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Article Info Abstract
Article history: Cyclophosphamide (CP) is known to reduce fertility. The protective effects of Spirulina
plantesis (SP) against CP-induced testicular toxicity were investigated. Male Wistar rats were
Received: 08 July 2017 categorized into eight groups (n = 7). Four groups of rats were administered CP at a dose of 5
Accepted: 12 September 2017 mg in 5 mL distilled water kg1 per day orally. Two of these groups were received SP (500 and
Available online: 15 March 2018 1000 mg kg per day) orally after CP administration. One of these groups was also received
vitamin E (100 mg kg1 per day) intraperitoneally. A vehicle treated control group, two SP
Key words: control groups (500 and 1000 mg kg! per day) and a vitamin E control group were also
included. Body and testes weights, sperm count, serum levels of glutathione peroxidase (GPx),
Cyclophosphamide malondialdehyde (MDA), histological and histomorphometric alternations in testes were
Male reproductive toxicity investigated after four weeks. The CP-treated group exhibited significant decreases in the body
Oxidative stress and testes weights and spermatogenic activities. Several histological alterations were observed
Rat in this group. The CP treatment caused a significant reduction in sperm count, in serum level of
Spirulina plantesis GPx, as well increased serum concentration of MDA. The SP co-administration caused an

increase in GPx serum level, a decrease in MDA serum level and improvements in histological
and histomorphometric alternations. Vitamin E co-treatment showed partial recovery in above-
mentioned parameters. These results suggest that SP due to a reduction in oxidative stress has
more effective protection against CP-induced reproductive damages in rat than vitamin E.
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Introduction

Cyclophosphamide (CP) is the most commonly used
immunosuppressant and anticancer drug. The CP is used
in chronic and acute leukemia, lymphomas, multiple
myeloma, bone marrow transplantation, rheumatic
arthritis and some immune-related diseases.! The CP
metabolism, by cytochrome p450 in the hepatocytes,
generates active alkylating compounds such as 4-
hydroxycyclo-phosphamide, aldophosphamide mustard
and acrolein.2 Phosphoramide-mustard alkylates DNA
leading to DNA synthesis inhibition, prevents cell division
and inhibits tumor cells growth. However, acrolein exerts
toxic effects on the body’s healthy cells due to reactive
oxygen species (ROS) and nitric oxide productions and
leads to peroxynitrite production destroying intracellular
lipids, proteins and DNA.3 Many studies have shown that
CP causes oxidative stress in the male reproductive
system.*> More than 50.00% of male patients receiving
chemotherapy for various solid tumors suffer severe and
irreversible seminiferous epithelia damages.¢ Since many
of cancer patients are treated with CP before and/or
during their reproductive years and cure rates for several
types of cancers are high, infertility caused by CP is a very
significant concern.” The toxic effects of CP are associated
with increased oxidative stress and its interaction with
DNA leading to DNA defects, abnormal cell functions and
cell death.8 The CP toxicity is not specific for cancer cells
and will affect all dividing cells including those in the
immune, reproductive and gastrointestinal systems. The
CP interferes with oocytes formation in ovaries and sperm
differentiation in testicles and may cause infertilities in
males and females.? Jalali et al. have shown that CP
treatment in male rats causes significant increases in
oxidative stress and abnormal sperms and decreases in
sperm concentration and motility, testosterone level and
testicular antioxidant capacity.l® In order to overcome the
toxic side effects of anti-cancer drugs, some antioxidant
agents were considered useful to decrease oxidative
stress.!! Several studies have shown the beneficial effects
of antioxidants on CP induced damages.'?13 Accordingly, in
a review study, Afkhami-Ardakani et al. have indicated
that more than 20 types of plant compounds and
antioxidants such as Nigella sativa, Camellia sinensis,
American ginseng, Aegle marmelos, Achillea millefolium
and Crataegus monogyna have significant improving
effects on CP-induced male reproductive toxicities.1*
The cyanobacterium Spirulina plantesis (SP) belonging
to Oscillatoriaceae family is used traditionally as a
source of antioxidants against oxidative stress. The SP
naturally grows in high-salt alkaline water in
subtropical and tropical areas including America,
Mexico, Asia and central Africa.1516

The SP is the only blue-green alga commercially
cultivated for food purpose. In 1996, WHO declared

Spirulina as “the best for tomorrow” and it has gained
its popularity in recent years as a food supplement.!?
The SP has been considered as an influential food rich in
proteins, carbohydrates, polyunsaturated fatty acids,
sterols and some vital elements such as zingc,
manganese, iron, calcium, magnesium and selenium. It
is a rich source of vitamin B12, vitamin E, vitamin C,
tocopherols, whole spectrum of natural mixed carotene
and xanthophyll phytopigments.18

Reportedly, SP has antioxidant, anti-inflammatory and
chemoprotective effects.141? It has been used for treatment
of several diseases including hypercholesterolemia,
hyperglycerolemia, cardiovascular and inflammatory
diseases, cancers, viral infections, diabetes and
hyperlipidemic nephrotic syndrome. It has been shown
that SP is able to inhibit oxidative stress.29-22 Yang et al.
have shown that SP has phycocyanin pigment with
potent antioxidant activity.23 In addition, Chamorro et al.
have shown that SP has a protective effect on DNA
damage induced by CP.24 Due to its antioxidant and anti-
apoptotic properties, SP has also a protective effect on
CP-induced renal toxicity.25 Premkumar et al. have also
shown that SP has a protective effect against genotoxicity
and oxidative stress induced by CP and mitomycin-C.26
Vitamin E (alpha-tocopherol) is one of the fat soluble
vitamins regulating oxidation processes in the body.?7 It
is required for cell membrane and skin integrity
maintenance, protects them from harmful oxygen free
radicals?® and improves male fertility and semen quality
in hypercholesterolemic rats.2? The aim of this study was
to investigate the antioxidant and protective effects of SP
and vitamin E on CP-induced reproductive toxicity in
male rats through examining the sperm quantity,
histological and histomorphometric alternations in testis
as well as antioxidant indices.

Materials and Methods

Chemicals. Cyclophosphamide (Baxter Oncology
Gmbh, Weiterstadt, Germany) was dissolved in 2 mL
sterile distilled water at a dose of 5 mg kg1, which was in
correspondence to the therapeutic dose.l® Spirulina
tablets, containing 100% Spirulina platensis microalgae
powder, were obtained from OTC Pharma international BV
(Gorinchem, The Netherland). The SP tablets were
manually crushed, milled and then suspended in distilled
water just before administration.

Animals. Fifty-six adult male Wistar rats (200-220 g)
were obtained from the Animal Resources Center, Faculty
of Veterinary Medicine, Urmia University, Urmia, Iran. The
animals were kept in polypropylene cages under standard
conditions of temperature (25.00 + 2.00 °C), relative
humidity (50.00 + 10.00 %) and light (12 hr light/12 hr
dark). They were fed commercial rat chow and water ad
libitum. All procedures for animal care and use were
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carried out in accordance with the guidelines approved
by the Animal Ethics Committee of Urmia University
(AECVU-145-2017).

Study design. After seven days of acclimation to the
environment, the rats were randomly divided into eight
groups consisting of seven animals each. Control group
was administered distilled water vehicle throughout
the experiment. The CP group was received
cyclophosphamide (5 mg kg1) dissolved in distilled water
by oral gavage.l® The SP(LD) group received low dose of
Spirulina (500 mg kg1) and SP(HD) group received high
dose of Spirulina (1000 mg kg1) dissolved in distilled
water orally.3® The CP+SP(LD) and CP+SP(HD) groups
were given SP, orally, 4 hr after CP administration with
the same doses of CP and SP, respectively.l0 The Vit E
group received vitamin E (100 mg kg1) intraperitoneally.
The CP+Vit E group was administered vitamin E (100 mg
kg1) 4 hr after CP administration. All treatments were
administered daily for four weeks and designed
according to previous studies.>4

Histological parameters. At the end of the treatment
period, rats were anesthetized and scarified. The testes
and epididymides were rapidly removed and weighed.
After fixation of testes in 10% formalin solution, they were
directly dehydrated in a graded series of ethanol and
embedded in paraffin. Thin sections (4-5 um) were stained
with hematoxylin and eosin and examined using a light
microscope. The qualitative changes of testes were
recorded and degenerating Leydig cells and abnormal
Sertoli cells were considered. One hundred seminiferous
tubules were counted and tubule differentiation index
(TDI), the percentage of seminiferous tubules containing
at least three differentiated germ cells,3! and spermiation
index (SPI), the percentage of seminiferous tubules with
normal spermiation, were determined.32

Epididymal sperm count. The rats were sacrificed
and the epididymis was rapidly removed under sterile
conditions and washed two times in phosphate buffered
saline to remove blood cells. Then, caudal epididymis was
placed in 1 mL of DMEM (Sigma, St. Louis, USA) and 10%
fetal bovine serum medium (Sigma). Cauda was cut into 2-
3 pieces and incubated at 37 °C for 10 min in CO2 incubator
to allow sperms to swim out of the epididymal tubules.
Epididymal sperm counts were determined by the
method described in the WHO Manual33 Briefly, 5 pL
aliquot of epididymal sperm was diluted with 95 pL of

diluent. Then, 10 pL of the diluted sperm suspension was
transferred to each counting chamber of hemocytometer
and allowed to stand for 5 min in a moist chamber to
prevent drying. Heads of sperms were counted with a light
microscope at 400x. The sperm count was expressed as a
number of spermatozoa per milliliter.

Biochemical parameters. The blood was collected
from left ventricle of heart of anesthetized rats in a tube
and centrifuged at 3000 rpm for 15 min. The separated
serum was deposited in -20 °C freezer for the
biochemical tests. Glutathione peroxidase (GPx) level was
measured by the GPx kit as described in the instructions
provided by manufacturer (ZellBio Gmbh, Ulm, Germany).
Malondialdehyde (MDA) was measured in serum using
spectrophotometer at 535 nm wave length. 34

Statistical analysis. Database was set up with SPSS
(version 24; SPSS Inc., Chicago, USA). Differences among
groups were analyzed by one-way ANOVA model followed
by post-hoc Tukey’s test. Data were presented as mean *
SD and resulting p values less than 0.05 were regarded as
statistically significant.

Results

Effect of cyclophosphamide and SP on sperm
count and body and testis weights. The effects of CP
and co-administration of SP on body and testis weights
and epididymal sperm count are presented in Table 1.
Insignificant (p > 0.05) increases in body and testis
weights and epididymal sperm count were observed in
SP (500 and 1000 mg kg1) and Vit E groups compared to
control group. On the other hand, CP group showed
significant decreases (p < 0.05) in body and testis
weights and epididymal sperm count in comparison with
control group. Co-administration of SP (500 and 1000 mg
kg1) resulted in significant increases (p < 0.05) in body
and testis weights and epididymal sperm count
compared to CP group. Co-administration of Vit E
resulted in insignificant increases in body and testis
weights compared to CP group. Compared to CP group,
Vit E co-treatment only could increase sperm count
significantly (p < 0.05).

Effect of SP on serum levels of MDA and GPx. As
shown in Figure 1A, CP significantly increased serum
level of MDA in comparison with control group. Co-
administration of SP (500 and 1000 mg kg!) resulted

Table 1. Effects of cyclophosphamide and Spirulina plantesis on body and testis weights (g) and sperm count (10¢ mL-1). The values

are expressed as mean * SD (n = 7).

Groups Control CP SP(LD)

SP(HD)

CP+SP(LD)  CP+SP(HD) VitE CP+VitE

Initial BW
Final BW
Testis weight
Sperm count

1.86 £ 0.03
69.84 £ 1.44

1.29 £ 0.04"
531+0.61"

2.01+0.10#
77.32 £1.90"

206.64 +13.53 208.04 +13.64 204.22+14.25 207.95+16.92 209.45+19.28 203.48+ 1598 211.68+18.26 207.65 * 25.64
230.52+7.62 171.14 +14.50" 248.18 £ 10.17t 277.32 + 21.90"t 202.31 +9.35" 203.91 + 17.13t 254.94 + 34.90" 194.89 + 7.87"
212 +0.20
79.30+1.23" 58.70+2.12"t 57.38+1.74f

1.67 £0.07t  1.72 £0.05% 2.02£0.05* 1.45 £ 0.05"

75.21+2.07t 33.58 +3.10™t

BW: Body weight; CP: Cyclophosphamide; SP: Spirulina plantesis; LD: Low dose; HD: High dose; Vit E: Vitamin E.
* Significant difference as compared with control group at p < 0.05, and t Significant difference as compared with cyclophosphamide

group at p < 0.05.
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in significant decrease (p < 0.05) in serum level of MDA in but this improvement in SP-co-treated animals was
comparison with CP group. Co-administration of Vit E more distinctive. As seen in Table 2, TDI and SPI
resulted in insignificant decreases in serum level of MDA percentages reduced in CP-treated animals and co-
in comparison with CP group. Serum level of GPx treatment with SP at two doses increased both indices
significantly (p < 0.05) decreased in CP group in significantly. Likewise, Vit E could increase TDI and SPI
comparison with control group. Co-administration of SP percentages insignificantly.
(1000 mg kg1) resulted in significant increase (p < 0.05)
in serum level of GPx in comparison with CP group. There Discussion
was no significant increase in serum level of GPx in
CP+Vit E group in comparison with CP group (Fig. 1B). The CP as an alkylating agent is the main cause of
Effect of SP on histological and histomorphometric spermatogenesis dysfunction in cancer patients.3> The CP
parameters of testicular tissue. Histopathological metabolization by hepatic microsomal cytochrome P450,
studies of the testes showed that CP causes seminiferous causes alkylating agents production such as 4-hydroxy-
collapses and spermatogenesis reduction with central cyclophosphamide, aldophosphamide-mustard and
debris in tubules lacking sperms. The CP increased the acrolein.? Acrolein is a toxic compound causing oxidative
number of degenerating tubules. Moreover, testicular stress through free radicals production.3¢ It is able to react
tissue investigations showed Leydig cells hypoplasia and with certain cell macromolecules including proteins,
dispersion with pyknotic nuclei as well as interstitial membrane lipids and DNA.!! A previous study has indicated
edema and increased interstitial spaces. The junction of that CP upsurges apoptosis speed due to increasing levels of
Sertoli cells with germ cells was lost and their nuclei ROS and inducing oxidative stress.3” Lipid peroxidation is
were seemed irregular and smaller than control rats one of the main indicators of oxidative damage initiated by
(Figs. 2A and 2B). The SP-co-treated animals showed ROS and it has been linked to altered membrane structure
minimal histological aberrations and were recovered and enzyme inactivation. Increased lipid peroxidation could
from CP-induced injuries (Figs. 2E and 2F). As shown in be detected by MDA production, the most frequently used
Fig. 2G, Vit E-co-treated animals showed nearly normal biomarker.38 Using compounds with protective and potent
histoarchitecture in comparison with CP group, antioxidant properties can facilitate the clinical use of CP to
120
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Fig. 1. A) Effects of cyclophosphamide and Spirulina plantesis on serum level of malondialdehyde (MDA). The values are expressed as
mean * SD (n = 7). " indicates significant difference as compared with control group at p < 0.05 and  indicates significant difference as
compared with cyclophosphamide group at p < 0.05. B) Effects of cyclophosphamide and Spirulina plantesis on serum level of glutathione
peroxidase (GPx). The values are expressed as mean * SD (n = 7). " indicates significant difference as compared with control group at p <
0.05 and 1 indicates significant difference as compared with cyclophosphamide group at p < 0.05. CP: Cyclophosphamide, SP: Spirulina
plantesis, LD: Low dose, HD: High dose, and Vit E: Vitamin E.

Table 2. Effects of cyclophosphamide and Spirulina plantesis on tubule differentiation index (TDI) and spermiation index (SPI). The
values are expressed as mean * SD (n = 7).

Indices Control cP SP(LD) SP(HD) CP+SP(LD) _ CP+SP(HD) VitE CP+VitE
TDI (%) 9500£1.00 12.00+4.00° 9600100 97.33£208" 66.33+18.03" 72.00+19.00t 96.00+2.00t 43.00 + 18.00"
SPI (%) 9585+195 10.00+216" 96.00+173" 97.71+095"  69.42+16.65 73.28+11.27"t 96.85+ 1.06t  22.00 + 1.15°

CP: Cyclophosphamide SP: Spirulina plantesis; LD: Low dose HD: High dose Vit E: Vitamin E.
* Significant difference as compared with control group at p < 0.05, and * Significant difference as compared with cyclophosphamide
group at p < 0.05.
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Fig. 2. Hematoxylin and eosin stained photomicrographs of testis in experimental groups. Rats of control (A; 200x) and vitamin E (H;
200x) groups as well as Spirulina-treated rats (C; 400x and D; 200x) present normal seminiferous tubules (ST) and interstitial tissue (IT)
histoarchitectures with active spermatogenesis. The cyclophosphamide group (B; 200x) exhibits collapsed seminiferous tubules (blue
arrows), impaired spermatogenesis, edematous fluid accumulation (yellow stars), scattered and degenerated Leydig cells with pyknotic

nuclei (red arrows) and germ cells detachment. Spirulina plantesis-co-treated animals show normal testicular histoarchitecture (E and F;

200x). Vitamin E co-treated rat show nearly normal testicular histoarchitecture (G; 200x).

improve the quality of life among patients under
chemotherapy through reducing its toxicity.14 Our aim was
to investigate the antioxidant effects of SP, as a potent
antioxidant agent, against CP-induced toxicity in rats
testicular tissue via seminiferous tubules histopathological
alternations, serum levels of oxidative stress indicators
changes and sperm quantity examinations. In the current
study, co-administration of SP provided significant
protection against CP-induced reductions in body and
testis weights. Dysfunction and malnutrition induced by
decreased feed consumption after CP treatment may
attribute to CP-induced reduction in body weight, while
the decreases in testes weight may be due to marked
parenchymal atrophy, histopathological changes (including
degeneration and necrosis) and reductions in sperm and
testosterone productions observed in animals treated with
CP.3239 However, administration of SP (500 and 1000 mg
kg1) significantly inhibited the CP-induced reductions in
body and testes weights. This protective effect may be
attributed to the antioxidant effect of SP under conditions
of oxidative stress. Compared to SP, Vit E at a dose of 100
mg kg did not significantly ameliorate the reductions in
body and testes weights induced by CP. It was also observed
that CP reduces epididymal sperm count significantly. The
decreased sperm count may be elucidated by the
increased oxidative stress, as spermatozoa are particularly
susceptible to oxidative stress.#0 According to a previous
report, SP protects sperm against oxidative stress induced
by doxorubicin.#! In this study, administration of SP (500
and 1000 mg kg!) CP-treated rats prevented the CP-
induced deteriorations in sperm count. Besides, it was
found that compared to control rats, CP treatment also
induce marked histological alterations in testis including
reduction in the numbers of germ cell, vacuolization of

seminiferous epithelium, spermatogenesis arrest and
degeneration of Leydig cells, confirming previous
reports.*2 The germ cells reduction, seminiferous epithelia
vacuolization and spermatogenesis arrest are in
agreement with decreased sperm count observed in
current study and can be the results of oxidative stress
induced by CP. In this study, oxidative stress was
confirmed by decreased antioxidant enzyme GPx as well as
increased MDA level. Administration of SP (500 and 1000
mg kg1) significantly attenuated the severity of CP-
induced histological changes and effects on spermato-
genesis, which can be attributed to its antioxidant
activities. The Vit E-co-treated animals showed nearly
improved parameters compared to CP group, but this
improvement was stronger in SP-co-treated animals.
These findings indicate that SP antioxidant activities due to
having several antioxidant compounds such as various
vitamins, phycocyanin, selenium, polyunsaturated fatty
acids are much more potent than those of Vit E. Abd el-
Baky et al. have demonstrated that SP is able to increase its
antioxidant activity during oxidative stress elevation and
has a self-regulating antioxidant activity against the
intensity of oxidative stress.*3 Therefore, self-regulating
antioxidant activity of SP is more likely the reason of non-
significant difference between low and high doses of SP
seen in this study. Consistently, many studies have
reported similar findings. Jalali et al. have reported that CP
administration increase oxidative stress significantly and
cause sperm concentration and motility reductions.* It
was also revealed that a single dose of CP is able to
increase MDA level in testis and epididymis significantly.11
Selvakumar et al. have demonstrated that CP increase
testicular levels of MDA and hydrogen peroxide and
change superoxide dismutase and GPx activities in
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testicular tissue.*> The SP prevents oxidative stress and
DNA damages through scavenging free radicals and
increasing antioxidant enzymes levels.*¢ A previous study
has revealed that SP-derived phycocyanin and selenium
can exert potent antioxidant activity in chemo-prevention#
In addition, SP was reported to exert protective effects
against genotoxicity,*® hemopoietic = system toxicity,*°
mutagenicity,?* ovarian toxicity,’® nephrotoxicity and
urotoxicity?s induced by CP administration.

The results of our study confirmed the antioxidant
effects of SP against CP-induced adverse effects in
testicular tissue and spermatogenic cells. It is therefore
recommended to conduct clinical trials to investigate the
use of SP and CP combination in chemotherapy and
immunosuppressive therapy to develop complementary
medications to decrease anticancer drugs side effects.
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