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INTRODUCTION

An effective pharmaceutical treatment for sickle cell 
disease is hydroxyurea (HU) (SCD). However, 

it has been demonstrated that the replication stress 

brought on by HU inhibits premeiotic S-phase DNA, 
resulting in reproductive toxicity in germ cells (Fan et al., 
2021). Around 4.4 million individuals worldwide suffer 
with sickle cell disease (SCD), which is most common 
in Asia and Africa. Despite the fact that SCD cannot 
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be cured, hydroxyurea (HU) is utilized as a chemical 
chemotherapeutic agent to manage the condition. HU 
has been utilized as a clinically successful pharmacological 
treatment to treat adult SCD patients since the middle 
of the 1980s. HU was recommended for the treatment 
of SCD in children in the year 2002 (Lanzkron et al., 
2008). It has been demonstrated that the conversion of 
ribonucleotides to deoxyribonucleotides caused by HU 
prevents S-phase DNA synthesis and repair (McGann 
and Ware, 2015). Although negative consequences are 
still a worry, HU’s short-term effects are negligible and 
only have a temporary negative impact on growth and 
development. In 2008, Lanzkron reported that HU 
therapy in mice reduced testis weight and sperm count and 
suggested that spermatogenesis disruption in male SCD 
patients receiving therapeutic dosages of HU may also 
occur. HU therapy damaged adult male mice’s testicles 
and promoted aberrant sperm morphology (Wyrobek 
and Bruce, 1975; Arlt et al., 2018). One of the oldest 
medicinal tree species, Ginkgo biloba L. (GB; Ginkgoaceae 
family), has applications in food, vitamins, and health 
care (Mohanta et al., 2014). Flavonoids (kaempferol, 
quercetin, myricetin, apigenin, isorhamnetin, luteolin, and 
tamarixetin), terpene trilactones, and proanthocyanidins 
are the key active ingredients that are assumed to be 
responsible for the pharmacological effects of GB (van 
Beek and Montoro, 2009; Liao et al., 2011). In recent 
years, GB leaf extracts (GBLEs) have become widely 
used as phytomedicines throughout the world (Tang et 
al., 2017). Phytochemical and pharmacological studies 
show that GBLE has been used in the treatment 
of a number of diseases, including oxidative stress 
(Bernatoniene et al., 2011), cerebral disorders (Saleem 
et al., 2008), vascular issues (Keheyan et al., 2011), and 
neurodegenerative disorders like Alzheimer’s disease 
(Ihl et al., 2011; Mohamed and Abd El-Moneim, 
2017). This study work on the protective properties of 
the Ginkgo Biloba (GbE) extract targeted to reduce the 
toxicity caused by HU. 

MATERIALS AND METHODS

The GBE used in the present study were purchased from 
Maxima®,UK; HU from DIPA pharma®, Turkey; omega-3 
from Bioactive®pharmaceutical company, UK. GBE was 
dissolved in distilled water and orally administered at 100 
mg/ kg.BW) daily before two weeks of HU administration 
as protective was given to animals at fasting state or 
randomly administrated through a day). On the other 
hand, Omega-3 orally administered at 100 mg/kg.BW) 
daily before two weeks of HU administration. The H.U 
dissolved in D.W. and administered for 30 consecutive 
days at (80mg/kg B.W).

Animals
40 male albino mice (30-40g) were obtained from 
the animal lab of the College of Veterinary Medicine 
University of Baghdad, Iraq. Animals fasted for 15 hours 
before the study. Following the first dose of HU, food 
and water were provided ad libitum up to the end of the 
experiment. All protocols were approved by the Animal 
Care and Utilization Committee of the National Institute 
of Health Sciences, and all studies followed the guidelines 
for the use of laboratory animals of the National Institute 
of Health Sciences.

Dose preparation
The oral dosing rates of hydroxurea and G.B.E for mice 
were determined by adjusting the concentrations to yield a 
dosage volume of 0.1 mL/10 g BW of mice. All medications 
were dissolved in distilled water using the recommended 
stock 95 solution for each medication. According to (Shah 
et al., 2015), the human dose was 96 times the animal dose 
using the following formula:

Animal effective dose mg/ kg = Human does mg/ kg× K ratio

K (rabbit)=3.1 (Nair and Jacob, 2016).

Experimental design
Forty male albino mice adapted for 10 days in animal 
house of Al-Qasim Green University, college of veterinary 
medicine, Afterwards, they were randomly separated into 
four equal groups: 1- 1 St Group (T1) was given orally 
(80mg/kg B.W) of HU daily for 30 days. 2- 2nd group 
(T2) was administrated Ginko Biloba orally with (100 mg/ 
kg.BW) orally daily before two weeks of HU administration 
as protective 3- 3RD group (T3) was administered omega3 
orally with (150 mg/kg.BW) daily before two weeks 
of HU administration as protective and 4th group (C-
ve) were considered as control negative group was given 
distilled water orally. The Baghdad University, College of 
Veterinary Medicine approved this study in conformity 
with international ethical standards for laboratory animal 
research.
 
Rat bone marrow cytogenetic analysis
To do chromosomal analysis (aberrations), mitotic index, 
and blast index, bone marrow was extracted from the 
animals under ketamine+ xylazine anesthesia, and slides 
were stained with the Giemsa stains, as described in (Al-
Ameedi et al., 2015, 2020). The following expressions 
represent the mitotic index and the blast index that is 
being used.
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Comet assay
A adapted comet assay that targets oxidized bases in 
particular was carried out on mouse erythrocytes to assess 
the extent of oxidative damage to DNA. Using Comet 5.0 
software, cells were chosen at random for the assessment 
of DNA breakage following ethidium bromide staining 
(Kinetic Imaging, Liverpool, UKIn total, 100 cells were 
evaluated for each sample. The percentage of DNA found 
in the tail was used as a reliable indicator of the severity of 
DNA strand breaks (Kumaravel and Jha, 2006).

Statistical analysis
The data were analyzed with SPSS, Version 9.1 using a 
one-way analysis of variance (ANOVA), least significant 
difference (LSD), and competition between means at the 
0.05 significance level (SAS, 2012).

RESULTS AND DISCUSSION

Cytogenetic analysis in rat bone marrow 
The findings demonstrate that the exposed group (T1) had 
a much lower mitotic index (the number of cells in mitosis 
per 1000 bone marrow cells) than the control group (T0), 
which received distilled water. 

These results showed a significant decrease (p>0.05) 
of the mitotic index of (the T1) group that received 
hydroxyurea orally compared with the control group that 
received distilled water alone. On the other hand; (T2 
and T3) groups that received Ginko Biloba and omega 
3, respectively, when compared to the T1 group that only 
received hydroxyurea, the mitotic index in the T2 and T3 
groups was significantly higher (P ˂ 0.05) (Table 1).

An extremely serious biological effect of ionizing radiation 
and other genotoxic chemicals on humans is chromosomal 
aberrations (CA). The chromosomal aberrations results 
recorded a significant increase (P<0.05) in a group (T1) that 
was exposed to HU alone that suggested to be attributed 
to the genotoxic effect of the drug. On the other hand, a 
significant decrease (P>0.05) in the mean of chromosomal 
aberration in both groups (T2 and T3) that pretreated with 

GB extract and omega 3, respectively. Different types of 
chromosomal changes and chromosomal mutations were 
seen in bone marrow somatic cells, as reported in the 
current study. Therefore, the clastogenicity of HU in G2 
may be owing to an impaired oxidative stress response 
and insufficient dNTPs caused by HU’s suppression of 
RNR. This study demonstrates that HU therapy leads to 
significant CAs forms in bone marrow cells, including 
dicentric chromosomes, Acentric chromosomes, deletions, 
rings, and a high rate of breakage Table 2, Figure 1.

Table 1: The effect of Ginko. Biloba was given orally 
before two weeks of HU administration as protective on 
the mitotic index of male albino rat.
Groups Mitotic index Blast index
T1(hydroxy) 2.39±0.13 B 2.71±12.02C
T2(Ginko) 5.31±0.47 A 4.28±34.02 B
T3(omega3) 5.11±0.47 A 3.97±20.07B
C-VE (D.W) 6.24±0.25 C 5.83±51.03 A
LSD 0.73 0.5

Significant differences (p ˂ 0.05) between groups are denoted by 
different capital letters.

Figure 1: Chromosomal aberrations (A: ring, B: normal, 
C: disentric).

Table 2: Chromosomal Aberrations (%) in treated and untreated groups.
Groups Chromosomal aberrations (%)

Dicentric Acentric Deletion  Ring Chromosome break Total Means ±SE
T1(hydroxy)  0.738  0.632  0.821  0.773  0.902 0.773±0.05 A
T2(ginko)  0.185  0.390  0.497  0.521  0.483 0.415±0.23 B
T3(omega3)  0.398  0.421  0.626  0.598  0.529 0.514±0.24 B
C-VE (D.W)  0.081  0.289  0.339 0.463  0.415 0.317±0.12 B

LSD 0.18
Significant differences (p ˂ 0.05) between groups are denoted by different capital letters.
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The results of comet assay showed there were significant 
P≤0.05 differences in the DNA fragmentation of the 
treated group T1, T2 and T3 in comparison with control 
group, Table 3, the different type of comet illustrated in 
Figure 2.

Table 3: The results of comet assay of DNA damage in all 
experimental groups.
Groups DNA damage fragments %
T1(hydroxy) 39.2±1.01 A
T2(ginko) 21.8±0.6 B
T3(omega3) 24.9±0.6 B
C-VE (D.W) 15.1±0.3 C
LSD 4.53

Significant differences (p ˂ 0.05) between groups are denoted by 
different capital letters.

Figure 2: Microscopic picture of comet shows: ↔: high 
comet: ↔: low comet (Syber green Stain 10X).

Depending on the dose, exposure time, and cell line, HU has 
been proven to induce chromosomal damage in a variety of 
organisms and can be cytotoxic (Singh and Xu, 2016). HU 
also creates oxidative stress and triggers cytokinesis arrest 
in mutant cells, according to research conducted on many 
model organisms with well-defined genetic backgrounds 
(Davies et al., 2009; Nakayashiki and Mori, 2013; Xu et 
al., 2016; Huang et al., 2016). In the current investigation, 
the results of a cytogenetic analysis revealed that HU had 
a negative effect on the T1 animals. In contrast, statistical 
analysis demonstrated that the administration of GB and 
Omega 3 possessed a protective effect. The mitotic index 
measures the proportion of cells that go through mitosis. 
Mitosis is a process in which a single somatic cell divides 
into two daughter cells. The cytotoxic medication called 
hydroxyurea was first administered for cancers. The major 
mechanism of action of hydroxyurea is the inhibition of 
the rNDP enzyme, which causes cells to terminate the cell 
cycle at the G1 or S phase, hence bone marrow suppression 
is frequently connected to its use in therapy (Agrawal et 
al., 2014; Luchtman-Jones et al., 2016).

After receiving HU treatment, mice showed a drop in the 
mitotic index’s mean values. A cell population’s proliferative 
state is gauged by the mitotic index. Mitotic index values 
in the present study may be lower than previously reported 
since fewer cells were found to be arrested in metaphase 
(Cherednichenko et al., 2022). From the results of the 
above experiment; the pre-exposure to Ginko Biloba at 
100 mg/ kg.BW showed a protective effect against DNA 
damage that was represented by the significant decrease 
in the mitotic index in the group exposed previously G. 
Biloba extract. And these findings corroborate the results 
of another experiment when demonstrating DNA-
protective effects of G. Biloba (Marques et al., 2011). 
Other authors also find that low doses from G. Biloba 
protect the cells against basal oxidative damage (Silva et 
al., 2019). Also, the comparison group that received omega 
3 showed an approximately similar result that appeared on 
animals in the T2 group. So, omega 3 have also protective 
effects against DNA damage, and we suggest it due to the 
antioxidant activity of Omega 3.

Our finding is in agreements with Elelaimy et al. (2012) 
who discovered that male albino mice might be protected 
from the genotoxic effects of the anticancer medication 
azathioprine by giving them Omega-3s orally either 
before or after treatment. Recent research investigated 
the preventive effect of fish Omega-3 fatty acids on male 
rat doxorubicin-induced oxidative damage (Uygur et al., 
2014). On the other hand, Manna et al. (2010) found 
that fish oil inhibits mammary tumorigenesis in rats by 
reducing HER-2/neu and c-Myc protein expression and 
regulating cell proliferation. It is possible that HU causes 
DNA damage in G2 because its metabolism generates 
nitric oxide, which when coupled with superoxide creates 
highly reactive oxygen species (ROS) that are damaging to 
DNA (Burkitt and Raafat, 2006). 

Moreno et al. (2004) indicated that 40 mg/ml G.B has a 
protective effect against the plasmid DNA damage caused 
by 200 g/ml SnCl2. The potential production of ROS that 
might oxidize the stannous ion may be connected to the 
protection of DNA against the effects of HU. The synergistic 
impact of many pathways may be used to explain how G.B 
protects cells against hydroxyurea-induced cytotoxicity. 
Terpenoids, polyphenols, amino acids, organic acids, and 
flavonoid glycosides are all secondary metabolites detected 
in G.B. The most prevalent flavonoid species are quercetin, 
kaempferol, and isorhamnetin, whereas more than 30 
flavonoids are known to be present in terpenoids, which are 
primarily composed of ginkgolides and bilobalides (Celik 
et al., 2005). characteristics such as anti-inflammatory 
action, suppression of lipid peroxidation, and free radical 
scavenging. Similar to how Celik showed that GbE 
protects against oxidative stress, it provides protection 
against chemically induced toxicity.
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The results of comet assay showed there were significant 
P≤0.05 differences in the DNA fragmentation of the 
treated group T1, T2 and T3 in comparison with control 
group, Table 3, the different type of comet illustrated in 
Figure 2.

The lengthening of the comet tail, which was monitored 
over time, was used to gauge DNA repair. During the 
20-minute incubation, comet tail length shrank with or 
without GBE (Figure 2). However, comet tails diminished 
more quickly and were undetectable within 10 minutes 
of incubation in GBE-treated cells. This finding supports 
GBE’s participation in DNA damage prevention as well 
as DNA repair pathways. Mutations and other physical 
manifestations of DNA damage can occur when free 
radicals are present in high enough concentrations. 
DNA damage in the hippocampus of rats subjected 
to intermittent hypoxia was found to be repaired after 
treatment with EGb 761. Researchers found that EGb did 
more than just prevent DNA damage; it also sped up the 
repair process (Celik et al., 2005). 

Marques et al. (2011) using a modified comet assay, 
researchers found that EGb had a dose-dependent 
protective effect on yeast exposed to oxidative stress, leading 
to a reduction in DNA damage and a subsequent increase 
in viability. The extract protects DNA from oxidation 
in two ways, as shown by the comet assay: directly and 
through stimulating the DNA repair mechanism.

GbE is a massively complex compound made up of a 
number of components, so it is necessary to systematically 
analyze each component’s effects to find the compound 
that works best for health benefits, reducing symptoms of 
disease, and these bioactive components like flavonoids, 
which may have protective effects against DNA damage. 
The decoction of the GbE demonstrated the protective 
efficacy against Geno toxicity represented by decreasing 
in mitotic and blast index. Furthermore, the ameiolerative 
effect of GbE AGAINST genotoxicity confirmed by 
decrease in the mean of chromosomal aberration in both 
groups (T2 and T3) that pretreated with GB extract and 
omega 3, respectively. 

CONCLUSIONS AND 
RECOMMENDATIONS

GbE would be good candidates for usage as supplement 
to decrease the Geno-toxicity side effects of a lot of 
chemotherapeutic agents. Furthermore, we recommend 
administration of this extract as food supplement to 
decrease toxicity of chemotherapeutic drugs.
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