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Exercise protects rat testis from cyclophosphamide-induced damage
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ABSTRACT. To investigate the effect of chronic moderate exercise on male reproductive tract of Wistar rats
submitted to a single dose of cyclophosphamide (CP). Animals were submitted to swimming exercise during 21
days or maintained at sedentary state. Trained (TCP) and sedentary (SCP) groups received a single dose of CP
(200 mg kg, i.p.). Trained (TCo) and sedentary (SCo) control animals received sterile PBS. Animals were killed
after one week and testis, epidydimis and seminal vesicle contend were weighted. Testis were embebbed in
parafim and stained with hemotaxilin and eosin. Fifty seminiferous tubules of each animal were analyzed by
Johnsen score. Mean Sertoli cells counts per tubule and Leydig cells counts per area were evaluated. CP
treatment impairs body weight gain in trained and sedentary animals. Liver and seminal vesicle contend were
reduced only in SCo group. SCP animals presented decreased Johnsen scores, indicating a slight toxicity over
germinative cells, whereas trained (TCo and TCP) animals presented increased Johnsen scores. Training
increased Sertoli cell counts and prevented their loss in TCP group. Leydig cells counts were increased in trained
animals, but decreased in CP treated ones (T'CP). We conclude that exercise have some protective effect on male
reproductive tract submitted to a single dose of CP.
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0 exercicio fisico protege o testiculo de ratos de lesoes teciduais induzidas por ciclofosfamida

RESUMO. Objetivou-se investigar o efeito de exercicio moderado crénico no trato reprodutivo masculino de
ratos Wistar submetidos a uma dose tinica de ciclofosfamida (CP). Os animais foram submetidos ao exercicio de
natagio por 21 dias ou mantidos em estado sedentirio. Os grupos treinados (TCP) e sedentirios (SCP)
receberam uma tinica dose de CP (200 mg kg™, ip). Os animais treinados (TCO) e sedentdrios (SCO) receberam
PBS estéril. Os animais foram sacrificados apds uma semana e os testiculos, epididimo e contetido da vesicula
seminal foram pesados. As amostras foram embebidas em parafina e coradas com hematoxilina e eosina.
Cinquenta tabulos seminiferos de cada animal foram analisados pelo escore Johnsen. A contagem média das
células de Sertoli por tdbulo e contagem das células de Leydig por drea foram avaliadas. O tratamento CP
prejudicou o ganho de peso corporal em animais treinados e sedentirios. O figado e o contetido da vesicula
seminal foram reduzidos apenas no grupo SCO. Os animais SCP apresentaram menores escores de Johnsen,
indicando uma toxicidade moderada sobre as células germinativas, enquanto os animais treinados (TCO e TCP)
apresentaram escores de Johnsen mais altos. O treinamento aumentou a contagem de células de Sertoli e
impediu a sua perda no grupo TCP. A contagem das células de Leydig foram aumentadas em animais treinados,
mas reduzidas nos animais tratados com CP (TCP). Concluiu-se que o exercicio tem algum efeito protetor sobre
trato reprodutivo masculino de animais submetidos a uma dose tinica de CP.

Palavras-chave: ciclofosfamida, exercicio, trato reprodutiva.

Introduction

Cyclophosphamide (CP) is an alkylating agent
widely used as an anticancer drug as well as an
immunosupressive drug. The cytotoxic eftect of CP
targets rapidly dividing cells. The spermatogenic
lincage cells are particularly susceptible to CP
damaging effects due to its constantly turnover from
the germ line cell pool and the impairment of new
Leydig cells maturation (ANDERSON et al,
1995; COLVIN, 1999, JAHNUKAINEN et al., 2011)

Human studies showed a long term male gonadal
damage after CP chemotherapy, including reduced
hormone production and infertility due to
spermatogonial depletion (NURMIO et al, 2009;
RIDOLA et al., 2009).

Rodents models has been employed to study
cytotoxic effects of CP on testis and to evaluate new
therapeutic strategies to avoid its deleterious effects
(CARMELY et al, 2009; ILBEY et al., 2009;
MOTAWI et al., 2010; REZVANFAR et al., 2008;
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SELVAKUMAR et al., 2006; TURK et al., 2010).
CP toxic effects on testis were mainly attributed
to oxidative stress on seminiferous tubules and
cells, impairing spermatogenis and
androgenesis, and inducing germinal cells
apoptosis (ILBEY et al., 2009; MOTAWTI et al,,
2010; REZVANFAR et al., 2008; TURK et al.,
2010). It was also observed decreased testis,
seminal vesicles and epididymal weights, damage
and decreased number of spermatogonial cells in
the seminiferous tubules, low levels of plasma
testosterone and infertility (ELANGOVAN et al.,
2006; REZVANFAR et al., 2008). Increased levels
of lipid peroxidation and malondialdehyde and
reduced levels of antioxidant enzymatic systems
(gluthatione reductase, gluthatione peroxidase,
catalase, superoxide dismutase) were detected in
CP damaged testis (ILBEY et al., 2009; MANDA,;
BHATIA, 2003; SELVAKUMAR et al., 2004;
2005; REZVANFAR et al., 2008; MOTAWTI et al.,

Sertoli

2010). The main findings on testicular
morphology in CP treated rats were the
impairment of germ cell line maturation,

highlighted by decreased Johnsen’s testicular
score, atrophy and degeneration of seminiferous
tubules, vacuolization in Sertoli cells, interstitial
edema and degeneration of Leydig cells
(CERIBASI et al., 2010; MOTAWI et al., 2010;
REZVANFAR et al., 2008). In rats, a single dose
of CP (200 mg kg') can induce atrophy and
epithelium,
haemorrhage and edema replacing Leydig cells
(MOTAWI et al., 2010).

The use of antioxidant agents seemed partially to
protect male reproductive organs from CPb toxic
effects in animals models (CARMELY et al., 2009;
SELVAKUMAR et al., 2004, 2005; CERIBASI et al.,
2010; ILBEY et al., 2009; MOTAWI et al., 2010;
TURK et al, 2010). These studies suggest that
increasing antioxidant defenses may have some
protective effects over drug cytotoxicity in male
reproductive tract.

Regular exercise has been associated to
improvement of quality of live, reduced tissue
damage induced by oxidative stress, improvement of
tissue growth, remodeling, regeneration,
revascularization and differentiation of stem cells
(BAKER et al., 2011; BOVERIS; NAVARRO, 2008;
BRANDT et al, 2010; ELLISON et al.,, 2011;
ITOH et al., 2011; NAKAMOTO et al., 2007;
TEIXEIRA et al., 2008; TOTH et al., 2011). The

cells respond to low levels of exercise-induced

degeneration  of  germinative
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oxidative stress by increasing the expression,
production and activation of antioxidant systems
(AKSOY et al., 2006; CHICCO et al., 2005, 2006;
CHIGURUPATI et al.,, 2008; GOMEZ-CABRERA
et al., 2008; GUNDUZ et al., 2004; KAKARLA et al.,
2005; SOMANI; HUSAIN, 1996). Trained animals
presented increased levels and activation of antioxidant
enzymes, reduced levels of malondialdehyde (a final
product of oxidative stress) on testis and were protect
from free radical attack induced by drugs (AKSOY
et al., 2006; CHIGURUPATI et al, 2008;
SOMANI; HUSAIN, 1996). The beneficial
effects of exercise on heart, kidney, brain and liver
protection against oxidative stress has been proven
in several experimental and clinical data (FISHER-
WELLMAN et al, 2009; GUNDUZ et al., 2004;
KAKARIA et al., 2005; SRIMAHACHOTA et al,
2010; TEIXEIRA et al., 2008). These studies suggest
that exercise may protect male reproductive tract
from cytotoxic effect of drugs that induce
oxidative damage.

We hypothesized that chronic moderate
intensity exercise may protect male reproductive
tissues from citotoxicity induced by CP. The aim
of this work was to analysis the morphology of the
testis of sedentary or trained rats exposed to a
single dose of CP.

Material and methods

Experimental protocol

Twenty-four male Wistar rats, weighing 100 + 10
g, were kept at standard conditions at temperature 20-
22°C, photoperiod 7 am to 7 pm, free access to
standard rodent chow (Nuvilab® CR1, Nuvital,
Colombo, Brasil) and tap water. The animals were
divided into four groups (n = 6): sedentary control
(SCo), sedentary treated with CF (SCP), trained
control (T'Co) and trained and treated with CF (TCP)
groups. First, TCo and TCP groups were submitted to
training protocol, during 21 days, while SCo and SCP
animals were not submitted to training. All
experiments were performed in accordance with the
Committee for Ethical Animal Research of the State
University of Londrina.

Exercised groups (TCo and TCP)
subjected to swimming in a plastic container (depth
37 cm, diameter 35 cm) and continuously
supervised, with the water temperature set at 30 to
32°C, 5 times per week during 6 weeks. Prior to
beginning the formal exercise protocol, rats were
progressively habituated to water environment
(water depth 15 cm) during five consecutive days.
The swimming exercise time increased about 5 min.

were
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every three days, until it reached 40 min. per day,
which was maintained until the sixth week. On day
five, a charge of 5% body weight was attached to
chest of each trained animal and weekly adjusted
until the end of training. This swimming protocol is
equivalent to a moderate exercise program, where
first lactate threshold was reached (GOBATTO
et al., 2001) and it has been proven to increase
antioxidant defenses and decreases oxidative stress in
trained rats (RAVI KIRAN et al., 2004).

One day after the last training, all the animals of
SCP and TCP groups received a single dose of CP
(200 mg kg', Fosfaseron; Laboratério Filaxis;
Buenos Aires, Argentina), intraperitoneally. The
SCo and TCo received the same amount of sterile
phosphate buffered saline, intraperitoneally. All
animals were sacrificed after one week.

Testis, epididymis, seminal vesicle content and
liver were removed and immediately weighted.

Histological analysis

The removed testis were fixed in Bouin’s
fixative solution After 24h, testis were washed
three times and maintained in 70% ethanol.
Samples were then embedded in histological
paraffin and sectioned. Ten random tissue
sections (7 um) of the testis were then stained
using hematoxylin and eosin and examined under
a light microscope (Olympus, Tokyo, Japan)
coupled to a digital camera (Moticam, Motic
Company, Xiamen, China) at 100 and 400X
magnification.

A total of 50 cross-sections of seminiferous
tubules from each sample were examined.at 100X
magnification. To evaluate spermatogenesis,
seminiferous tubules were scored by means of the
Johnsen score (JOHNSEN, 1970), whereby
seminiferous tubules are scored on a scale of 1 to
10, with tubules having complete inactivity scored
as 1 and those with maximum activity (at least five
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or more spermatozoa in the lumen) scored as 10.
The number of Sertoli cells were scored at 400X
magnification in 50 seminal tubules per sample.

The mean number of Sertoli cells were
examined in 50 tubules of each sample at 400X
magnification. The mean number of Leydig cells
were scored in interstitial tissue and evaluated by
the ratio of cells per area (mm?), in 10 images at
400X magnification.

Statistical analysis

The normality distribution were assessed by
Shapiro-Wilks’ test, considering p < 0.05 for non
normalized data. Differences among groups were
observed using ANOVA and post hoc Tukey’s test
(parametric data) and expressed as means and
standard deviation. The Kruskal-Wallis’ and post
hoc Dunn’s test were applied on non parametric
data and expressed as median and quartis.
Difterences were considered significant if p < 0.05.

Results

All rats survived the experimental period. CP
treated rats (SCP and TCP) showed a significant
reduction in body weight gain during the last week.
Liver and seminal vesicle content where also reduced
in CP treated animals when compared to the SCo and
TCo groups (Table 1). It was not observed significantly
differences of testicular and epididymis weights among
different groups.

Histological analysis demonstrated that SCP
animals presented decreased Johnsen scores in
relation to SCo animals, indicating that CP
induced toxic effects in testis. Trained animals
submitted or not to CP treatment presented best
scores than sedentary groups (Figure 1). Training
appears to improve germ cell line maturation and
to inhibit the toxic effects on germ cell line
observed in SCP group.

Table 1. Effect of exercise training and cyclophosphamide on animal characteristics and reproductive system.

SCO SCP TCO TCP
Starting BW (g) 116.6 = 08.6 1185 = 10.7 1192 = 149 123.0 = 08.0
Injection BW (g) 254.6 £29.3 253.8 £29.8 2277 £16.6 2323 £19.7
Final BW (g) 283.6 =£33.3 2582 *31.9 2492 = 16.8 2383 =209
BW gain (Final/injection) 1.10 £ 0.02 1.00 = 0.05 Tx 1.09 £ 0.02 1.02 = 0.03**
Liver weight (g) 12.82 = 1.17 10.93 £ 0.83 10.56 = 0.70 10.04 + 1.84
% Liver weight (g 100 final™" BW) 4.54 £ 0.19 425+ 031 4.24 £0.28 4.20 = 0.48
Testis weight (g) 1.40 £0.13 1.40 £ 0.15 139 £0.23 138 £ 0.14
% Testis weight (g 100 final' BW) 0.49 = 0.13 0.54 = 0.08 0.55 = 0.08 0.57 = 0.06
Epididymis (g) 0.47 = 0.11 0.55 = 0.14 0.42 = 0.09 0.49 = 0.11
% Epydidymis weigh (g 100 final' BW) 0.15 = 0.03 0.22 = 0.06 0.16 = 0.03 0.19 = 0.04
Seminal vesicle content (g) 0.13 = 0.03 0.05 + 0.01 P 0.19 + 0.02* 0.13 + 0.04

Values are expressed as means = SD. SCO: sedentary control; SCF: sedentary + CP; TCO: trained control; TCP: trained + CP. BW: Body weight. ¥*SCO x SCP, p < 0.05; T**SCO
x SCO, p < 0.01. ANOVA two—-way and post hoc Tukey test. **TCO x TCP, p < 0.05; ***TCO x TCP, p < 0.01. ANOVA two-way and post hoc Tukey test. *SCO X TCO, p < 0.05.

ANOVA two-way and post hoc Tukey test.
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Figure 1. Seminal tubules and interstitial tissue of Wistar rats testis. a)
Sedentary animals (SCo). Well organized seminiferous tubules and
intersticial tissue were observed. b) Sedentary + CP (200 mg kg
cyclophosphamide) animals (SCP). Delayed spermatogenesis was
observed in some tubules (star) and edema areas were present in
interstitial tissue (arrows). ¢) Trained control animals (TCo). Seminal
tubules structures were preserved. d) Trained + CP animals (TCP).
Presence of some areas of interstitial edema (arrows) and well
organized seminal tubules. Hematoxylin-eosin staining, 100X. e)
Seminal tubules (ST) of SCP animal demonstrated areas of
disorganization in germinative epithelium (*) and edema in interstitial
tusse (IT). F) Seminal tubules (ST) of TCP animal showing a better
organization of germinative epithelium. Hematoxylin-eosin, 400X.

Histological analysis of seminiferous tubules is
shown in Figure 2. It was observed a better
organized germinative epithelium and several
tubules containing luminal sperms in SCO, TCo
and TCEF. SCF group presented edema areas among
germinal cells, delayed cell line maturation and areas
of degenerated interstitial tissue.
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Figure 2. Johnsen score of Wistar rats testis. It was observed
significant decrease in Johnsen scores in sedentary + CP animals
(SCP) in relation to control (SCO, *p < 0.05) and trained + CP
animals (TCP, #p < 0.05). Trained control (TCO) and TCP
animals presented increased Johnsen scores in relation to SCo
group (*p < 0.05). ANOVA and post hoc Tukey’s test.
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There were no significantly differences between
SCO and SCP groups, and TCO and TCP groups in
relation to Sertoli cells per seminiferous tubules. There
were increased cell counts in TCO group in relation to
SCO animals, and in TCP in relation to SCP animals

(Figure 3).
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Figure 3. Number of Leydig cells per mm? of interstitial tissue of
Wistar rats testis. Increased number of Leydig cells were observed in
trained control (TCO) group in relation to sedentary control (SCO;
*p < 0.05, Dunn’s test) and trained + CP (TCP; *p < 0.05, Dunn’s
test) animals. The box represents 25 to 75 per cent of the values, the
horizontal bar represents the median, () represents the mean, vertical
bars are 1 to 99 per cent of the values and (#) the extreme values.

The Leydig’s cells were counted in intersticial areas
and expressed by the mean number of cells per mm? It
was observed increased number of Leydig cells in
TCO group in relation to SCO and TCP (Figure 4).
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Figure 4. Number of Sertoli cells per seminiferous tubule of Wistar
rats. Increased number of Sertoli cells were observed in seminifeous
tubules of trained control (TCO; *p < 0.05, Dunn’s test) group in
relation to sedentary control (SCO) group, and trained + CP (TCP;
#p < 0.05, Dunn’s test) in ration to sedentary + CP (SCP) animals.
The box represents 25 to 75 per cent of the values, the horizontal bar
represents the median, (O) represents the mean, the vertical bars are 1
to 99 per cent of the values and (#) the extreme values.

Discussion

The main findings of this work are that moderate
chronic exercise could improve spermatogenis in
trained animals and partially protect testis from CP
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induced damage. The effect of exercise seems to be
more prone in protecting seminiferous tubules
(spermatogenic cell lineage and Sertoli cells) than
Leydig cells.

Despite its wide spectrum of clinical uses, CP
has several adverse effects including reproductive
toxicity in humans and experimental animals. CP
itself is devoid of alkylating activity and must first
undergo bioactivation by hepatic microsomal
cytochrome P450 mixed function oxidase system
(COLVIN, 1999; PASS et al., 2005; XIE et al.,
2005).  The alkylating  metabolite,
phosphoramide mustard, is responsible for the
therapeutic activity. However, another metabolite,
acrolein, causes the inactivation of microsomal
enzymes and results in increased ROS generation
and lipid peroxidation in several tissues (COLVIN,
1999). The bioactivation of CP in hepatocytes
targets liver to its primary cytotoxic attack, resulting
in CP-induced hepatoxicity and decreased liver
weight (TRIPATHI; JENA, 2010). However, we did
not find significantly difference in liver weight of
trained animals, suggesting that training may have
some effect on CP induced injury. This same
finding was reported by others authors who
employed exercise protocols to demonstrate its
protective effect against oxidant agents and aging,
and improvement in DNA repair, in liver of
exercised animals (DA SILVA et al, 2009,
NAKAMOTO et al., 2007).

Leydig cells, Sertoli cells and germinative cells
were  susceptible to  oxidative  stress and
inflammatory damage (ALY et al., 2010; CERIBASI
et al, 2010; CHIGURUPATI et al, 2008;
ELANGOVAN et al., 2006). Experimental studies
demonstrated impairment of maturation of germinal
epithelium, highlighted by atrophy of seminiferous
tubules and amorphous Sertoli cells, interstitial
edema and decreased number of Leydig cells
(ELANGOVAN et al., 2006; REZVANFAR et al.,
2008; MOTAWI et al., 2010). Reduced weight of
mice and rat testis were reported as the
consequences of testicular damage and dysfunction
(CARMELY et al., 2009; ELANGOVAN et al.,
2006; ILBEY et al., 2009; SELVAKUMAR et al.,
2004). However, we did not observe weight
differences among studied groups. This finding may
be related to differences in animal age, dose of CP,
chronic or acute administration, and day post-
treatment when specimens were collected in the
present study. Our study is in agreement with
Motawi et al. (2010) who did not observed
difference in testis weights in animals treated with a
single dose of 200 mg kg' of CP, although

main
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histological analyses revealed a significant damage of
seminiferous tubules and interstitial tissues.

CP-induced toxicity is observed in rat testis as
decresead Johnsen score, evidencing low numbers of
type B spermatogonias,  spermatids  and
spermatocytes and reduced sperm (CARMELY
et al., 2009; SATOH et al., 2002). We observed
decreased Johnsen score suggesting that it was a
slight toxicity in CP treated testis of sedentary
animals. This finding is accordingly to Ilbey et al.
(2009) who reported decreased Johnsen score in rats
treated with a single dose of CP. However, trained
animals presented best scores, even when they were
treated with CP. Chigurupati et al. (2008) reported
that mice engaged in voluntary wheel-running
presented increased number of spermatogonia and
spermatids in different stages of maturation in
seminiferous tubules, in relation to sedentary group.
This finding suggests that exercise stimulates
germinal cells maturation and may have protective
effects against CP induced damage.

The CP-induced citotoxicity on Sertoli cells are
characterized by decreased number, morphological
changes due to disruption of cytoskeleton,
vacuolization and apoptosis (LIU et al., 2011;
REZVANFAR et al., 2008; SAKR et al.,, 2011). We
did not observed significant either reduction in
number or aberrant morphology of Sertoli cells,
probably due to acute protocol employed in the
study that did not exposed these cells to CP chronic
eftects. However, the results suggest that the Sertoli
cells counts were increased in exercised animals.
This find were observed in exercised mice
(CHIGURUPATI et al., 2008). The Sertoli cells
were important in several key steps of spermatogenic
lineage maturation and their stability during the free
radical attack may help maintain seminiferous
tubule integrity in TCP animals.

We observed reduced number of Leydig cells in
CP treated animals. The Leydig cells seemed to be
more sensitive to CP and were severely decreased in
CP treated animals leading to hormonal dysfunction
(CERIBASI et al., 2010; REZVANFAR et al., 2008).
In the present study, exercise increased Leydig cell
numbers, but it was not able to avoid cell loss after a
single dose of CP. The reduction in Leydig cells
counts may explain why SCP treated animals
presented decreased seminal vesicle content since its
function is hormone dependent. However, it was
not found decreased seminal contend in TCF
animals, indicating a potential effect of exercise on
seminal vesicle activity. Exercise could release lactate
into serum when animals where submitted to
moderate training (RAVI KIRAN et al., 2004) and
lactate can independently enhance testosterone
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release from Leydig cells in vitro and during exercise
(LIN et al, 2001; LU et al, 1997). Lactate
production may decrease the impact of Leydig cell
depletion, stimulating activity of reminiscent cells,
and maintaining hormonal stimulus to seminal
vesicles. Moreover, other authors have
demonstrated that swimming trained rats presented
better adaptation of mitochondrial oxydoreductive
enzymes in Leydig cells, improving testis function
and testosterone production (HU et al., 2004).
Exercise training increased seminal vesicle contend
in TCo animals in relation to sedentary controls. It
is in agreement with previous reports
(CHATURAPANICH et al., 2011), and it may also
compensate for decreased vesicle weight found in
SCP group.

We could not observe significant weight changes
on epidydimis neither in CP treated animals nor in
exercise animals, although these findings were
reported by others authors (ELANGOVAN et al.,
2006; CARMELY et al., 2009; CHATURAPANICH
et al, 2011; REZVANFAR et al, 2008). Protocols
treatment reveals epidydimis changes only when CP
in chronically administered (ELANGOVAN et al.,
2006, REZVANFAR et al., 2008; TRIPATHI;
JENA, 2010) and acute administration could not
induce fast weight changes, in a short time period, as
observed in the present study.

Chronic moderate exercise has been suggested to
have several health promoting properties in animals
and human studies (GOMEZ-CABRERA et al.,
2008). Chronic moderate exercise can induce low
levels of free radicals production by mitochondria
and xantine-oxidase system during muscle
contraction and it has a physiological role in the
adaptation to exercise. The presence of a small
stimulus such as low concentrations of ROS is able
to induce the expression of antioxidant enzymes and
other defense mechanisms in several tissues
including male reproductive tract (AKSOY et al,
2006; CHICCO et al., 2005; CHIGURUPATI
et al, 2008; GOMEZ-CABRERA et al., 2008;
GUNDUZ et al, 2004; KAKARLA et al., 2005).
Exercise inhibited oxidative stress damage on brain,
kidney, liver and heart in animal studies (CHICCO
et al., 2005, 2006; GUNDUZ et al, 2004;
KAKARIA et al., 2005; NAKAMOTO et al., 2007,
RAVI KIRAN et al., 2004; SOMANI; HUSAIN,
1996; TEIXEIRA et al., 2008). The main effects of
exercise are upregulation of manganese superoxide
dismutase systems (MnSOD), catalase, glutathione
peroxidase, Glutathione-S-transferase expression in
testis (AKSQY et al., 2006; CHIGURUPATT et al.,
2008). Exercise can improve antioxidant systems and
decrease oxidative damage induced by ethanol in rat
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testis (HUSAIN; SOMANI, 1998). These results
suggest that protective effect of exercise against free-
radical attack evoked by CP metabolites may be
related to adaptations in testicular antioxidant
system.
Another
mechanism may be related to its anti-inflammatory
properties. Systemic and local inflammation could
impairs spermatogenesis, and affect Leydig and
Sertoli cells functions (LIEW et al., 2007; HEDGER,
2011; REDDY et al., 2006). Exercise could decrease
expression of inflammatory cytokines attenuating
the inflaimmatory process and oxidative stress,

exercise-induced tissue  protection

preventing tissue injury and improving tissue repair
(FUNK et al., 2011; HOFFMAN-GOETZ et al.,
2010; SERRA et al., 2010).

Conclusion

We conclude that chronic exercise may protect
male reproductive tract from toxic effects of CP,
decreasing citotoxicity scores on spermatogenic cells
and increasing Sertoli cell counts. Leydig cells are
susceptible to drug injury even in exercised animals.
The study suggests that exercise has beneficial
effects on male reproductive tract exposed to CP.

References

AKSQY, Y.; YAPANOGLU, T.; AKSOY, H.; DEMIRCAN,
B.; OZTASAN, N.; CANAKCI, E.; MALKOG, I. Effects of
endurance training on antioxidant defense mechanisms and
lipid peroxidation in testis of rats. Archives of Andrology,
v. 52, n. 4, p. 319-323, 2006.

ALY, H. A;; LIGHTFOOT, D. A; EL-SHEMY, H. A.
Bacterial lipopolysaccharide-induced oxidative stress in
adult rat Sertoli cells in vitro. Toxicology In Vitro, v. 24,
n. 4, p. 1266-1272, 2010.

ANDERSON, D.; BISHOP, J. B,; GARNER, R. C;
OSTROSKY-WEGMAN,  P; SELBY, P. B
Cyclophosphamide: review of its mutagenicity for an
assessment of potential germ cell risks. Mutation
Research, v. 330, n. 1/2, p. 115-81, 1995.

BAKER, J. M,; DE LISIO, M.; PARISE, G. Endurance
exercise training promotes medullary hematopoiesis.
FASEB Journal, 2011. Available from: <http:/www.
ncbi.nlm.nih.gov/pubmed/21868472>. Access on: Aug.
25,2011.

BOVERIS, A.; NAVARRO, A. Systemic and mitochondrial
adaptive responses to moderate exercise in rodents. Free
Radical Biology and Medicine, v. 44, n. 2, p. 224-229,
2008.

BRANDT, M. D.; MAASS, A.; KEMPERMANN, G.;
STORCH, A. Physical exercise increases Notch activity,
proliferation and cell cycle exit of type-3 progenitor cells

in adult hippocampal neurogenesis. European Journal
of Neuroscience, v. 32, n. 8, p. 1256-1264, 2010.

Acta Scientiarum. Biological Sciences

Maringa, v. 35, n. 1, p. 105-113, Jan.-Mar., 2013



Exercise protects from cyclophosphamide damage

CARMELY, A.; MEIROW, D.; PERETZ, A.; ALBECK,
M.; BARTOQV, B.; SREDNI, B. Protective effect of the
immunomodulator AS101 against cyclophosphamide-
induced  testicular damage in mice. Human
Reproduction, v. 24, n. 6, p. 1322-1329, 2009.

CERIBASL, A. O,; TURK, G.; SONMEZ, M.; SAKIN, F.;
ATESSAHIN, A. Toxic effect of cyclophosphamide on
sperm morphology, testicular histology and blood oxidant-
antioxidant balance, and protective roles of lycopene and
ellagic acid. Basic and Clinical Pharmacology and
Toxicology, v. 107, n. 3, p. 730-736, 2010.

CHATURAPANICH, G, CHAIYAKUL, S,
VERAWATNAPAKUL, V., YIMLAMAI,  T.
PHOLPRAMOOL, C. Enhancement of aphrodisiac activity
in male rats by ethanol extract of Kaempferia parviflora and
exercise training. Andrologia, 2011. Available from:
<http://www.ncbi.nlm.nih.gov/pubmed/21729142>. Access
on: July 6, 2011.

CHICCO, A. J.; SCHNEIDER, C. M.; HAYWARD,
R. Voluntary exercise protects against acute
doxorubicin cardiotoxicity in the isolated perfused rat
heart. American Journal of Physiolology. Regulatory,
Integrative and Comparative Physiology, v. 289, n. 2,
p. 424-431, 2005.

CHICCO, A. J.; McCARTY, H.; REED, A. H.; STORY,
R. R.; WESTERLIND, K. C.; TURNER, R. T
HAYWARD, R. T. Resistance exercise training attenuates
alcohol-induced cardiac oxidative stress. European
Journal of Cardiovascular Prevention and
Rehabilitation, v. 13, n. 1, p. 74-79, 2006.
CHIGURUPATI, S.; SON, T. G.; HYUN, D. H.;
LATHIA, J. D.,; MUGHAL, M. R;; SAVELL, J; LI, S. C.;
NAGARAJU, G. P.; CHAN, S. L.; ARUMUGAM, T. V;
MATTSON, M. P. Lifelong running reduces oxidative
stress and degenerative changes in the testes of mice. The
Journal of Endocrinology, v. 199, n. 2, p. 333-341,
2008.

COLVIN, O. M. An overview of cyclophosphamide
development and clinical applications. Current
Pharmaceutical Design, v. 5, n. 8, p. 555-560, 1999.

DA SILVA, L. A; PINHO, C. A; ROCHA, L. G
TUON, T.; SILVEIRA, P. C.; PINHO, R. A. Effect of
different models of physical exercise on oxidative stress
markers in mouse liver. Applied Physiology, Nutrition
and Metabolism, v. 34, n. 1, p. 60-65, 2009.

ELANGOVAN, N.; CHIOU, T. J; TZENG, W. F,
CHU, S. T. Cyclophosphamide treatment causes
impairment of sperm and its fertilizing ability in mice.

Toxicology, v. 222, n. 1/2, p. 60-70, 2006.

ELLISON, G. M.; WARING, C. D.; VICINANZA, C.;
TORELLA, D. Physiological cardiac remodelling in response
to endurance exercise training: cellular and molecular
mechanisms. Heart: Official Journal of the British
Cardiac Society, 2011. Available from:
<http://www.ncbi.nlm.nih.gov/pubmed/21880653>. Access
on: Aug. 31, 2011.

FISHER-WELLMAN, K.; BELL, H. K.; BLOOMER, R.
J. Oxidative stress and antioxidant defense mechanisms
linked to exercise during cardiopulmonary and metabolic

111
disorders. Oxidative Medicine and Cellular
Longevity, v. 2, n. 1, p. 43-51, 2009.

FUNK, J. A; GOHLKE, J; KRAFT, A. D;
McPHERSON, C. A,; COLLINS, J. B.; JEAN HARRY,
G. Voluntary exercise protects hippocampal neurons from
trimethyltin injury: possible role of interleukin-6 to
modulate tumor necrosis factor receptor-mediated
neurotoxicity. Brain, Behavior and Immunity, v. 25, n. 6,
p- 1063-1077, 2011.

GOBATTO, C. A.; DE MELLO, M. A.; SIBUYA, C. Y.;
DE AZEVEDO, J. R; DOS SANTOS, L. A,
KOKUBUN, E. Maximal lactate steady state in rats
submitted to swimming exercise. Comparative
Biochemistry and Physiology: Part A, Molecular and
Integrative Physiology, v. 130, n. 1, p. 21-27, 2001.
GOMEZ-CABRERA, M. C.; DOMENECH, E.; VINA,
J. Moderate exercise is an antioxidant: upregulation of
antioxidant genes by training. Free Radical Biology and
Medicine, v. 44, n. 2, p. 126-131, 2008.

GUNDUZ, F.; SENTURK, U. K; KURU, O
AKTEKIN, B.; AKTEKIN, M. R. The effect of one year's
swimming exercise on oxidant stress and antioxidant
capacity in aged rats. Physiological Research, v. 53, n. 2,
p. 171-176, 2004.

HEDGER, M. P. Toll-like receptors and signalling in
spermatogenesis and testicular responses to inflammationa
perspective. Journal of Reproductive Immunology, v. 88,
n. 2, p. 130-141, 2011.

HOFEMAN-GOETZ, L.; PERVAIZ, N.; PACKER, N.;
GUAN, J. Freewheel training decreases pro- and increases
anti-inflammatory cytokine expression in mouse intestinal
lymphocytes. Brain, Behavior and Immunity, v. 24, n. 7,
p. 1105-1115, 2010.

HU, Y.; ASANO, K. KIM, S.; NAGATA, H.
Relationship between serum testosterone and activities of
testicular enzymes after continuous and intermittent
training in male rats. Intenational Journal of Sports
Medicine, v. 25, n. 2, p. 99-102, 2004.

HUSAIN, K.; SOMANI, S. M. Interaction of exercise
training and chronic ethanol ingestion on testicular
antioxidant system in rat. Journal of Applied Toxicology,
v. 18, n.6, p. 421-429, 1998.

ILBEY, Y. O. OZBECK E; SIMSEK, A;
OTUNCTEMUR, A.; CEKMEN, M. SOMAY, A.
chemoprotective effect
cyclophosphamide- and cisplatin-induced  testicular
damage in rats. Fertility and Sterility, v. 92, n. 3,
p. 1124-32, 2009.

ITOH, T.; IMANO, M.; NISHIDA, S.; TSUBAKI, M.;
HASHIMOTO, S.; ITO, A.; SATOU, T. Exercise increases
neural stem cell proliferation surrounding the area of damage
following rat traumatic brain injury. Journal of Neural
Transmission, v. 118, n. 2, p. 193-202, 2011.

JAHNUKAINEN, K. EHMCKE, ]J.; HOU, M;
SCHLATT, S. and fertility
preservation in male cancer patients. Best Practice and

Research. Clinical Endocrinology and Metabolism,
v. 25, n. 2, p. 287-302, 2011.

Potential of melatonin in

Testicular  function

Acta Scientiarum. Biological Sciences

Maringa, v. 35, n. 1, p. 105-113, Jan.-Mar., 2013



112

JOHNSEN, S. G. Testicular biopsy score counta method
for registration of spermatogenesis in human testes:
normal values and results in 335 hypogonadal males.
Hormones, v. 1, n. 1, p. 2-25, 1970.

KAKARLA, P.; VADLURI, G.; REDDY KESIREDDY, S.
Response of hepatic antioxidant system to exercise
training in aging female rat. Journal of Experimental
Zoology. Part A, Comparative Experimental
Biology, v. 303, n. 3, p. 203-208, 2005.

LIEW, S. H.; MEACHEM, S. J.; HEDGER, M. P. A
stereological analysis of the response of spermatogenesis to
an acute inflammatory episode in adult rats. Journal of
Andrology, v. 28, n. 1, p. 176-185, 2007.

LIN, H.; WANG, R.Y.; WANG, P. S. Stimulatory effect of
lactate on testosterone production by rat Leydig cells. Journal
of Cellular Biochemistry, v. 83, n. 1, p. 147-154, 2001.
LIU, E.; L, X. L.; LIN, T.; HE, D. W.; WEL, G. H.; LIU,
J. H; LI, L. S. The cyclophosphamide metabolite,
acrolein, induces cytoskeletal changes and oxidative stress
in Sertoli cells. Molecular Biology Reports, 2011.
Available from: <http://www.ncbi.nlm.nih.gov/pubmed/
21553225>. Access on: May 8, 2011.

LU, S. S.: LAU, C. P.; TUNG, Y. F.; HUANG, S. W.;
CHEN, Y. H.; SHIH, H. C; TSAL S. C; LU, C. C;
WANG, S. W.; CHEN, J. J.; CHIEN, E. J.; CHIEN, C.
H.; WANG. P. S. Lactate and the effects of exercise on
testosterone secretion: evidence for the involvement of a
cAMP-mediated mechanism. Medicine and Science in
Sports and Exercise, v. 29, n. 8, p. 1048-1054, 1997.
MANDA, K.; BHATIA, A. L. Prophylactic action of
melatonin against cyclophosphamide-induced oxidative
stress in mice. Cellular Biology Toxicology, v. 19, n. 6,
p. 367-72, 2003.

MOTAWI, T. M; SADIK, N. A; REFAAT, A
Cytoprotective effects of DL-alpha-lipoic acid or squalene
on cyclophosphamide-induced oxidative injury: an
experimental study on rat myocardium, testicles and
urinary bladder. Food and Chemical Toxicology, v. 48,
n. 8/9, p. 2326-2336, 2010.

NAKAMOTO, H.; KANEKO T.; TAHARA, S
HAYASHI, W.; NAITO, H.; RADAK, Z.; GOTO, S.
Regular exercise reduces 8-oxodG in the nuclear and
mitochondrial DNA and modulates the DNA repair
activity in the liver of old rats. Experimental
Gerontology, v. 42, n. 4, p. 287-295, 2007.

NURMIO, M.; KEROS, V., LAHTEENMAKI, P;
SALMI, T.; KALLAJOKI, M.; JAHNUKAINEN, K.
Eftect of childhood acute lymphoblastic leukemia therapy
fertility.
Journal of Clinical Endocrinology and Metabolism,
v. 94, n. 6, p. 2119-2122, 2009.

PASS, G. J.; CARRIE, D.; BOYLAN, M.; LORIMORE,
S.; WRIGHT, E.; HOUSTON, B.; HENDERSON, C.
J.; WOLF, C. R. Role of hepatic cytochrome p450s in the
pharmacokinetics and toxicity of cyclophosphamide:
studies with the hepatic cytochrome p450 reductase null
mouse. Cancer Research, v. 65, n. 10, p. 4211-4217,
2005.

on spermatogonia populations and future

Ramos et al.

RAVI KIRAN, T.; SUBRAMANYAM, M. V.; ASHA
DEVI, S. Swim exercise training and adaptations in the
antioxidant defense system of myocardium of old rats:
relationship to  swim intensity and  duration.
Comparative Biochemistry Physiology: Part B,
Biochemistry and Molecular Biology, v. 137, n. 2,
p. 187-196, 2004.

REDDY, M. M.; MAHIPAL, S. V.; SUBHASHINI, K.;
REDDY, M. C.; ROY, K. R;; REDDY, G. V.; REDDY, P.
R.; REDDANNA, P. Bacterial lipopolysaccharide-
induced oxidative stress in the impairment of
steroidogenesis ~ and ~ spermatogenesis  in  rats.
Reproductive Toxicology, v. 22, n. 3, p. 493-500, 2006.

REZVANFAR, M.; SADRKHANLOU, R.; AHMADI, A;
SHOJAEI-SADEE, H.; REZVANFAR, M.;
MOHAMMADIRAD, A.; SALEHNIA, A.; ABDOLLAHI,
M. 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. Human and Experimental Toxicology, v. 27,
n. 12, p. 901-910, 2008.

RIDOLA, V.; FAWAZ, O.; AUBIER, F.; BERGERON, C;
DE VATHAIRE, F., PICHON, F.; ORBACH, D
GENTET, J. C; SCHMITT, C; DUFOUR, C,;
OBERLIN, O. Testicular function of survivors of childhood
cancer: a comparative study between ifosfamide- and
cyclophosphamide-based regimens. European Journal of
Cancer, v. 45, n. 5, p. 814-818, 2009.

SAKR, S. A.; MAHRAN, H. A.; ABO-EL-YAZID, S. M.
Effect of fenugreek seeds extract on cyclophosphamide-
induced  histomorphometrical, ultrastructural  and
biochemical changes in testes of albino mice. Toxicol and
Industrial Health, 2011. Available from: <http://www.ncbi.
nlm.nih.gov/pubmed/21949087>. Access on: Sep. 23, 2011.
SATOH, K.; OHYAMA, K.; NAKAGOM]I, Y.; OHTA,
M.; SHIMURA, Y.; SANO, T. ISHIKAWA, H,;
AMEMIYA, S.; NAKAZAWA, S. Effects of growth
hormone on testicular dysfunction induced by
cyclophosphamide (CP) in GH-deficient rats. Endocrine
Journal, v. 49, n. 6, p. 611-619, 2002.

SELVAKUMAR, E.; PRAHALATHAN C.; MYTHILI,
Y.; VALASKHMI, P. Protective effect of DL-alpha-lipoic
acid in cyclophosphamide induced oxidative injury in rat
testis. Reproductive Toxicology, v. 19, n. 2, p. 163-167,
2004.

SELVAKUMAR, E.; PRAHALATHAN, C.. MYTHILL
Y.; VARALAKSHMI, P. Beneficial effects of DL-alpha-
lipoic acid on cyclophosphamide-induced oxidative stress
in mitochondrial fractions of rat testis. Chemico-
Biological Interactions, v. 152, n. 1, p. 59-66, 2005.
SELVAKUMAR, E.; PRAHALATHAN, C.; SUDHARSAN,
P. T.; VARALAKSHIMI, P. Protective effect of lipoic acid on
cyclophosphamide-induced ~ testicular  toxicity. Clinica
Chimica Acta, v. 367, n. 1/2, p. 114-119, 2006.

SERRA, A. J; SANTOS, M. H.; BOCALINI, D. S;
ANTONIO, E. L; LEVY, R. F; SANTOS, A. A;
HIGUCHI, M. L; SILVA, J. A; MAGALHAES. F. C;
BARAUNA, V. G.; KRIEGER, J. E.; TUCCI, P. J. Exercise
training inhibits inflammatory cytokines and more than

Acta Scientiarum. Biological Sciences

Maringa, v. 35, n. 1, p. 105-113, Jan.-Mar., 2013



Exercise protects from cyclophosphamide damage

prevents myocardial dysfunction in rats with sustained beta-
adrenergic hyperactivity. The Journal of Physiology,
v. 588, n. 13, p. 2431-2442, 2010.

SOMANI, S. M.; HUSAIN, K. Exercise training alters
kinetics of antioxidant enzymes in rat tissues.
Biochemistry and Molecular Biology International,
v. 38, n. 3, p. 587-595, 1996.

SRIMAHACHOTA, S; WUNSUWAN, R;
SIRITANTIKOM, A BOONILA, C;
CHAIWONGKARJOHN, S.; TOSUKHOWONG, P.
Eftects of lifestyle modification on oxidized LDL, reactive
oxygen species production and endothelial cell viability in
patients with coronary artery disease. Clinical
Biochemistry, v. 43, n. 10-11, p. 858-862, 2010.
TEIXEIRA, A. M., TREVIZOL, F.; COLPO, G,
GARCIA, S. C; CHARAO, M,; PEREIRA, R. P;
FACHINETTO, R.; ROCHA, J. B.; BURGUER, M. E.
Influence of chronic exercise on reserpine-induced
oxidative stress in rats: behavioral and antioxidant
evaluations. Pharmacolology, Biochemistry and
Behavior, v. 88, n. 4, p. 465-472, 2008.

TOTH, K. G.; McKAY, B. R ; DE LISIO, M; LITTLE, J. P.;
TARNOPOLSKY, M. A; PARISE, G. IL-6 induced STAT3
signalling is associated with the proliferation of human
muscle satellite cells following acute muscle damage. PLoS
One, v. 6,n. 3, p. 17392, 2011.

113

TRIPATHI, D. N.; JENA, G. B. Astaxanthin intervention
ameliorates cyclophosphamide-induced oxidative stress,
DNA damage and early hepatocarcinogenesis in rat: role
of Nrf2, p53, p38 and phase-II enzymes. Mutation
Research, v. 696, n. 1, p. 69-80, 2010.

TURK, G.; CERIBASI, A. O.; SAKIN, F.; SONMEZ,
M.; ATESSAHIN, A. Antiperoxidative and anti-apoptotic
effects of lycopene and ellagic acid on cyclophosphamide-
induced testicular lipid peroxidation and apoptosis.
Reproduction, Fertility and Development, v. 22, n. 4,
p- 587-596, 2010.

XIE, H.; AFSHARIAN, P.; TERELIUS, Y.; MIRGHANI, R.
A YASAR, U,; HAGBJORK, A. L; LUNDGREN, S.; HU,
Y.; RANE, A;; HASSAN, M. Cyclophosphamide induces
mRNA, protein and enzyme activity of cytochrome P450 in
rat. Xenobiotica, v. 35, n. 3, p. 239-251, 2005.

Received on February 11, 2011.
Accepted on_January 18, 2012.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly, cited.

Acta Scientiarum. Biological Sciences

Maringa, v. 35, n. 1, p. 105-113, Jan.-Mar., 2013



