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Introduction 

Smoking addiction is one of the most important 
preventable social problems. Approximately 1 
billion people smoke worldwide, 800 million of 
whom are in developing countries (1,2).  

The effects of cigarettes on female reproductive 
life are revealed by many studies (3-7). It has been 
reported that smoking exposure is associated with 
premature loss of ovarian function and decreased 
fertility (3). Experimental studies have shown that 
there is a relationship between nicotine exposure 
and follicular loss (4). Cigarette smoking has been 
shown to cause infertility in women by reducing 
folliculogenesis, steroidogenesis, and tubal activity 
(5-7). However previous studies reported smoking 
may be related to a dose-dependent reduction of 
endometrial proliferation, the consequent effect is 
unclear (8, 9). 

Cigarette smoke contains further than 4000 
biochemical active agents which include toxic and 
carcinogenic compounds. Studies suggest that 
some of these compounds may disrupt ovarian 
function through oxidative damage by producing 
reactive oxygen species (ROS) (10, 11). Increased 
oxidative status causes cell damage with affect 
DNA, protein, and lipids. Prooxidant/oxidant 
balance is important for improving ovarian 
follicles and the result of impaired balance is 
slowing oocyte maturation (12). 

Varenicline is a synthetic partial agonist of α4β2 
and α3β4 nicotinic cholinergic receptor that is 
commonly targeted in the treatment of cigarette 
addiction in recent years which is proven superior 
to other pharmacological drugs (13). As a partial 
agonist, varenicline binds to nicotinic cholinergic 
receptors and induces receptor activation, leading 
to dopamine release (agonistic effect) and 
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inhibiting cholinergic receptor binding of 
exogenous nicotine (antagonistic effect). Thus, 
abstinence symptoms and smoking wishes are 
reduced (14). 

In the current literature, there is no information 
about varenicline therapy and its effects on the 
ovary and endometrial physiology. This study aims 
to evaluate the histological, biochemical, and 
hormonal changes in the reproductive system of 
varenicline exposed female rats in an experimental 
model.  

Materials and Methods 

The study was carried out after the approval of 
the local ethics committee (Date of 15.04.2015 
and 15/39 decision no.) in Kırıkkale University 
Scientific and Technological Research 
Laboratories. All animal experiments were 
executed following the principles and guidelines 
for the use of laboratory animals (15). For this 
study, a total of 40 Wistar-Albino female rats 
weighing 300-350 g were obtained from the 
Animal Laboratory. Rats were housed in plastic 
cages until the study was performed; and were 
given standard rodent diet and water at an 
appropriate suitable temperature (24-25 ° C), 
damp range medium (55-60%), and controlled 
light (12:12 hours light: dark). 

Groups: Rats were divided into randomly 4 
groups:  

Group 1: Negative control group (no intervention 
was applied except standard care of animals, n = 
10),   

Group 2: Smoking Group (n = 10) (standard care 
in addition to smoking exposure,30 minutes twice 
per dayfor1 month),  

Group 3: Varenicline Group (n = 10) (standard 
care in addition to only varenicline treatment, 
1ml/kg for 2 weeks),   

Group 4: Smoking + Varenicline Group (n = 
10)(standard care in addition to varenicline 
treatment (1 ml/kg for2 weeks) after cigarette 
exposure (30 minutes twice per day for1 month) 
(Table 1). 

Before the experiment, all of rats were monitored 
daily by vaginal smear to hormonally synchronize 
estrous cyclicity. Thus, differences in ovarian 
morphology and steroidogenesis were excluded. 
Animals that had a regular estrous cycle were 
utilized for the experiment. 

Experimental Procedure: For the 2 groups of 
rats to be exposed to cigarette smoke, 160x130x60 

cm transparent plastic, 2 lids on the front, and 2 
cages with 20  20 cm opening and closing 
windows were made. A mechanism was installed 
using the aquarium engine and the rats were 
exposed to cigarette smoke for 30 minutes in the 
morning and evening. Camel Black™ (10 mg, 0.8 
mg nicotine) was used as a cigarette. Varenicline 
(Champix, Pfizer Manufacturing Deutschland 
GmbH Heinrich-Mack-Str. 35 89257Illertissen 
/Germany) 1 mg 28 tablets, Pfizer) was diluted 
with 0.9% saline and subcutaneously administered 
at 1 ml/kg dose at 09:00 a.m and 18:00. Cigarette 
exposure and varenicline doses were carried out as 
described previously by researchers (16, 17). 

At the end of the 6-week study, surgical 
procedures were performed in the laboratory and 
sterile conditions. Under general anesthesia  
ketamine hydrochloride (Ketalar flacon; Pfizer, 
Istanbul, Turkey) 50 mg/kg intraperitoneal, a 
longitudinal incision was made in the abdominal 
region and entered into the abdomen. Blood was 
taken from vena cava inferior for biochemical 
studies. Hysterectomy-include two horns of 
uterus-and right oophorectomy were performed 
according to the procedure and were fixed in 10% 
formalin. After the surgical procedure, rats were 
sacrificed by decapitation. 

Histopathological examinations: Histological 
examination was performed at the pathology 
department of University Hospital. Ovarian tissue 
samples and uterus were fixed with 10% formalin 
solution and whole layer cross-sections were 
obtained. Then all tissues were embedded in 
paraffin blocks. Tissues were sectioned in 5 μm 
pieces and were stained using the routine 
hematoxylin-eosin staining. The morphological 
observation was carried out blindly and a light 
microscope (Lecia DM 2500, Germany) was used 
for examination of the specimen.   

Follicles were defined as the classification of 
Erickson (18): 1. Primordial follicle; if an oocyte is 
surrounded by a single layer of flat epithelial cells, 
2. Primary follicle; if an oocyte is surrounded by a 
single layer of cubic to high-prismatic cells, 3. 
Secondary follicle; if the oocyte is increased and 
follicle consists of at least two cell layers.  Zona 
pellucida and theca follicle should be seen, 4. 
Tertiary follicle; if the follicle had an antrum, 
stratum granulosum layer, and cumulus oophorus. 
Pederson and Peters' modified method was used 
to determine ovarian follicle count (19). The 
endometrial thickness of the rat was measured in 
micrometers. 

Biochemical examinations: Blood samples in 
non-heparin tubes were centrifuged in cold at 
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1500  g for 15 minutes. Supernatant serums were 
placed into Eppendorf Tubes and kept at - 80 C 
until assay. 

Plasma AMH level was measured by ELISA 
method (Bioassay, China) according to 
manufacturer's instructions. FSH, LH, E2 levels 
were detected by the auto-analyzer 
(BeckmanCoultarDXI-600). Total-SH and MDA 
were measured by spectrophotometric methods 
and free oxygen radical levels of the sample were 
determined. 

Statistical Analysis: The statistical analysis was 
performed using the Statistical Package for the 
Social Sciences version 21 (SPSS Inc., Chicago, 
IL). Data were presented as mean ± SD.  For each 
continuous variable, normality was checked by the 
Shapiro Wilks test. Continuous variables were 
compared by Kruskal-Wallis H test for non-
parametric data with a post hoc analysis using a 
Mann-Whitney U test. For parametric data, One-
way ANOVA followed by Bonferroni post hoc 
test was used. p ≤ 0.05 was considered statistically 
significant. 

Results 

2 rats died during the experiment in group 2 (n = 
8). 

Levels of AMH, FSH, LH, and E2 were shown in 
Table 2 and follicular counting was shown in 
Table 3. 

AMH, FSH, LH, E2 and PRMF levels were 
different between the groups (p = 0.05, 0.02, < 
0.001, 0.002 and 0.018, respectively).  

The post hoc test result, AMH levels were 
significantly lower in group 4 than in group 1 (p = 
0.049). (Figure1) 

PRMF levels were the highest in group 1. Group 2 
and group 3 were significantly lower than the 
group 1 (p = 0.038, p = 0.045, respectively).  The 
numbers of other growing follicles weren't 
different in groups (p > 0.05). (Figure1-2) 

There was no statistically significant difference in 
endometrial thickness between the groups (p > 
0.05). 

FSH and E2 levels were found highest in group 1. 
Group 4 was significantly lower than group 1 for 
FSH and E2 levels (p = 0.08, p = < 0.001, 
respectively). 

E2 levels in group 2 and group 3 were significantly 
higher than group 4 (p = 0.033 and 0.007, 
respectively).  

LH levels in group 4 were significantly higher than 
group 2 and group 3 (p = 0.036, 0.004 
respectively).  

There was no statistically significant difference 
between the MDA and Total-SH levels of the 
oxidative markers (p > 0.05).  

Discussion 

To our knowledge, our study is the first study for 
the effects of varenicline, which is used for smoke 
addiction treatment, on woman reproductive 
physiology. We suggest that varenicline is related 
to reduced AMH and PRMF levels. The effect of 
varenicline on the endometrium is unclear. We did 
not detect any difference in endometrial thickness 
between the groups. These findings show that 
varenicline may harm ovarian functions. 

Smoking is a health problem that affecting 
reproductive functions and fertility (20-23). It is 
known that smoking addiction is related to 
decreased fecundability rate, slowing down the 
ovarian follicle growth, and premature menopause 
in women in their reproductive age (24, 25). It has 
also been shown that cigarette smoking causes a 
decrease in the number of oocytes retrieved and 
fertilization-implantation rates (26, 27). Although 
cigarette negatively affects whole reproductive 
physiology according to the current knowledge, 
the exact mechanism of smoking-associated 
adverse effects is not clearly understood yet. 

Studies have shown that the best biochemical 
marker for showing ovarian reserve is AMH, a 
glycopeptide released from the direct ovary (28). 
When quantitative responses to gonadotropin 
stimulation were analyzed in histologically 
evaluated primordial follicle counts and IVF 
treatment, AMH and antral follicle count 
evaluated by sonography were reported to give the 
most accurate estimation on ovarian reserve (29, 
30). Smoking has been shown to reduce AMH 
levels and primordial follicle counts by decreasing 
ovarian reserve (31, 32).  

Cigarette exposure is considered to disrupt 
reproductive function through primordial function 
depletion and caused ovo-toxicity. The result of 
primordial follicle depletion is caused to early 
menopause and associated with loss of 
reproductive potential (25, 33). Smoking decreases 
all stages of folliculogenesis, but the reduction in 
the primordial follicle may be particularly 
important as it may indicate a decrease in ovarian 
reserve. In our study, the highest AMH and 
primordial follicle levels  were  determined  in  the  
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Table 1: The 6-Weeks Study Plan of The Groups 

Groups/ Weeks 1 2 3 4 5 6 

Control - - - - - - 

Smoking - - S S S S 

Varenicline - - - - V V 

Smoking+ 
Varenicline 

S S S S V V 

S: Smoking exposure V: Varenicline treatment  

 

Table 2:  Comparison of Follicular Counting and Endometrial Thickness Into The Groups 

 Group 1 
(Sham) 
n = 10 

(Mean ± 
SD) 

Group 2 
(Smoking) 

n = 8 
(Mean ± SD) 

Group 3 
(Varenicline) 

n = 10 (Mean ± 
SD) 

Group 4 
(Smoking+ 
Varenicline) 

n = 10 (Mean ± 
SD) 

p value 

Primordial (n) 9.7 ± 2.9 a, 
b 

7.8 ± 5.0 5.4 ± 2.3 a 5.50 ± 2.7 b 0.018* 

Primer (n) 6.4 ± 2.2 4.9 ± 3.4 4.1 ± 2.8 4.6 ± 3.0 NS 
Seconder (n) 7.7 ± 4.0 7.6 ± 5.8 7.3 ± 4.6 12.9 ± 5.9 NS 
Tertiary (n) 6.2 ± 3.2 5.4 ± 4.2 5.0 ± 3.8 6.5 ± 4.6 NS 
Corpus Luteum (n) 6.2 ± 4.5 4.4 ± 4.7 5.2 ± 2.9 9.6 ± 5.4 NS 
Endometrial 
thickness (μm) 

259.0 ± 79.7 252.6 ± 83.6 268.1 ± 48.3 295.9 ± 80.4 NS 

Each different lower-case letter defines significant difference among columns a p = 0.038,b p = 0.045, NS 
= Non-significant (p > 0.05) 
 

Table 3: Biochemical Levels Into The Groups 

 Group 1 
(Sham) 

n = 10 

(Mean ± SD) 

Group 2 
(Smoking) 

n = 8 

(Mean ± SD) 

Group 3 
(Varenicline) 

n = 10 

(Mean ± SD) 

Group 4 
(Smoking+ 
Varenicline) 

n = 10 

(Mean ± SD) 

p value 

AMH 
(ng/mL) 

1.50 ± 0.46a 1.40 ± 0.40 1.27 ± 0.34 1.01 ± 0.36 a 0.05* 

FSH 
(IU/mL) 

7.50 ± 4.54b 5.39 ± 4.03 6.57 ± 3.76 c 2.94 ± 2.07b, c 0.02* 

LH (IU/mL) 0.36 ± 0.32d 0.26 ± 0.29 e, f, g 0.95 ± 0.10d, e 0.65 ± 0.29 f, g < 
0.001* 

E2 (ng/mL) 89.62 ± 11.34 d 79.93 ± 11.90 h 80.88 ± 11.55 ı 58.70 ± 20.79d, h, ı 0.002* 

MDA 
(nmol/mL) 

87.90 ± 53.02 80.40 ± 86.85 61.32 ± 43.34 49.23 ± 39.34 NS 

Total-SH 
(µmol/L) 

1250.90 ± 897.76 802.38 ± 
316.49 

1028.20 ± 363.73 623.50 ± 202.88 NS 

Each different lower-case letter defines significant difference among columns a p = 0.049,b p = 0.008, cp = 0.013,dp 
< 0,001,e p = 0.003, fp = 0.036, gp = 0.004, h p = 0.033, Ip = 0.007, NS = Non-significant (p > 0.05). 

 

control group. This result also supports the 
previous studies on cigarette and ovarian reserve.  

We also found that the AMH and E2 levels in the 
smoking-varenicline group were significantly 
lower than the control group and there was no 

statistically significant difference between the 
smoker group and the control groups. In the 
histopathological examination of the ovaries, only 
varenicline  treatment   and    smoking-varenicline  
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Fig. 1. AMH levels and Primordial Follicle Counts In Groups 
 

     a)          (b)  

   (c)           (d)  

Fig. 2. Primordial follicles in groups. (a) group 1, (b) group 2, (c)group 3, (d)group 4. Yellow arrows show 
primordial follicles which surrounded by a single layer of flat epithelial cells (hematoxylin eosin [H -E]; X200 
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group PRMF values were significantly lower than 
the control group.  

In this study, we observed acute effects of 
varenicline. It was seen that the treatment of 
varenicline with/without smoking caused 
decreased ovarian primordial follicle and E2 
levels. However, the atrophic effect of this result 
on endometrial thickness was not statistically 
reflected. We could not find a statistical difference 
in oxidative markers, and this result suggests that 
the ovarian effects of varenicline might not be 
related to the antioxidant system. Studies 
investigating the effect of smoking on endogenous 
hormones have produced conflicting results. Some 
have found no association between smokers and 
non-smokers, but others have found a relationship 
between smoking and FSH, LH, E2, progesterone, 
and SHBG (34, 35). 

FSH and LH levels are increased in smokers but 
some studies have found that pituitary gland 
hormones are not affected by cigarette smoking 
(36-38). Cigarette compounds are suspected to 
alter hormone function (39). Smoking may affect 
hormone function in premenopausal women (40). 
Some studies showed higher FSH and LH levels in 
smokers while some others observed no 
significant difference between smokers and non-
smokers. In our study, both smoking and 
smoking-varenicline group FSH values were lower 
than the control group but the only smoking-
varenicline group is statistically significant 
compared to the control group. Smoking-
varenicline group LH values were not statistically 
significant compared to the control group. 

Cigarettes lead to a lot of toxic chemicals and pro-
oxidants that can be transformed into reactive 
oxygen species (ROS). There have been several 
studies that have shown cigarette smoking has a 
detrimental effect on tissues by causing oxidative 
damage (41, 42).  Smoking is linked to infertility 
through the activation of ROS (43, 44). It was 
observed that Malondialdehyde (MDA) levels 
increased and Total Sulfhydryl (Total-SD) levels 
were negatively affected in smoking women. (45, 
46). Although the studies, we could not detect a 
significant statistical difference in MDA and 
Total-SH levels between the groups. 

As a result, this study is the first study that 
examined the effect of varenicline on female 
reproductive functions and our findings show that 
varenicline therapy does not reverse the negative 
effect of cigarettes on women's health. On the 
contrary, we think that the use of varenicline 
disrupts ovarian function by decreasing AMH and 
PRMF levels.  

We found that the ovarian- reserve in the group 
treated with varenicline treatment after smoking 
was lower than that of the smoking group only. 
The detection of FSH and E2 levels in the lowest 
varenicline + cigarette group supported this 
assertion and more extensive researches are 
needed in this regard.  
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