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Abstract: Cytogenetic analysis is essential to determine the effect of mutagens and antimutagens
on genetic material. This study was done to evaluate the protective effect of root bark extract
of Morus alba (M. alba) against cyclophosphamide induced somatic and germinal cell damage in
male rats. The ethanolic extract of M. alba (0.25, 0.5 and 1 g/kg, 2 weeks) was evaluated against
cyclophosphamide (75 mg/kg, single dose) induced nuclear damage. The sampling was done
after 48 h of the clastogen treatment. The somatic and germinal nuclear damage was studied
by bone marrow micronucleus and sperm analysis, respectively. Serum superoxide and catalase
levels were estimated to determine the antioxidant status in each group. The results were analyzed
statistically to find the significant variation. The administration of M. alba for 2 weeks suppressed
dose-dependently the changes induced by cyclophosphamide. M. alba (0.5 g/kg) decreased the
frequency of micronucleated erythrocyte, sperm shape abnormality and enhanced the sperm count,
sperm motility and polychromatic-normochromatic erythrocytes ratio significantly (p < 0.05) in
comparison with the cyclophosphamide treated group. The highest tested dose of M. alba (1 g/kg)
produced more prominent suppression (p < 0.01) in the cyclophosphamide-induced somatic and
germinal cell defects. The results also showed significant (p < 0.05) improvement in the serum
antioxidant enzymes levels with M. alba when compared with the challenge group. The lower dose
of M. alba extract (0.25 g/kg) prevented the CP-induced changes but was found to be statistically
insignificant. Therefore, antimutagenic potential of the high dose of the extract of M. alba is possibly
due to its antioxidant nature. The ability of the M. alba extract to prevent the nuclear damage
could play an important role in overcoming several mutational defects that are associated with
anticancer chemotherapy.
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1. Introduction

Damage to DNA by anticancer chemotherapeutic agents is likely to be the major
cause of occurrences of secondary tumors [1]. Cytogenetic analysis is one of the most
valuable methods for studying the effect of mutagens and antimutagens on the genetic
material. In-vivo micronucleus test of the bone marrow in experimental animal is one of the
vital techniques to evaluate somatic cell mutations in mammals [2]. The quantitative and
qualitative analysis of sperms is considered a rapid screening method for agents that can
produce defects in the male germinal cells [3]. Together, these two tests are reported to be
the established methods to assess the mutagenic potential of a compound and preventions
on somatic and germinal cells [2,3].

Cyclophosphamide is a nitrogen mustard alkylating agent commonly used in the
treatment of several types of cancer. Cyclophosphamide exhibits its mechanism by cross-
linking the strands of DNA and RNA and by inhibiting protein synthesis [4]. The ability
of cyclophosphamide to interfere in the structure and function of nucleic acid is respon-
sible for the cytotoxic and cytogenetic actions. The nuclear damage has the tendency to
cause mutation, which in-turn can contribute to several complications including heart
ailments, neurological disorders, and cancer [5]. One of the recent approaches in anti-
cancer chemotherapy is to add a known antioxidant/antimutagens so as to minimize the
long-term complications without compromising the potency of the anticancer effect [6].

Morus alba (Family: Moraceae) commonly called Mulberry is widely distributed in
Asian countries. The extract of Morus alba (M. alba) is reported for its hypoglycemic, antihy-
pertensive and bacteriostatic properties [7]. The herb is used as diuretic, anticancer and
expectorant agent [8]. Published literature also demonstrates the free radical scavenging ac-
tion and antioxidant effects of leaves and root barks of M. alba extracts [9]. The studies have
also reported that the extract of the plant possess antihyperlipidemic, antiasthmatic, car-
dioprotective, and cognitive enhancement activities [10]. Phytochemical studies revealed
that flavonoids, cumarins, phenols, and terpenols are the main bioactive constituents in
M. alba [11]. Some of the components that were isolated and characterized from the ex-
tract of Morus alba are biphenyl-furocoumarin (phenolic) and morflavanone (flavanoid).
These compounds have been reported to possess cardioprotective properties [12]. Previ-
ous studies suggested the presence of flavonoids and phenolic acid in the M. alba extract
for their antioxidant, chemopreventive, antimutagenic, and anticarcinogenic effects [13].
The safety profile of the ethanolic extract of Morus alba is established in rodents, where the
14-days treatment did not produce significant cytogenetic damage [14]

Medicines derived from natural sources per se are devoid of major toxic manifestations
and their addition is reported to reduce the complications of known anticancer drugs such
as cyclophosphamide. Such combinations involving the plant derived products were
found to improve the treatment compliance and enhance the prognosis of the therapy [15].
Since the antimutagenic potential of Morus alba is not well documented in the literature,
this research was planned to evaluate the protective effect of 70% ethanolic extract of
Morusalba root barks against cyclophosphamide-induced somatic and germinal cell nuclear
damage in Wistar rats.

2. Results
2.1. Effect of the Pretreatment of M. alba Extract on the Frequency of Micronucleated Erythrocytes
in Cyclophosphamide Treated Animals

Administration of cyclophosphamide to the Wistar rats produced a significant (p < 0.001)
increase in the polychromatic erythrocyte (PCEs) and normocromatic erythrocytes (NCEs)
and decreased the P/N (PCEs/NCEs) ratio (Table 1). The pretreatment of M. alba at
0.25g/kg did not alter significantly the frequency of micronucleated erythrocytes and P/N
ratio after the administration of cyclophosphamide. Administration of M. alba at 0.5 g/kg
to the cyclophosphamide treated animals causes a significant (p < 0.05) decrease in the pop-
ulation of micronuclei in both PCEs and NCEs and increases the P/N ratio in comparison
with the positive control group. Further, when M. alba was tested at 1 g/kg, the inhibition
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(PCEs, NCEs) and increase in the P/N ratio against the cyclophosphamide-induced nuclear
damage was found to be more prominent (p < 0.01) when comparison was done with
cyclophosphamide-treated animals. α-tocopherol tested as a standard antioxidant exhib-
ited a significant (p < 0.001) reduction in the frequency of micronucleated PCEs and NCEs.
The treatment also reversed (p < 0.001) the changes induced by cyclophosphamide on P/N
ratio. However, M. alba tested alone at 1 g/kg produced no change on the frequency of
micronucleated erythrocytes and P/N ratio when compared with control animals (Table 1).

Table 1. Effect of the pretreatment of Morus alba extract on the frequency of micronucleated erythrocytes in cyclophos-
phamide treated animals.

Bone Marrow
Micronucleus Test Control M. alba

(1 g/kg)
Cyclophosphamide

(CP-75 mg)
M. alba

(0.25 g/kg) + CP
M. alba

(0.5 g/kg) + CP
M. alba

(1 g/kg) + CP α-Toco (50 mg) + CP

Micronuclei in PCE (%) 0.52 ± 0.02 0.55 ± 0.04 1.09 ± 0.07 a 1.03 ± 0.02 1.01 ± 0.02 * 1.00 ± 0.02 ** 0.96 ± 0.02 ***

Micronuclei in NCE (%) 0.49 ± 0.02 0.50 ± 0.02 1.74 ± 0.19 a 1.58 ± 0.04 1.55 ± 0.02 * 1.49 ± 0.02 ** 1.42 ± 0.02 ***

P/N Ratio 1.05 ± 0.04 0.99 ± 0.04 0.62 ± 0.04 a 0.60 ± 0.02 0.55 ± 0.02 * 0.53 ± 0.02 ** 0.49 ± 0.02 ***

(P.S: M. alba—Morus alba, CP—cyclophosphamide, α-toco—α-tocopherol); values are represented as Mean ± SD, N=6. Statistics: one-way
ANOVA followed by Bonferroni; a p < 0.001 compared with control, * p < 0.05, ** p < 0.01, *** p < 0.001 compared with cyclophos-
phamide group.

2.2. Effect of Pretreatment of M. alba Extract on Sperm Morphology and Sperm in
Cyclophosphamide Treated Animals

Cyclophosphamide (75 mg/kg) tested as a clastogenic agent produced significant
(p < 0.001) reduction in the sperm count (Figure S2) and enhanced the sperm shape abnor-
mality (Figure S3) in comparison with the control group. The low dose of M. alba (0.25 g/kg)
did not alter the changes induced by cyclophosphamide in the sperm abnormality. How-
ever, administration of M. alba at 0.5 g/kg caused significant (p < 0.05) reduction in the
cyclophosphamide mediated changes on the sperm count and sperm shape abnormalities.
Treatment of M. alba at 1 g/kg produced further improvement (p < 0.01) in the protective
effect against the germinal cell toxicity induced by cyclophosphamide. The administration
of α-tocopherol, as a standard antioxidant produced significant (p < 0.001) reduction in
the sperm abnormality induced by cyclophosphamide. Further, administration of M. alba
(1 g/kg) to the normal animals did not produce any significant change on these parameters
(Table 2).

Table 2. Effect of pretreatment of Morus alba extract on sperm morphology and sperm in cyclophosphamide treated animals.

Sperm Analysis Control M. alba
(1 g/kg)

Cyclophosphamide
(CP-75 mg)

M. alba
(0.25 g/kg) + CP

M. alba
(0.5 g/kg) + CP

M. alba
(1 g/kg) + CP α-Toco (50 mg) + CP

Sperm count (106) 38.12 ± 1.88 39.03 ± 2.09 22.15 ± 1.27 a 22.17 ± 0.61 25.73 ± 1.10 * 26.95 ± 2.80 ** 27.47 ± 2.42 ***

Sperm shape
abnormality (%) 1.88 ± 0.19 1.69 ± 0.14 5.03 ± 0.31 a 4.78 ± 0.31 4.23 ± 0.71 * 3.89 ± 0.31 ** 3.82 ± 0.08 ***

(P.S: M. alba—Morus alba, CP—cyclophosphamide, α-toco—α-tocopherol); values are represented as Mean ± SD, N = 6. Statistics:
one-way ANOVA followed by Bonferroni; a p < 0.001 compared with control, * p < 0.05, ** p < 0.01, *** p < 0.001 compared with
cyclophosphamide group.

2.3. Effect of Pretreatment of M. alba Extract on Sperm Motility in Cyclophosphamide Treated
Animals

The results indicated that cyclophosphamide treatment reduced significantly (p < 0.01)
the sperm motility (Figure S4) in all the tested time intervals compared to normal group.
M. alba at the low dose (0.25 g/kg) did not show significant improvement in the number
of motile cells, however at medium and high doses (0.5 and 1 g/kg, respectively) M.
alba improved the sperm mobility at different intervals. The medium dose of M. alba
significantly (p < 0.05) increased the number of viable cells whereas high dose of M.
alba (1 g/kg) produced further enhancement (p < 0.01) in this effect when compared to
cyclophosphamide treated controls. Additionally, α-tocopherol reduced (p < 0.001) the
cyclophosphamide mediated defects by enhancing the number of viable spermatozoa cells.
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The highest tested dose of M. alba (1 g/kg) when administered to normal animals did not
significantly change the sperm motility when compared with the control group (Figure 1).
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Figure 1. Effect of pretreatment of M. alba extract on sperm motility in cyclophosphamide treated animals. (P.S: M.
alba—Morus alba, CP—cyclophosphamide, α-toco—α-tocopherol); values are represented as Mean ± SD, N = 6. Statistics:
one-way ANOVA followed by Bonferroni; a p < 0.001 compared with control, * p < 0.05, ** p < 0.01 compared with
cyclophosphamide group.

2.4. Effect of Pretreatment of M. alba Extract on Serum SOD Levels in Cyclophosphamide
Treated Animals

M. alba at 1 gm did not produce significant change, however, cyclophosphamide
treatment decreased (p < 0.001) the serum level of SOD compared to the control. At the low
dose, M. alba (0.25 g/kg) caused no alteration in the SOD level in the cyclophosphamide
administered group, however, when the dose of M. alba was increased, a concentration
dependent enhancement in serum SOD level was observed. The high dose of M. alba
(1 g/kg) showed better antioxidant action (p < 0.01) than the lower tested dose of M.
alba (0.5 g/kg, p < 0.05) in comparison to cyclophosphamide control. Administration of
α-tocopherol to the cyclophosphamide challenged animals indicates that the treatment
significantly (p < 0.001) improved the antioxidant status (Figure 2).

2.5. Effect of Pretreatment of M. alba Extract on Serum Catalase Levels in Cyclophosphamide
Treated Animals

The results obtained for the estimation of serum catalase levels are presented in
Figure 3. The administration of cyclophosphamide to the experimental rats significantly
(p < 0.001) suppressed the serum catalase level in comparison to the control. Prior treat-
ment of low dose of M. alba (0.25 g/kg) produced no significant variation in the serum
catalase levels. The extract of M. alba at moderate dose (0.5 g/kg) significantly (p < 0.05)
enhanced the catalase concentration and high dose of M. alba (1 g/kg) demonstrated more
improvement (p < 0.001) in the serum antioxidant status. In addition to this, α-tocopherol
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pretreatment significantly (p < 0.001) elevated the catalase level in the serum in comparison
to the cyclophosphamide-alone animals. M. alba (1 g/kg) when tested alone did not alter
significantly the serum catalase levels in normal animals (Figure 3).

Molecules 2021, 26, x FOR PEER REVIEW 5 of 11 
 

 

 
Figure 2. Effect of pretreatment of M. alba extract on serum SOD levels in cyclophosphamide 
treated animals. (P.S: M. alba—Morus alba, CP—cyclophosphamide, α-toco—α-tocopherol); values 
are represented as Mean ± SD, N = 6. Statistics: one-way ANOVA followed by Bonferroni; a p < 
0.001 compared with control, * p < 0.05, ** p < 0.01, *** p < 0.001 compared with cyclophosphamide 
group. 

2.5. Effect of Pretreatment of M. alba Extract on Serum Catalase Levels in Cyclophosphamide 
Treated Animals  

The results obtained for the estimation of serum catalase levels are presented in Fig-
ure 3. The administration of cyclophosphamide to the experimental rats significantly (p < 
0.001) suppressed the serum catalase level in comparison to the control. Prior treatment 
of low dose of M. alba (0.25 g/kg) produced no significant variation in the serum catalase 
levels. The extract of M. alba at moderate dose (0.5 g/kg) significantly (p < 0.05) enhanced 
the catalase concentration and high dose of M. alba (1 g/kg) demonstrated more improve-
ment (p < 0.001) in the serum antioxidant status. In addition to this, α-tocopherol pretreat-
ment significantly (p < 0.001) elevated the catalase level in the serum in comparison to the 
cyclophosphamide-alone animals. M. alba (1 g/kg) when tested alone did not alter signif-
icantly the serum catalase levels in normal animals (Figure 3).  

0
5

10
15
20
25
30
35
40
45
50

m
g 

pr
ot

ei
n 

/ m
l

Effect of Morus alba on serum SOD level

a

***
***

Figure 2. Effect of pretreatment of M. alba extract on serum SOD levels in cyclophosphamide
treated animals. (P.S: M. alba—Morus alba, CP—cyclophosphamide, α-toco—α-tocopherol); values
are represented as Mean ± SD, N = 6. Statistics: one-way ANOVA followed by Bonferroni; a p < 0.001
compared with control, * p < 0.05, ** p < 0.01, *** p < 0.001 compared with cyclophosphamide group.
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Figure 3. Effect of pretreatment of M. alba extract on serum catalase levels in cyclophosphamide.
Statistics: one-way ANOVA followed by Bonferroni; a p < 0.001 compared with control, * p < 0.05,
** p < 0.01, *** p < 0.001 compared with cyclophosphamide group.
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3. Discussion

Cyclophosphamide is a known mutagen and produces the cytotoxic effect by an
electrophilic attack on the nucleophilic site in the DNA [5]. Administration of cyclophos-
phamide to the normal animals in this study increased the micronucleated erythrocytes
and reduced the P/N ratio. The cyclophosphamide treatment also decreased the total
sperm count and sperm motility and enhanced the defects in the sperm morphology.

The fractions of main nucleus that remain unaffected after the nuclear damage and
lie in the cytoplasm is micronuclei. Increase in the frequency of micronuclei indicates the
extent of nuclear defects the test substance has produced in the erythrocytes. The P/N ratio
in normal condition is found to be 1 and suppression in its value suggests the cytotoxic
effect of the compound [16,17]. The reduction in the total sperm count and increase in
sperm shape abnormalities is reported to indicate defective spermatogenesis and structural
damage to spermatozoa, respectively, and both are indicative of the nuclear abnormalities
the germinal cell has undergone [5,18]. The diminished sperm motility has been linked to
the ability of the compound to affect the viability of the sperm cells [19]. The micronucleus
and sperm abnormality assays are reported to be the common techniques employed to
detect somatic and germinal cell mutations [2,17].

The finding from the present study confirms the earlier reports that cyclophosphamide
produces both somatic and germinal cell damage in mammalian system [6]. Further, the de-
creased levels of two important antioxidant enzyme viz., SOD and CAT (Figures 2 and 3)
suggests that the cytogenetic damage produced by cyclophosphamide most likely involves
the generation of reactive oxygen species (ROS) and the mechanism suggested is the
activation of microsomal enzymes by cyclophosphamide and its metabolic acrolein [6,9].

Oxidative stress is reported to cause both DNA adduct as well as the reproductive
damage. The modification in the nuclear part of the somatic cells contributes in carcinogen-
esis, neurological defects, aging, etc., while the germinal cell damage results in alteration
of genes leading to neonatal defects including childhood cancer [1,5]. Hence analyzing the
nuclear defects and germinal cell damage and their prevention assumed prime importance
in minimizing the disorders related to exogenous mutagens [7,8].

In this study, administration of α-tocopherol minimized the cyclophosphamide related
changes on the frequency of micronuclei, sperm shape abnormality, sperm count, sperm motil-
ity, besides elevating the antioxidant enzyme levels (Tables 1 and 2 and Figures 1–3).
α-tocopherol being an antioxidant, in the earlier studies had reduced the oxidative damage
in both somatic cells and germinal cells [20] and this can be evidence from the present study
where α-tocopherol elevated SOD and CAT and minimized the DNA damage and male
reproductive cell abnormalities (Table 2, Figures 1–3). As reported, SOD is an enzyme that
catalyzes the dismutation of superoxide ion into oxygen and H2O2, while CAT promotes ef-
ficient conversion of H2O2 to water and molecular oxygen, collectively protecting cells from
the toxic effects of oxidants [6,19,21]. These studies suggest that compounds possessing
the antioxidant property can provide beneficial effects in reducing the cyclophosphamide
mediated cytogenetic damage in the host system [6,20].

Another important finding of this study is that administration of M. alba (0.5 and
1 g/kg) reduced the cyclophosphamide-mediated nuclear injury, sperm abnormalities
apart from enhancing the antioxidant status (Tables 1 and 2 and Figures 1–3). In ear-
lier studies, it was estimated that mulberry plants (M. alba) contain a high content of
anthocyanine pigment in addition to sugar and acid [12]. One of the characteristics of
anthocyanines is the changes in solution coloration in response to the pH of the environ-
ment. Anthocyanines reported to exhibit a potent inhibitory effect on the generation and
release of free radicals by human granulocytes in vitro, as measured by nitroblue tetra-
zolium (NBT) reduction test. Anthocyanins showed an antimutagenic influence through
multiple mechanisms, one of which could be a limitation of free radicals’ involvement in
mutagenesis [22]. The known antioxidant property of anthocyanins has been related to
its structure, namely the oxonium ion in the C ring. The findings have suggested that the
antioxidant functions of anthocyanins are related to the aglycone moiety, and have also
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been linked to cyanidin and glycosides. However, the number of sugar residues at the
3-position, the oxidation state of the C ring, the hydroxylation and methylation pattern,
as well the acylation by phenolic acids are reported to be important determinants for the
expression of antioxidant effects [23].

Based on this information, it can be suggested that M. alba prevented the cyclophosph-
amide-induced somatic and germinal cells damage by scavenging the free radical generated
by cyclophosphamide. Further studies in this direction might explore the precise mech-
anism and the antimutagenic potential of M. alba in limiting the disorders related to
cancer chemotherapy.

4. Materials and Methods
4.1. Chemicals:

α-tocopherol was purchased from Titan Biotech LTD, Mumbai, India and cyclophos-
phamide from Sigma Aldrich Ltd, Mumbai, Maharashtra, India. Other chemicals and
stains used in this study were purchased from local supplier and were of analytical grade.

4.2. Animals

Laboratory bred male Albino Wistar rats (around eight weeks old, 140 ± 10 g) main-
tained under standard laboratory with water and ad libitum were used in this study.
Prior approval from the Institutional Animal Ethics Committee (AACP/IAEC/P-18/2018)
was obtained. The animals experienced 2 weeks of acclimatization in the lab conditions
before starting the experiment. All the studies were done in a humane manner. Diseased
and unhealthy rats were returned to the central animal house for further care.

4.3. Extraction of Active Constituents from Morus alba

Dried Morus alba root barks were collected and authenticated in Indian Institute of Hor-
ticulture Research, Bangalore (Ref No-F.No.E and T/ATIC/Misc/2018-19/75). The dried
root bark was powdered and passed through sieve no. 10. The drug was extracted with the
solvent consisting of ethanol and water in the ratio of 7:3 [24]. The extract was collected,
filtered, and concentrated using a rotary vacuum evaporator. Dried extract was weighed
and suspended in vehicle (1% w/v CMC) and administered to animals according to the
dose and body weight.

4.4. Dose and Treatment

The animals were divided mainly into three groups: control, challenge and treatment.
The control and M. alba (1 g/kg) groups comprised six animals, while cyclophosphamide
treated group included eight animals. A mortality rate of 10% and 5% was observed
in cyclophosphamide and cyclophosphamide + M. alba (0.25 g/kg) groups, respectively.
The control group received saline (0.5 mL/kg) while the challenge group was treated with
cyclophosphamide (75 mg/kg, i.p.) [25]. In the treatment group, M. alba was tested in
three doses (0.25, 0.5 and 1 g/kg, p.o). M. alba was administered daily for 2 weeks and
on the 14th day, cyclophosphamide was administered. A solvent control group was also
performed using 1% w/v CMC, administered for 2-weeks orally. α-tocopherol (50 mg/kg,
p.o.) was used as an internal standard antioxidant agent [16].

4.5. Bone Marrow Micronucleus Test

Bone marrow micronucleus test was conducted according the modified method of
Schimid [17]. At the end of treatment duration, animals were sacrificed by cervical disloca-
tion under light ether-anesthesia. The femur and tibia bones were exposed, and the bone
marrow suspension was prepared in 5% w/v bovine serum albumin (BSA). The extract
fluid was centrifuged at 1000 rpm for 8 min and the pellet was resuspended in a definite
quantity of BSA. A cleaned and dried microscopic glass was collected, and a drop of
the suspension was placed it to prepare a smear. The single layered smear was fixed in
absolute methanol, stained with May–Grunwald–Giemsa and micronuclei were identi-
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fied in polychromatic erythrocyte (PCEs) and normochromatic erythrocytes (NCEs) [26].
The presence of micronuclei was counted using oil-immersion objective in about 2000 PCEs
and corresponding number was recorded in NCEs.

4.6. Sperm Analysis
4.6.1. Sperm Shape Abnormality Assay

The sperm shape abnormality was done as per the procedure described by Shruthi
and Vijayalaxmi (2016) [18]. The dissected cauda epididymis was minced in phosphate
buffer (pH 7.2) and stained for half an hour with 1% eosin. A smear was prepared on
the clean glass slide and about 1000 spermatozoa cells per animal were screened under
microscope (40×) (Micron instrument industries, Ambala, Haryana, India) to identify
the abnormality. Six types of sperm shape abnormalities such as curved, banana-shaped,
headless, amorphous, double-tailed, and double-headed were identified from the screened
spermatozoa [26].

4.6.2. Total Sperm Count

The procedure reported by D’Souza (2004) was used for total sperm count [27].
The cauda epididymis collected in 1.0 mL of phosphate buffer and spermatozoa were
released from the cut epididymis by gentle pressure using fingers. Muslin cloth was used
for filtering the suspension. One to two drops of 1% aqueous eosin yellow stain was
added to the filtrate. The sperm cells were counted using the four WBC chambers of
Neubauers’ slide.

4.6.3. Sperm Motility

The skin of the scrotum was cut to open tunica vaginalis so that epididymis was
removed and flushed in 1 mL of warm buffer saline (pH 7.4) at 37 ◦C to make suspension of
spermatozoa. A suspension drop was placed on the slide and observed under microscope
(10×). The motility of sperm was assessed at different time intervals [28].

4.7. Estimation of Antioxidant Enzymes
4.7.1. Superoxide Dismutase (SOD)

The principle for measuring the SOD depends on the detecting the O2
- generated dur-

ing auto-oxidation of hydroxylamine. During the oxidation, nitro blue tetrazolium (NBT)
can be detected in the presence of EDTA calorimetrically at 560 nm. The concentration of
SOD is expressed as mg protein/mL [21].

4.7.2. Catalase

The catalase activity was obtained by estimating the amount of decomposition of H2O2
at 240 nm in an assay mixture containing the phosphate buffer (0.25 M, pH 7). The catalases
of the decomposition of 1 mM H2O2 per min at 37 ◦C was calculated as one international
unit of catalase and is expressed as mg protein/mL [19].

4.8. Statistics

The analysis of the results was done using one-way ANOVA test followed by post-
hoc analysis by Bonferroni test. Data obtained from the experiments was analyzed and
compared between groups. A minimum of six replicates were performed for each anal-
ysis. p value < 0.05 was used to determine the significance of the results. All the values
represented in the study are expressed as Mean ± SD.

5. Conclusions

The present study indicates that the ethanolic extract of Morusalba (M. alba) root
bark possess antimutagenic effect against the cyto-nuclear damage caused by cyclophos-
phamide (cyclophosphamide). The extract prevented the incidences of micronuclei for-
mation, sperm shape abnormality and enhanced the diminished sperm count and sperm
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motility and erythropoiesis induced by the clastogen. The antioxidant enzyme estimation
in serum indicated that M. alba has the potential to enhance the level of SOD and catalase.
The ability of the M. alba extract to prevent the nuclear damage caused by the known
mutagen could play an important role in overcoming several mutational defects that are
associated with anticancer chemotherapy.

Supplementary Materials: The following are available online at https://www.mdpi.com/1420-3
049/26/5/1266/s1, Figure S1: Photographs showing the micronuclei in bone marrow erythrocytes,
Figure S2: Photographs showing the sperm count using Neubauers’ chamber, Figure S3: Photographs
showing the sperm shape abnormalities, Figure S4: Photographs showing the motility of sperms
isolated from rats.

Author Contributions: Conceptualization, S.I.R.; data curation, A.G.; funding acquisition, Y.M.;
methodology, A.A.; project administration, H.N.A.; resources, A.O.A.; supervision, S.I.R.; validation,
A.A.A.M.; writing—original draft, M.S.A.; writing—review and editing, S.M.B.A.; visualization,
R.F.A. and A.K.A. All authors have read and agreed to the published version of the manuscript.

Funding: The authors would like to thank the Research Center at King Fahd Medical City, Riyadh,
for their financial support provided for the manuscript.

Institutional Review Board Statement: The Institutional Animal Ethics Committee of Al-Ameen
College of Pharmacy approved the experimental protocol of this study with reference number
AACP/IAEC/P-18/2018.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article.

Acknowledgments: The authors would like to thank management of Al-Ameen College of Phar-
macy and Krupanidhi College of Pharmacy for providing necessary facilities to carry out this
research. The authors are also thankful to AlMaarefa University, Riyadh for providing support to do
this research.

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Samples of the compounds are available from the authors.

References
1. Amer, S.M.; Fahmy, M.; Alba Aly, F.A.; Farghaly, A.A. Cytogenetic studies on the effect of feeding mice with stored wheatgrains

treated with malathion. Mut. Res. 2002, 513, 1–10. [CrossRef]
2. Hayashi, M. The micronucleus test—most widely used in vivo genotoxicity test. Genes Environ. 2016, 38, 18–24. [CrossRef]

[PubMed]
3. Adler, D. Spermatogenesis and mutagenicity of environmental hazards: Extrapolation of genetic risk from mouse to man.

Andrologia 2001, 32, 233–237. [CrossRef]
4. Hughes, E.; Scurr, M.; Campbell, E.; Jones, E.; Godkin, A.; Gallimore, A. T-cell modulation by cyclophosphamide for tumour

therapy. Immunology 2018, 154, 62–68. [CrossRef]
5. Triphaty, D.N.; Jena, G.B. Astaxanthin inhibits cytotoxic and genotoxic effects of cyclophosphamide in mice germ cells. Toxicology

2008, 248, 96–103.
6. Arif, K.; Ejaj, A.; Maroof, A.; Azmat, A.K.; Arun, C.; Fatima, N.; Gatoo, M.; Owais, M. Protective effect of liposomal formulation of

tuftsin (a naturally occurring tetrapeptide) against cyclophosphamide-induced genotoxicity and oxidative stress in mice. Indian J.
Biochem. Biophys. 2009, 46, 45–52.

7. Andallu, B.; Varadacjaryulu, N. Antioxidant role of mulberry (Morusindica L.cv. Anantha) leaves in streptozoticin-diabetic rats.
Clin. Chim. Acta 2003, 338, 3–10. [CrossRef]

8. EO, H.J.; Park, J.H.; Park, G.H.; Lee, M.H.; Lee, J.R.; Koo, J.S. Antiinflammatory and anti-cancer activity of mulberry (Morusalba
L.) root bark. BMC Compl. Altern. Med. 2014, 14, 200–209. [CrossRef]

9. Kamiloglu, S.; Serali, O.; Unal, N.; Capanoglu, E. Antioxidant activity and polyphenol composition of black mulberry (Morusnigra
L.) products. J. Berry Res. 2013, 3, 41–51. [CrossRef]

10. Chan, E.W.; Lye, P.Y.; Wong, S.K. Phytochemistry, pharmacology, and clinical trials of Morus alba. Chin. J. Nat. Med. 2016, 14,
17–30. [PubMed]

11. Enkhmaa, B.; Shiwaku, K.; Katsube, T.; Kitajima, K.; Anuurad, E.; Yamasaki, M. Mulberry (Morus alba L.) leaves and their major
flavonol quercetin 3-(6-malonylglucoside) attenuate atherosclerotic lesion development in LDL receptor-deficient mice. J. Nutr.
2005, 135, 729–734. [CrossRef]

https://www.mdpi.com/1420-3049/26/5/1266/s1
https://www.mdpi.com/1420-3049/26/5/1266/s1
http://doi.org/10.1016/S1383-5718(01)00261-3
http://doi.org/10.1186/s41021-016-0044-x
http://www.ncbi.nlm.nih.gov/pubmed/27733885
http://doi.org/10.1046/j.1439-0272.2000.00390.x
http://doi.org/10.1111/imm.12913
http://doi.org/10.1016/S0009-8981(03)00322-X
http://doi.org/10.1186/1472-6882-14-200
http://doi.org/10.3233/JBR-130045
http://www.ncbi.nlm.nih.gov/pubmed/26850343
http://doi.org/10.1093/jn/135.4.729


Molecules 2021, 26, 1266 10 of 10

12. Cao, Y.G.; Zheng, X.K.; Yang, F.F.; Li, F.; Qi, M.; Zhang, Y.L.; Zhao, X.; Kuang, H.X.; Feng, W.S. Two new phenolic constituents
from the root bark of Morus alba L. and their cardioprotective activity. Nat. Prod. Res. 2018, 32, 391–398. [CrossRef]

13. Sohn, H.Y.; Son, K.H.; Kwon, C.S.; Kwon, G.S.; Kang, S.S. Antimicrobial and cytotoxic activity of 18 prenylated flavonoids isolated
from medicinal plants: Morus alba, L.; Morusmongolica Schneider, Broussnetiapapyrifera (L.) Vent, Sophoraflavescens Ait and
Echinosophorakoreensis Nakai. Phytomedicine 2004, 11, 666–672. [CrossRef]

14. Oliveira, A.M.; Nascimento, M.F.; Ferreira, M.R.; Moura, D.F.; Souza, T.G.; Silva, G.C.; Ramos, E.H.; Paiva, P.M.; Medeiros, P.L.;
Silva, T.G.; et al. Evaluation of acute toxicity, genotoxicity and inhibitory effect on acute inflammation of an ethanol extract of
Morus alba L. (Moraceae) in mice. J. Ethnopharmacol. 2016, 194, 162–168. [CrossRef]

15. Suganuma, M.; Saha, A.; Fujiki, H. New cancer treatment strategy using combination of green tea catechins and anticancer drugs.
Cancer Sci. 2011, 102, 317–323. [CrossRef] [PubMed]

16. Rahangadale, S.; Kurkure, N.; Prajapati, B.; Hedaoo, V.; Bhandarkar, A.G. Neuroprotective Effect of Vitamin E Supplementation
in Wistar Rat Treated with Acrylamide. Toxicol. Int. 2012, 19, 1–8. [PubMed]

17. Soeteman-Hernández, L.G.; Johnson, G.E.; Slob, W. Estimating the carcinogenic potency of chemicals from the in vivo micronu-
cleus test. Mutagenesis 2016, 31, 347–358. [CrossRef]

18. Shruthi, S.; Vijayalaxmi, K.K. Antigenotoxic effects of a polyherbal drug septilin against the genotoxicity of cyclophosphamide in
mice. Toxicol. Rep. 2016, 3, 563–571. [CrossRef] [PubMed]

19. Batool, R.; Khan, M.R.; Majid, M. Euphorbia dracunculoides L. abrogates carbon tetrachloride induced liver and DNA damage in
rats. BMC Complement Altern. Med. 2017, 17, 223–234. [CrossRef] [PubMed]

20. Patra, R.C.; Swarup, D.; Dwivedi, S.K. Antioxidant effects of alpha tocopherol, ascorbic acid and L-methionine on lead induced
oxidative stress to the liver, kidney and brain in rats. Toxicology 2001, 162, 81–88. [CrossRef]

21. Punithavathi, D.; Venkatesan, N.; Babu, M. Protective effects of curcumin against amiodarone-induced pulmonary fibrosis in rats.
Br. J. Pharmacol. 2003, 139, 1342–1350. [CrossRef] [PubMed]

22. Aizza, L.C.B.; Dornelas, M.C. A genomic approach to study anthocyanin synthesis and flower pigmentation in passion flowers.
J. Nucl. Acids 2011, 2011, 1–17. [CrossRef]

23. Cai, Y.Z.; Xing, J.; Sun, M.; Zhan, Z.Q.; Corke, H. Phenolic antioxidants (hydrolyzable tannins, flavonols, and anthocyanins)
identified by LC-ESI-MS and M. AlbaLDI-QIT-TOF MS from Rosa chinensis flowers. J. Agric. Food Chem. 2005, 53, 9940–9948.
[CrossRef]

24. Singab, A.N.B.; EI-Beshbibishy, H.A.; Yonekawa, M.; Nomura, T.; Fukai, T. Hypoglycemic effect of Egyptian Morusalba root bark
extract: Effect on diabetes and lipid peroxidation of streptozotocin-induced diabetic rats. J. Ethnopharmacol. 2005, 100, 333–338.
[CrossRef]

25. Comish, P.B.; Drumond, A.L.; Kinnell, H.L.; Anderson, R.A.; Matin, A. Fetal Cyclophosphamide Exposure Induces Testicular
Cancer and Reduced Spermatogenesis and Ovarian Follicle Numbers in Mice. PLoS ONE 2014, 9, 1–8.

26. Rabbani, S.I.; Devi, K.; Salma, K. Protective role of glibenclamide against nicotinamide-streptozotocin induced nuclear damage in
diabetic Wistar rats. J. Pharmacol. Pharmacother. 2010, 1, 18–23.

27. D‘Souza, U.J.A. Toxic Effects of 5-Fluorouracil on Sperm Count in Wistar Rats. Malays. J. Med. Sci. 2003, 10, 43–45. [PubMed]
28. Chenniappan, K.; Murugan, K. Therapeutic and fertility restoration effects of Ionidiumsuffruticosum on sub-fertile male albino

Wistar rats: Effects on testis and caudal spermatozoa. Pharm. Biol. 2017, 55, 946–957. [CrossRef] [PubMed]

http://doi.org/10.1080/14786419.2017.1309535
http://doi.org/10.1016/j.phymed.2003.09.005
http://doi.org/10.1016/j.jep.2016.09.004
http://doi.org/10.1111/j.1349-7006.2010.01805.x
http://www.ncbi.nlm.nih.gov/pubmed/21199169
http://www.ncbi.nlm.nih.gov/pubmed/22736895
http://doi.org/10.1093/mutage/gev043
http://doi.org/10.1016/j.toxrep.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/28959580
http://doi.org/10.1186/s12906-017-1744-x
http://www.ncbi.nlm.nih.gov/pubmed/28427398
http://doi.org/10.1016/S0300-483X(01)00345-6
http://doi.org/10.1038/sj.bjp.0705362
http://www.ncbi.nlm.nih.gov/pubmed/12890714
http://doi.org/10.4061/2011/371517
http://doi.org/10.1021/jf052137k
http://doi.org/10.1016/j.jep.2005.03.013
http://www.ncbi.nlm.nih.gov/pubmed/23365499
http://doi.org/10.1080/13880209.2016.1278453
http://www.ncbi.nlm.nih.gov/pubmed/28183234

	Introduction 
	Results 
	Effect of the Pretreatment of M. alba Extract on the Frequency of Micronucleated Erythrocytes in Cyclophosphamide Treated Animals 
	Effect of Pretreatment of M. alba Extract on Sperm Morphology and Sperm in Cyclophosphamide Treated Animals 
	Effect of Pretreatment of M. alba Extract on Sperm Motility in Cyclophosphamide Treated Animals 
	Effect of Pretreatment of M. alba Extract on Serum SOD Levels in Cyclophosphamide Treated Animals 
	Effect of Pretreatment of M. alba Extract on Serum Catalase Levels in Cyclophosphamide Treated Animals 

	Discussion 
	Materials and Methods 
	Chemicals: 
	Animals 
	Extraction of Active Constituents from Morus alba 
	Dose and Treatment 
	Bone Marrow Micronucleus Test 
	Sperm Analysis 
	Sperm Shape Abnormality Assay 
	Total Sperm Count 
	Sperm Motility 

	Estimation of Antioxidant Enzymes 
	Superoxide Dismutase (SOD) 
	Catalase 

	Statistics 

	Conclusions 
	References

