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PRESERVATION OF ANTIOXIDANT DEFENSE SYSTEM BY MORIN IN
BICALUTAMIDE-INDUCED RAT TESTICULAR TOXICITY
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Bicalutamide (BCT) is a potent anti-androgen chemotherapeutic drug indicated for prostate cancer. However,
BCT'is known to cause oxidative stress and impairment of male reproductive function. Whereas Morin (MOR),
a flavonoid has been found to be a potent antioxidant, with free radical scavenging capacity. This study
investigated the protective effect of MOR on BCT-induced testicular toxicity in Wistar rats. Twenty-four male
albino rats were randomized into four groups (n=6/group). Group I which served as control received distilled
watet. Group I, received 3 mg/kg body weight (bwt) BCT orally (per 0s); group III received 3 mg/kg/day BCT
p-o. plus 100 mg/kg/d MOR p.o. and group IV received 100 mg/kg/d MOR p.o. All treatments lasted for 14
days, thereafter, animals were sacrificed and epididymis and testis were collected for sperm and biochemical
analyses. The result revealed that BCT treatment caused a significant increase in abnormal sperm morphology.
Sperm production, sperm count, motility and viability were significantly reduced when compared with control
(p<0.05). Similarly, testicular superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx),
glutathione S-transferase (GST) and acid phosphatase (ACP) activities, as well as ascorbic acid and GSH levels
were significantly reduced in the BCT- treated animals when compared to control (p<0.05). Conversely,
testicular alkaline phosphatase (ALP), gamma glutamyl transferase (GGT) and lactate dehydrogenese (LDH)
activities as well as malondialdehyde (MDA) levels of BCT-treated animals increased significantly relative to
control (p<0.05). However, co-treatment with Morin ameliorated BCT-induced alterations in sperm parameters,
ascorbic acid, GSH and MDA levels, as well as LDH, SOD, CAT, GST, GPX, ACP, ALP and GGT activities.
Data obtained from this study suggest that Morin protected against altered sperm parameters and testicular
oxidative stress caused by BCT.
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ABSTRACT

INTRODUCTION

Bicalutamide N-[4-cyano-3-(trifluoromethyl)
phenyl]-3-(4-fluorophenyl)sulfonyl-2-hydroxy-2-
methylpropanamide (Figure 1a) is a potent non-
steroidal anti-androgen chemotherapeutic drug, It
is primarily indicated for prostate cancer
treatment with proven efficacy at various stages of
the disease and could also be used in the treatment
of hirsutism (Lunglmayr, 1995). BCT is orally
ingested, and it is metabolized by the action of

CYP 3A4 (Cockshott, 2004). Thereafter, it
functions as an androgen receptor inhibitor thus
competitively inhibiting the action of androgens
of adrenal and testicular origin which foster the
growth of prostatic tissue. BCT prevents the up-
regulation of androgen responsive genes by
androgenic hormones (Furr e al, 1996) and
further fosters the degradation of the androgen
receptor.
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Figure 1: Structure of (a) Bicalutamide and (b) Morin

Despite its proven efficacy, BCT is associated with
some toxic side effects. It has been reported to
cause decrease in sperm count, depletion of
germinal layer, and a decrease in testosterone level
(Abdulrahman and Mustafa, 2019). BCT has been
found to promote reactive oxygen species (ROS)
generation in prostate cancer cells, with a potential
to contribute to drug-induced oxidative damage
and apoptosis (Hanane ¢# al, 2012). Reported
reproductive impairments from BCT are related
to histological changes to the testicular germinal
layer, decrease in sperm count, increasing the
apoptotic index of germinal layer cells and
decrease in testosterone level (Hanane ez al., 2012;
Abdulrahman and Mustafa, 2019).

Chemotherapy-induced toxicity is a common
occurrence in patients undergoing cancer
chemotherapy, especially when the treatment will
span a long period (Toale e @/, 2016). In most
cases involving short term treatments, the toxic
effects of chemotherapeutic agents such as
oxidative damage, impairment of
spermatogenesis, sperm maturation and sexual
function may be reversible after the
discontinuation of the drug. However long term
treatments may have serious negative impact on
sperm parameters as well as sperm DNA and may
be potentially irreversible. In order to mitigate the
side effects of these chemotherapeutics,
antioxidants are used as adjuvant therapy (Ilghami
et al., 2020). Consequently, organ functions may be
preserved during drug use with minimal

interference with the pharmacological properties
of the chemotherapeutic drug. Therefore,
compounds of plant origin especially those with
antioxidant activities have a vital role to play in
drug-induced toxicities including oxidative
damage.

Morin (2',3,4',5,7-pentahydroxyflavone), figure
1b, is a naturally occurring bioflavonoid, with a
strong ability to protect against oxidative stress
and inflammation (Sinha ¢ a/., 20106). In addition,
it possesses a number of other effects including
the immunomodulation and anticancer activity
(Caselli ¢z al., 20106; Sinha ef al., 2016). Our earlier
studies showed that MOR protected against
sperm alteration and testicular oxidative stress
induced by procarbazine (an alkylating agent) in
rat (Olayinka e al., 2019). Previous studies have
shown that co-administration of anticancer drugs
and antioxidants compounds protected against
chemotherapy-induced toxicities and improve the
overall therapeutic outcome (Singh e# al., 2018).
Therefore, this study was designed to investigate
the protective effect of MOR against BCT -
induced testicular toxicity and oxidative stress in
rats.

MATERIALS AND METHODS

Chemicals and Reagents

Bicalutamide (Casodex®, AstraZeneca
Pharmaceuticals LP, Wilmington); Glutathione
(GSH), 1-chloro-2, 4-dinitrobenzene (CDNB), 5',
5'-dithio-bis-2-nitrobenzoic acid (DTNB),
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thiobarbituric acid (TBA), epinephrine and
hydrogen peroxide were purchased from Sigma
Chemical Company (London, UK). Acid
phosphatase, alkaline phosphatase, Gamma
glutamyl transpeptidase and lactate
dehydrogenase kits were obtained from Randox
Laboratories Ltd (Antrim UK). All other
chemicals and reagent were of analytical grade.

Experimental Animals

Twenty four male albino rats (148£10 g) were used
in this study. The rats were housed in wire-meshed
cages and allowed to acclimatize for one week
prior to the commencement of study. Rats were
fed with commercial rat chow (Ladokun® Feeds,
Nigeria Ltd., Ibadan, Nigeria) and water ad /ibitum.
Handling of experimental animals conforms to
international guidelines on the care and use of
animals in research.

Experimental Design

Rats were randomized into four experimental
groups (n=6/group). Group I animals served as
control and received distilled water. On daily basis,
animals in Group II; received 3 mg/kg/body
weight (bwt) BCT orally (per 05) 14 days, group 111
received 3 mg/kg/d BCT p.o. plus 100 mg/kg/d
MOR p.o., and group IV received 100 mg/kg/d
MOR p.o. While 3 mg/kg/d BCT p.o. represents
the dosage for the treatment of alocally advanced
prostate cancer, 100 mg/kg/d MOR p.o. was
selected on the basis of its effectiveness in earlier
studies (Kolvenbag and Nash, 1999; Kuzu e a/.,
2019; Olayinka ez al., 2019).

All treatments lasted for a period of 14 days. Rats
were euthanized twenty four hours after the last
administration. Epididymis and testis were
collected for sperm analysis and preparation of
homogenate respectively.

Sperm Analysis

Sperm was obtained by mincing the epididymis in
normal saline and filtering through a nylon mesh.
The spermatozoa were counted using the
Neubauer hemacytometer adopting the method
described by Pant and Srivastava (2003). Sperm
motility was evaluated visually at 400 x
magnification within 2 - 4 minute of theirisolation
from the cauda. Motility estimations were
performed from the entire field in each sample.
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The mean was used as the final motility score and
data were expressed as percentages (Sonmez ef al.,
2007). A portion of the sperm suspension placed
on a glass slide was smeared out with another slide,
fixed in 95% ethanol, and stained with 1% eosin
and 5% nigrosin for morphological and viability
observation. At least 100 sperms from each rat
were examined for abnormalities in different
regions of spermatozoa according to the method
described by Wyrobek ez 4/ (1983).

Preparation of Testes Homogenate

Testis was rinsed in ice-cold KCl (1.15%), blotted,
weighed and 0.5 g was homogenized in 2 ml of 0.1
M phosphate buffer (pH 7.4). The homogenates
were centrifuged at 12,000 g for 10 min at 4 °C.
The supernatant obtained was stored at -20 °C
until used for biochemical analysis.

Biochemical Analysis

Protein concentration in samples was determined
by the biuret method (Gornall ez al, 1949).
Malondialdehyde (MDA), a product of lipid
peroxidation was estimated in the homogenate by
the method of Varshney and Kale (1990).
Concentration of non-enzymic antioxidants,
ascorbic acid (AscA) and reduced glutathione
(GSH) were determined by the method of Jagota
and Dani (1982) and Jollow e al (1974)
respectively. Superoxide dismutase (SOD) activity
was determined according to the method
described by Misra and Fridovich (1972). Catalase
(CAT) activity was determined by the procedure
described by Hadwan and Abed (2010).
Glutathione peroxidase (GSH-Px) activity was
determined according to Rotruck ez a/. (1973), and
glutathione S-transferase (GST) activity was
determined according to Habig e al. (1974).
Testicular activities of acid phosphatase (ACP),
alkaline phosphatase (ALP), lactate
dehydrogenase (LDH) and y-glutamyl transferase

(v-GT), were determined using Randox diagnostic
kits, according to the manufacturet's protocol.

Statistical Analysis.

Results are expressed as mean * SD. Data
obtained were subjected to one-way analysis of
variance (ANOVA) and complemented with
Duncan's multiple range test using Sigma Plot
Statistical Software. A value of P < 0.05 was
accepted as statistically significant.



118

RESULTS

Effect of MOR on Sperm Quality in BCT-
induced Rats

Table 1 shows the result of MOR protective effect
on BCT-induced changes in sperm parameters.
BCT was observed to cause a significant (P<0.05)
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decrease in percentage normal sperm cells, sperm
cell motility, sperm cell viability and total number
of sperm cells compared to the control rats.
However, administration of MOR alongside BCT
significantly ameliorated the alterations in sperm
parameters caused by BCT.

Table 1: Effects of MOR on BCT-induced Alterations in Sperm Parameters

Treatment Normal Motility Viability Volume Count
Groups Morphology (%) (%) (%) (/ml) (X10°/ml)
CONTROL 89.6£0.15 90£5.5 97.5+1.2 5.210.04 132.513.4
BCT 84.9£0.2* 72.9+4.9*%  86.3%1.6*  52%0.05  113.1+4.1*
BCT+ MOR 86.4+0.22"" 79.2+3.8%%  91.7+4.1%"  5240.05 120.3%+1.5%"
MOR 87.940.15* 85+4.5* 94.3+3.6*  52+0.05  126.0£4.1*

Values represent mean £ SD (n=0); *significantly different from the control; # significant compared with BCT (P < 0.05);

BCT —bicalutamide; MOR — Morin

Effects of MOR on BCT Induced- Oxidative
Stress

Figure 2 shows the protective effect of MOR on
BCT-induced oxidative stress and alteration in
testicular antioxidant defense. Compared with the
control group, BCT caused a significant increase
in level of MDA a product of lipid peroxidation.
Co-treatment with MOR, however, alleviated
increase in testicular MDA levels. Testicular levels
of the non-enzymatic antioxidants: AscA and

GSH decreased significantly in the BCT group
when compared with the control (Figure 2b and
Figure 2¢). A similar reduction was also observed
in the activities of enzymatic antioxidants: SOD,
CAT, GPx,and GST as shown in figures 2d, 2e, 2f
and 2g respectively. However, administration of
MOR alongside BCT significantly alleviated the
decrease in testicular antioxidants caused by BCT
in rats.
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Figure 2: Protective effect of Morin on Bicalutamide-induced Changes in Testicular (a) MDA
Content, (b) AscA Level, (c) GSH Level, (d) SOD Activity, () CAT Activity, (f) GSH-Px

Activity and (g) GST Activity

Each bar represents the mean & SD of six replicates; *significantly different from the control; # significant compared with

BCT (P <0.05); BCT — bicalutamide; MOR — Morin.

Influence of MOR in Testicular Indices of
BCT-induced rats

Figure 3 shows the effects of MOR on BCT-
induced alterations in activities of some testicular
function enzymes. BCT caused a significant
decrease in testicular ACP (Figure 3a) activity
when compared with the control. However,
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testicular activities of ALP (Figure 3b), LDH (Fig
3c) and y-GT (Fig 3d) decreased significantly
following BCT treatment. Administration of
MOR along with BCT ameliorated the BCT
induced alterations in testicular activities of ACP,
ALP, LDH and a-GT as shown in figures 3 a, b, ¢
and d respectively.
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Figure 3: Protective Effect of Morin on Bicalutamide-induced Changes in the Testicular
Enzyme Activities of (a) ACP, (b) ALP, (c) LDH and (d) y-GT

Each bar represents the mean £ SD of six replicates; *significantly different from the control; # significant compared

with BCT (P < 0.05); BCT — bicalutamide; MOR — Morin.
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DISCUSSION

Data obtained from this study show a significant
alteration in sperm parameters in BCT treated rats.
Sperm morphology, motility, and total count are
important indicators of male reproductive
function. Sperm morphology refers to
characteristic appearance of the head, neck, and
tail while motility is the ability of sperm cell to
move (Prajapati and Solanki, 2011). The increase
in abnormal sperm coupled with decrease in
motility, viability and total sperm cell count is
consistent with an earlier report on BCT (Adeniyi
¢t al.,, 2009; Abdulrahman and Mustafa, 2019). A
significant improvement was observed when
MOR was administered along with BCT which is
in agreement with previous reports on the
protective effects of MOR on testicular function
(Olayinka et al., 2019).

The testis contains a formidable antioxidant
defence system comprising non-enzymic
antioxidants and enzymic antioxidant enzymes. It
was observed that BCT caused oxidative stress in
rats as indicated by a significant increase in
testicular MDA level and decrease in testicular
antioxidant status. Significant decrease in AscA
and GSH levels as well as activities of SOD, CAT,
GPx, and GST was observed in BCT treated rats.
AscA and GSH are noted to play vital roles as free
radical scavengers in cells and for their protections
against oxidation of biomolecules in tissues
(Dabrowski and Ciereszko, 1996; Kojo, 2004).
Testicular redox system had been documented to
be maintained by the activities of SOD, CAT,
GSH-Px, and GST (Aitken and Roman, 2008).
SOD is involved in the dismutation of superoxide
radical to H,O, and O,, while CAT and GSH-Px
catalyse the conversion of H,O, into H,O and O,
(Asadi ez al., 2017). GST on the other hand uses
GSH as endogenous substrate in the detoxication
of drugs and toxicants (Allocati e al, 2018).
Oxidative stress has been shown to contribute to
abnormal sperm formation and decrease in total
sperm count and may have negative effects on
sperm function as well as male fertility (Aprioku,
2013). The study shows that administration of
MOR alongside BCT significantly ameliorated the
BCT-induced lipid peroxidation and depletion of
testicular antioxidant system. This is consistent
with previous reports on the protective effects of
MOR against oxidative stress caused by
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chemotherapeutic agents (Olayinka ez al., 2019).

Data from this study also show that BCT
administration significantly altered testicular
activities of ACP, ALP, LDH and a-GT in the
treated rats. ACP is an enzyme of lysosomal origin
presentin germ cells and its activities increase with
increase in testicular steroidogenesis (Chitra ez al.,
1999). The observed decrease in testicular ACP
may reflect decreased testicular steroidogenesis in
the BCT-treated rats. ALP is a ubiquitous enzyme
that is associated with cell membrane and its
activity is vital to spermatogenesis (Chaudhuri ez
al, 1991). LDH activity is associated with
testicular energy metabolism and it is also a vital
biomarker for spermatogenic cell function (Rato ez
al.,2012). 3-GT is a useful biomarker of sertoli cell
function and is equally involved in the metabolism
of extracellular GSH (Sherins and Hodgen, 1970).
The observed decrease in y-GT activity in the
testes of BCT-treated animals probably elicits
negative influence on the delivery of GSH to
testicular cells. However, administration of MOR
alongside BCT in this study significantly improved
the BCT-induced alterations in the activities of
these enzymes in rat testis.

CONCLUSIONS

The present study demonstrated that Morin
possesses the capacity to protect against BCT-
induced oxidative damage in rat testis. This
observation suggests a possible use of Morin as a
supplement during a prolonged period of
chemotherapy with BCT related drugs.
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