G2 11.2±4.8 0.4±0.2 7.5±3.3d 0.7±0.3b 

G3 12.2±5.2 0.5±0.3 9.2±5.6 0.8±0.6c

G4 8.8±3.8 0.3±0.2a 11.2±4.1 0.5±0.3

The values are given as mean ± standard deviation.

Comparison of the groups: 
a: There was a significant decrease between the saline and bleomycin groups in terms of the amounts of aspirated fluid (p=0.022). For the comparison of the severe score of adhesion, 
there was a significant increase among the groups (p=0.010): 
b: G1 and G2 (p=0.0301).
c: G1 and G3 (p=0.107).
d: Cyst diameters were significantly smaller in the tetracycline group (p=0.05). There was no significant difference in the other groups, GC: control group

Table 2. Comparison of ovarian reserves among the groups (histoscore)

Primordial Primer Secondary Tertiary Total Fibrosis

GC 15.6±2.6 12.4±1.1 16.2±1.3 3.4±1.3 48±2.1 0.5±0.8

G1 15±3.2 14.2±2.5 16.8±3.7 2.2±1.6 47.8±4.7 2.2±0.4a

G2 15.7±2.9 16.7±2.5 19±3.5 6±0.8 54.5±6.7 0.6±0.5 b c d

G3 14.7±3.1 15±3.6 15.7±5.1 4±1 49.3±10 2.3±0.5a

G4 15.5±2.7 15.5±2.1 21.5±0.7 2±1.4 56.5±6 0.5±0.5b

The values are provided as mean ± standard deviation. For the comparison of fibrosis, there was a significant increase between (p<0.001): 
a: Fibrosis was significantly increased in G1 and G3 as compared to GC (p=0.001).
b: Fibrosis was significantly decreased in G2 (p=0.0003) and G4 (p=0.001) as compared to G1. 
c: Fibrosis was significantly increased in G2 and G3 (p=0.0001).
d: Fibrosis was significantly increased in G3 and G4 (p<0.0001), GC: control group

Table 3. Apoptotic index

Apoptotic index (%)

GC 2.6±0.5

G1 2.8±1.3

G2 11.3±0.9ab

G3 11±4.2ab

G4 14.8±3.1ab

The values are provided as mean ± standard deviation. For the comparison of fibrosis, 
there was a significant increase between (p<0.0001): 
a: Compared with GC (p<0.0001).
b: Compared with G1 (p<0.0001), GC: control group

Figure 1. Image of macroscopic cysts in rats who underwent right total 
salpingectomy 

Figure 2. Examination of the ovarian tissue dyed with Masson’s trichrome 
stain under the light microscope, the ovarian tissue was normal in the 
control group. As compared to the control group (Figure 2A), there was no 
significant change of ovarian reserve in the saline (Figure 2B), tetracycline 
(Figure 2C), clarithromycin (Figure 2D) and bleomycin (Figure 2E) groups
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Although there is information about the use of TC and BLM in 

sclerotherapy treatment in various cysts, we have not found any 

considerable details regarding the use of CM. Additionally, we have not 

determined any study in the literature that researched the use of these 

three sclerotherapy agents for treating ovarian cysts.

Sclerotherapy was normally utilised for the treatment of tuberculosis. 

Nowadays, oncologists can access the benefits of sclerotherapy for 

the treatment of cancer-induced pleural effusions. The sclerotherapy 

mechanisms in ovarian cysts have been not exactly determined in 

research works. However, it appears that the lining of epithelial cells is 

remarkable for the process of the disease. An adequate contact between 

the cyst wall and sclerosing agent activates a coagulation cascade and 

generates inflammatory mediators. In the case of this contact, the fibrosis 

of the lining of epithelial cells takes place and the adherence is leaded 

to the wall of the cyst (9). It is believed that the underlying mechanism 

of the sclerosing effect of TC is usually a result of local chemical irritation 

or an inflammatory response (10). In addition, TC HCl causing low pH 

values can lead to sclerosis by producing cellular foreign body reaction. 

It is an antibiotic that causes cellular foreign body reaction that leads 

to sclerosis (10). Different results have been reported regarding the use 

of sclerotherapy with TC in various cysts. Kars et al (21) compared the 

aspiration of non-neoplastic ovarian cysts and sclerotherapy treatment 

with TC. There was no significant difference between these two groups in 

terms of the size of the cyst. However, recurrence rates were significantly 

lower in the TC group (14.6% (7/48) vs. 50% (24/48)). Ashindoitiang et 

al. (22) reported that the application of sclerotherapy with TC in the 

ganglion cysts significantly reduced the recurrence rate. Francis et al. 

(23) showed that aspiration and sclerotherapy with doxycycline had 

similar and successful results in the treatment of hydrocele cases. 

Fabrizzi et al. (24) performed sclerotherapy with TC to the symptomatic 

hepatic cysts of children and achieved successful results. This was 

suggested as an alternative method of laparoscopy. Kilinç et al. (25) 

showed that sclerotherapy with TC in the simple renal cysts significantly 

reduced the size of the cyst as compared to the aspiration group. The 

thorough analysis of abovementioned studies states that the antibiotics 

of TC group are very effective in preventing recurrences in various 

simple cysts. Our study observed a significant decrease for the size of 

the cyst only in the TC group as compared to the aspiration group. This 

may be due to the differences of tissue and species. In addition, the 

patients in the abovementioned studies had been usually followed 

between 3 months and 5 years. Our one-month control period might 

not be enough to examine the effect of sclerosis. Atilgan et al. (16) and 

Simsek et al. (26) showed that sclerotherapy with ethanol resulted in a 

significant decrease of the ovarian cysts after one month. Briefly, one 

month may be sufficient for alcohol and TC; however, this period may 

not be enough for the sclerosant effect in the cases of CM and BLM. 

As an antitumor agent, the BLM obstructs DNA synthesis and may 

induce cell deaths (27). As a sclerosant, BLM causes endothelial cells 

to transdifferentiate myofibroblasts, which may encourage vascular 

fibrosis (15,28). As compared to other sclerosants, the BLM has lower 

complication rates (27). Differently from ethanol, it does not lead to skin 

and mucosal necrosis (27,29,30). The in vitro and vivo studies propose 

that endothelial cell death with apoptosis rather than necrosis may 

cause decreased inflammation and swelling, which is ascribed to BLM 

(15,28,31-33). Souftas et al. (34) applied sclerotherapy with BLM to the 

symptomatic simple abdominal cysts (liver, n=14; kidney, n=3; and 

adrenal, n=2). They noticed a significant decrease in the cyst volumes 

over time. Their study showed that 17 cysts completely disappeared in 

the 12th month. There are case reports that sclerotherapy with BLM is 

successful in the treatment of the cases of lymphatic malformation (35) 

and parathyroid gland haemangioma. Azene et al. (36) demonstrated 

that the clinical results of foamed BLM were better than ethanol 

sclerotherapy in the treatment of airway venous malformations. We 

have not found any studies on the use of BLM for the sclerotherapy 

of ovarian cysts. From this aspect, our paper is the first study in the 

literature to report these findings. Our study did not find a significant 

decrease in the size of ovarian cyst as compared to the ovarian cyst size 

of BLM with aspiration and TC groups. We showed that BLM significantly 

decreased the ovarian fibrosis score as compared to the aspiration 

group. A period of one month might be insufficient to produce a 

sclerosant effect for BLM as well as for CM. We can state that BLM has 

no negative effect on the ovarian reserves. The difference of our study 

from the abovementioned sclerotherapy studies is the histopathological 

evaluation of ovarian tissue after sclerotherapy in all the groups in terms 

of fibrosis, apoptosis and ovarian reserve as well as the comparison of 

this treatment with the control group. 

Conclusion

Although all three sclerotherapy agents do not affect the ovarian 

reserve, the sclerotherapy of simple ovarian cysts with TC is more 

effective than BLM and CM. In clinical applications, various studies with 

extensive range are needed for the use of these sclerotherapy agents in 

the sclerotic treatment of simple ovarian cysts. 
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Figure 3. Light microscope images of TUNEL evaluation in groups (Figure 
3A: Control group, Figure 3B: Group 1; saline, Figure 3C: Group 2; 
tetracycline, Figure 3D: Group 3; clarithromycin and Figure 3E: Group 4; 
bleomycin).
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