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KEYWORDS Abstract

Cyclophosphamide; Introduction: The children and adolescents with cancer who are getting remission and becoming
Testicular toxicity; long-term survivals are at high risk of impaired fertility. Cyclophosphamide (CP), the most
Chlorophytum frequently used drug for childhood-cancers causes various types of reproductive toxicity. We
borivillianum,; aimed at evaluating protective role of chlorophytum borivillianum (CB) extract against pre-
Improved fertility pubertal CP exposure-induced testicular toxicity in rats.

Materials and methods: Sixty male pre-pubertal SD rats aged postnatal day (PND) 24 were
divided into 5 groups. Group-I (control), group-Il (CP), and group-1ll (CB) received normal saline
(NS), CP15mg/kg/day and CB200 mg/kg/day respectively during PND29-42; group-IV and group-
V received CB100 mg/kg/day and CB200 mg/kg/day respectively along with CP15 mg/kg/day for
the same period. Half of the rats from each group were sacrificed on PND43 (puberty) to evaluate
alterations in oxidative stress parameters and histopathology. Remaining rats were sacrificed
on PND63 (young adult age) and sperm analysis (density, motility, viability, and morphology),
hormonal (Testosterone, Luteinizing hormone, Follicle stimulating hormone) estimation and his-
tomorphometrical evaluation was done. Co-administration of CB have shown a dose-dependent
and significant improvement in anomalies caused by CP as compared to rats received CP only.

Results: CP treatment led to significant decrease in body weight gain, organ weights, oxidative
defense mechanisms, hormone levels, steroidogenesis, spermatogenesis, sperm parameters and
increase in oxidative stress, percentage of sperm abnormal morphology as compared to control
rats. CP-treated rats have shown severe damage in testicular architecture and development as
compared to control rats as evidenced by histopathology and morphometric analysis.
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Conclusion: Co-administration of CB extract significantly reversed the footprints of these
effects in dose-dependent manner. These protective effects of CB may be exploited in improving
gonadal function in childhood cancer long-term survivals.

© 2020 Published by Elsevier Espana, S.L.U. on behalf of Asociacion Espafiola de Andrologia,
Medicina Sexual y Reproductiva.

Ciclofosfamida prepuberal Mutilacion inducida por la exposicion en
espermatogénesis, esteroidogénesis y arquitectura testicular en ratas SD: proteccion
contra una Viagra herbal alternativa

Resumen

Introduccion: los nifios y adolescentes con cancer que estan en remision y se convierten en
supervivientes a largo plazo tienen un alto riesgo de experimentar un deterioro de la fertilidad.
La ciclofosfamida (CP), el farmaco mas utilizado para los canceres infantiles, causa varios tipos
de toxicidad reproductiva. El objetivo fue evaluar el papel protector del extracto de chloro-
phytum borivillianum (CB) contra la toxicidad testicular inducida por la exposicion prepuberal
a la CP en ratas.

Materiales y métodos: Sesenta ratas SD prepuberales machos de edad posnatal (PND) 24 se divi-
dieron en 5 grupos. El grupo | (control), el grupo Il (CP) y el grupo Ill (CB) recibieron solucion
salina normal (NS), CP15mg/kg/dia y CB200 mg/kg/dia respectivamente durante PND29-42; el
grupo-1V y el grupo-V recibieron CB100 mg/kg/dia y CB200 mg/kg/dia respectivamente junto
con CP15mg/kg/dia durante el mismo periodo. La mitad de las ratas de cada grupo fueron
sacrificadas en PND43 (pubertad) para evaluar las alteraciones en los parametros de estrés
oxidativo y la histopatologia. Las ratas restantes se sacrificaron en PND63 (edad adulta joven)
y se realizo un analisis de esperma (densidad, motilidad, viabilidad y morfologia), estimacion
hormonal (testosterona, hormona luteinizante, hormona foliculoestimulante) y evaluacion his-
tomorfométrica.

Resultados: el tratamiento con PC condujo a una disminucion significativa del aumento de
peso corporal, el peso de los 6rganos, los mecanismos de defensa oxidativa, los niveles hor-
monales, la esteroidogénesis, la espermatogénesis, los parametros espermaticos y el aumento
del estrés oxidativo, y el porcentaje de morfologia anormal de los espermatozoides en com-
paracion con las ratas control. Las ratas tratadas con CP han mostrado un dafio severo en
la arquitectura y el desarrollo testicular en comparacion con las ratas de control, como lo
demuestra la histopatologia y el analisis morfométrico.

Conclusion: la administracion conjunta de extracto de CB revirti6 significativamente las huel-
las de estos efectos de manera dependiente de la dosis. Estos efectos protectores del CB
pueden explotarse para mejorar la funcion gonadal en las supervivencias a largo plazo del
cancer infantil.

© 2020 Publicado por Elsevier Espafia, S.L.U. en nombre de Asociacion Espafola de Andrologia,
Medicina Sexual y Reproductiva.

Introduction

Cancer is considered the second most leading cause of
deaths worldwide and a major cause of non-accidental
mortality in children and adolescents. However, due to the
introduction of new chemotherapeutic drugs, furtherance
in treatment regimens and supportive care, the number of
cancer survivors has been increased drastically in recent
decades and is expected to improve further in imminent
future.'™ Interestingly, around 80% of children and ado-
lescent receiving cancer treatment are getting remission
and becoming long-term survivals.>® Despite of immense
therapeutic benefits, the cancer therapy cause various

adverse effects as they curtail the division of rapidly pro-
liferating non-cancerous cells which affects structural and
functional development in this population. It is reported
that the testicular development in pre-pubertal age is
not quiescent; rather undergo plenty of crucial develop-
mental modifications that are essential to reach puberty.
During this pre-pubertal phase, spermatogonial stem cells
undergo intense and unremitted proliferation that leads
to an increment in the volume of seminiferous tubules
and testis by three folds. Further, Leydig cells and Sertoli
cells attain functional capabilities which are believed
critical for the development of testis and maintaining
normal spermatogenesis.”® Therefore, any perturbation
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in development of gonads during pre-pubertal age may
have adverse consequences in reproductive outcomes.
The cytotoxic anti-cancer drugs, may adversely affect the
reproductive outcomes in long-term child-hood survivals.’
Among all the cytotoxic anti-cancer drugs, alkylating
agents are most extensively used in management of pedi-
atric cancers and reported to have a high risk of impaired
fertility.” Currently, methods like sperm cryopreservation
(for adolescents), testicular tissue cryopreservation (for
pre-pubertal and peri-pubertal age) are used to preserve
fertility in long-term child-hood survivals.'®'" However, as
these methods are expensive and in primordial stage, cannot
be used for all the ages of long-term survivals.® Conse-
quently, it is decisive to develop strategies that can diminish
or counter the chemotherapy-induced toxic insult on testis
and preserve fertility in long-term childhood survivals.
Cyclophosphamide (CP), an alkylating agent is most
extensively used in the treatment of several types of can-
cers in both children and adults. It is also used as an
immunosuppressant in the prevention of graft rejection
and autoimmune diseases.'”” The metabolites of CP, phos-
phoramide (with DNA alkylating and cross-linking nature)
and acrolein are accountable for its therapeutic and toxic
effects. Acrolein is highly reactive and considered as the
major contributor to CP-induced oxidative damage and its
toxic effects.' Further, numerous clinical and experimental
studies showed that CP treatment causes several struc-
tural and functional aberrations in testes thereby impair
fertility.'” Though the exact mechanism is unknown, the
generation of reactive oxygen species (ROS) is believed to
play a critical role in the pathogenesis of CP-induced tes-
ticular toxicity.”>' A plenty of research has been done
to characterize CP-induced testicular toxicity and possible
interventions in adult experimental animals.'? However, lit-
tle is known about the effect of pre-pubertal exposure of CP
on the male gonadal development and function.
Chlorophytum borivillianum (CB), commonly known as
‘*safed musli’’ is a traditional medicinal herb belonging
to family Liliaceae. It has been comprehensively used in
Indian traditional medicine systems like Ayurveda, Unani,
and Homeopathy since ancient times.'> CB has profuse ther-
apeutic applications including anti-rheumatic, anticancer,
antidiabetic, antioxidant, adaptogenic, anti-stress, reju-
venating, aphrodisiac, spermatogenic agent.’> Due to its
phenomenal aphrodisiac effects, it has got widespread
acceptance as ‘‘alternative Viagra’’ and extensively used
for the treatment of erectile dysfunction, azoospermia,
oligospermia and male impotence across the world." !¢
The chief phytochemicals of CB are saponins, alkaloids,
flavonoids, and phenolic acids; among all these, saponins
are believed to be responsible for its therapeutic poten-
tial. Interestingly, saponins of CB possess steroidal structure
which is very analogous to testosterone structure.’'® CB
with its outstanding antioxidant properties showed a protec-
tive effect against many disease conditions where oxidative
stress plays an imperative role in pathogenesis.'> "1
As the use of natural products in treating many ail-
ments and alleviating drug-induced toxicity is gaining much
attention,’ we explored the possible protection from the
root extract of CB that is popularly known as ‘‘alternative
herbal viagra’’ against CP-induced testicular toxicity in pre-
pubertal rats which may be employed to preserve fertility

in long-term child-hood survivals treated with chemothera-
peutic drugs.

Materials and methods

Drugs and chemicals

Cyclophosphamide and dried roots of CB were obtained from
Sigma Aldrich, USA and Amrutham Ayurveda Nilayam, Hyder-
abad respectively. All other reagents (analytical grade) used
for the experiment were purchased locally.

Preparation of CB root aqueous extract

The CB root aqueous extract (AE) was prepared using exhaus-
tive extraction method as described elsewhere.?° In brief,
the crude powder was added to double-distilled water in
1g:6 mL ratio. The mixture was heated to 37 °C for 2h with
constant stirring and then filtered into a clean round bottom
flask using adsorbent cotton wool and muslin. This procedure
was repeated for 5-times to ensure maximum yield of water-
soluble compounds. The combined extract was concentrated
by heating at 37 °C in a water bath. Finally, the concentrated
AE was dried in rota-evaporator and stored in a dry contai-
ner at room temperature. The AE of CB root reported to give
a high yield of saponins and show powerful antioxidant and
aphrodisiac activity at dose levels between 100 mg/kg and
500 mg/kg compared to alcoholic extracts.'®®20-22 There-
fore, we have selected the AE at two dose levels, i.e. 100
and 200 mg/kg/day for current study.

Animals and experimental design

The Institutional Animal Ethics Committee approved the
experimental protocol and the experiments were performed
in accordance with the CPCSEA (Committee for the Pur-
pose of Control and Supervision of Experimentation on
Animals) guidelines. All the animals were housed in con-
trolled environmental conditions (22+2°C temperature,
50 4+ 10% humidity and 12 light/12 dark cycle). Animals had
unlimited access to Standard laboratory animal feed (pur-
chased from commercial supplier) and water and they were
acclimatized to the experimental conditions for one-week
prior to the experiments.

The required quantity of CP was dissolved in normal
saline. The dried AE of CB roots was re-dissolved in dou-
ble distilled water just before oral administration. Animals
(Male) aged postnatal day (PND) 24 were randomly assigned
to five groups with each bearing 12 animals. The Group-I|
(control), group-Il (CP), and group-Ill (CB) received nor-
mal saline (NS), Cyclophosphamide 15mg/kg/day and CB
200 mg/kg/day respectively during PND29-42; Group IV and
Group V received CB 100 mg/kg/day and CB 200 mg/kg/day
respectively along with CP15mg/kg/day for the same
period. NS and CP were administered intraperitonially while
CB was given orally. On PND43 (at puberty), six animals
from every group were sacrificed, testes were collected and
used for oxidative stress and histopathological evaluation.
On PND63 (young adult age), remaining animals were sacri-
ficed immediately after collecting the blood; the testes and
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epididymis were isolated, and used for the sperm analysis
(density, motility, viability and morphology) and histomor-
phometrical assessment. The collected blood was used for
hormonal (Testosterone, Luteinizing hormone (LH), and Fol-
licle stimulating hormone (FSH)) estimation.

Evaluation of body weight gain and organ weights

The animals were weighed weekly once and weight gain
during the study period was calculated. During necropsy
(PND43 and PND63), testes and epididymis were collected
and weighed. As the animals used were in growing stage
(juvenile), % body weight gain and relative organ weights
were calculated to best portray the treatment effects on
body weight and organ weights respectively.

Evaluation of oxidative stress

On PND43, the testes of rats (n=6) were isolated and homog-
enized using 0.1-M phosphate buffer (pH 7.4) containing
3-mM EDTA. Then, it was centrifuged (700 g for 10-min) and
the supernatant was used for the determination of oxidative
stress markers, including malondialdehyde (MDA), super-
oxide dismutase (SOD), catalase (CAT), glutathione (GSH)
and glutathione peroxidase (GSH-Px). MDA (Thiobarbituric
acid reactive substances -TBARS) levels were measured at
532-nm as described by Ohkawa et al.?* GSH was analyzed
at 412-nm according to Ellman’s method.?* Catalase activ-
ity (the breakdown of hydrogen peroxide) was determined
at 610-nm using method described by Sinha et al.?> SOD
activity (inhibition of nitrazobluetetrazolium’s reduction)
was assayed at 560-nm by the method of Kono.?® Total GPx
was determined by measuring the rate of oxidation of GSH
at 420-nm as described elsewhere?’). Protein content was
determined at 750-nm by the method of Lowry et al.?® The
MDA, GSH, GSH-Px, Catalase, and SOD levels were expressed
as pwmol/mg protein, wmol/mg protein, units/mg protein,
pmol of H,0,/min/mg protein and pmol of H,0,/min/mg
protein respectively.

Estimation hormone levels

The blood samples (approximately 0.8 ml) were collected
from orbital plexus of young adult rats just before necropsy.
The plasma levels of testosterone, LH, and FSH were deter-
mined as per the instructions provided in the commercially
available kits (IBL International Elisa Kits). The hormone lev-
els were expressed as ng/ml.

Evaluation of sperm count, viability, motility and
sperm morphology

The cauda epididymis was removed after sacrificing the
adult animals and placed in a petri-dish containing 2-3ml
of Hank’s Buffer Saline Solution at room temperature. The
epididymis was sliced into small pieces to permit the sperms
to swim out and to form a suspension. The above suspension
was centrifuged and the obtained supernatant was placed
on Neubauer’s hemocytometer to determine sperm count
using procedure described previously.”’ To determine the

percentage of sperm with abnormal morphology, the above
suspension was incubated for 30 min with 2% eosin to stain
the sperm. A smear of the above solution was prepared on
a glass slide, air-dried and fixed with methanol. From each
slide, 200 sperms were scrutinized at 100x magnification (oil
immersion lens). Sperm morphology was categorized as nor-
mal, quasinormal and grossly abnormal based on the extent
of abnormality as described previously.?’ Data were shown as
% of normal, quasinormal and grossly abnormal sperms. For
sperm motility, one ml of above suspension diluted to two ml
with Tris buffer solution and pre-warmed (35°C). Then, 2-3
drops this solution was charged on to a slide and examined
under microscope visually for sperm motility at 40x mag-
nification from 3 different fields in each sample.*® Bloom
and Fawcett method®' was used for determination of sperm
viability. In brief, the pre-warmed slides were charged with
semen; added with couple of Eosin/Nigrosin stain drops; pre-
pared into uniform smear; air dried; examined under the
microscope. The number and % of live sperms (stained) and
dead sperm (unstained) were calculated.

Histological evaluation and morphometrical
analysis

Histological slides were prepared as reported elsewhere.?’
Briefly, testicular tissues both pubertal and adult animals
were processed in the following order of events: fixed in for-
malin (10%), dehydrated, embedded in paraffin, sectioned
(5 wm), mounted on glass slides, dried overnight, deparaf-
finized, rehydrated, stained (Hematoxylin & Eosin), and
examined under the microscope linked with CCD camera
and imagining package. The sections from each animal were
evaluated for structural changes and morphometric parame-
ters (for young adult rat only). A total of 200 STs were used to
calculate mean diameters (Mean of vertical and horizontal
diameters) and germinal epithelial height. For tubular den-
sity, a total of 20 random focuses (60 mm square area) per
animal were used. Further, a total of 30 STs from each ani-
mal were read to allot Johnsen score based on the structural
aspects as per the method described elsewhere.?

Statistical analysis

Results were expressed as mean + SEM for each group. Sta-
tistical differences between the groups were determined
by one-way ANOVA followed by multiple comparisons with
Tukey’s test using Sigma Stat 2.03 statistical software. The
level of statistical significance was set at P<0.05.

Results and discussion

By virtue of abundance in reactive oxygen species (ROS) gen-
erating systems, highly unsaturated fatty acids and high rate
of cell proliferation, the testis is more susceptible for lipid
peroxidation.'* Despite the fact that small amounts of ROS
are necessary for normal functioning of sperms, unbalanced
levels of ROS can adversely affect the excellence of sper-
matozoa and thereby their fertilizing capacity.’ In defense
against elevated oxidative stress, SOD converts the super-
oxide radicals to hydrogen peroxide that is then removed by
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Table 1 Effect of CP and CB treatments on bodyweight, organ weights (evaluated on both PND43 and PND63) and oxidative stress (evaluated on PND43).

Parameter Treatment group
Control CP 15mg/kg CB 200 mg/kg CP 15mg/kg +CB 100 mg/kg CP 15mg/kg + CB 200 mg/kg
On PND 23 (n=6 or 12)
Body weight gain (g) 32.80 + 04.65 17.60 £+ 03.96*** 33.20 + 02.82 24.60 + 05.26%# 31.60 + 03.20%##
%Body weight gain (g) 76.28 + 04.13 41.90 + 08.73** 75.45 + 10.58 57.21 + 12.29% 74.35 + 07.95%#*
Testes weight (g) 00.94 + 00.11 00.42 + 00.13*** 01.02 + 00.14 00.65 + 00.13## 00.91 + 00.08###
Testes weight (g/100¢g 01.23 + 00.08 01.01 =+ 00.11*** 01.35 + 00.09 01.14 + 00.13 01.22 + 00.09*#

b. wt.)

Epididymis weight
(mg)

Epididymis weight
(mg/100¢g b. wt.)
MDA mM/mg protein
GSH umol/mg protein
GSH-PX units/mg
protein

Catalase pmol of
H,0;/min/mg protein
SOD pmol of
H;0;/min/mg protein

On PND 63 (n=6)
Body weight gain (g)
%Body weight gain (g)
Testes weight (g)
Testes weight (g/100¢g
b. wt.)
Epididymis weight
(mg)
Epididymis weight
(mg/100¢g b. wt.)

110.23 £+ 13.73
144.47 £+ 12.56
0.0151 £ 0.0010
0.0794 £ 0.0031
18.58 + 00.86
0.7473 £ 0.0239

67.90 £+ 03.76

165.33 £+ 05.10
328.48 + 21.13
02.18 £ 00.12
01.06 + 00.05

242.33 £ 05.45

114.38 + 04.34

53.21 + 10.73***

126.48 £+ 07.55***

0.0400 £ 0.0017***
0.0294 + 0.0025***
06.584 + 00.93***

0.3106 + 0.0188***

34.50 £+ 02.60***

124.67 £+ 04.10**

251.01 £ 12.51%*

01.42 + 00.13***
00.72 + 00.05***

141.67 £+ 07.27**

78.32 £ 04.50*

114.02 £+ 05.30
151.08 + 12.81
0.0134 £ 0.0005
0.0819 £ 0.0030
18.72 + 00.97
0.7742 £ 0.0357

68.50 + 02.98

166.05 £+ 04.67
346.21 £ 12.05
02.19 £ 00.09
01.06 + 00.02

247.36 £ 05.30

117.14 + 03.27

75.64 + 08.67#*
132.15 £+ 11.96
0.0238 + 0.0020%##

0.04776 + 0.0013*

10.45 + 00.87*

0.5109 + 0.0281*

57.78 + 02.38%##

145.32 + 06.66%*
307.90 + 18.31##
01.68 + 00.09###
00.95 + 00.03##

210.67 + 06.72%##

101.82 + 05.43%##

109.31 + 07.45%##
146.60 + 07.91##
0.0177 + 0.0012###
0.0756 + 0.0030%##
17.01 + 00.92%##
0.721 £ 0.0361###

61.58 + 03.02###

157.87 + 03.18###
327.70 £ 14.55%##
02.07 + 00.06*##
01.03 4 00.02%##

236.73 + 06.87*##

110.47 + 03.97###

All the values are expressed as mean &+ SEM, (n=12 or 6), ***P<0.001 vs. Control), #P<0.05 vs. CP15mg/kg, ##P<0.01 vs. CP15mg/kg, ###P < 0.001 vs. CP15mg/kg. CP, Cyclophosphamide;
CB, Chlorophytum borivillianum; MDA, Malondialdehyde; GSH, Glutathione; GSH-Px, Glutathione peroxidase; SOD, Superoxide dismutase; H,0,, Hydrogen peroxide; n, number of animals
(sample size); g, grams; mg, milli grams; b. wt., body weight; mM, milli moles; wmol, micro moles; min, minutes; PND, post natal day.
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GSH-Px and Catalase. GSH curbs the ROS through the regen-
eration of other antioxidant enzymes and forming complex
with ROS and xenobiotics that elevate ROS. The increase
in MDA, an end-product of lipid peroxidation is an indica-
tion of elevated oxidative stress and diminished antioxidant
defense mechanisms.3?

As reported in previous studies in rats,?*3* CP adminis-
tration in pre-pubertal rats also resulted in decreased GSH,
SOD, GPx, CAT levels and increased MDA levels in testis
indicating elevated oxidative stress as compared to control
rats. The metabolites of CP (mainly phosphoramide mustard)
are considered as the culprits for the elevation of oxida-
tive stress.’? Interestingly, co-treatment with CB reversed
the CP-induced aberrations in oxidative stress markers in
a dose-dependent manner (Table 1). The current results
are markedly re-attesting the antioxidant potential of CB
extract reported in several previous studies.'®

Further, a great body of clinical and experimental
research indicating that CP-induced oxidative stress may
play a major role in causing various abnormalities in the
male reproductive system.'>'* The oxidative stress is con-
sidered a major cause for genotoxic damage, qualitative and
quantitative impairment in sperm production that may lead
to male infertility and have implications for the outcomes in

progeny as well." In the midst of DNA damage, a eukaryotic
cell maintains the genomic stability by arresting or delay-
ing cell cycle which allows for the activation of DNA repair
mechanisms. When the DNA damage is irresistible, cell death
pathways get activated.® The footprints of DNA damage in
spermatogonial cells can be easily traced out by studying
sperm morphology in which the genesis defects (abnormal
morphology) are clearly visualized which can be taken as an
sign of sperm DNA damage. > In our study, a high percentage
of spermatozoa with head abnormalities in CP-treated rats
indicated an elevated degree of DNA fragmentation.

In line with numerous previous reports, our study
revealed a significant reduction in the motility, viability,
sperm count and number of sperm with normal morphol-
ogy while a significant increase in sperm with abnormal
morphology in all the three categories i.e. quasinormal,
grossly normal and total abnormal in CP-treated rats as
compared to control rats.'”? Reduction in the sperm count
could be attributed to impaired testicular development,
and spermatogenesis as result of oxidative DNA damage
and perturbations in hormonal interplay. However, co-
treatment with CB reversed the CP-induced aberrations in
sperm parameters in a dose-dependent manner (Fig. 1). The
antioxidant and antiapoptotic properties of CB,"?2 may be
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Figure 1  Effect of CP and CB treatments on Sperm motility (A), Sperm count (B), Sperm viability (C), Sperm morphology (D-E)

evaluated on PNDé6. All the values are expressed as mean 4 SEM, (n=6), ***P<0.001 vs. control), #P<0.05 vs. CP15mg/kg, ##
P<0.01 vs. CP15mg/kg, ###P <0.001 vs.CP15mg/kg. CP, Cyclophosphamide 15 mg/kg; CB, Chlorophytum borivillianum 200 mg/kg;
The section E is clearly indicating the abnormalities (b-j) in sperm morphology in rats treated with CP as compared to the control
rats (a). The abnormalities found are banana shaped head (b), bent at cephalocaudal junction(c), detached head with tail (d), hook
less (e), amorphous head (f), bent tail (g), bent with projecting filament (h), microcephaly with tail defect (i), and defective tail
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CP15 mg/kg | l CB200 mg/kg

| Control | |

l l CP+CB100 mg/kg | | CP+CB200 mg/kg '

R

>
PND 63

Figure 2  Effect of CP and/or CB root aqueous extract on rat testicular size at PND63 (A), histology at PND43 (B) and PND63(C). The
representative photomicrographs of testes of control and CB 200 mg/kg-alone treated rats at PND43 and PND63 stained with hema-
toxylin and eosin shows integrated germinal epithelium, spermatozoa at different stages of maturation, STs filled with spermatozoa
reflecting normal testicular architecture and development while CP-treated rats have shown atrophied STs with presence of disor-
ganized germinal epithelium, cells sloughing into the lumen, poorly differentiated spermatozoa, marked depletion or absence of
spermatozoa, an increase in the number of premature sperm cells in the lumen, depletion of Leydig cells and Sertoli cells conferring
severe damage in testicular architecture and development as compared to control rats. The CP-treated rats co-administered with
CB aqueous root extract (100 and 200 mg/kg) shows improvement in damage in testicular architecture in a dose-dependent manner
at both PND43 and PND63. * Mark represents the STs with damage, arrow indicates damaged interstitial area. CP, Cyclophosphamide;

CB, Chlorophytum borivillianum; PND, Postnatal day; ST, Seminiferous tubule.

predicted to lend a helping hand in delivering a healthy and
completely matured sperm. The Hypothesis what we have
derived for increased motility is with its antioxidant nature
CB may protect the mitochondrial membrane which usually
gets disturbed in the elevated oxidative stress conditions
there by the energy levels in the sperm cell are maintained in
a constant manner providing the ability to sperm to swim.*’

The effect of treatments on body weight, and organ
weights at PND43, and PNDé63are shown in Table 1. The
CP-treated rats have shown a significant reduction in body
weight gain, % body weight gain, absolute and relative
weights of testes and epididymis as compared to control rats
at both PND43 and PNDé63. However, co-treatment with CB
resulted in a dose-dependent reversal of CP-induced body,
testes and epididymal weight reduction. These reductions
were clearly visible in the testicular size (Fig. 2A). This
reduction in body weight, testes and accessory organs could
be a manifestation of decrease in the testosterone levels as
it play a crucial role in development of male reproductive
organs.>®

The testes of control and CB 200 mg/kg alone-treated
rats appear to have integrated germinal epithelium, sper-
matozoa at different stages of maturation, STs filled with
spermatozoa reflects a normal testicular architecture and
development (maturation) at both pubertal and young adult
age. The CP-treated rats have shown severe damage in
testicular architecture and development as compared to
control rats at both PND43 and PNDé63 (Fig. 2B and 2C respec-
tively). There was a coherent evidence of severe and mild

vacuolation in STs and testicular interstitium respectively.
Further, the STs in CP-treated rats have shown atrophied
STs with presence of disorganized germinal epithelium,
cells sloughing into the lumen, poorly differentiated sper-
matozoa, marked depletion or absence of spermatozoa,
an increase in the number of premature sperm cells in
the lumen. Further, the morphometric analysis of adult
rat testes revealed a significant reduction in ST diam-
eter, germinal epithelial height, and johnsen score and
increase in tubular density (Fig. 3B). These findings in
CP-treated rats are clearly indicating atrophy, impaired
spermatogenesis, and development in testes. As reported in
previous studies,?>**“° the co-treatment with CB reversed
the CP-induced aberrations in testicular architecture in a
dose-dependent manner at both pubertal and adult age.
Further, both FSH (direct regulator of Sertoli cells) and
LH (indirect regulator of testosterone production from Ley-
dig cells) play a crucial role in the initiation, maintenance,
and maturation of the Spermatogonia.*' Several clinical and
experimental studies suggesting that CP treatment perturbs
hormonal interplay and gonadal steroidogenesis.'>*> The CP-
treated rats have shown a significant elevation in plasma
testosterone, FSH and LH levels as compared to control rats
at PND63 while co-treatment with CB reversed these aberra-
tions in a dose-dependent manner (Fig. 3A). The FSH levels
elevated by CB treatment could have improved the sperm
count as FSH play a crucial role in the induction of spermato-
gonial proliferation thereby maintaining spermatogenesis
output.*! In line with other studies,? CP-induced reduction
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day.

in testosterone levels in current study indicates toxic insult
on interstitial cells and a clear perturbation in endocrine
regulatory mechanism. The prediction behind the mecha-
nism of CB in restoring testosterone levels is at least in part
due to its ability to scavenge the free radicals which could
have prevented the toxic impact of CP on Leydig cells.“’ Fur-
ther, subsequent increase in LH and Leydig cell population
after CB administration may be the reason behind increase
in the testosterone level. It is irrefutable that the LH, FSH,
and testosterone are considered as the hormonal biomarkers
of androgenicity. Further, the structures of saponins present
in the CB root resemble the structure of testosterone.
The androgen-like or aphrodisiac nature of these steroidal
saponins in part could have played a role in restoring the CP-
induced perturbations in hypothalamic-pituitary-testicular
axis and spermatogenesis. Several animal studies indicated
that CP has plethora of effects on structure and function of
the testes through targeting Leydig cells, Sertoli cells, and
germ cells.”® CB reported to correct the perturbations in
hypothalamo-pituitary-gonadal axis and cause normal pro-
duction of LH, FSH, and testosterone.?>40

The decrease in testicular size, weight, tubular diameter,
Johnsen score, sperm quality in terms of count, motil-
ity, or morphology and increase in density of seminiferous
tubule demonstrate impairments in testicular development
and spermatogenesis conferring a clear testicular toxic-
ity. However, treatment with CB has alleviated these toxic
imprints that may be due to its antioxidant and aphrodisiac
properties, which are believed to be offered by its active
components like saponins, alkaloids phenols. In addition to
steroidal saponins, CB reported to have abundant amounts of
zinc, iron, etc. which are considered to be essential for the
synthesis of antioxidant enzyme like superoxide dismutase,

production of testosterone and sperm production.’® These
steroidal saponins gets converted into the male hormone
called testosterone thus it helps in maintaining the testos-
terone levels.* Several previous studies also postulate that
CB promotes biogenesis of steroids, counter testicular dam-
age and rejuvenates of testicular architecture and thereby
improves the outcomes of male reproductive system.>? Thus,
from the current results it is evident that aqueous extract of
CB root can offer protection against CP-induced testicular
toxicity by virtue of its unique combination phytochemi-
cals offering antioxidant, steroidogenic, spermatogenic and
aphrodisiac effects.

Conclusion

The pre-pubertal exposure to CP resulted in elevated oxida-
tive stress, impaired spermatogenesis, steroidogenesis and
testicular architecture in SD rats. Co-administration of CB
was able to preserve antioxidant mechanisms, endocrine
function and development, and architecture of testes. From
the present findings, we conclude that CB by virtue of its
exceptional antioxidant and aphrodisiac properties may pos-
sibly have therapeutic potential in preserving fertility in
pre-pubertal boys undergoing chemotherapy. However, fur-
ther studies are required to explore in-depth mechanisms
involved in fertility preservation and translate these exper-
imental findings to clinical practice.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that the procedures followed were in accordance

184



Revista Internacional de Andrologia 19 (2021) 177-186

with the regulations of the relevant animal research ethics
committee, CPCSEA (Committee for the Purpose of Control
and Supervision of Experimentation on Animals).

Confidentiality of data. The authors declare that no patient
data appear in this article.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflict of interests

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors wish to acknowledge the technical support
received from Vivo Bio Tech Ltd, Pregnapur, Telangana.

References

10.

. Cancer

Statistics. National Cancer Institute. https://
www.cancer.gov/about-cancer/understanding/statistics
Published 27.04.18 [accessed 13.01.20].

. Cancer-Key Facts. World Health Organisation. https://www.

who.int/news-room/fact-sheets/detail/cancer 12.09.18

[accessed 13.01.20].

. Tonorezos ES, Hudson MM, Edgar AB, Kremer LC, Sklar CA,

Wallace WHB, et al. Screening and management of adverse
endocrine outcomes in adult survivors of childhood and ado-
lescent cancer. Lancet Diabetes Endocrinol. 2015;3:545-55,
http://dx.doi.org/10.1016/52213-8587(15)00038-8.

. Picton HM, Wyns C, Anderson RA, Goossens E, Jahnukainen

K, Kliesch S, et al. A European perspective on testicular tis-
sue cryopreservation for fertility preservation in prepubertal
and adolescent boys. Hum Reprod Oxf Engl. 2015;30:2463-75,
http://dx.doi.org/10.1093/humrep/dev190.

. Ward E, DeSantis C, Robbins A, Kohler B, Jemal A. Child-

hood and adolescent cancer statistics, 2014. CA Cancer J Clin.
2014;64:83-103, http://dx.doi.org/10.3322/caac.21219.

. Chaput L, Grémeau A-S, Vorilhon S, Pons H, Chabot C,

Greze V, et al. Fertility preservation in oncology. Bull
Cancer (Paris). 2018;105:99-110, http://dx.doi.org/10.1016/
j.bulcan.2017.11.001.

. Picut CA, Remick AK, de Rijk EPCT, Simons ML, Stump

DG, Parker GA. Postnatal development of the testis in the
rat: morphologic study and correlation of morphology to
neuroendocrine parameters. Toxicol Pathol. 2015;43:326-42,
http://dx.doi.org/10.1177/0192623314547279.

. Chemes HE. Infancy is not a quiescent period of testicular devel-

opment. Int J Androl. 2001;24:2-7.

. Meistrich ML. Effects of chemotherapy and radiotherapy on

spermatogenesis in humans. Fertil Steril. 2013;100:1180-6,
http://dx.doi.org/10.1016/j.fertnstert.2013.08.010.

Levine JM. Preserving fertility in children and adoles-
cents with cancer. Child Basel Switz. 2014;1:166-85,
http://dx.doi.org/10.3390/children1020166.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

185

Wyns C, Curaba M, Vanabelle B, Van Langendonckt A,
Donnez J. Options for fertility preservation in pre-
pubertal boys. Hum Reprod Update. 2010;16:312-28,
http://dx.doi.org/10.1093/humupd/dmp054.

Ghobadi E, Moloudizargari M, Asghari MH, Abdollahi M.
The mechanisms of cyclophosphamide-induced testic-
ular toxicity and the protective agents. Expert Opin
Drug Metab Toxicol. 2017;13:525-36, http://dx.doi.org/
10.1080/17425255.2017.1277205.

Agarwal A, Virk G, Ong C, du Plessis SS. Effect of oxidative stress
on male reproduction. World J Mens Health. 2014;32:1-17,
http://dx.doi.org/10.5534/wjmh.2014.32.1.1.

Aitken RJ. Reactive oxygen species as mediators of sperm
capacitation and pathological damage. Mol Reprod Dev.
2017;84:1039-52, http://dx.doi.org/10.1002/mrd.22871.
Khanam Z, Singh O, Singh R, Bhat IUH. Safed musli (Chlorophy-
tum borivilianum): a review of its botany, ethnopharmacology
and phytochemistry. J Ethnopharmacol. 2013;150:421-41,
http://dx.doi.org/10.1016/j.jep.2013.08.064.

Biswas TK, Pandit S. In search of spermatogenetic and
virility potential drugs of ayurvedic leads: A review.
Androl-Open Access. 2015;04, http://dx.doi.org/10.
4172/2167-0250.1000148.

Giribabu N, Kumar KE, Rekha SS, Muniandy S, Salleh N.
Chlorophytum borivilianum root extract maintains near nor-
mal blood glucose, insulin and lipid profile levels and prevents
oxidative stress in the pancreas of streptozotocin-induced
adult male diabetic rats. Int J Med Sci. 2014;11:1172-84,
http://dx.doi.org/10.7150/ijms.9056.

Das S, Singhal S, Kumar N, Rao CM, Sumalatha S, Dave
J, et al. Standardised extract of safed musli (Chlorophy-
tum borivilianum) increases aphrodisiac potential besides
being safe in male Wistar rats. Andrologia. 2016;48:1236-43,
http://dx.doi.org/10.1111/and.12567.

Noureen F, Khan MR, Shah NA, Khan RA, Naz K, Sattar S.
Pistacia chinensis: strong antioxidant and potent testicular tox-
icity amelioration agent. Asian Pac J Trop Med. 2017;10:380-9,
http://dx.doi.org/10.1016/j.apjtm.2017.03.027.

Kenjale RD, Shah RK, Sathaye SS. Anti-stress and anti-oxidant
effects of roots of Chlorophytum borivilianum (Santa Pau &
Fernandes). Indian J Exp Biol. 2007;45:974-9.

Visavadiya NP, Narasimhacharya AVRL. Ameliorative effect of
Chlorophytum borivilianum root on lipid metabolism in hyper-
lipaemic rats. Clin Exp Pharmacol Physiol. 2007;34:244-9,
http://dx.doi.org/10.1111/j.1440-1681.2007.04579.x.

Ray S, Chatterjee K, De D, Ghosh D. Bioefficacy of
hydromethanolic extract of tuber of Chlorophytum borivil-
ianum (Safed Musli) for the management of male infertil-
ity in cyproterone acetate-treated albino rats. Andrologia.
2014;46:659-71, http://dx.doi.org/10.1111/and.12133.
Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in ani-
mal tissues by thiobarbituric acid reaction. Anal Biochem.
1979;95:351-8.

Ellman GL, Tissue sulfhydryl groups. ‘‘PubMeda’’ NCBI. Arch
Biochem Biophys. 1959;82:70-7.

Sinha AK. Colorimetric assay of catalase. Anal Biochem.
1972;47:389-94.

Kono Y. Generation of superoxide radical during autoxidation
of hydroxylamine and an assay for superoxide dismutase. Arch
Biochem Biophys. 1978;186:189-95.

Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG,
Hoekstra WG. Selenium: biochemical role as a component of
glutathione peroxidase. Science. 1973;179:588-90.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J Biol Chem.
1951;193:265-75.

Namoju RC, Khan S, Patel RS, Shera FY, Priyanka PP, Kush-
waha S, et al. Pre-pubertal exposure of cytarabine-induced


https://www.cancer.gov/about-cancer/understanding/statistics
https://www.cancer.gov/about-cancer/understanding/statistics
https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.who.int/news-room/fact-sheets/detail/cancer
dx.doi.org/10.1016/S2213-8587(15)00038-8
dx.doi.org/10.1093/humrep/dev190
dx.doi.org/10.3322/caac.21219
dx.doi.org/10.1016/j.bulcan.2017.11.001
dx.doi.org/10.1016/j.bulcan.2017.11.001
dx.doi.org/10.1177/0192623314547279
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0260
dx.doi.org/10.1016/j.fertnstert.2013.08.010
dx.doi.org/10.3390/children1020166
dx.doi.org/10.1093/humupd/dmp054
dx.doi.org/10.1080/17425255.2017.1277205
dx.doi.org/10.1080/17425255.2017.1277205
dx.doi.org/10.5534/wjmh.2014.32.1.1
dx.doi.org/10.1002/mrd.22871
dx.doi.org/10.1016/j.jep.2013.08.064
dx.doi.org/10.4172/2167-0250.1000148
dx.doi.org/10.4172/2167-0250.1000148
dx.doi.org/10.7150/ijms.9056
dx.doi.org/10.1111/and.12567
dx.doi.org/10.1016/j.apjtm.2017.03.027
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0320
dx.doi.org/10.1111/j.1440-1681.2007.04579.x
dx.doi.org/10.1111/and.12133
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0335
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0340
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0345
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0350
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0355
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0360

R. Namoju, N. Kavitha Chilaka,

D. Prasad Beda et al.

30.

31.

32.

33.

34.

35.

36.

testicular atrophy, impaired spermatogenesis and germ cell DNA
damage in SD rats. Toxicol Mech Methods. 2014;24:703-12,
http://dx.doi.org/10.3109/15376516.2014.970679.

Sonmez M, Turk G, Yuce A. The effect of ascorbic acid supple-
mentation on sperm quality, lipid peroxidation and testosterone
levels of male Wistar rats. Theriogenology. 2005;63:2063-72,
http://dx.doi.org/10.1016/j.theriogenology.2004.10.003.

Cross CE. Bloom and fawcett: a textbook of histol-
ogy. JAMA. 1995;274:352, http://dx.doi.org/10.1001/jama.
1995.03530040080050.

Guerriero G, Trocchia S, Abdel-Gawad FK, Ciarcia
G. Roles of reactive oxygen species in the sper-
matogenesis regulation. Front Endocrinol. 2014;5:1-4,

http://dx.doi.org/10.3389/fendo.2014.00056.

Nayak G, Vadinkar A, Nair S, Kalthur SG, D’Souza AS, Shetty
PK, et al. Sperm abnormalities induced by pre-pubertal
exposure to cyclophosphamide are effectively mitigated by
Moringa oleifera leaf extract. Andrologia. 2016;48:125-36,
http://dx.doi.org/10.1111/and.12422.

Oyagbemi AA, Omobowale TO, Saba AB, Adedara
Olowu ER, Akinrinde AS, et al.
against  cyclophosphamide-induced
and epididymis of rats. Andrologia.
http://dx.doi.org/10.1111/and.12459.
Sancar A, Lindsey-Boltz LA, Unsal-Kacmaz K, Linn S. Molecular
mechanisms of mammalian DNA repair and the DNA dam-
age checkpoints. Annu Rev Biochem. 2004;73:39-85, http://
dx.doi.org/10.1146/annurev.biochem.73.011303.073723.

Said TM, Agarwal A, Sharma RK, Thomas AJ, Sikka SC. Impact
of sperm morphology on DNA damage caused by oxidative
stress induced by beta-nicotinamide adenine dinucleotide
phosphate. Fertil Steril. 2005;83:95-103, http://dx.doi.
org/10.1016/j.fertnstert.2004.06.056.

IA,
Gallic acid protects
toxicity in  testis
2016;48:393-401,

37

38.

39.

40.

1.

42.

43.

44,

186

. Amaral A, Lourenco B, Marques M, Ramalho-Santos J. Mito-
chondria functionality and sperm quality. Reprod Camb Engl.
2013;146:R163-74, http://dx.doi.org/10.1530/REP-13-0178.
Tyagi V, Scordo M, Yoon RS, Liporace FA, Greene LW. Revisiting
the role of testosterone: are we missing something? Rev Urol.
2017;19:16-24, http://dx.doi.org/10.3909/riu0716.

Sharma G, Kumar M. Amelioration by Chlorophytum
borivilianum upon arsenic induced oxidative stress in
Swiss albino mice. Int J Pharmacol Toxicol. 2014;2:62-9,
http://dx.doi.org/10.14419/ijpt.v2i2.3072.

Rath SK, Panja AK. Clinical evaluation of root tubers
of Shweta Musali (Chlorophytum borivilianum L.) and its
effect on semen and testosterone. Ayu. 2013;34:273-5,
http://dx.doi.org/10.4103/0974-8520.123118.

Ramaswamy S, Weinbauer  GF. Endocrine  con-
trol of spermatogenesis: role of FSH and
LH/testosterone. Spermatogenesis. 2015;4:€9960251-315,
http://dx.doi.org/10.1080/21565562.2014.996025.

Ayoka OA, Ojo OE, Imafidon EC, Ademoye KA,
Oladele AA. Neuro-endocrine effects of aqueous
extract of Amaranthus viridis (Linn.) leaf in male
Wistar rat model of cyclophosphamide-induced
reproductive  toxicity.  Toxicol Rep.  2016;3:608-19,

http://dx.doi.org/10.1016/j.toxrep.2016.07.007.
Boekelheide K. Mechanisms of toxic damage to sper-
matogenesis. J Natl Cancer Inst Monogr. 2005:6-8,
http://dx.doi.org/10.1093/jncimonographs/1gi006.
Vijaya KN, Chavan PD. Chlorophytum borivilianum (Safed
musli): a review. Pharmacogn Rev. 2009;3:154-69.


dx.doi.org/10.3109/15376516.2014.970679
dx.doi.org/10.1016/j.theriogenology.2004.10.003
dx.doi.org/10.1001/jama.1995.03530040080050
dx.doi.org/10.1001/jama.1995.03530040080050
dx.doi.org/10.3389/fendo.2014.00056
dx.doi.org/10.1111/and.12422
dx.doi.org/10.1111/and.12459
dx.doi.org/10.1146/annurev.biochem.73.011303.073723
dx.doi.org/10.1146/annurev.biochem.73.011303.073723
dx.doi.org/10.1016/j.fertnstert.2004.06.056
dx.doi.org/10.1016/j.fertnstert.2004.06.056
dx.doi.org/10.1530/REP-13-0178
dx.doi.org/10.3909/riu0716
dx.doi.org/10.14419/ijpt.v2i2.3072
dx.doi.org/10.4103/0974-8520.123118
dx.doi.org/10.1080/21565562.2014.996025
dx.doi.org/10.1016/j.toxrep.2016.07.007
dx.doi.org/10.1093/jncimonographs/lgi006
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440
http://refhub.elsevier.com/S1698-031X(20)30035-2/sbref0440

	Pre-pubertal cyclophosphamide exposure-induced mutilation in spermatogenesis, steroidogenesis and testicular architecture ...
	Introduction
	Materials and methods
	Drugs and chemicals
	Preparation of CB root aqueous extract
	Animals and experimental design
	Evaluation of body weight gain and organ weights
	Evaluation of oxidative stress
	Estimation hormone levels
	Evaluation of sperm count, viability, motility and sperm morphology
	Histological evaluation and morphometrical analysis
	Statistical analysis

	Results and discussion
	Conclusion
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Funding sources
	Conflict of interests
	Acknowledgments
	References


