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Abstract 
Background: Imatinib is used in chronic myelogenous leukemia (CML), gastrointestinal stromal 
tumors (GISTs) and a number of other malignancies.  The major aim of this study was to investigate 
the effects of Imatinib on male fertility in Wistar rats.
Materials and Methods: Three groups of rats were gavaged with 6, 9, and 12 mg/kg Imatinib 
dissolved in dH2O for 30 consecutive days. On days 7, 14 and 30, blood samples were collected 
and LH, FSH, and testosterone levels were measured by the ELISA method. The numbers of sperm 
located in the epididymis were counted by staining with aqueous Eosin Y. Other sections of the testes 
were stained with H & E, investigated histologically, and the results were statistically analyzed. 
Results: On day 7 of the experiment, testosterone concentrations in the experimental groups were 
decreased (p ≤ 0.01), LH and FSH increased significantly, and the number of sperm in both the 
epididymis and sertoli cells decreased (p ≤ 0.01). There was an increase in tunica albuginea thickness 
(p  ≤ 0.05) but the diameter of the seminiferous tubules  showed a significant decrease  (p ≤ 0.01). 
There was also a decrease in the number of Leydig cells,  spermatogonia, stem cells, primary 
spermatocyte and spermatid.  In the second and third samples (14 and 30 days after treatment), the 
testosterone levels, numbers of spermatogenic cells, Sertoli and Leydig cells showed an increase 
when compared to the first sample. 
Conclusion: These findings suggest that a dose dependent administration of Imatinib has a profound 
effect on spermatogenesis.
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Introduction
Imatinib is used in the treatment of chronic myel-
ogenous leukemia (CML), gastrointestinal stromal 
tumors (GISTs), a number of other malignancies 
(1) and hypereosinophilic syndrome (2). Imatinib 
is known as a specific inhibitor of tyrosine kinas-
es c-kit, platelet-derived growth factor receptor 
(PDGF-R), abl (the Abelson proto-oncogene) and 
breakpoint cluster region (bcr) (3).
Tyrosine kinases (TKs) are one of the most impor-
tant groups of signaling molecules in the cellular 
regulation of proliferation, differentiation, surviv-
al, function, motility and various tumors. TK over-
expression leads to uncontrolled mitogenic signals 
to the neoplastic cells (4). Imatinib is teratogenic 
in mice and rats when administered during orga-
nogenesis at doses over 100 mg/kg, causing exen-
cephaly or encephalocele, and absent or reduced 
frontal and parietal bones (5). The most critical pe-

riod for teratogenicity is the first trimester of preg-
nancy in humans, which correlates with active or-
ganogenesis (6). One infant case had hypospadia 
and rotation of the small intestine (7).
Hypospadia occurs in the embryological period 
during urethral development, between the eighth 
and twentieth weeks of gestation, in approximate-
ly one in every 300 males (8). Imatinib effects on 
spermatogenesis appear to be dose-related (5). 
C-kit is important for the development of Leydig 
cells and for migration, proliferation and survival 
of spermatogonia. Platelet-derived growth factor 
(PDGF) and PDGF-R are important for the devel-
opment of both Leydig and myoid cells (9). On the 
basis of these data, the aim of this study was to ex-
amine the effect of Imatinib on luteinizing hormone 
(LH), follicle stimulating hormone (FSH), testo-
sterone concentration, epididymal sperm count, 
the histological structure of the testis in adult male 
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Wistar rats and accordingly investigate the biologi-
cal effects of this compound on male fertility. 

Materials and Methods
Animal care
Adult male Wistar rats were maintained at a tem-
perature 23 ± 2°C, 50-55% humidity, and a light-
ing cycle of 12 hours light:12 hours dark. Com-
mercial rat pellets and water were available ad 
libitum. Male Wistar rats weighting 200-250 g 
were used. The animals were randomly divided 
into four groups (control and three experimental 
groups, with eight animals in each group). The  
three experimental groups were gavaged Imatinib 
at doses of 6, 9 and 12 mg/kg in dH2O, for 30 days 
and controls remained intact. The experimental 
samples were collected on days 7, 14 and 30 af-
ter the last day of treatment. The animals received 
humane care. The experiments were approved by 
the Research and Ethics Committee of Science and 
Research branch, Azad University, Tehran, and the 
experiments were performed according to interna-
tional guidelines concerning the conduct of animal 
experimentation. 

Imatinib administration
The animals were firmly restrained (the animal was 
grasped by the loose skin of the neck and back) to 
immobilize the head and maintained in an upright 
(vertical) position. The gavage needle was passed 
through the side of the mouth, followed the roof 
of the mouth, and advanced into the esophagus to-
ward the stomach. After the needle was passed to 
the correct length, Imatinib was injected (10). 

Biochemical assays
After 30 days of treatment, blood samples were col-
lected from the heart. LH, FSH and testosterone con-
centrations were measured by the ELISA method. 
Testosterone: [DRG Instruments GmbH, Germany, 
ELISA Reader: Stat Fax-2100(AWARENESS)], 
LH and FSH: [Diaplus Inc. USA, ELISA Reader: 
Stat Fax-2100(AWARENESS)].

Tissue preparation and histotechniques
Laparatomy was performed and the testis and 
epididymis were carefully removed and separated. 
Testes were fixed in fixator for 24 hours, embed-
ded in paraffin, after which 6 μm sections were cut 
and H & E stained. The sections were observed 
under light microscope (Lica-1100) for qualitative 
and quantitative changes in testis structure. The 
thickness of tunica albuginea (TTA), diameter of 
seminiferous tubules (DST) and number of sper-
matogenic cells were determined.

Sperm count
The epididymis was minced in 1 ml phosphate buff-
ered saline (pH 7.2) and a suspension was made. 
Subsequently, 50 μl of the sample was removed and 
mixed with 1% aqueous Eosin Y (10:1) and kept for 
30 minutes based on the protocol. An aliquot of the 
epididymal sperm suspension was used for sperma-
tozoa count, using a Neubauer hemocytometer (11). 

Statistical analysis
Data were analyzed with SPSS software and all 
values were calculated from standard errors of 
means (Mean ± SEM). Statistical analysis was 
done by one way ANOVA. p ≤ 0.05 was consid-
ered significant. 

Results
After drug administration, epididymis samples 
were taken on days 7, 14 and 30. These days were 
chosen because the process of spermatogenesis is 
14 days in mice and it repeats every 28 days. The 
primary indicator was calculated on day 7. The re-
sults are as follows:

Type A spermatogonia 
The numbers of type A spermatogonia in the first, 
second and third samples of experimental group II 
(p ≤ 0.01, p ≤ 0.05 and p ≤ 0.05, respectively) and 
experimental group III (p ≤ 0.001, p ≤ 0.01 and p ≤ 
0.01, respectively) decreased in comparison to the 
control group (Fig 1).

Type B spermatogonia
A decrease in type B spermatogonia was seen with 
histological evaluation, however the decrease was 
not statistically significant (Fig 2).
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Fig 1: Comparison of results obtained from counting the 
numbers of type A spermatogonia cells sampled on days 7, 
14 and 30. Values are expressed as Mean ± SEM. Signifi-
cant at * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001 compared with 
the control. 

Primary spermatocyte 
In experimental group III, the number of primary 
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spermatocyte in the first sample was significant (p 
≤ 0.01) and a decrease was seen in the second and 
third samples (Fig 3).
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Fig 2: Comparison of results obtained from counting the 
number of type B spermatogonia cells in three periods of 
samples (7, 14, 30 days). 
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Fig 3: Comparison of results obtained from counting the 
number of primary spermatocyte cells in three periods of 
samples (7, 14, 30 days). Values are expressed as Mean ± 
SEM. Significant at ** p ≤ 0.01, compared with control. 

Spermatid
The number of spermatid in experimental groups 
I, II, and III showed a significant decrease when 
compared to the control group (p ≤ 0.001). The 
same result was obtained from the second sample 
(p ≤ 0.05), but the decrease was not statistically 
significant in the third sample (Fig 4).  

Sperm
The number of sperm in the epididymis of the first 
and second samples (days 7 and 14) showed a sig-
nificant decrease in experimental group III in com-
parison to the control group (p ≤ 0.01; Fig 5).

Stem cells
The number of stem cells of the first sample of ex-
perimental groups I, II and III  showed a decrease 
when compared to the control group (p ≤ 0.001). 
The decrease was not statistically significant in the 
third sample of  experimental group I, however it 
was significant in experimental groups II (p ≤ 0.05) 
and III (p ≤ 0.01; Fig 6).
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Fig 4: Comparison of results obtained from counting the 
number of spermatid cells in three periods of samples (7, 14, 
30 days). Values are expressed as Mean ± SEM. Significant 
at *p ≤ 0.05, *** p ≤ 0.001 compared with control. 

1200

1000

800

600

400

200

0
          1                      2                   3                      4                    5

Days (7, 14, 30)

N
um

be
r o

f s
pe

rm

Control

Exp. I

Exp. II

Exp. III**
**

Fig 5: Comparison of results obtained from counting on the  
sperm of epididmyis in three periods of samples (7, 14, 30 
days). Values are expressed as Mean ± SEM. Significant at 
** p ≤ 0.01, compared with control. 
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Fig 6: Comparison of results obtained from counting the 
number of stem cells in three periods of samples (7, 14, 30 
days). Values are expressed as Mean ± SEM. Significant at 
* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001 compared with control. 

Leydig cells
The number of Leydig cells of the first experimental 
group showed a significant decrease (p ≤ 0.01). As 
shown in Figure 7, a statistically insignificant decrease 
was seen in both the second and third samples. 

Sertoli cells
The number of sertoli cells in the first and second 
samples showed a significant decrease in experimen-
tal groups I, II and III (p ≤ 0.01), and the third sample 
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was decreased in groups II and III (p ≤ 0.05; Fig 8).
One way ANOVA showed a significant difference 
between the numbers of cells in the seminiferous 
tubules but there was not a significant relation 
amongst the numbers of type B spermatogonia 
cells (Table 1). Figures 18 and 19 show a compari-
son between the experimental and control groups. 
The numbers of Leydig cells, type B spermatogo-
nia, primary spermatocyte, spermatid and sperma-
tozoa were less than the control group.
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Fig 7: Comparison of results obtained from counting the 
number of leydig cells in three periods of samples (7, 14, 30 
days). Values are expressed as Mean ± SEM. Significant at
* p ≤ 0.05, compared with control. 
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Fig 8: Comparison of results obtained from counting the 
number of sertoli cells in three periods of samples (7, 14, 30 
days). Values are expressed as Mean ± SEM. Significant at
* p ≤  0.05, ** p ≤  0.01, compared with control. 
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Fig 9: Effect of imatinib on the thickness of tunica  albug-
inea in three periods of samples (7, 14, 30 days). Values are 
expressed as Mean ± SEM. Significant at * p ≤ 0.05, com-
pared with control. 
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Fig 10: Effect of imatinib on the diameter of seminiferous 
tubules in three periods of samples (7, 14, 30 days). Values 
are expressed as Mean ± SEM. Significant at ** p ≤ 0.01, 
compared with control. 

Thickness of tunica albuginea
The thickness of the tunica albuginea was in-
creased in all three groups. It was significant in 
experimental group III with p ≤ 0.05 as compared 
to the control group. In experimental groups I and 
II at days 7, 14 and 30, the thickness of the tunica 
albuginea showed an increase but it was not statis-
tically significant (Fig 9).  Any factor that causes 
a disorder in spermatogenesis, may cause increase 
in the tunica albuginea thickness. The effect of this 
drug (experimental group III) is shown in fig 15 
where the thickness of this layer is more than the 
control group (Fig 14). 

Diameter of seminiferous tubules
The diameter of seminiferous tubules in experi-
mental groups II and III showed a significant de-
crease in the three samples (p ≤ 0.01) when com-
pared with the control group (Fig 10).
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Fig 11: Comparison of results obtained from evaluating the 
concentration of testosterone hormone in three periods of 
samples (7, 14, 30 days). Values are expressed as Mean ± 
SEM. Significant at * p ≤ 0.05, ** p ≤ 0.01, compared with 
control.
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Fig 12: Comparison of results obtained from evaluating 
the concentration LH in three periods of samples (7, 14, 30 
days). Values are expressed as Mean ± SEM. Significant at * 
p ≤ 0.05, ** p ≤ 0.01, compared with control. 

Testosterone
The concentration of testosterone in the first 
sample of experimental group I was significant 

(p ≤  0.05) as well as in the second and third 
samples of experimental group III with p ≤ 0.01 
(Fig 11).
Table 2 shows the thickness of the tunica 
albuginea and diameter of seminiferous tu-
bules.

2.5

2

1.5

1

0.5

0
          1                      2                   3                      4                    5

Days (7, 14, 30)

FS
H

 m
lU

/m
L

Control

Exp. I

Exp. II

Exp. III

Fig 13: Comparison of results obtained from evaluating the con-
centration FSH in three periods of samples (7, 14, 30 days).

Table 1:  Effect of Imatinib in three experimental groups [Exp.I (6 mg/kg), Exp.II (9 mg/kg), Exp. III (12 mg/
kg)] on the number of cells in the testis. 

Exp.IIIExp.IIExp.IControlDaysNumber of

M±SD
 35.3 ± 1.08*** 39.16 ± 2.83**46.16±1.7050.83 ± 1.757SPGA 

36.8 ± 2.89**39.6 ± 2.29*47.6 ± 2.4850.83 ± 1.7514
38.5 ± 1.47**40.6 ± 2.31*50.16 ± 3.1350.83 ± 1.7530
56.16 ± 6.0158.16 ± 5.0868.3 ± 4.1670.6 ± 5.47SPGB
56.6 ± 4.4059.5 ± 4.6868.3 ± 3.9270.6 ± 5.414
58.83 ± 2.1961 ± 5.3167 ± 3.5270.6 ± 5.430
132.8 ± 3.6**166.3 ± 6.94180.3 ± 9.14209 ± 22.57Primary spermatocyte
165.16 ± 11.3170.5 ± 17.2180.6 ± 9.23209 ± 22.514
166.16 ± 10.04168.16 ± 9.3186.83 ± 7.79209 ± 22.530
458.5 ± 17.35486.33 ± 36.72*503 ± 7.43***717.5 ± 34.417Spermatid
485.16 ± 33499.5 ± 61.14*506.3 ± 75.05***717.5 ± 34.4114
575 ± 54.9605 ± 58.5*712 ± 65.09***717.5 ± 34.4130
564 ± 31**703.3 ± 119.21005.16 ± 60.31002.83 ± 14.77Sperm
1002.83 ± 14.7556.8 ± 83.1**849.1 ± 30.9892.3 ± 38.814
564 ± 31730.3 ± 119.21005.16 ± 60.31002.83 ± 14.730
16.6 ± 1.28***19.3 ± 1.83***26.83 ± 1.68***47.16 ± 4.467Stem cell
18.83 ± 2.1***21.83 ± 1.6***25.6 ± 3.69**47.16 ± 4.4614
22.5 ± 3.68**24 ± 4.47*44 ± 6.1647.16 ± 4.4630
6.8 ± 0.79*8.3 ± 0.719.16 ± 1.210.83 ± 0.837Leydig
7.16 ± 0.548.6 ± 1.2510.16 ± 1.0710.83 ± 0.8314
8.83 ± 0.710 ± 1.0610.3 ± 0.9810.83 ± 0.8330
30.6 ± 1.9**31.83 ± 2.3**33 ± 3.1**47.83 ± 3.527Sertoli
29.5 ± 2.84**30.66 ± 2.72**31.83 ± 2.4**47.83 ± 3.5214
32.6 ± 2.1*33.5 ± 3.14*35.16 ± 4.0247.83 ± 3.5230

Values are expressed as Mean ± SEM, significant at *: p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001, as compared with 
the control.
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Luteinizing hormone
The concentrations of LH in experimental groups 
II and III increased (p ≤ 0.01).  It was also statis-
tically significant in second and third samples of 
experimental group III (p ≤ 0.05; Fig 12).

Fig 14: Effect of imatinib on thickness of tunica albuginea 
in the control group (H&E, × 400).

Follicle stimulating hormone
The concentration of FSH in all experimental groups 
(I, II, III) increased but it was not statistically sig-
nificant (Fig 13). One-way ANOVA showed a sig-
nificant concentration difference in testosterone and 
LH levels between experimental groups and control 
group, however there was no statistically significant 
difference in FSH concentration (Table 3).

Fig 15: Effect of imatinib on the thickness of tunica albug-
inea in the group which received 12 mg/kg (Exp III; H&E, 
× 400).

Table 2:  Effect of Imatinib in three experimental groups [Exp.I (6mg/kg), Exp.II (9mg/kg), Exp.III (12 mg/kg)] 
on the thickness of tunica albuginea and the diameter of seminiferous tubules. 

Exp.IIIExp.IIExp.IControlDaysNumber of

M ± SD
10.8 ± 1.07*9.03 ± 0.788.05 ± 0.397 ± 17TTA (μμ)

11 ± 0.96*9.8 ± 0.578.8 ± 0.827 ± 114
12.8 ± 1.5*11 ± 1.0610.76 ± 1.97 ± 130
62 ± 1.9**62.8 ± 2.7**69.8 ± 2.877.1 ± 2.77DST (μμ)
61.8 ± 2.3**63.1 ± 2.7**69.3 ± 3.0277.1 ± 2.714
62.8 ± 2.7**63.5 ± 2.8**69.4 ± 1.377.1 ± 2.730

Values are expressed as Mean ± SEM, significant at * p  ≤ 0.05, ** p  ≤ 0.01,
as compared with the control.

Table 3: Effect of Imatinib in three experimental groups [Exp. I (6 mg/kg), Exp. II (9mg/kg), 
Exp. III (12 mg/kg)] on T (Testostrone),  LH, FSH. 

Exp.IIIExp.IIExp.IControlDaysNumber of

M ± SD
0.76 ± 0.06**1 ± 0.11**1.06 ± 0.08*1.63 ± 0.127T (nmol/l)

2.23 ± 0.14**2.43 ± 0.122.83 ± 0.082.93 ± 0.0814
2.33 ± 0.14**2.76 ± 122.8 ± 0.113.2 ± 0.0530
1.83 ± 0.06**1.6 ± 0.08**1.4 ± 0.051.2 ± 0.057LH (mlU/mL)
1.9 ± 0.05*1.6 ± 0.081.6 ± 0.111.2 ± 0.214
1.83 ± 0.06*1.6 ± 0.081.4 ± 0.051.2 ± 0.0530
1.16 ± 0.171.06 ± 0.140.93 ± 0.080.8 ± 0.037FSH (mlU/mL)
1.13 ± 0.141 ± 0.150.9 ± 0.150.76 ± 0.0614
1.8 ± 0.251.6 ± 0.21.5 ± 0.151.1 ± 0.0530

Values are expressed Mean ± SEM, significant at * p ≤ 0.05, ** p ≤ 0.01, as 
compared with the control.
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Fig 16: Effect of imatinib on the structure of seminiferous 
tubules in the control group (H&E, × 100).

Fig 17:  Effect of imatinib on the structure of seminiferous 
tubules in experimental group II (H & E, × 100).

Fig 18: Effect of imatinib on the structure of seminiferous 
tubules in the control group (H & E, × 400).

Fig 19: Effect of imatinib on the structure of seminiferous 
tubules in the group which received 9 mg/kg (Exp. II; H & 
E, × 400).

Discussion
Imatinib influences the quality and quantity of 
spermatogenesis and embryogenesis. According 
to our findings, the spermatogenesis of rats under 
treatment with Imatinib changed during the exper-
imental period and returned to normal conditions 
after cessation of treatment. These results indi-
cate a time and dose dependent relationship. The 
abovementioned results are similar to results pre-
sented by Senshardi (12). Those patients who take 
Imatinib and want to have a child should carefully 
consider the time and dose of this drug. Therefore, 
they should be advised by their consultants in or-
der to determine the exact time which is safe to 
have a child.
Any malformation in spermatogenesis that is a result 
of Imatinib usage is related to drug dosage and dura-
tion of exposure. It is hoped that the adverse effects 
of Imatinib on patients’ spermatogenesis would re-
turn to normal once they stop taking the drug.
Alut in 2006 reported the outcome of pregnan-
cies involving eight male partners (median age 35 
years; range: 26-38 years) who took a median dose 
of Imatinib 700 mg/d with an exposure period of 
20 months. Of the eight reported pregnancies, 
there was one case of spontaneous abortion. Of 
the seven successful pregnancies, there was one 
baby born with gut malrotation who needed surgi-
cal intervention (7). 
Hensley and Ford in 2003 reported four normal 
pregnancies, two therapeutic abortions, one spon-
taneous abortion and one death in-utero at 13 
weeks; in eight of thirteen complete pregnancies 
involving male patients on Imatinib therapeutic 
trials (5, 13). Preliminary data from various re-
ports of pregnancies among women whose male 
partners were taking Imatinib showed no impair-
ment of spermatogenesis during Imatinib thera-
py (5), however this report does not support our 
findings in this research. Oligospermia has been 
reported in one patient on Imatinib at a dose of 
800 mg/d for at least six months for chronic eosi-
nophilic leukaemia (12). This report supports our 
investigations. Three days treatment of immature 
male rats with Imatinib (150 mg/kg) on postnatal 
days 5-7 delayed the formation of the germ-line 
stem cell pool, reduced proliferation of type A 
spermatogonia and induced germ cell apoptosis. 
PDGFR-mediated proliferation of mesenchymal 
myoid precursors also decreased and the length of 
the seminiferous cord was reduced (9), which also 
supported our findings. 
Male rats exposed to 75% of the maximum human 
equivalent dose of 800 mg/d for about 70 days 
prior to mating had lower a epididymal and tes-
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ticular weight along with reduction in the number 
of motile sperm. Summary product characteristics 
recommend strict avoidance in pregnant women 
(13). To date, there are limited data available on 
the outcome of pregnancies that occur when the 
male partner is receiving Imatinib (13). Informa-
tion about the effects of drugs on the developing 
embryo is derived primarily from animal experi-
ments and case reports describe the outcomes of 
pregnancies complicated by drug use. Some drugs 
can be teratogenic in certain animal species, but 
not in humans. In preclinical studies, Imatinib has 
been found to be teratogenic in rats, but not in rab-
bits. Impaired spermatogenesis was observed in 
rats, dogs, and monkeys; however, there was no 
evidence that Imatinib was genotoxic. 
These observations lead to concerns that men treated 
with Imatinib may have reduced sperm counts. Clini-
cal experience has not shown this to be true because 
male patients who were receiving Imatinib were part-
ners in 18 successive pregnancies and four healthy 
infants. Owing to teratogenicity data in rats, it is 
recommended that women treated with Imatinib be 
aware of the potential teratogenicity of Imatinib, and 
effective contraception should be used during Imat-
inib therapy to prevent pregnancy (4). The previous 
study showed that, a period of two week exposure of 
female rats to Imatinib influenced the proliferation 
and ovarian follicular development, and in addition to 
sexual hormones levels and fertility (14). Imatinib has 
been used primarily for cancers such as CML, which 
demonstrates that tyrosine kinase inhibitors can have 
a wide therapeutic window and heralds the era of tar-
geted cancer and noncancerous disease therapy (4).

Conclusion 
The true incidence, possible dose dependence 
and reversibility of Imatinib-induced testis failure 
should be examined in future studies. Awareness of 
this potential complication will enable physicians 
to offer patients appropriate counseling and to con-
sider strategies of preserving fertility and testis 
function before embarking on Imatinib therapy.
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