
INTRODUCTION
The bone marrow (BM) is a semi-solid tissue found within the 
spongy (cancellous bone),1 and it is the primary source for the 
development of blood and plasma components (hematopoiesis), 
including myeloid and lymphoid progenitor cells.2

Cyclophosphamide (CP) is an alkylating chemotherapeutic 
drug widely used to treat many cancer types like breast, 
ovarian, lymphoma, lung carcinomas, and leukemia.3 

Furthermore, it produces toxic effects on many organs, 
including BM, heart, gonadal and bladder.4 It has been found to 
induce any genotoxic effects, including micronuclei, dominant 
lethal mutation, generation of reactive oxygen species (ROS) 
that cause DNA damage, sister chromatid exchanges, gene 
mutations and chromosomal aberrations as mentioned in other 
research.5 Moreover, CP is metabolized to the active form 
4-hydroxy-cyclophosphamide (4-OHCP),6,7 which is rapidly 
decomposed to phosphoramide mustard and acrolein8 within 
cells; furthermore, acrolein can enter the cell and interact with 
the DNA leading to impairment in their synthesis within the 

cells by generation of ROS and nitric oxide (NO•) production 
that lead to peroxynitrite (ONOO−)formation which cause 
lipids, proteins, and DNA damage inside the cell.9

Genotoxicity refers to the genetic materials destruction 
inside the cell that can lead to mutagenesis or the progress of 
cancer,10 and can be caused by different chemical substances 
as well as radiation.11 Additionally, in-vivo genotoxicity 
assessment tests are designed to detect compounds that can 
directly or indirectly lead to genetic damage by utilizing 
different mechanisms.12 Chromosomal aberrations  are 
modifications in the genetic materials that can happen through 
gain, loss or particular segments’ rearrangement;13 and can 
appear as a consequence of reaction of a genotoxin with the 
DNA and cause DNA damage (DNA breaks).14 Furthermore, 
structural rearrangements in chromosomes may sometimes 
occur during the normal course of the life cycle but rise due 
to exposure to mutagenic agents like radiation and stress 
conditions, including enormously elevated temperature.15,16
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Divers plant extract is reported to have some protection against 
toxicity induced by chemotherapy.17 Several clinical trials 
together with different in-vitro and in-vivo epidemiological 
studies illustrated that flavonoids can play a vital role as 
antioxidant, antimicrobial, anti-allergic, anti-mutagenic and 
anti-inflammatory agents in treating various diseases.18

Fisetin (2‐(3,4‐dihydroxyphenyl)‐3,7‐dihydroxychromen‐4‐
one), a flavonoid plant which present in some vegetables and 
fruits like apples, strawberries, onions, and persimmons;19 

and it is effective as an antioxidant, anti-inf lammatory, 
cardioprotective, neuroprotective and anti-carcinogenic agent 
which may be related to its role in the reduction of oxidative 
stress (OS) condition generated in different diseases and 
modulation of some signaling pathways within the cell.20

Objective
The current study is intended to evaluate the fisetin ’possible 
protection against genotoxicity produced by cyclophosphamide 
in BM and spleen cells of male albino rats.

MATERIALS AND METHODS

Chemicals and Their Suppliers
Cyclophosphamide (CP) vial 500 mg purchased from Baxter, 
Germany; fisetin pure powder purchased from Hangzhou 
Hyper Chemicals Limited, China; colchicine pure powder 
purchased from Shaanxi Yuantai Biological Technology 
company, China; dimethyl sulfoxide (DMSO) and diethyl ether 
purchased from Alpha chemika company, India; fetal bovine 
serum purchased from Capricorn Scientific, Germany.
Experimental Protocol
Total of 40 healthy male albino rats were taken from the 
Animal House College of Pharmacy, University of Baghdad, 
weighing 150 to 220 gm and maintained in the Animal House 
under a controlled temperature 20 ± 5ºC, and fed commercial 
pellets and the tap water ad libitum. This study was approved 
by the Ethical Committee of the Department of Pharmacology 
and Toxicology and the College of Pharmacy, University of 
Baghdad Scientific Committee. The rats utilized in this work 
were randomly divided into two parts (20 animals/each) [Part 
one for assay of chromosomal aberrations and mitotic index 
(MI), and part two for micronucleus index (MN) assay] and 
in each experiment, animals were divided to 4 groups (with 5 
animals in each) as follows: 
Group I: Rats with oral administration of diluted 1% DMSO 
solution via oral gavage for 7 days; this group represents the 
negative control. 
Group II: Rats orally administered f isetin at a dose 
(10 mg/kg/day)dissolved in diluted dimethyl sulfoxide 1% 
(DMSO) for 7 consecutive days. This group represents the 
positive control group.21

Group III: Rats with a single intraperitoneal (IP) injection of 
cyclophosphamide (CP) (150 mg/kg).22

Group IV: Rats orally administered fisetin at a dose (10 
mg/kg/day) [dissolved in dimethyl sulfoxide (DMSO)] for 7 
consecutive days via gavage tube and a single IP injection of 
(150 mg/kg) of CP administered on day 7. 

On day eight, euthanization of experimental rats was done 
on day 8 at 9 am by the utilization of diethyl ether; and then 
to be utilized for the following: 
Part One: Evaluation of chromosomal aberrations and the 
mitotic index (MI) in BM and spleen cells
Total 20 rats were given IP injection of colchicine at a dose 
of 3.5 mg/kg23 two hours before scarifying by cervical 
dislocation, and then aspirated BM cells samples taken from 
the femur bone were treated using a sterile technique; and 
spleen samples were also utilized for the evaluation of total 
chromosomal aberrations, chromosomal structures, and MI.24 
Part Two: Evaluation of micronucleus (MN) index in BM 
cells
Total 20 rats were euthanized by the utilization of diethyl ether 
and the sacrification done by cervical dislocation, femur bone 
samples were processed and cleaned from other tissue and 
muscles, and a slide was prepared as mentioned elsewhere,25 
then the slide was checked for the presence of micronucleus 
formation in at least 1000 bone marrow cells by utilizing oil 
immersion lens (100x).
Statistical Analysis
The data was analyzed by utilizing a computerized statistical 
package for the social sciences (SPSS) version 26. Means of 
groups were compared using the one-way statistical analysis 
of variance (ANOVA) method followed by Post hoc (Tukey), 
and the data were stated as mean ±standard deviation (SD) 
with a significant p-value less than 0.05 (<0.05).

RESULTS
In Table 1, rats orally-administered fisetin/positive control 
(Group II), there were non-significant differences (p>0.05) 
in the total and individual chromosomal aberrations in BM 
cells compared to the negative control, Group I rats. A single 
dose of CP injected Intraperitoneally (150 mg/kg) to rats of 
group III increase the total chromosomal aberrations and 
ring chromosomes in BM cells significantly (p<0.05); but 
the differences in the individual aberrations in BM cells 
(chromatid break, chromatid gab, acentric chromosome, 
dicentric chromosome, chromosomal deletions, chromosomal 
breaks, and chromosomal gaps) were non-significant (p>0.05) 
as compared with those in the negative control rats/Group I 
(Table 1).

Furthermore, Table 1 showed that there is a significant 
decrease (p<0.05) in total chromosomal aberrations, chromatid 
breaks, ring chromosome, and chromosomal breaks in BM 
cells of group IV rats (fisetin and CP); but the differences 
were non-significant (p>0.05) in the chromatid gab, acentric 
chromosome, dicentric chromosome, chromosomal deletions, 
and chromosomal gaps compared with aforementioned 
aberrations in group III rats. 

Also, Table 1 showed that an orally-administered dose 
of fisetin (10 mg/kg/day) for 7 days (positive control-Group 
II) caused the MI in BM cells to non-different significantly 
(p>0.05) in comparison with such index in BM cells of negative 
control (Group I) rats.
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While a single intraperitoneal dose of CP in rats of 
(Group III) decreased the MI in BM cells significantly (p<0.05) 
as compared to such index in negative control-group I rats 
(Table 1).

Moreover, Table 1 also showed that in rats of group IV 
(fisetin and CP), the increase was a non-significantly (p>0.05) 
in the MI in BM cells compared with the corresponding index 
in rats of group III.

In Table 2, in group II-positive control rats, the differences 
were non-significant (p>0.05) in the total and individual 
chromosomal aberrations in spleen cells compared to those 
in negative control group I rats. 

Meanwhile, single dose of CP injected IP (150 mg/kg) 
(Group III), exhibited an increase in total chromosomal 
aberrations and individual chromosomal aberrations in spleen 
cells but not significant (p>0.05) in comparison with that 
of group I. Furthermore, as shown in Table 2, the decrease 
in the total chromosomal aberrations and chromosomal 
breaks in spleen cells of group IV rats(fisetin before CP) was 
significant (p<0.05) as compared to rats of group III; while 
the differences were non-significant (p>0.05) in the individual 
aberrations (chromatid gab, chromatid break, acentric 
chromosome, dicentric chromosome, chromosomal deletions, 
ring chromosome, and chromosomal gaps) as compared with 
such aberrations in CP injected rats (p>0.05). 

Additionally, Table 2 showed that orally-administered 
fisetin at a dose (10 mg/kg/day) (Group II-positive control) 
exhibited a non-significant change (p>0.05) in the MI in spleen 
cells in comparison with such index in spleen cells of negative 
control-Group I; while a single dose of CP injected IP in rats 
of group III decrease the MI in spleen cells more significantly 
(p<0.05) in comparison with that index of negative control-
Group I rats.

Furthermore, in rats of group IV, the MI in spleen cells 
was non-significantly different (p>0.05) as compared to that 
index in rats of Group III (Table 2).

Table 3 showed that in group II rats (orally-administered 
fisetin at a dose of 10 mg/kg/day, positive control), there were 
non-significant differences (p>0.05) in the MN index in BM 
cells compared to the corresponding index in BM cells of 
negative control (Group I) rats. Furthermore, Table 3 revealed 
a statistically significant increase (p<0.05) in the micronucleus 
index in BM cells in group III rats compared to such index in 
negative control (Group I) rats. 

Also, Table 3 showed that the MN index in BM cells of 
group IV (fisetin and CP) was non-significantly different 
(p>0.05) in rats compared to that index in BM cells of group 
III rats.
Data are expressed as mean ± S.D; n=7 animals in each group
•	 Values with different small letters (a, and b) are significantly 

different (p<0.05). 
•	 Values with the same small letter (a) in each of the bone 

marrow (BM) and spleen cell columns are different non-
significantly (p>0.05). 

•	 Values with the (bc) letters represented as b= different 
non-significantly from group III (p>0.05) and c= different 

significantly from groups I and II (p<0.05).
•	 Values with both symbol (#) and the letter (b) [#b] [#= 

considered as different non-significantly from groups I 
and II (p>0.05) and b= different significantly from groups 
III (p<0.05).

Data are expressed as mean ± S.D; n=7 animals in each group
•	 Values with different small letters (a, and b) are significantly 

different (p<0.05). 
•	 Values with the same small letter (a) in each of the bone 

marrow (BM) and spleen cell columns are different non-
significantly (p>0.05). 

•	 Values with the (bc) letters represented as b= different 
non-significantly from group III (p>0.05) and c= different 
significantly from groups I and II (p<0.05).

•	 Values with both symbol (#) and the letter (b) [#= consider 
as different non-significantly from groups I and II (p>0.05) 
and b= different significantly from groups III (p<0.05).

•	 Data are expressed as mean ± SD by one-way ANOVA test.
•	 Values with different small letters superscripts (a, and b) 

in BM cells are different significantly (p<0.05). 
•	 Values with the same small letters superscripts (a and b) in 

BM cells are different non-significantly (p>0.05).

DISCUSSION 
There were no previous studies have been made to detect the 
genotoxicity of fisetin in rats. For this reason, this study was 
designed to evaluate the protective effect of fisetin against 
CP-induced chromosomal aberrations through the assessment 
of MI and MN appearance in male albino rats. Results of 
this study showed that administration of fisetin orally to rats 
exhibited non-significant change (p>0.05) in total chromosomal 
aberrations, individual chromosomal aberrations, MI, and MN 
appearance compared to control-Group I. 

Furthermore, the present study (Tables 1 and 2) showed a 
significant decrease (p<0.05) in the MI in BM and spleen cells 
of rats injected with CP (Group III) compared with such index 
in both organs in the control group. The aforementioned index 
gives an indication of cell division, where the decrease in the 
MI (in this study) and consistent with those of others; this, may 
be referred to a delay in the kinetics of cell proliferation and 
supposed to be a result of drug cytotoxicity or genotoxicity on 
mitosis at different dose.26

Furthermore, total chromosomal aberrations in BM and 
spleen cells were significantly-increased (p<0.05) after CP 
injection as compared with the negative control group, and 
this result agrees with what was mentioned in the study of 
Kour J (2017).27 Besides, the MN assay is recognized as 
one of the most successful and reliable assays for genotoxic 
carcinogens.28 This study also showed that IP injection of CP 
caused a statistically significant increase in MN appearance 
compared with such appearance in the negative control 
group; where such appearance is an important parameter 
that can be utilized to detect the destruction of chromosomes 
and this confirms the damage to the genetic material by CP 
in somatic cells by induction of chromosomal aberrations, 
micronuclei, chromatid exchanges, and gene mutations.27,29 
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and in fact, acrolein (one of the metabolites of CP) within the 
cell can rapidly activate the intracellular ROSs and nitric oxide 
production which leads to the formation of the peroxynitrite 
causing lipids, proteins, and DNA damage inside the cell.30

Moreover, several studies have been found that ROSs 
production had a destructive effect on the integrity of 
chromosome structure and the use of an antioxidant substance 
may reduce it.31 The current study showed the usefulness of 
the administration of fisetin before CP; since the decrease 
in the total chromosomal aberration in BM and spleen cells 
(Tables 1 and 2) were significant (p<0.05) compared to 
corresponding aberrations in group III-CP, and this may be 
related to the antioxidant activity of fisetin by scavenging the 
ROSs that were generated by CP leading to lipid peroxidation 
and chelating iron.32 Additionally, from the chemical structure 
of fisetin, Firuzi O and his colleagues (2005) mentioned that 
its antioxidant activity is mainly related to the 3-OH group 
together with the two hydroxyl group at position 3’and 4’ and 
the double bond between the 2- and 3 carbon which are able 
to enhance the antioxidant activity.33

CONCLUSION
According to the results of the present study, it can be 
concluded that fisetin flavonoid is non- genotoxic in BM and 
spleen cells of male albino rats when orally administered alone; 
with some protection against CP-induced genotoxicity.
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