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Abstract

Background: The effects of cyclosporine (Cs), a fungal cyclic polypeptide with potent
immunosuppressive activity, on fertility have assumed greater significance with the increasing numbers of transplantations being performed all over the world. Current study
was undertaken to investigate the potential of Satureja khuzestanica Essential Oil (SEO)
as an antioxidant to mitigate Cs-induced reprotoxicity.
Materials and Methods: In this experimental study (April-July 2012), thirty-two
adult male Wistar rats were randomly divided into 4 groups of 8 animals each. Two
groups of rats were administered Cs [40 mg/kg/day, per oral (p.o.)] for 45 days. One
of these groups received SEO (225 mg/kg/day, p.o.) four hours after Cs administration. A vehicle-treated control group and a SEO control group were also included.
Epididymal sperm characteristics, in vitro fertilizing capacity as well as embryo development were evaluated. For statistical analysis, one-way ANOVA and Tukey’s
post-hoc test were used, and the value of P<0.05 was considered as the criterion for
statistical significance.
Results: Sperm count and viability along with fertilization and blastocyst development
rates were significantly decreased by Cs treatment. Moreover, Cs-treated group showed
significant increases in DNA damage, protamine deficiency of the sperm cells and proportion of spermatozoa with cytoplasmic droplet. Notably, aforementioned parameters
were improved to near normal level by SEO co-administration.
Conclusion: These results suggest that SEO has a protective action against Cs-induced
reprotoxicity in a rat model.
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Introduction
Cyclosporine (Cs), a cyclic polypeptide with potent immunosuppressive activity, is a metabolite
isolated from Tolypocladium inflatum and Cylindrocarpon lucidum (1). Cs has been widely used in
transplant medicine and it has markedly improved
graft survival rates in organ transplantation (2).
Additionally, this drug is utilized in the treatment
of various autoimmune disorders such as idiopathic nephritic syndrome (3), uveitis (4), psoriasis (5),
Received: 16 Jul 2014, Accepted: 20 Oct 2014
* Corresponding Address: P.O. Box: 5756151818, Histology and Embryology Research Laboratories, Department of Basic Sciences, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran
Email: a.shalizar@urmia.ac.ir

548

rheumatoid arthritis (6) and inflammatory bowel
disease (7). The primary immunosuppressive action of Cs is attributed to its inhibiting feature on
the interleukin-2-interleukin-2-receptor autocrine
pathway (8). Although Cs has enabled the success
of clinical transplantation, its therapeutic application is limited by a number of adverse effects including renal, hepatic, cardiac, alimentary, neural
and reproductive toxicity (9-14). Although the precise biochemical mechanism of Cs-induced toxic-
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ity in many organs is still a matter of debate, it
has been shown that generation of reactive oxygen species (ROS) and membrane lipid peroxidation are causative factors involved in Cs-induced
toxicities (15-17). Furthermore, it has been demonstrated that Cs induces reproductive toxicity
through direct alterations in hypothalamic–pituitary-gonadal axis (18-20) and reduction in Sertoli
cell phagocytic function (1).
Satureja khuzestanica, belonging to the Lamiaceae (mint family), is an endemic plant of Iran
that is known for its therapeutic application in folk
medicine resulted from the essential oil existing in
that (21). Different preparations of Satureja khuzestanica have been shown to have anti-inflammatory, antinociceptive, antimicrobial and antioxidant properties (22-24). Moreover, independent
studies have revealed that Satureja khuzestanica
Essential Oil (SEO) possess reproprotective and
reproduction stimulatory properties (24, 25).
In view of this, since the antioxidative properties
of SEO have been established, the present study
was intended to evaluate the possible protective effect of SEO in experimental reprotoxicity induced
in the rat model by Cs.

Materials and Methods
Isolation of the essential oil
SEO was prepared from cultivated Satureja
khuzestanica in Khoramabad in Lorestan province, western Iran. A dried voucher specimen was
deposited at the Herbarium of the Botany Department, Faculty of Science, Urmia University, Urmia, Iran. The aerial parts of the plant were collected during the flowering stage, air-dried at ambient
temperature in the shade and hydro-distilled using
a Clevenger apparatus (Bakhshilab Co., Iran) for 4
hours, giving yellow oil in 0.9% yield. The oil was
dried over anhydrous sodium sulfate and stored at
4˚C. The density of the essence was 0.94 (26).
Animals
For this experimental study (April-July 2012),
thirty-two adult male albino rats of Wistar strain (4
months of age, 180-220 g body weight) were obtained from the Experimental Animal Production
Center of the Science Faculty of Urmia University. All the animals were housed in special cages
and had free access to tap water and to a pelleted

commercial laboratory animal chow. Animal room
temperature and relative humidity controls were
set at 22 ± 2˚C and 50 ± 10%, respectively. Light�ing was controlled to give a 12-hour light and dark
cycle. All ethical themes of studies on animals
were considered carefully and the experimental
protocol was approved by the Ethics Committee
for Research on Laboratory Animals at Urmia
University.
Experimental design
After an adaptation period of 7 days, the animals were randomly divided into following four
groups of 8 rats each as described below according to the treatment they received: control group,
SEO group, Cs group and Cs+SEO group. The
two experimental groups (Cs and Cs+SEO) were
gavaged Cyclosporine (Sandimmune®, Novartis
Pharmaceutical Corp., Switzerland) at a dose of
40 mg/kg/day dissolved in 0.5 mL olive oil. The
controls were given an equivalent amount of olive
oil. The SEO group was gavaged SEO at a dose
of 225 mg/kg/day dissolved in 0.5 mL olive oil.
The Cs+SEO group also received the same dose of
SEO four hours after Cs administration. The treatment period was 45 days. The protocol for this
study, including doses and duration of treatment
for Cs and SEO, were all designed according to
previous studies (27-29).
Sampling
Animals were euthanized by cervical dislocation following anesthesia with ketamine (Alfasan,
Netherlands, 75 mg/kg, IP) 24 hours after the last
treatment. The abdominal cavity was opened up
through a ventral midline incision and epididymides were carefully separated from the testicles
under a 20-time magnification provided by a stereo zoom microscope (Olympus, Japan). Testes
and epididymides were then cleared of surrounding fat and connective tissues and weighed on a
Mattler Basbal scale (Delta Range, Japan).
Epididymal sperm characteristic analysis
Epididymal sperm count

Epididymal sperm concentration was determined by a standard hemocytometer (HBG, Germany) as described previously (30). Briefly, one
caudal epididymis was placed in 1 ml of rat 1-cell
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embryo culture medium (mR1ECM), chopped into
2-3 pieces and incubated for 10 minutes at 37˚C
in an atmosphere of 5% CO2 incubator to allow
sperm to swim out of the epididymal tubules. After
dilution of epididymal sperm to 1:20 in mR1ECM
medium, approximately 10 μl of this diluted specimen was transferred to each of the counting chambers of the hemocytometer, which was allowed to
stand for 5 minutes in a humid chamber to prevent
drying. The sediment cells during this time were
counted with a light microscope (Olympus, Japan)
at ×400. The sperm count was expressed as number of sperm per milliliter.
Epididymal sperm viability
A 20 µl of sperm suspension was mixed with
20 µl of 0.05% eosin-yellowish (eosin-Y, SigmaAldrich, USA). Slides were assessed by a brightfield microscope with ×400 magnification following 2 minutes incubation at room temperature.
Dead sperms appear pink and live sperms are not
stained. In each sample 200 sperms were counted
and viability percentages were recorded (31).
Epididymal sperm motility
In order to assess the sperm motility, 10 μl of
the sperm suspension was placed on a clean prewarmed microscope slide and covered with a cover
slip. At least 10 microscopic fields were examined
at ×400 magnification using a light microscope
equipped with a heated stage. The percentage of
motile sperm was evaluated microscopically within 2-4 minutes of their isolation from the epididymides and expressed as a percentage of motile
sperm of the total sperm counted (32).
Epididymal sperm DNA denaturation
Acridine orange (AO) assay was used to measure the susceptibility of cauda epididymal sperm
DNA to acid-induced denaturation in experimental groups. To perform this assay with fluorescent
microscope, thick smears were fixed in Carnoy’s
fixative (methanol: acetic acid 1: 3) for at least 2
hours. The slides were stained for 5 minutes and
gently rinsed with deionized water. About 200
sperms were evaluated, among which sperm heads
with intact chromatin had green fluorescence,
while those with denatured chromatin had orangered staining (33).
Int J Fertil Steril, Vol 9, No 4, Jan-Mar 2016
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Epididymal sperm nuclear maturity
The acidic aniline blue (AB) stain is used to
discriminate between lysine-rich histones and arginine/cysteine-rich protamines. This technique
specifically provides a positive reaction with lysine residues in nuclear histones and reveals differences in the basic nuclear protein composition of
the sperm. Histone-rich nuclei of immature sperms
are rich in lysine and will consequently take up the
blue stain. Protamine-rich nuclei of mature sperms
are rich in arginine and cysteine and contain relatively low levels of lysine bringing about negative
reaction to AB. The air-dried fixed smears were
stained for 7 minutes with 5% AB in in phosphate
buffered saline (PBS, Sigma-Aldrich, USA). The
pH was adjusted to 3.5 using acetic acid. Slides
were gently rinsed in distilled water and air dried.
About 200 sperms per slide were counted under a
light microscope (Olympus, Japan) using a ×100
oil immersion objective to determine the percentage of sperms stained with AB (34).
Cytoplasmic droplet count
Spermatozoa that retained their cytoplasmic
droplet were enumerated by the methodology as
reported previously (35). Sperm smears were prepared on clean and grease free slides, left to airdry overnight, stained with 1% eosin-Y/5% nigrosin and examined using an optical microscopy
(Olympus, Japan). About 200 sperm cells per animal were examined to determine the percentage of
sperms with cytoplasmic droplet.
In vitro evaluation of fertility potential and
embryonic development
Collection of oocytes

Female rats were injected subcutaneously
with 25 IU pregnant mare serum gonadotrophin (PMSG, Folligon, Netherlands). Fifty-four
hours later the rats were received an intraperitoneal injection of 20 IU human chorionic gonadotropin (hCG, Folligon, Netherlands). The rats
were euthanized 19 hours after hCG injection.
The oviducts were removed and each ampullar
portion was placed into a plastic dish containing
mR1ECM medium. Under a stereo zoom microscope (Olympus, Japan), 29-gauge insulin needle was used to gently tear open the swollen ampulla, allowing the oocytes in cumulus masses
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to extrude spontaneously into the medium (36).

included in the BDR (38).

Sperm processing for in vitro fertilization and
insemination

Measurement of lipid peroxidation
Lipid peroxidation (LPO) level in tissue homogenate was measured with the aid of a spectrophotometer. Malondialdehyde (MDA), which
formed as an end product of the peroxidation
of lipids, served as an index of LPO. MDA, referred to as thiobarbituric acid reactive substance
(TBARS), was measured with TBA at 532 nm in a
spectrophotometer (Biochrom, UK), as described
previously (39). Results were expressed as nmol/g
wet tissue.

Sperm suspension were prepared and processed
for in vitro fertilization (IVF) as described earlier.
Spermatozoa were obtained by swim-up and incubated at 37˚C in an atmosphere of 5% CO2 for 1
hour to ensure capacitation. A volume of 0.1 mL
of sperm suspension was introduced into 0.9 mL
fertilization drop of mR1ECM medium containing oocytes from three females. For each animal,
a total of 20 oocytes were divided into 10 drops.
After six hours of incubation at 37˚C under 5%
CO2, the cumulus cell free fertilized oocytes were
transferred to fresh drops of mR1ECM medium
for culture of embryos. All medium droplets were
covered with mineral oil (37).

Data analysis
All data were expressed as the mean ± standard error of mean (S.E.M.). Differences between
groups were assessed by one-way ANOVA using
SPSS (SPSS Inc, USA) version 18.0. Statistical
significance between groups was determined by
Tukey’s post hoc test and the value of P<0.05 was
used as the criterion for statistical significance.

Evaluation of fertilization rate
Twenty-four hours after insemination, oocytes
were monitored by an inverted microscope and
formation of the pronuclei and polar bodies was
recorded to evaluate fertilization rate (FR).

Results
Reproductive organ weights

Blastocyst development rate determination

The effects of Cs and SEO on relative testicular and epididymal weights are shown in table 1.
Cs treatment produced a significant decrease in
relative weights of testes and epididymides,
indicating reproductive system damage, compared with the control group. These parameters
rushed toward near normal levels of control in
Cs+SEO-treated group.

Blastocyst development rate (BDR) was evaluated by determining the number of embryos that
had reached the blastocyst development stage after
72 hours incubation. Both late blastocysts (blastoceles greater than half the volume of the embryo)
and expanding blastocysts (blastoceles that are
fully expanded, with a thin zona pellucida) were

Table 1: Effect of Cs and SEO on relative weights of testes and epididymides and epididymal sperm parameters (n=8)

Control

Cs

Testes (weight/BW %)

0.89 ± 0.005

Epididymides (weight/BW %)

SEO

Cs+SEO

0.82 ± 0.003

b

0.89 ± 0.006

0.86 ± 0.003a, b

0.52 ± 0.005

0.45 ± 0.008a

0.53 ± 0.003b

0.49 ± 0.003a, b

Sperm count (10 /ml)

50.50 ± 1.44

19.50 ± 0.86

49.33 ± 1.45

46.00 ± 1.15b

Sperm viability (%)

87.00 ± 1.73

68.00 ± 1.73a

86.33 ± 1.20b

79.50 ± 0.86a, b

Sperm motility (%)

79.33 ± 0.88

56.66 ± 0.88a

80.00 ± 1.73b

64.50 ± 0.86a, b

AO-positive sperms (%)

6.50 ± 0.86

28.00 ± 1.73

b

5.83 ± 0.60

10.50 ± 1.44b

AB-positive sperms (%)

8.00 ± 0.57

19.50 ± 0.86a

9.16 ± 0.44b

11.00 ± 2.30b

6

a

a

a

b

BW; Body weight, Cs; Cyclosporine, SEO; Satureja khuzestanica essential oil, AO; Acridine orange, AB; Aniline blue, a; Statistically
significant as compared with the control group at P<0.05 and b; Statistically significant as compared with the Cs group at P<0.05. The
values are expressed as mean ± SEM.
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Epididymal sperm parameters
As shown in table 1, daily administration of Cs
significantly reduced the mean epididymal sperm
counts compared with their controls. There was
also a significant decrease in the mean percentage of live and motile sperms of Cs- treated rats
compared with their control counterparts (Fig.1A).
However, the simultaneous administration of SEO
to Cs-treated animals significantly impeded a decrease in the epididymal sperm count and the percentage of live and motile sperms.
Oral administration [per oral (p.o.)] of Cs
brought about significant increase in the percentage of spermatozoa with DNA damage and chromatin abnormalities when compared to control rats
(Fig.1B, C). On the other hand, co-administration
of SEO caused significant decreases in sperm
DNA damage and chromatin abnormalities respect
to the Cs-treated group (Table 1).

A

B

C

of the control animals, whereas co-treatment by
SEO provided marked normalization in the percentage of spermatozoa having a cytoplasmic
droplet when compared with the Cs group.

Fig.2: Effect of Cs and SEO on the percentage of spermatozoa
that retain a cytoplasmic droplet (n=8).
Cs; Cyclosporine, SEO; Satureja khuzestanica essential oil, a;
Statistically significant as compared with the control group at
P<0.05 and b; Statistically significant as compared with the Cs
group at P<0.05.

Fertilization rate
The effect of Cs and SEO on FR is depicted in figures 3 and 4. FR in animals exposed to Cs was significantly lower than control group, while treatment with
SEO in combination with Cs increased the FR in rats
compared with rats treated with Cs alone. Mean of fertile oocytes in control, Cs, SEO and Cs+SEO groups
were 77.94% (152/195), 65.19% (148/227), 77.54%
(145/187) and 91.80% (224/244), respectively.

Fig.1: A. Photomicrographs of epididymal sperms in cyclosporinetreated rats. Epididymal sperms stained with eosin-Y: dead
sperms appear pink and live sperm is not stained (×2000), B.
Acridine orange stain to native DNA fluoresces green; whereas
denatured DNA fluoresces orange-red (×2000) and C. Epididymal
sperms stained with aniline blue: immature sperm head is blue;
mature is unstained (×2000).

The cytoplasmic droplet count for all groups is
presented in figure 2. The percentage of spermatozoa that retained their cytoplasmic droplet was
markedly higher in Cs-treated animals than those
Int J Fertil Steril, Vol 9, No 4, Jan-Mar 2016
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Fig.3: Effect of Cs and SEO on FR (n=8).
Cs; Cyclosporine, SEO; Satureja khuzestanica essential oil, a;
Statistically significant as compared with the control group at
P<0.05 and b; Statistically significant as compared with the Cs
group at P<0.05.
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A

Blastocyst development rate
The effects of different treatments on BDR are
summarized in figures 4 and 5. Treatment with Cs
alone resulted in a significant decrease in BDR, indicating embryotoxicity, as compared to the control. Administration of SEO along with Cs caused
a significant improvement in this parameter compared to the Cs alone group.

B

C

D

Fig.4: A. Representative photomicrographs of in vitro embryo
development at 72 and 120 hours of culture from control, B. Satureja khuzestanica essential oil (SEO), C. cyclosporine (Cs) and
D. SEO+CS treated rats. Differentiation to compact morula (cm),
blastocyst (b) and hatched blastocyst (h) can be observed in
control and SEO-treated groups. Cs administration alone caused
significant increases in the rates of unfertilized oocytes (uf) and
arrested embryos (ae). SEO co-treated animals exhibited nearly
normal in vitro embryo development.

Fig.5: Effect of Cs and SEO on rat embryo development, expressed as the BDR (n=8).
Cs; Cyclosporine, SEO; Satureja khuzestanica essential oil, BDR;
Blastocyst development rate, a; Statistically significant as compared with the control group at P<0.05 and b; Statistically significant as compared with the Cs group at P<0.05.

Testicular tissue lipid peroxidation level
Testicular tissue LPO level, demonstrated as
MDA, of all groups is given in figure 6. The MDA
levels in the testicular tissue were found to be significantly higher in rats treated with Cs alone than
those in the control group. The increase in MDA
by Cs was significantly attenuated by SEO.

Fig.6: Effect of Cs and SEO on rat testicular tissue LPO (n=8).
Cs; Cyclosporine, SEO; Satureja khuzestanica essential oil, MDA;
Malondialdehyde, LPO; Lipid peroxidation, a; Statistically significant as compared with the control group at P<0.05 and b; Statistically significant as compared with the Cs group at P<0.05.
Int J Fertil Steril, Vol 9, No 4, Jan-Mar 2016
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Discussion
Cs as an immunosuppressive of choice in transplant surgery has improved quality of life and
survival of transplant patients (40). However, its
clinical utility is accompanied by numerous unwanted side-effects such as reprotoxicity (18-20).
Recently, there have been increasing interests in
complementary medicine to alleviate Cs-induced
toxicities in different organs (41, 42).
Several reports have demonstrated that enhancement of lipid peroxidation and oxidative stress
(OS) following disruption in the oxidant–antioxidant status is the most possible biochemical mechanism of Cs-induced adverse effects in reproductive system (13, 14, 43).
In the present study, reduction in weight of the
testis and epididymis were indicative of Cs toxicity. Since the weight of the testes largely depends
on the mass of the differentiated spermatogenic
cells (44), the marked reduction in organ weight
by Cs can be explained by diminished number of
germ cells and a significant lower rate of spermatogenesis as confirmed by our findings.
Mammalian spermatozoon as a highly differentiated haploid cell plays a crucial role in fertilization and its impairment is considered a major
contributory factor to male infertility (45). Highly
specific lipidic composition of mammalian sperm
plasma membrane is responsible for its flexibility
and the functional abilities of spermatozoa (46).
However, substantial evidence indicates that mammalian spermatozoa are markedly vulnerable to the
damages induced by enhanced, pathological ROS
generation due to this unusual structure of sperm
membrane (47). High levels of ROS production induce lipid peroxidation, a cascade of autocatalytic
chemical reactions, in sperm cell membranes which
can give a rise to cell dysfunction and death (48).
In this study, Cs-treated rats showed significant
decreases in epididymal sperm count and percentage of live sperm as compared to control animals.
These findings are in agreement with previous reports at which was indicated that Cs causes spermatotoxicity through peroxidation of spermatozoa
plasma membranes polyunsaturated fatty acids or
alterations of the intracellular redox state (14, 43).
It has been established that protamines are involved in sperm chromatin stability as well as proInt J Fertil Steril, Vol 9, No 4, Jan-Mar 2016
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tection of spermatozoa against a variety of endogenous or exogenous stressors (49). A growing body
of evidence indicates that OS-induced defects in
spermatozoa maturation process can result in protamination disturbances leading to diminished
sperm chromatin packaging which makes sperm
cells more vulnerable to DNA damage (50-52).
Moreover, extensive researches demonstrate that
OS affects the integrity of the sperm genome by induction of high frequencies of DNA fragmentation
(53-55). Consistent with above-noted findings, Cstreated animals in this study showed a significant
decrease in the protamination of sperm chromatin
as well as percentage of the sperms with doublestranded DNA in comparison to the control group.
It is known that free radicals overproduction
frequently involves in defective spermiogenesis
leading to release of spermatozoa from the germinal epithelium carrying excess residual cytoplasm
(56). It was also found that these immature, morphologically abnormal spermatozoa are the main
source of further ROS generation in semen (57).
Supporting these facts, our observations revealed
that Cs treatment causes a marked elevation in the
proportion of spermatozoa that retained their cytoplasmic droplet via mechanisms that may be mediated by OS.
It is well documented that disturbances in the
organization of the genomic material in sperm nuclei result in premature chromatin condensation
leading to decreased fertilization rates and/or embryo cleavage (58-60). Additionally, earlier studies have linked high number of spermatozoa with
DNA breaks and attached cytoplasmic droplets to
fertilization and embryo development failures (61,
62). In view of the fact that immature and structurally deficient spermatozoa are the major source of
surplus free radicals production (63), FR and BDR
reduction in Cs-administered rats may be attributed to the detrimental effects of ROS-producing
damaged spermatozoa during in vitro insemination of oocytes. Our findings are confirmed by the
study that reported in vitro incubation of oocytes
with ROS-producing spermatozoa can result in
impaired embryo development (64).
Recently, there have been increasing interests in
beneficial effects of antioxidants and naturally occurring substances against Cs-induced reproductive toxicity. Free radical scavengers such as ellagic acid have been shown to abate testicular damage
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and spermatotoxicity induced by Cs (43). Further,
it has been reported that lycopene, an aliphatic
hydrocarbon with highly efficient antioxidant capacity, provides protection against Cs-induced testicular toxicity through restoration of oxidant/antioxidant balance (14). Our previous study have also
demonstrated that Crataegus monogyna fruit aqueous extract with prominent antioxidative property
can effectively abate Cs-induced reproductive toxicities (65).

5.
6.

7.
8.

In the present study, concomitant administration
of SEO to Cs receiving rats markedly ameliorated
the Cs-induced all the negative changes observed
in the sperm parameters and embryo development,
thereby highlighting its protective role in countering the oxidative injuries inflicted by free radicals.
Consistent with our findings, prior studies have
pointed out that SEO, as a strong and safe antioxidant, can protect from malathion and cyclophosphamide induced OS-mediated injurious effects
(66, 29).

9.

Conclusion

14.

Taken together, this study projects the protection afforded by SEO against OS-related reprotoxicity induced by Cs probably on the basis of
oxidant-antioxidant system management. Further
investigations are needed to explore therapeutic
efficacy of SEO in clinical trials.

Acknowledgements
This scientific work has been made possible by
funding assistance of Urmia University and we
would, therefore, like to express our gratitude to
the University. The authors declare that there is no
conflict of interest that would prejudice the impartiality of this study.

References
1.

2.
3.

4.

Masuda H, Fujihira S, Ueno H, Kagawa M, Katsuoka Y,
Mori H. Ultrastructural study on cytotoxic effects of cyclosporine A in spermiogenesis in rats. Med Electron Microsc. 2003; 36(3): 183-191.
Kahan BD. Cyclosporine: a revolution in transplantation.
Transplant Proc. 1999; 31(1-2A): 14S-15S.
Kahan BD, Flechner SM, Lorber MI, Golden D, Conley S,
Van Buren CT. Complications of cyclosporine-prednisone
immunosuppression in 402 renal allograft recipients exclusively followed at a single center for from one to five
years. Transplantation. 1987; 43(2): 197-204.
Kaçmaz RO, Kempen JH, Newcomb C, Daniel E, Gangaputra S, Nussenblatt RB, et al. Cyclosporine for ocular inflammatory diseases. Ophthalmology. 2010; 117(3):

10.
11.

12.
13.

15.
16.

17.

18.
19.

20.

21.

22.

23.

576-584.
Mihatsch MJ, Wolff K. Consensus conference on cyclosporine A for psoriasis. Br J Dermatol. 1992; 126(6): 621623.
Berg KJ, Forre O, Bjerkhoel F, Amundsen E, Djoseland
O, Rugstad HE, et al. Side effects of cyclosporine A treatment in patients with rheumatoid arthritis. Kidney Int.
1986; 29(6): 1180-1187.
Hagar HH. The protective effect of taurine against cyclosporine A-induced oxidative stress and hepatotoxicity in
rats. Toxicol Lett. 2004; 151(2): 335-343.
Laupacis A, Keown PA, Ulan RA, McKenzie N, Stiller CR.
Cyclosporine A: a powerful immunosuppressant. Can
Med Assoc J. 1982; 126(9): 1041-1046.
Farthing MG, Clark ML. Nature of the toxicity of cyclosporine A in the rat. Biochem Pharmacol. 1981; 30(24):
3311-3316.
Nabel GJ. A transformed view of cyclosporine. Nature.
1999; 397(6719): 471-472.
Yuce A, Ateşşahin A, Çeribaşi AO. Amelioration of cyclosporine A-induced renal, hepatic and cardiac damages by
ellagic acid in rats. Basic Clin Pharmacol Toxicol. 2008;
103(2): 186-191.
Misro MM, Chaki SP, Srinivas M, Chaube SK. Effect of cyclosporine on human sperm motility in vitro. Arch Androl.
1999; 43(3): 215-220.
Ergüder IB, Çetin R, Devrim E, Kiliçoğlu B, Avci A, Durak
I. Effects of cyclosporine on oxidant/antioxidant status in
rat ovary tissues: protective role of black grape extract. Int
Immunopharmacol. 2005; 5(7-8): 1311-1315.
Turk G, Atessahin A, Sonmez M, Yuce A, Ceribasi AO. Lycopene protects against cyclosporine A-induced testicular
toxicity in rats. Theriogenology. 2007; 67(4): 778-785.
Wang C, Salahudeen AK. Lipid peroxidation accompanies
cyclosporine nephrotoxicity: effect of vitamin E. Kidney Int.
1995; 47(3): 927-934.
Parra T, de Arriba G, Conejo JR, Cantero M, Arribas I,
Rodríguez-Puyol D, et al. Cyclosporine increases local
glomerular synthesis of reactive oxygen species in rats:
effect of vitamin E on cyclosporine nephrotoxicity. Transplantation. 1998; 66(10): 1325-1329.
Durak I, Kaçmaz M, Cimen MY, Buyukkocak S, Elagun
S, Ozturk HS. The effct of cyclosporine on antioxidant
enzyme activities and malondialdehde levels in rabbit hepatic tissues. Transplant Immunol. 2002; 10(4): 255-258.
Seethalakshmi L, Menon M, Malhotra RK, Diamond DA.
Effect of cyclosporine A on male reproduction in rats. J
Urol. 1987; 138(4 Pt 2): 991-995.
Seethalakshmi L, Flores C, Diamond DA, Menon M.
Reversal of the toxic effects of cyclosporine on male reproduction and kidney function of rats by simultaneous
administration of hCG+FSH. J Urol. 1990; 144(6): 14891492.
Seethalakshmi L, Flores C, Khauli RB, Diamond DA,
Menon M. Evaluation of the effect of experimental cyclosporine toxicity on male reproduction and renal function.
Reversal by concomitant human chorionic gonadotropin
administration. Transplantation. 1990; 49(1): 17-19.
Safarnavadeh T, Rastegarpanah M. Antioxidants and
infertility treatment, the role of Satureja khuzestanica: A
mini-systematic review. Iran J Reprod Med. 2011; 9(2):
61-70.
Amanlou M, Dadkhah F, Salehnia A, Farsam H, Dehpour
AR. An anti-inflammatory and anti-nociceptive effects of
hydroalcoholic extract of Satureja khuzistanica Jamzad
extract. J Pharm Pharm Sci. 2005; 8(1): 102-106.
Amanlou M, Fazeli MR, Arvin A, Amin HG, Farsam H. Antimicrobial activity of crude methanolic extract of Satureja
Int J Fertil Steril, Vol 9, No 4, Jan-Mar 2016

555

Najaf i et al.
khuzistanica. Fitoterapia. 2004; 75(7-8): 768-770.
24. Abdollahi M, Salehnia A, Mortazavi SH, Ebrahimi M,
Shafiee A, Fouladian F, et al. Antioxidant, antidiabetic, antihyperlipidemic, reproduction stimulatory properties and
safety of essential oil of Satureja khuzestanica in rat in
vivo: a oxicopharmacological study. Med Sci Monit. 2003;
9(9): BR331-BR335.
25. Haeri S, Minaie B, Amin G, Nikfar S, Khorasani R, Esmaily
H, et al. Effect of Satureja khuzestanica essential oil on
male rat fertility. Fitoterapia. 2006; 77(7-8): 495-499.
26. Tavafi M, Ahmadvand H, Tamjidipoor A, Delfan B, Khalatbari AR. Satureja khozestanica essential oil ameliorates
progression of diabetic nephropathy in uninephrectomized diabetic rats. Tissue Cell. 2011; 43(1): 45-51.
27. Reichenspurner H, Hildebrandt A, Human PA, Boehm DH,
Rose AG, Odell JA, et al. 15-Deoxyspergualin for induction of graft nonreactivity after cardiac and renal allotransplantation in primates. Transplantation. 1990; 50(2): 181185.
28. Dehpour AR, Shirzad N, Ghafourifar P, Abdollahi M. Effects of cyclosporine A on the functions of submandibular
and parotid glands of rats. Gen Pharmacol. 1996; 27(5):
887-890.
29. Rezvanfar MA, Sadrkhanlou RA, Ahmadi A, ShojaeiSadee H, Rezvanfar MA, Mohammadirad A, et al. Protection of cyclophosphamide-induced toxicity in reproductive
tract histology, sperm characteristics, and DNA damage
by an herbal source; evidence for role of free-radical toxic
stress. Hum Exp Toxicol. 2008; 27(12): 901-910.
30. Zambrano E, Rodriguez-Gonzalez GL, Guzman C, Garcia-Becerra R, Boeck L, Menjivar M, et al. A maternal
low protein diet during pregnancy and lactation in the rat
impairs male reproductive development. J Physiol. 2005;
563(Pt 1): 275-284.
31. Wyrobek AJ, Gordon LA, Burkhart JG, Francis MW, Kapp
RW Jr, Letz G, et al. An evaluation of the mouse sperm
morphology test and other sperm tests in nonhuman
mammals. A report of the US environmental protection
agency gene-tox program. Mutat Res. 1983; 115(1): 1-72.
32. Zambrano E, Rodriguez-Gonzalez GL, Guzman C,
García-Becerra R, Boeck L, Díaz L, et al. A maternal low
protein diet during pregnancy and lactation in the rat impairs male reproductive development. J Physiol. 2005;
563(1): 275-284.
33. Erenpreiss J, Bars J, Lipatnikova V, Erenpreisa J, Zalkalns J. Comprative study of cytochemical tests for sperm
chromatin integrity. J Androl. 2001; 22(1): 45-53.
34. Hammadeh ME, al-Hasani S, Stieber M, Rosenbaum P,
Kupker D, Diedrich K, et al. The effect of chromatin condensation (aniline blue staining) and morphology (strict
criteria) of human spermatozoa on fertilization, cleavage
and pregnancy rates in an intracytoplasmic sperm injection programme. Hum Reprod. 1996; 11(11): 2468-2471.
35. Menkveld R, Wong WY, Lombard CJ, Wetzels AM, Thomas CM, Merkus HM, et al. Semen parameters, including
WHO and strict criteria morphology, in a fertile and subfertile population: an effort towards standardization of in-vivo
thresholds. Hum Reprod. 2001; 16(6): 1165-1171.
36. Liu C, Xie W, Gui C, Du Y. Pronuclear microinjection and
oviduct transfer procedures for transgenic mouse production. Methods Mol Biol. 2013; 1027: 217-232.
37. Toyoda Y, Chang MC. Fertilization of rat eggs in vitro by
epididymal spermatozoa and the development of eggs following transfer. J Reprod Fertil. 1974; 36(1): 9-22.
38. Wang X, Falcone T, Attaran M, Goldberg JM, Agarwal A,
Sharma RK. Vitamin C and vitamin E supplementation
reduce oxidative stress–induced embryo toxicity and improve the blastocyst development rate. Fertil Steril. 2002;
Int J Fertil Steril, Vol 9, No 4, Jan-Mar 2016

556

78(6): 1272-1277.
39. Ilbey YO, Ozbek E, Cekmen M, Simsek A, Otunctemur
A, Somay A. Protective effect of curcumin in cisplatininduced oxidative injury in rat testis: mitogen-activated
protein kinase and nuclear factor-kappa B signaling pathways. Hum Reprod. 2009; 24(7): 1717-1725.
40. Rezzani R. Cyclosporine A and adverse effects on organs:
histochemical studies. Prog Histochem Cytochem. 2004;
39(2): 85-128.
41. Hagar HH. The protective effect of taurine against cyclosporine A-induced oxidative stress and hepatotoxicity in
rats. Toxicol Lett. 2004; 151(2): 335-343.
42. Rezzani R, Giugno L, Buffoli B, Bonomini F, Bianchi R.
The protective effect of caffeic acid phenethyl ester
against cyclosporine A-induced cardiotoxicity in rats. Toxicology. 2005; 212(2-3): 155-164.
43. Turk G, Sönmez M, Ceribaşi AO, Yüce A, Ateşşahin A. Attenuation of cyclosporine A-induced testicular and spermatozoal damages associated with oxidative stress by
ellagic acid. Int Immunopharmacol. 2010; 10(2): 177-182.
44. Katoh C, Kitajima S, Saga Y, Kanno J, Horii I, Inoue T.
Assessment of quantitative dual-parameter flow cytometric analysis for the evaluation of testicular toxicity using
cyclophosphamide-and ethinylestradiol-treated rats. J
Toxicol Sci. 2002; 27(2): 87-96.
45. Saleh RA, Agarwal A. Oxidative stress and male infertility:
from research bench to clinical practice. J Androl. 2002;
23(6): 737-752.
46. Aitken RJ, Clarkson JS, Fishel S. Generation of reactive
oxygen species, lipid peroxidation, and human sperm
function. Biol Reprod. 1989; 41(1): 183-197.
47. Agarwal A, Makker K, Sharma R. Clinical relevance of
oxidative stress in male factor infertility: an update. Am J
Reprod Immunol. 2008; 59(1): 2-11.
48. de Lamirande E, Gagnon C. Impact of reactive oxygen
species on spermatozoa: a balancing act between beneficial and detrimental effects. Hum Reprod. 1995; 10 Suppl
1: 15-21.
49. Oliva R. Protamines and male infertility. Hum Reprod Update. 2006; 12(4): 417-435.
50. Agarwal A, Said TM. Role of sperm chromatin abnormalities and DNA damage in male infertility. Hum Reprod Update. 2003; 9(4): 331-345.
51. Aoki VW, Moskovtsev SI, Willis J, Liu LH, Mullen JBM,
Carrell DT. DNA integrity is compromised in protaminedeficient human sperm. J Androl. 2005; 26(6): 741-748.
52. Angelopoulou R, Plastira K, Msaouel P. Spermatozoal
sensitive biomarkers to defective protaminosis and fragmented DNA. Reprod Biol Endocrinol. 2007; 5: 36.
53. Aitken RJ, Krausz C. Oxidative stress, DNA damage and
the Y chromosome. Reproduction. 2001; 122(4): 497-506.
54. Moustafa MH, Sharma RK, Thornton J, Mascha E, AbdelHafez MA, Thomas AJ Jr, et al. Relationship between
ROS production, apoptosis and DNA denaturation in
spermatozoa from patients examined for infertility. Hum
Reprod. 2004; 19(1): 129-138.
55. Kothari S, Thompson A, Agarwal A, du Plessis SS. Free
radicals: their beneficial and detrimental effects on sperm
function. Indian J Exp Biol. 2010; 48(5): 425-435.
56. Aitken RJ, Sawyer D. The human spermatozoon–not waving but drowning. Adv Exp Med Biol. 2003; 518: 85-98.
57. Ollero M, Gil-Guzman E, Sharma RK, Lopez MC, Larson
KL, Evenson DP, et al. Characterization of subsets of human spermatozoa at different stages of maturation: implications in the diagnosis and treatment of male infertility.
Hum Reprod. 2001; 16(9): 1912-1921.
58. Evenson DP, Wixon R. Clinical aspects of sperm DNA
fragmentation detection and male infertility. Theriogenol-

Protection against Cs-Induced Reprotoxicity by S. khuzestanica
ogy. 2006; 65(5): 979-991.
59. Collins JA, Barnhart KT, Schlegel PN. Do sperm DNA
fragmentation tests predict pregnancy with in vitro fertilization?. Fertil Steril. 2008; 89(4): 823-831.
60. Nunez-Calonge R, Caballero P, Lopez-Fernandez C, Guijarro JA, Fernandez JL, Johnston S, et al. An improved experimental model for understanding the impact of sperm
DNA fragmentation on human pregnancy following ICSI.
Reprod Sci. 2012; 19(11): 1163-1168.
61. Dadoune JP. Ultrastructural abnormalities of human spermatozoa. Hum Reprod. 1988; 3(3): 311-318.
62. Høst E, Lindenberg S, Kahn JA, Christensen F. DNA
strand beaks in human sperm cells: a comparison between men with normal and oligozoospermic sperm
samples. Acta Obstet Gynecol Scand. 1999; 78(4):
336-339.
63. Said TM, Agarwal A, Sharma RK, Thomas AJ Jr, Sikka
SC. Impact of sperm morphology on DNA damage caused

by oxidative stress induced by beta-nicotinamide adenine
dinucleotide phosphate. Fertil Steril. 2005; 83(1): 95-103.
64. Nasr-Esfahani MH, Aitken RJ, Johnson MH. Hydrogen
peroxide levels in mouse oocytes and early cleavage
stage embryos developed in vitro or in vivo. Development.
1990; 109(2): 501-507.
65. Armand Z, Najafi Gh, Farokhi F, Shalizar Jalali A. Attenuation of cyclosporine-induced sperm impairment and
embryotoxicity by Crataegus monogyna fruit aqueous extract. Cell J. 2013; 15(3): 198-205.
66. Basiri S, Esmaily H, Vosough-Ghanbari S, Mohammadirad A, Yasa N, Abdollahi M. Improvement by Satureja
khuzestanica essential oil of malathion-induced red blood
cells acetylcholinesterase inhibition and altered hepatic
mitochondrial glycogen phosphorylase and phosphoenolpyruvate carboxykinase activities. Pestic Biochem
Physiol. 2007; 89(2): 124-129.

Int J Fertil Steril, Vol 9, No 4, Jan-Mar 2016

557

