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Abstract
Background: Cyclophosphamide (CP) is a chemotherapy drug which causes deleterious
effects on testicular tissue and increases free radicals in the body. The aim of this study
is to investigate the protective effects of ethyl pyruvate (EP) on testicular improvement
in CP treated animals.

Materials and Methods: In this experimental study, 15 male mice (6-8 weeks) were
divided into 3 groups. The control group received normal saline (0.1 ml/day), intraperito-
neal (IP), CP group received CP (15 mg/kg/week, IP), and the CP+EP group received EP
(40 mg/kg/day, IP) plus CP. After 35 days, we assessed serum total antioxidant capacity
(TAC) along with histomorphometric and histochemical analyses of the testicles.

Results: The mean thickness of the germinal epithelium, diameter of seminiferous tu-
bules, and the number of Leydig cells in the CP+EP group were higher than those of
the CP group (P<0.05). The number of the mast cells in the CP+EP group significantly
reduced compared with the CP group (P<0.05). Alkaline phosphatase (ALP), periodic
acid-schiff (PAS) positive reactions and lipid granules in cytoplasm of the Leydig cells in
the CP group increased compared with the other groups (P<0.05). TAC in the CP group
significantly reduced compared with the other groups (P<0.05).

Conclusion: This study showed the ability of EP to reduce the destructive side effects of
CP in the adult mice reproductive system.
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Introduction

A number of chemotherapeutic drugs such
as cyclophosphamide (CP) that are used for
neoplastic patients leave toxic side effects
in various systems of the body, including the
male reproductive system. Chemotherapy with
CP disrupts reductive reactions in tissues and
creates oxidative stress (1-3) as an alkylating
agent, finally reducing fertilization in patients
under treatment (4, 5). CP is converted into
its active metabolites with the action of oxi-
dase enzymes in the liver (6). Phosphoramide
mustard and acrolein are active metabolites of

CP (7). All anticancer effects of CP related to
phosphoramide mustard and its toxic effects are
related to acrolein (8). Acrolein, as a toxic me-
tabolite of CP, interferes with the antioxidant
system of tissues (9), producing a high level
of reactive oxygen species (ROS) (2, 10). The
cytotoxic effects of CP particularly target rap-
idly proliferating cells; hence the testicles are
a target for the destructive effects of this drug
(11). According to the importance of reproduc-
tion in humans and the use of antioxidants to
decrease or eliminate free radicals produced
by CP, we have chosen ethyl pyruvate (EP), a
synthetic antioxidant with different therapeutic
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properties, for this study. EP is a primary anti-
inflammatory, anti-oxidant molecule which im-
proves local inflammation in the liver and, as a
result, reduces secondary hepatic injury caused
by acute pancreatitis (12). In addition, EP has
a protective effect on nerves against paraquat
toxicity (13). The effects of EP on oxidative
stress caused by CP have not been studied in
testicular tissue. Hence, this study evaluated
the protective effects of EP on improvement
of the testicles and serum antioxidants in CP
treated animals.

Materials and Methods
Drugs and chemicals

CP (500 mg) was obtained from Baxter, Ger-
many. EP was purchased from Sigma Aldrich
(MO, USA).

Animals

In this experimental study, 15 adult male mice
Naval Medical Research Institute (NMRI) mice
(6-8 weeks) that weighed 20-25 g were used. The
animals were randomly divided into three groups
and maintained under standard conditions at 22
+ 2°C, 30-60% humidity, with 14 hours daylight
and 10 hours darkness. All performed experi-
ments in this study were in accordance with the
guidance of the Ethical Committee for Research
on Laboratory Animals at Urmia University.

Experimental design

Animals were divided into three groups, as

follows: i. Control group (C) received normal
saline [0.2 ml/day, intraperitoneal (IP)], ii. CP
group received (15 mg/kg/week, IP) of CP, and
iii. CP+EP group received EP (40 mg/kg/day,
IP) plus CP (15 mg/kg/week, IP).
After 35 days, all mice were anesthetized and
euthanized with ketamine (25 mg/kg, IP) after
which serum and testicular samples were taken
for further analyses.

Biochemical analysis

After the serum samples centrifuged at 3000
for 5 minutes twice, total antioxidant capac-
ity (TAC) measured according to the Benzian
method (14).
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Histological analyses

The right testicles were fixed in 10% formal
saline for 72 hours, after which the samples
were dehydrated, cleared, and embedded in
paraffin. Paraffin sections were prepared (6-7
um in thickness) and stained with hematoxylin
and eosin (H&E) for histomorphometry analy-
ses with an Olympus light microscope (BH-2
model) and calibrated, graded objective lens.
We measured the germinal epithelium thick-
ness, diameter of the seminiferous tubules, and
the number of Leydig cells in 1 mm?by using
a latticed objective lens. We investigated the
interstitial tissue in terms of edema and hyper-
emia, and seminiferous tubules in terms of mor-
phological features such as the germinal epithe-
lium. Toluidine blue staining was used to assess
the mean number of mast cells (15).

Histochemical analyses

Oil red-O staining was performed on formalin
buffer fixed specimens and frozen sections to eval-
uate the rate of lipid foci (brilliant red) supplement
in Leydig cells and germinal epithelium (15). Oth-
er sections were stained with alkaline phosphatase
(ALP) (16). ALP staining of testis tissue causes a
dark brownish color reaction. Granules that con-
tain carbohydrate compounds were stained with
periodic acid-schiff (PAS) (17). PAS positive gran-
ules stained a brilliant red color.

Statistical analysis

The data were analyzed by SPSS software
(version 20, SPSS Inc., USA); one-way ANO-
VA and the Bonferroni test were used. A P<0.05
was considered significant.

Results

Ethyl pyruvate ameliorates the germinal epi-
thelium disarrangement induced by cyclophos-
phamide in the EP+CP group

Histological studies showed the presence of ede-
ma in the interstitial tissue, disruption of spermato-
genic cells, and reduction of germinal epithelium
height in most seminiferous tubules in the CP group
compared to the control group. These conditions
clearly improved in the CP+EP group (Fig.1).



EP and Testisin CP Treated Mice

Fig.1: Histological changes in the: A. Control (C) group, B. Cyclophosphamide (CP) and C. CP+ethyl pyruvate (EP) groups. Leydig cells pre-
sent in interstitial tissue (thick arrows), which was prominent in the C and CP+EP groups. The cytoplasm stained intensely with eosin (A)
compared with the CP (B). Notice the germinal epithelium that is integrated in the CP+EP group (C), whereas it was disorganized in the

CP group (B) (H&E; x400).

Ethyl pyruvate ameliorates the thickness of
germinal epithelium and seminiferous tubules
in the EP+cyclophosphamide group

Morphometric studies showed that the germinal
epithelium in the CP group was disarranged and
disrupted. Its thickness significantly reduced com-
pared to the control and EP+CP groups (P<0.05,
Fig.2). There were significantly decreased semi-
niferous tubule diameters in the CP group com-
pared with the other groups (P<0.05). However
the control and EP+CP groups did not significantly
differ (Fig.3).

Ethyl pyruvate increased the number of
Leydig cells in the cyclophosphamide+EP

group

This study showed that Leydig cells were in the
interstitial tissue, almost accumulating around
the blood vessels. They had an extensive acido-
philic cytoplasm visualized by H&E staining,
with spherical, euchromatic nuclei in the middle
of the cells (Fig.1). There were a significantly
reduced mean number of Leydig cells in the CP
group compared with the other groups (P<0.05,
Fig.4).
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Fig.2: Germinal epithelium thicknessin testis (mean + SE, um).
Non-similar letters (a, b, c) indicate significant differences
(P<0.05). CP; Cyclophosphamide and EP; Ethyl pyruvate.
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Fig.3: Diameter of seminiferous tubules (mean + SE, um). Non-
similar letters (a, b, c) indicate significant difference (P<0.05). CP;
Cyclophosphamide and EP; Ethyl pyruvate.
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Fig.4: Number of Leydig cells in testis (mean + SE). Non-similar
letters (a, b, c) indicate significant difference (P<0.05). CP; Cyclo-
phosphamide and EP; Ethyl pyruvate.

Ethyl pyruvate ameliorates the histochemical fea-
ture of the testis in cyclophosphamide treated mice

According to oil red-O staining, lipid granules in the
cytoplasm of Leydig cells in the CP group increased
compared to the other groups. Accumulation of lipid
in the cytoplasm of spermatogenic cells adjacent to
the basal lamina of the seminiferous tubules was ob-
served in the CP group (Fig.5). PAS staining showed
an increased PAS positive reaction in cells adjacent to
the lumen of seminiferous tubules and Leydig cells in
the CP group compared with the control and CP+EP
groups (Fig.6). Reaction of ALP as dark brown fine
granules in the interstitial tissue of the testicle was
observed in the CP group; this reaction considerably
reduced in the CP+EP group (Fig.7).

Fig.5: Lipid accumulation shown as red granules in the cyclophosphamide (CP), CP+ethyl pyruvate (EP) groups is detected in
the A. Cytoplasm of spermatogenic and Sertoli cells in testes of the CP group (arrow) and B. Cytoplasm of Leydig or interstitial
endocrine cells (arrow) in the CP+EP group (Oil red-O staining, x400).
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Fig.6: Periodic acid-schiff (PAS) reaction in the A. Control (C) group, B. Cyclophosphamide (CP) and C. CP+ethyl pyruvate (EP) groups. B.
Accumulation of carbohydrate as red granules in the cytoplasm of Leydig cells (small arrows) shown in the CP group. PAS reaction was
faintly observed in spermiogenic cells of the B. CP group (thick arrow) and in the cytoplasm of spermatogenic cells in the control, CP and
CP+EP groups (thick arrows) (magnification: x400).

Fig.7: Alkaline phosphatase (ALP) reaction in the cyclophosphamide (CP) and CP+ethyl pyruvate (EP) groups shown as dark granules in
Leydig cells located in the interstitial tissue of mice testis in the A. CP group (arrow), while this reaction was scant in the B. CP+EP group
(magnification: x400).
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Ethyl pyruvate reduces the number of mast
cells during oxidative stress

The numbers of mast cells in the testicular
capsule were determined by toluidine blue
staining. We observed that the cytoplasm of
the mast cells were full of dark reddish violet
granules (metachromatic) in the testicular cap-
sule (Fig.8). There was a significantly higher
mean number of mast cells in the CP group
compared to the control group (P<0.05), while
EP in the CP+EP group reduced the mean
number of these cells to a level comparable to
the control group (P<0.05, Fig.9).
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Fig.8: Mast cell localization in testicular capsule. Mast cell with
dark purple granule that occupied the cytoplasm in the testicular
capsule of the cyclophosphamide (CP) group (arrow). (Toluidine
blue staining, magnification: x400).
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Fig.9: Number of mast cells in the testicular capsules (mean +
SE). Non-similar letters (a, b, c) indicate significant difference
(P<0.05). CP; Cyclophosphamide and EP; Ethyl pyruvate.
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Ethyl pyruvate elevates total antioxidant ca-
pacity against cyclophosphamide induced oxi-
dative stress

There was reduced serum TAC in the CP group
compared with the control and CP+EP groups. We
observed moderate reduction in the CP+EP group.
This reduction was significant only with the con-
trol group (P<0.05, Fig.10).
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Fig.10: Total antioxidant capacity (TAC) levels in different groups
(mean * SE). Non-similar letters (a, b, c) indicate significant dif-
ference (P<0.05).

Discussion

According to previous studies, the toxic side ef-
fects of CP cause histological, histochemical and
serological changes (2, 18, 19). Chemotherapy
causes long-term or permanent azoospermiadue to
destruction and damage of the testicular germ cells
(20). We have observed that damage to germinal
cells with CP was a main reason for the reduction
in diameter of seminiferous tubules and height of
germinal epithelium in the CP group. EP, with its
antioxidant effects, caused a significant increase in
these two parameters in the CP+EP group.

The toxic effect of chemotherapy on Leydig cells
and indirect effect of damaging spermatogenic cells
on negative performance of Leydig cells (21) jus-
tified the significant reduction in numbers of these
cells in the CP group compared to the other groups.
Accumulation of neutral lipids in the cytoplasm of
spermatogenic cells adjacent to the basal lamina
of seminiferous tubules in the CP group compared
with other groups could be related to destruction of
spermatogenic cells and accumulation of uncon-
sumed lipid for biosynthesis of steroid hormones
(22). Accumulation of lipid in this region might be
related to increased phagocytosis of the apoptotic
spermatogenic cells by Sertoli cells (23).



On the other hand, it has been shown that oxi-
dative mechanisms increase active species of
oxygen and lipid peroxidation by inactivating
microsomal enzymes (24). The role of CP in pro-
duction of free radicals and reduction of antioxi-
dants (19, 25) was the logical reason for reduc-
tion of serum TAC in the CP group compared to
the other groups.

Allergic and immunologic stimulations caused
by prescription of CP increases the mean number
of mast cells in the testicle capsule and conse-
quently increase production of free radicals with
degranulated mast cells, leading to reproductive
disorders (26). On the other hand, degranula-
tion of mast cells following acute physical and
chemical stresses lead to secretion of histamine
which increases permeability of the blood ves-
sels (27). Increases in permeability of blood
vessels and tissue edema by stimulation of ap-
optosis in endothelial cells (28, 29) and smooth
muscular cells of the blood vessel wall (30, 31)
also occur. With respect to results of the above
studies, we have observed an increased number
of mast cells in the testicle capsule, edema, and
hyperemia in the interstitial tissue of the CP
group. These would be expected side effects of
CP on the testicles, which considerably reduced
in the CP+EP group.

ALP enzyme activity in the testicles of rats with
varicocele increased with degeneration of the re-
productive cells (32). Therefore, the increased ALP
reaction observed in the CP group was affected by
the destructive effects of CP on reproductive cells of
the testicle. Reduction of this reaction in the CP+EP
group has supported results of previous studies.
These degenerative changes in testicular tissue re-
duce glucose transmitters (33). CP disrupts trans-
mission of glucose to the seminiferous tubules and
spermatogenic cells, which have high a mitotic ac-
tivity and a negative reaction against PAS staining
due to the damage of these transmitters.

Conclusion

This study showed the protective effects of EP in
the testis of CP treated mice.
Acknowledgements

This article is taken from the M.Sc. thesis. This
study was financially supported by the Histology

EP and Testisin CP Treated Mice

and Embryology Department, Faculty of Veterinary
Medicine, Urmia University, Urmia, Iran. The au-
thors not conflict of interest.

References

1. Haque R, Bin-Hafeez B, Ahmad |, Parvez S, Pandey
S, Raisuddin S. Protective effects of Emblica Officinalis
Gaertn. In cyclophosphamide-treated mice. Hum Exp
Toxicol. 2001; 20(12): 643-650.

2. Das UB, Mallick M, Debnath JM, Ghosh D. Protective
effect of ascorbic acid on cyclophosphamide- induced
testicular gametogenic and androgenic disorders in male
rats. Asian J Androl. 2002; 4: 201-207.

3. Ghosh D, Das UB, Ghosh S, Mallick M, Debnath J. Tes-
ticular gametogenic and steroidogenic activities in cy-
clophosphamide treated rat: a correlative study with tes-
ticular oxidative stress. Drug Chem Toxicol. 2002; 25(3):
281-292.

4. Howell S, Shalet S. Gonadal damage from chemotherapy
and radiotherapy. Endocrinol Metab Clin North Am. 1998;
27(4): 927-943.

5. Chapman RM. Gonadal injury resulting from chemothera-
py. Am J Ind Med. 1983; 4(1-2): 149-161.

6. Cohen JL, Jao JY. Enzymatic basis of cyclophosphamide
activation by hepatic microsomes of the rat. J Pharmacol
Exp Ther. 1970; 174(2): 206-210.

7. Ludeman SM. The chemistry of the metabolites of cyclo-
phosphamide. Curr Pharm Des. 1999; 5(8): 627-643.

8. Kern JC, Kehrer JP. Acrolein-induced cell death: a cas-
pase influenced decision between apoptosis and oncosis/
necrosis. Chem Biol Interact. 2002; 139(1): 79-95.

9. Mythili Y, Sudharsan PT, Sulvakumar E, Varalakshmi P.
Protective effect of DL-a-lipoic acid on cyclophosphamide
induced oxidative cardiac injury. Chem Biol Interact. 2004;
151(1): 13-19.

10. Ghosh D, Das UB, Misro M. Protective role of alpha-to-
copherol- succinate (provitamin-E) in cyclophosphamide
induced testicular gametogenic and steroidogenic dis-
orders: a correlative approach to oxidative stress. Free
Radic Res. 2002; 36(11): 1209-1218.

11. Elangovan N, Chiou TJ, Tzeng WF, Chu ST. Cyclophos-
phamide treatment causes impairment of sperm and its
fertilizing ability in mice. Toxicology. 2006; 222(1-2): 60-70.

12. Yang R, Shaufl AL, Killeen ME, Fink MP. Ethyl pyruvate
ameliorates liver injury secondary to severe acute pan-
creatitis. J Surg Res. 2009; 153(2): 302-309.

13. Lee J, Kwon W, Jo Y, Suh G, Youn Y. Protective effects
of ethyl pyruvate treatment on paraquat-intoxicated rats.
Hum Exp Toxicol. 2008; 27(1): 49-54.

14. Benzie IF, Strain JJ. Ferric reducing/antioxidant power
assay: direct measure of total antioxidant activity of bio-
logical fluids and modified version for simultaneous meas-
urement of total antioxidant power and ascorbic acid con-
centration. Methods Enzymol.1999; 299: 15-27.

15. Humson G. Animal tissue techniques. 4" ed. San Fran-
cisco: W. H. Free man and co; 1979; 137-138.

16. Bakst MR, Akuffo V, Trefil P, Brillard JP. Morphological and
histochemical characterization of the seminiferous epithe-
lial and Leydig cells of the turkey. Anim Reprod Sci. 2007;
97(3-4): 303-313.

17. Lee G, Luna HT. Manual of histological staining methods
of the armed forces institute of pathology. USA: McGraw-
Hill Book Company; 1968; 158-159.

18. Selvakumar E, Prahalathan C, Mythili Y, Varalakshmi P.
Protective effect of DL-alpha-lipoic acid in cyclophospha-
mide induced oxidative injury in rat testis. Reprod Toxicol.

Int J Fertil Steril, Vol 10, No 1, Apr-Jun 2016 85



Bakhtiary et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

2004; 19(2): 163-167.

Oh MS, Chang MS, Park W, Kim do R, Bae H, Huh'Y,
et al. Yukmijihwang-tang protects against cyclophospha-
mide-induced reproductive toxicity. Reprod Toxicol. 2007;
24(3-4): 365-370.

Meistrich ML. Relationship between spermatogonial stem
cell survival and testis function after cytotoxic therapy. Br
J Cancer Suppl. 1986; 7: 89-101.

Howell SJ, Radford JA, Ryder WD, Shalet SM. Testicular
function after cytotoxic chemotherapy: evidence of Leydig
cell insufficiency. J clinical oncology. 1999; 17(5): 1493-
1498.

Qin DN, Lung MA. Studies on the relationship between
testicular capsule and sperm transport in the rat testis.
Asian J Androl. 2000; 2(3): 191-198.

Arenas MI, Lobo MV, Caso E, Huerta L, Paniagua R, Mar-
tin-Hidalgo MA. Normal and pathological human testes
express hormone sensitive lipase and the lipid receptors
CLA-1/SR-Bl and CD36. Hum Pathol. 2004; 35(1): 34-42.
Lear L, Nation RL, Stupans |. Effects of cyclophospha-
mide and adriamycin on rat hepatic microsomal glucuroni-
dation and lipid peroxidation. Biochem Pharmacol. 1992;
44(4): 747-753.

Selvakumar E, Prahalathan C, Sudharsan PT, Varalak-
shmi P. Chemo protective effect of lipoic acid against
cyclophosphamide-induced changes in the rat sperm.
Toxicology. 2006; 217(1): 71-78.

Roaiah MM, Khatab H, Mostafa T. Mast cells in testicular
biopsies of azoospermic men. Andrologia. 2007; 39(5):
185-189.

Prussin C, Metcalfe DD. IgE, mast cells, basophils, and

Int J Fertil Steril, Vol 10, No 1, Apr-Jun 2016 86

28.

29.

30.

31.

32.

33.

eosinophils. J Allergy Clin Immunol. 2003; 111 Suppl 2:
S486-494.

Mihm MJ, Jing L, Bauer JA. Nitrotyrosine causes selec-
tive vascular endothelial dysfunction and DNA damage. J
Cardiovasc Pharmacol. 2000; 36(2): 182-187.

Dickhout JG, Hossain GS, Pozza LM, Zhou J, Lhotak S,
Austin RC. Peroxynitrite causes endoplasmic reticulum
stress and apoptosis in human vascular endothelium: im-
plications in atherogenesis. Arteriocler Thromb Vasc Biol.
2005; 25(12): 2623-2629.

LiJ, Su J, Li W, Altura BT, Altura BM. Peroxynitrite induces
apoptosis in canine cerebral vascular muscle cells: pos-
sible relation to neurodegenerative diseases and strokes.
Neurosci Lett. 2003; 350(3): 173-177.

Li J, Li W, Su J, Liu W, Altura BT, Altura BM. Peroxyni-
trite induces apoptosis in rat aortic smooth muscle cells:
possible relation to vascular diseases. Exp Biol Med
(Maywood). 2004; 229(3): 264-269.

Saxena AK, Sarin K. Pathological and biochemical chang-
es in liver and testis of the desert gerbil Meriones hur-
rianae (Jerdon): effect of single intraperitoneal injection
of phorate (thimet). Indian J Exp Biol. 1980; 18(9): 1001-
1004.

Farooqui SM, Al-Bagdadi F, O'Donnell JM, Stout R. De-
generative changes in spermatogonia are associated with
loss of glucose transporter (Glut3) in abdominal testis of
surgically induced unilateral cryptorchidism in rats. Bio-
chem Biophys Res Commun. 1997; 236(2): 407-412.






