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Abstract

Background: The genus Albizia (Leguminoseae) is used in folk medicine for the treatment of a wide range of
ailments. Recently, saponins from plant origin have attracted much attention. Saponins are recorded to have a
broad range of biological and pharmacological activities. This study was performed to evaluate the protective role
of Albizia chinensis bark methanolic extract (MEAC) against the genotoxicity induced by cyclophosphamide (CP)
using different mutagenic parameters.

Results: The results showed that MEAC induced an inhibitory effect against chromosomal aberrations of CP in
mouse bone marrow and spermatocytes. Such effect was found to be significant (p < 0.01) with a dose of 100 mg/
kg treated once for 24 h and also after repeated treatment at a dose of 25 mg/kg for 7 days. In sperm abnormalities,
the protective effect of Albizia extract showed a dose-related relationship. Different doses of MEAC (25, 50, and 100
mg/kg) significantly (p < 0.01) ameliorated sperm abnormalities induced by CP dose-dependently. The percentage
of sperm abnormalities was decreased to 5.14 ± 0.72 in the group of animals treated with CP plus MEAC (100 mg/
kg) indicating an inhibitory effect of about 50%.

Conclusion: MEAC at the doses examined was non-genotoxic compared to control (negative) and exhibited a
protective role against CP genotoxicity.

Keywords: Cyclophosphamide, Albizia chinensis, Bark extract, Anti-genotoxicity, Chromosomal abnormalities, Sperm
defects

Background
The genus Albizia (Leguminoseae) comprises about 150
species; most of them are trees and shrubs inherent to
tropical and subtropical regions of Africa and Asia
(Migahid 1989). Several species of Albizia are utilized in
traditional folk medicine for the treatment of many dis-
eases such as stomach trouble, rheumatism, insomnia,
anxiety, depression, and inflammatory disorders. Albizia
members are also used as estrogenic, antipyretic, and an-
algesic agents and for treatment of swelling, wounds,
and fractures (Chaudhary et al. 2011). The antimicrobial
activity of some flavonoids which obtained from an

Egyptian collection of A. chinensis was reported (Ghaly
et al. 2010). Also, A. lebbeck has been chained to be use-
ful in the treatment of Alzheimer’s and Parkinson’s dis-
eases (Sanjay 2003).
Concerning the anti-carcinogenicity of Albizia species,

it was recorded that A. chinensis stem bark extract has
cytotoxic activity against a small panel of human cancer
cell lines (Liu et al. 2009, 2010). The crude extract from
A. chinensis was also reported to induce anti-
proliferative activity against human oral (KB) and cer-
vical (Hela) cancer cell lines (Manosroi et al. 2015). The
Julibroside J8 which is a new extract separated from
Albizia julibrissin showed varying degrees of anti-
proliferative activity in human cancer cell lines (HeLa,
PC-3MIE8, BGC-823, Bel-7402, MDA-MB-435, and LH-
60) in vitro (Zou et al. 2005; Zheng et al. 2006). In
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addition, Albizia lebbeck methanolic extract increases
the inhibitory effect towards MCF-7 in vitro. Such an ef-
fect was dose-dependent (Aditya et al. 2014). Also, Jang-
wan et al. (2010) demonstrated that A. lebbeck possess a
potent cytotoxic effect against human squamous cell car-
cinoma HSC-3 and HSC-2 at IC50 (3.1 μg/mL and
4.2 μg/mL), respectively.
Cyclophosphamide is an effective anti-cancer drug

widely used in the treatment of many types of cancers,
e.g., acute and chronic leukemia, lymphomas, multiple
myeloma, breast cancer, ovarian cancer, neuroblastoma,
and sarcoma (Zaki et al. 2003). It is also used in im-
munosuppression disorders (Fahmy et al. 2015). In spite
of its wide range of medical benefits, it can induce many
destructive effects on patients under its treatment (Khan
et al. 2014). Cyclophosphamide (CP) has the ability to
induce genetic alterations (Ahmadi et al. 2008; Leal et al.
2012). It was used in the current study as a positive gen-
otoxic agent. It was utilized for the evaluation of anti-
mutagenic/anti-genotoxic efficacy of natural compounds
and other chemicals (Sharma and Agrawal 2015;
Mohamed and Aly 2018; Fahmy et al. 2019). So, the
present work was designed to assess the protective role
of the methanol extract of Albizia chinensis (MEAC)
against the genotoxicity induced by CP.

Methods
Experimental animals
Mature male white Swiss mice (Mus Musculus), aged 9–
12 weeks, were used in all experiments. The animals
were obtained from a closed random-bred colony at the
National Research Centre (Egypt). The mice used for
each experiment were selected from mice of similar age
(± 1 week) and weighing 20–25 g (± 2 g). Animals were
housed in polycarbonate boxes with steel wire tops and
bedded with wood shavings. Ambient temperature was
controlled at 22 ± 3 °C with a relative humidity of 50 ±
15% and a 12-h light/dark photoperiod. Food and water
were provided ad libitum.

Chemicals
Cyclophosphamide (CP) was purchased from Sigma-
Aldrich (St. Louis, MO, USA). All other chemicals used
in extraction were purchased from ADWIC (Cairo,
Egypt).

Plant material
The bark of A. chinensis was collected from the zoo-
logical garden in Giza, Egypt, in June 2017. Plant identi-
fication was confirmed by Mrs. T. Labib, head specialist
for plant identification in El-Orman public garden. The
herbarium voucher specimen (No. 125) was deposited in
the Herbarium of NRC (CAIRC).

Plant extract
The bark of A. chinensis (1.5 kg) was air-dried and pow-
dered then defatted by soaking in n-hexane three times
using 5-L solvent for each time. After drying, the plant
material was extracted at room temperature with metha-
nol until exhaustion. The combined methanolic extract
was evaporated under vacuum to give a brown residue
(350 g) which was kept in the refrigerator until use.

Treatment and experimental design
Chromosomal abnormalities in the bone marrow and
mouse spermatocytes
A total of 45 mice were used. Mice were divided into
nine groups of five animals each. The different groups
were treated as follows: group I (negative control), group
II (positive control, in which animals were i.p. injected
with a single dose of CP at 20 mg/kg), groups III and IV
(mice were treated with a single oral treatment of MEAC
(100 mg/kg) and repeated doses for 7 days at 25 mg/kg
(control plant)), groups V–VII (mice received a single
dose of MEAC at 25, 50, and 100 mg/kg (orally) + CP
(i.p)), groups VIII and IX (mice received oral treatment
with MEAC at 25mg/kg (3 and 7 successive days) + CP
(single at the last day of treatment)). Animals were sacri-
ficed 24 h after the last treatment. For the preparation of
somatic and germ cell chromosomes, animals from the
different groups were i.p. injected with colchicine (10
mg/kg) 2–3 h before sacrifice.

Sperm shape abnormalities
Six groups were taken (5 each—a total of 30 animals):
group I (negative control), group II (positive control),
group III (mice were treated with MEAC (100 mg/kg)),
and groups IV–VI (mice received MEAC at 25, 50, and
100 mg/kg (orally) + CP (i.p)). All groups were treated
for 3 consecutive days, and samples were taken 35 days
after the 1st treatment.

Cytological preparations
Chromosomal aberration
Chromosomal preparation from the bone marrow was
made according to the technique developed by Doherty
et al. (2012). In brief, mouse bone marrow cells were
collected from both femurs, and cells were incubated in
hypotonic solution (KCL 0.075M) for 20 min at 37 °C
and then centrifuged. The cell pellets were resuspended
in a fixative (methanol/glacial acetic acid). This step was
repeated; then, resuspended cells in fixative were spread
onto frozen slides, air-dried, stained with 10% Giemsa
for 40 min, washed, and air-dried again. A hundred of
well-spread metaphases were analyzed per animal for
structural and numerical aberrations.
For chromosomal preparations from mouse spermato-

cytes, the method of Hassan et al. (2006) was followed.
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Every 100 well-spread metaphases were analyzed per
mouse describing the different kinds of abnormalities.
Scoring was performed under a × 2500 magnification
light microscope (Litz, Germany).

Sperm shape abnormalities
Sperm were prepared according to the recommended
method described by Fahmy et al. (2015). The epididymides
excised and minced in isotonic sodium citrate solution
(2.2%) dispersed and filtered to exclude large tissue frag-
ments. Smears were stained with 1% eosin Y. A group of
five mice was taken for each treatment, and a total of 1000
sperm were counted per animal; scoring different types of
sperm abnormalities, head and tail abnormalities were re-
corded under a × 1000 magnification light microscope.

Statistical analysis
Data were computerized and analyzed using the Statis-
tical Package of Social Sciences (SPSS Inc., version 20,
Armonk, New York, IBM Corp.). One-way analysis of
variance (ANOVA) followed by Duncan’s multiple com-
parison test was used to determine the difference among
the means. The level of statistical significance was set at
p < 0.01.
Evaluation of the effect of MEAC to inhibit DNA dam-

age induced in the CP group was carried out according
to Madrigal-Bujaidar et al.’s (1998) equation as follows:
Inhibitory index (II) = [1 − (combined groups − con-

trol)/(CP − control)] × 100.

Results
Our results showed that a single dose of 100 mg/kg
MEAC which represents the highest tested dose and the

repeated doses for 7 days with 25 mg/kg were safe on
somatic and germ cell chromosomes, and their effect
was statistically non-significant compared to the control
negative (Tables 1 and 2). A detailed study on the ameli-
orative effect of different doses of MEAC (25, 50, and
100 mg/kg) after a single treatment against chromosomal
abnormalities of cyclophosphamide was recorded. The
effect of repeated treatment with a dose of 25 mg/kg for
3 and 7 days was also determined. The results showed
that MEAC induced an inhibitory effect against chromo-
somal aberrations of CP in mouse bone marrow and
spermatocytes. Such effect was found to be significant (p
< 0.01) with a dose of 100 mg/kg treated once for 24 h
and also after repeated treatment at a dose of 25 mg/kg
for 7 days. The percentage of chromosomal aberrations
reached 14.00 ± 0.55 and 13.00 ± 0.65 in the bone mar-
row after excluding gaps compared with 19.20 ± 0.60 for
CP alone. The percentage of aberrations reached 12.40 ±
0.58 and 11.60 ± 0.50 in mouse spermatocytes compared
with 17.00 ± 0.54 for CP. Such effect represents an in-
hibition in the percentage of chromosome abnormalities
by 33% and 39%. A dose and time relationship was de-
scribed (Figs. 1 and 2).
Concerning sperm abnormalities, the results showed

that MEAC was safe at the highest tested dose, and its
effect was nearly close to the negative control, where the
percentage of morphological sperm abnormalities
reached 2.26 ± 0.50 and 2. 34 ± 0.48. CP induced a
highly significant percentage of sperm abnormalities
compared to the control and plant. Such percentage
reached 10.72 ± 0.56 which represents about 5-fold in-
creases vs control value. The results also demonstrated
that different doses of MEAC (25, 50, and 100 mg/kg)

Table 1 Frequency of chromosomal abnormalities in mouse bone marrow induced after treatment with CP and MEAC

Treatments and doses
(mg/kg)

Total abnormal metaphases No. of different types of abnormal metaphases Inhibitory
index
excluding
gaps

No. Mean(%) ± SE G. Frag.
and/or
Br.

Del. C.F. M.A. Polyp.

Including gaps Excluding gaps

I. Control 23 4.60 ± 0.58 2.60 ± 0.48a 10 9 4 0 0 0 –

II.CP (20) 119 23.80 ± 0.52a 19.20 ± 0.60d 23 43 10 6 32 5 –

III. MEAC (100) 23 4.60 ± 0.50 2.40 ± 0.62a 11 8 4 0 0 0 –

IV. MEAC (25 × 7 days) 25 5.00 ± 0.58 3.00 ± 0.52a 10 12 3 0 0 0 –

Single dose

V. MEAC (25) + CP 113 22.60 ± 0.54a 18.20 ± 0.50d 22 52 9 4 21 5 7

VI. MEAC (50) + CP 107 21.40 ± 0.70a 16.80 ± 0.65d 23 50 6 3 23 2 15

VII. MEAC(100) + CP 91 18.20 ± 0.65ab 14.00 ± 0.55bc 21 45 7 1 15 2 32

Repeated dose

VIII. MEAC (25 × 3 days) + CP 105 21.00 ± 0.58a 16.60 ± 0.70d 22 49 9 2 20 3 16

IX. MEAC (25 × 7 days) + CP 85 17.00 ± 0.56ab 13.00 ± 0.65bc 20 42 5 1 16 1 38

Total number of examined metaphases 500 (100 metaphases/animal, 5 animals/group)
The values having different superscript letters in each column are significantly different from one another as calculated by ANOVA
G. gap, Frag. fragment, Br. breaks, Del. deletions, C.F. centric fusions, M.A. multiple aberrations, Polyp polyploidy
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significantly (p < 0.01) ameliorated sperm abnormalities
induced by CP dose-dependently (Fig. 3). The percent-
age of sperm abnormalities was decreased to 5.14 ± 0.72
in the group of animals treated with CP plus MEAC
(100 mg/kg) indicating an inhibitory effect of about 50%
(Table 3).

Discussion
The use of antineoplastic drugs is associated with many
adverse side effects. These effects extended from general
or organ-specific acute and chronic toxicity to DNA
damage and even secondary tumor formation (Liu et al.
2014). One of the most attractive approaches to disease
prevention involves the use of natural antioxidants
(Manosroi et al. 2012). Herein, MEAC was tested for its
protective role against DNA damage and mutagenesis
induced by CP.
CP is one of the most widely used chemotherapeutic

drugs. It is on the World Health Organization’s List of
Essential Medicines and used for the treatment of

malignant and non-malignant disorders (Hosseinimehr
and Karami 2005; El-Husseiny et al. 2016). Cyclophos-
phamide is an alkylating agent that belongs to the nitro-
gen mustard family of medications. Its bioactivation by
hepatic microsomal cytochrome P450 resulted in the
formation of the active metabolites “phosphoramide
mustard and acrolin.” Such metabolites can interfere
with the duplication of DNA and the creation of RNA
and induce a wide range of adverse side effects including
genetic toxicity and reproductive impairments (Comish
et al. 2014; Ince et al. 2014; Vredenburg et al. 2014).
Overproduction of reactive oxygen species and lipid per-
oxidation was reported to be the major mechanisms in
CP toxicity and may affect the activities of the main anti-
oxidant enzymes (Lata et al. 2014).
The results of the present work revealed that CP in-

duced strong chromosome damage in mouse bone mar-
row and spermatocytes which is statistically significant
at p < 0.01. These results are in agreement with the find-
ings of other authors who reported that CP is a strong

Table 2 Frequency of chromosomal abnormalities in mouse spermatocyte induced after treatment with CP and MEAC

Treatment and doses
(mg/kg)

Abnormal metaphases No. of different types of abnormal metaphases Inhibitory
indexNo. Mean (%) ± SE XY-uni. Auto.uni. XY-uni.+Auto.uni. Frag. Chain (IV)

I. Control 15 3.00 ± 0.48 9 6 0 0 0 –

II. CP (20) 85 17.00 ± 0.54a 50 28 3 1 3 –

III. MEAC (100) 18 3.60 ± 0.50 14 4 0 0 0 –

IV. MEAC (25 × 7 days) 22 4.40 ± 0.44 15 7 0 0 0 –

Single dose

V. MEAC (25) + CP 78 15.60 ± 0.60a 54 21 2 0 1 10

VI. MEAC (50) + CP 74 14.80 ± 0.50a 55 15 1 1 2 16

VII. MEAC (100) + CP 62 12.40 ± 0.58ab 50 10 1 1 0 33

Repeated dose

VIII. MEAC (25 × 3 days) + CP 73 14.60 ± 0.64a 50 20 2 0 1 18

IX. MEAC (25 × 7 days) + CP 58 11.60 ± 0.50ab 45 10 2 1 0 39

Total number of examined metaphases 500 (100 metaphases/animal, 5 animals/group)
The values having different superscript letters in each column are significantly different from one another as calculated by ANOVA.
XY-uni XY-univalent, Auto.uni. autosomal univalent, XY-uni.+Auto.uni. XY-univalent + autosomal univalent, Frag. fragment

Fig. 1 Frequency of chromosomal abnormalities induced in mouse bone marrow and spermatocytes after treatment with different doses of
Albizia chinensis extract (MEAC) and cyclophosphamide (CP) showed a dose-related relationship
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inducer for chromosome aberrations, micronuclei, sister
chromatid exchange, and rearrangements (Jain and Jain
2012; El-Souda et al. 2014, Fahmy et al. 2019). It also in-
duced significant percentage of morphological sperm de-
fects. This coincides well with the results of other
authors (Tripathi and Jena 2008; Jalali et al. 2012; Fahmy
et al. 2015).
The obtained results also showed that MEAC had a

normal genotoxic effect as compared with the negative
control. Conversely, it displayed a significant inhibitory
effect against CP-induced chromosome damage at a dose
level of 100 mg/kg treated once for 24 h and with a dose
of 25 mg/kg treated for 7 days. The examination of
sperm morphology showed that MEAC at the three
tested concentrations reduced the CP-induced sperm ab-
normalities. The percentage of inhibition in sperm ab-
normalities was recorded as a function of MEAC
concentrations.
Phytochemical investigation carried out on plants of

the genus Albizia has revealed them as a good source of
many active constituents. Triterpenoid saponins (Melek
et al. 2007; Miyase et al. 2010) and flavonoids such as
quercetin, kaempferol, and luteolin represent the main
components (Ghaly et al. 2010). The triterpenoid

saponin content of MEAC has been previously demon-
strated (Liu et al. 2009, 2010). Saponins are naturally oc-
curring substances widely distributed in plants and
marine animals. In recent years, saponins from plant ori-
gin have attracted much attention. Saponins are re-
corded to have a broad range of biological and
pharmacological activities, e.g., antiviral, immunomodu-
latory, anti-inflammatory, anti-mutagenic, cytotxic, and
antitumor activity (Guang et al. 2014; Li et al. 2015;
Wang et al. 2015). The anti-mutagenic activities of
MEAC which are observed in the present work may be
in part related to the presence of saponins. This opinion
was supported by the previous reports of other authors:
Scarpato et al. (1998) found that one of the saponins iso-
lated from Bupleurum fruticosum had a dose-dependent
inhibition of micronuclei induced by the anti-cancer
drug mitomycin C in human lymphocytes. Also, the tri-
terpenoid saponins isolated from involucral bracts of
Cynara cardunculus L. showed anti-genotoxic activities
against ofloxacin and acridine orange-induced DNA
damage of chloroplast in Euglena gracilis (Krizková et al.
2004). The albizosides D and E which are triterpene sa-
ponins isolated from the stem bark of A. chinensis in-
duced cytotoxic activity against the small panel of

Fig. 2 Frequency of chromosomal abnormalities induced in mouse bone marrow and spermatocytes after treatment with MEAC and CP showed
a time-related relationship

Fig. 3 Frequency of sperm abnormalities induced after treatment with different doses of MEAC and CP showed a dose-related relationship
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human cancer cell lines (Liu et al. 2010). Our results
were also supported by the finding of EL-Hosry et al.
(2014) who demonstrated that saxifragifolin B which is
isolated from Cyclamen presicum and Cyclamen libano-
ticum prevented cells from mitomycin C genotoxicity, in
addition to its safety for inducing micronuclei. It is also
37 and 56 times more active than mitomycin C against
lung adenocarcinoma (NC1-H1299) and breast adeno-
carcinoma (SK-BR-3), respectively. Also, Melek et al.
(2015) found that the total saponin fraction derived from
Gleditsia caspica Desf had no genotoxic effect in mice.
Although, it significantly alleviated chromosomal abnor-
malities induced by CP in mouse bone marrow and sper-
matocytes and reduced the viability of the human cancer
cell line MCF-7 dose-dependently. In addition, the
MEAC wood showed effective anti-proliferative activity
against human cervical (Hela) and oral (KB) cancer cell
lines (Manosroi et al. 2015). Saponins from ginseng
stem-leaf showed strong antioxidant activity against oxi-
dative stress induced by cyclophosphamide in chickens
(Yu et al. 2015).
Flavonoids are considered one of the main bioactive

constituents of A. chinensis (Ghaly et al. 2010). Such
compounds possess a wide range of biological activities
that have pharmacological and therapeutic interest. The
ameliorative effect of MEAC that is demonstrated in the
present work against CP genotoxicity may be related to
the strong antioxidant properties of flavonoids which are
intimately involved in the prevention of cellular damage.
Rao (2002) mentioned that flavonoids possessed 4- to 5-
folds of antioxidant activity as ascorbic acid. The antioxi-
dant properties of flavonoids, the protection against
DNA damage caused by various carcinogenic factors,
and their role in genome stability are confirmed by other
authors (George et al. 2016).
Quercetin, luteolin, and kaempferol are important fla-

vonoids previously identified from A. chinensis (Melek
et al. 2015). Quercetin was found to inhibit chronic mye-
loid leukemia KBM7 cells (Li et al. 2014) and to protect
rat erythrocytes against oxidative stress and genotoxicity
induced by the synthetic pyrethroid lambda-cyhalothrin

(Abdallah et al. 2012). Min and Ebeler (2009) reported
that quercetin has a strong antioxidant capacity that
protects DNA damage both by reducing the oxidative
stress and enhancing the DNA repair mechanism. Luteo-
lin showed potent anti-carcinogenic and anti-mutagenic
activities against dietary carcinogens (Seelinger et al.
2008; Orhan et al. 2013). Strong antioxidant, anti-
inflammatory, and antitumor activities of luteolin were
also recorded (Kasala et al. 2016; Kang et al. 2017; Xiong
et al. 2017). Also, Kaempferol was reported to exhibit a
broad spectrum of beneficial bioactivities, including anti-
oxidant, anti-mutagenic, anti-inflammatory, and chemo-
preventive potential (Rocha et al. 2016; Choi et al. 2017).

Conclusion
To the best of our knowledge, these data describe for
the first time the anti-mutagenic activity of MEAC. In
the present study, CP was genotoxic in somatic and
germ cells evidenced by a remarkable increase in
chromosomal aberrations in the bone marrow and
mouse primary spermatocytes and its induction of sperm
morphology deformities. The literature review showed
that overproduction of reactive oxygen species and lipid
peroxidation was the major mechanism in CP toxicity
and DNA damage. The presence of pharmaceutical ac-
tive ingredients, triterpenoid saponins, and flavonoids, in
MEAC play a significant protective role against CP gen-
otoxicity. These natural compounds have very potent
antioxidant activities against DNA damage and oxidative
stress induced by CP.
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