
INTRODUCTION
Cisplatin is one of the most potent chemotherapeutic agents 
in the platinum-based antineoplastic drugs class.1 It is used 
alone or in combination with chemotherapy regimens2 for 
the treatment of a wide range of human cancers.3 Park et al. 
(2018) reported the main target for the genotoxicity of cisplatin 
is DNA. In addition to lipids, and proteins, and these targets 
interact with the excess of reactive oxygen species (ROSs) such 
as superoxide anion radical (O2.-), hydrogen peroxide (H2O2), 
and hydroxyl radical (OH.-) that are formed, resulting in the 
development of oxidative stress (OS) and DNA damage.(4) 
Other studies (Liu et al. (2019); Ghosh et al.,(2013)) reported 
that in addition to DNA damage and inhibition of antioxidant 
enzyme activity, the excessive production of ROSs induced 

by cisplatin caused severe impairment in the normal cellular 
functioning and toxic damage to the organs.5,6

Genotoxicity is the damage to the cell’s genetic information 
(chromatin material and DNA) by either exogenous or 
endogenous sources.7 The DNA damage/genotoxicity results 
from harmful factors that are oxidative in nature, including 
chemically-induced ROSs (as mentioned above), ionizing 
radiations, environmental factors, chemotherapeutic agents, 
radiotherapy, and viruses, that have an impact on individual 
DNA strand breaks; double DNA strand breaks; chromosomal 
damage; micronucleus (MN) production; sister chromatid 
exchange, massive deletions, insertions, translocations, 
transitions, and transversions.8,9 Furthermore, chromosomal 
aberrations/abnormalities are alterations in genetic materials 
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caused by the loss, gain, or rearrangement of certain segments 
in chromosomes that can lead to genetic instability/disorders or 
even cancer, depending on the size, position, and duration of the 
change.10 MN testing is a fundamental assay used to evaluate 
chromosomal DNA damage. An increase in the frequency of 
micronuclei indicates damage to the genome and instability.11

Cranberry (V. macrocarpon) is a native North American 
fruit widely cultivated in the northeastern and north-central 
United States.12 It has a very wide variety of phytochemicals 
such as polyphenolic compounds, including three classes of 
flavonoids [anthocyanins, proanthocyanidins (PACs), and 
flavonols]; and it also contains hydroxycinnamic acid, ascorbic 
acid, triterpenoids, many vitamins, trace elements, and others. 
These phytochemicals act as antioxidants, which reduce 
oxidative damage to cells that can lead to cancer.13

There is great interest in determining the potential 
health benefits of cranberry extracts to humans.14 Cranberry 
has several beneficial effects on humans as an antioxidant, 
prevention of cardiovascular (CV), kidney, periodontal 
diseases, obesity, cancer, and others.15

There is a great interest in using medicinal plants as 
adjuvants with chemotherapeutic drugs and attenuating 
their adverse events and toxicity. This study was designed to 
evaluate the possible protective effect of cranberry fruit extract 
against cisplatin-induced genotoxicity in BM cells of mice. 

MATERIALS AND METHODS

Chemicals 
Chemicals utilized in this study include Cranberry pure powder 
of the fruit extract from Hangzhou Hyper Chemicals Limited 
(China), from which prepared the solution of the experiment 
design dose by dissolving it in distilled water then this solution 
is mixed for use. Cisplatin (50 mg/50 mL) injectable solution 
from Accord Healthcare (Ireland); Colchicine pure powder 
obtained from Shaanxi Yuantai Biological Technology Co., 
Ltd (China); Diethyl ether liquid 98% from May and Baker 
(England); Fetal bovine serum from Capricorn Scientific Gmbh 
(Germany); Giemsa stain powder from Fluka (Switzerland); 
phosphate-buffered saline (FBS) from EuroClone Milan (Italy).
Laboratory Animals and the Experimental Protocol
A total of 56 male albino mice were used in this research 
and were provided from the Animal House, located inside 
the College of Pharmacy at the University of Baghdad. Their 
average weight was (25–30 gms) and was kept at standard 
conditions of temperature (23–25°C), day/night cycle, and 
had unrestricted access to industry-standard food (pellets) 
and water (ad libitum). Both the Ethical Committee of 
the Department of Pharmacology and Toxicology and the 
Scientific Committee of the College of Pharmacy, University 
of Baghdad accepted the study. Mice were arbitrarily divided 
into 2 parts (28 mice/each). Part one was utilized for the 
assessment of chromosomal aberrations and mitotic index 
(MI), and part two was utilized for micronucleus index (MN) 
assay; and in each part, mice were divided to 4 groups (7 mice/
group) as follows: 

Group I [Negative Control]. Male mice were orally 
administered 0.25 mL NaCl daily by gavage tube for 7 days.16

Group II [Cranberry (CB)]. Male mice were orally 
administered cranberry (CB) fruits extract solution (200 mg/
kg/day) by gavage tube for 7 days.17

Group III [Cisplatin]. Male mice were orally administered 
0.25mL NS daily for 7 days by gavage tube, and a single IP 
dose of cisplatin (12 mg/kg B.W) was injected on day 7.18

Group IV [Cranberry (CB)-Cisplatin]. Male mice were 
given cranberry fruits extract solution (200 mg/kg B.W/day) 
orally through a gavage tube for 7 days, followed by a single 
IP injected dose of cisplatin (12 mg/kg B.W) on day 7.
Evaluation of Genotoxicity Markers in Bone Marrow 
(BM) Cells

Chromosomal Aberrations and Mitotic Index (MI)
After 24 hours of treatment duration ended (i.e., on day 8th), 
each mouse was IP injected with 1-mg/kg colchicine. After 
2 hours, mice were euthanized by cervical dislocation, and 
bone marrow samples were extracted from the femurs of the 
mice. Then BM cells were taken and genotoxic analyses were 
carried out using an aseptic technique for the evaluation of 
mitotic index (MI).19,20

Micronucleus (MN) Test
Mice were sacrificed by cervical dislocation at the end of 
the experiment (on day 8th). Smears of BM were prepared 
according to the method of Agarwal and Chauhan, stained with 
Giemsa, and the calculating incidence of MN appearance.21

Statistical Analysis
Data were analyzed by utilizing the Microsoft office excel 
(2010) program and the unpaired student t-test was utilized 
throughout all of the statistical analyses that were done for each 
group pairing. The data were expressed as mean ± standard 
deviation (Mean ± SD) and the p values < 0.05 were considered 
to be statistically significant. Further, a one-way analysis 
of variance (ANOVA) has been performed for comparisons 
among different groups based on the post hoc Tukey’s test. 
SPSS 20 was utilized for each statistical analysis that was 
carried out. p values < 0.05 were regarded as being statistically 
significant.

RESULTS
Table 1 demonstrated that there was no statistically significant 
difference (p > 0.05) in each of the chromatid breaks, chromatid 
gaps, acentric chromosome, and dicentric chromosome in BM 
cells of mice with orally-administered CB fruit extract alone 
(200 mg/kg/day) (Group II) compared to the aforementioned 
structures in the BM cells of group I/negative control mice. 
Moreover, in mice injected IP with a single dosage of cisplatin 
CP (12 mg/kg B.W) Group III, there was a statistically- 
significant (p < 0.05) increase in chromatid breaks, chromatid 
gaps, acentric chromosome, and dicentric chromosome 
compared to the aforementioned structures in the BM cells of 
negative control/Group I mice.
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Table 2: The effect of cranberry (CB) fruit extract on the rest of chromosomal aberrations in Mice’s bone marrow cells induced by cisplatin (CP).

No. of groups Names of groups Ring chromosome Deletion 
chromosome

Chromosomal 
breaks Chromosomal gaps Total chromosomal 

aberrations

Group I Normal 
Saline(Control) 0.178 ± 0.0507 b 0.034 ± 0.018 ab 0.048 ± 0.027 b 0.058 ± 0.008

B 0.101 ± 0.017 bc

Group II
Cranberry extract 
alone (200 mg/kg/
day)

0.170 ± 0.043 b 0.028 ± 0.020 b 0.038 ± 0.026 b 0.048 ± 0.016
B

0.093 ± 0.015
c

Group III Cisplatin (12 mg/
kg/day) 0.276 ± 0.048 a 0.056 ± 0.019 a 0.098 ± 0.014 a 0.110 ± 0.044

A
0.159 ± 0.006
a

Group IV

Cranberry extract 
(200 mg/kg/day) 
+ cisplatin (12mg/
kg/day)

0.214 ± 0.011 b 0.036 ± 0.015 ab 0.056 ± 0.039 b 0.062 ± 0.035
B

0.117 ± 0.002
b

* Data expressed as Mean ± SD; N= 7 animals in each group.
*Values with non-identical letters (a, b, and c) are significantly different (p < 0.05).
*Values with identical letters (a or b or c) are non-significantly different (p > 0.05).
*Values with both (bc) letters in the total chromosomal aberrations column indicate that “c” is non-significantly different (P<0.05) compared to 
Group II mice, and “b” is non-significantly-different compared to Groups IV mice.

Table 1: The effect of cranberry (CB) fruit extract on cisplatin (CP)-Induced chromosomal aberrations in Mice’s bone marrow cells

No. of groups Names of groups Chromatid break Chromatid gap Acentric chromosome Dicentric chromosome
Group I Normal Saline(Control) 0.06 ± 0.008 b 0.058 ± 0.008 b 0.200 ± 0.057 b 0.180 ± 0.018 b

Group II Cranberry extract alone (200 mg/
kg/day) 0.05 ± 0.007 b 0.050 ± 0.012 b 0.190 ± 0.053 b 0.176 ± 0.015 b

Group III Cisplatin (12 mg/kg/day) 0.09 ± 0.018 a 0.104 ± 0.043 a 0.308 ± 0.056 a 0.226 ± 0.040 a

Group IV Cranberry extract (200 mg/kg/day) 
+ cisplatin (12 mg/kg/day) 0.06 ± 0.013 b 0.062 ± 0.031 b 0.254 ± 0.039 ab 0.194 ± 0.011 ab

*Data expressed as Mean ± SD; N=7 animals/group.
*Values with non-identical small letters (a, and b) are significantly different (p < 0.05).
*Values with identical small letters (a or b) are non-significantly different (p > 0.05).
*Values with both (ab) letters in the acentric- and dicentric-chromosome columns indicate that “a” is a non significantly different (p<0.05) 
compared to Group III mice, and “ b” is non-significantly different compared to Group I and II mice.

On the other hand, BM cells of mice with orally-administered 
CB prior to CP (Group IV) revealed a significant decrease 
(p < 0.05) in the chromatid breaks and chromatid gaps in 
comparison to such structures in the BM cells of group III 
mice (IP injected with a single dose of CP); but, there have 
been no significant differences (p > 0.05) in the aforementioned 
BM structures in Group IV compared to that in the negative 
control (Group I) mice.

Additionally, Table 1 demonstrated no statistically 
significant differences (p > 0.05) in the acentric-, and dicentric-
chromosome in the BM cells of mice CP (Group IV) compared 
to such structures in the BM cells of -Group III/CP-group, 
-Group I/negative control and -Group II (CB-treated) mice.

Table 2 showed there were non-significant differences 
(p > 0.05) in the ring chromosomes, deletion chromosomes, 
chromosome breaks, chromosome gaps, and total chromosomal 
aberrations in BM cells in group II mice [orally-administered 
CB fruit extract alone (200 mg/kg/day)] compared to 
corresponding chromosomal structures in the negative control/
group Ι mice. 

Furthermore, there was a statistically significant increase 
(p < 0.05) in the ring chromosomes, chromosome breaks, 
chromosome gaps, and total chromosomal aberrations in BM 

cells of group III (IP injected with a single dose of cisplatin) 
compared to such structures in the BM cells of group Ι/negative 
control mice; but there were no statistically significantly 
different (p > 0.05) in the chromosomal deletion in the BM 
cells of Group III compared to such structures in the BM cells 
of group Ι/negative control mice.

In addition, Table 2 demonstrated a significant reduction 
(p > 0.05) in the -ring chromosomes,-chromosome breaks, 
-chromosome gaps, and -total chromosomal aberrations in the 
BM cells of group IV mice (treated with CB prior to cisplatin) 
compared to such structures in the BM of group III mice, but, 
no-significant differences (p > 0.05) in such aberrations in 
the BM cells of group IV compared to that in the BM cells of 
negative control (Group I) mice. 

Moreover, Table 2 showed that there was no -significantly 
different (p > 0.05) in the chromosomal deletion of Group IV 
mice in comparison to such structure in the BM cells of group 
III, and Group I (negative control) mice. 

Table 3 shows no-significantly differences (p > 0.05) in the 
MN appearance in BM cells of Group II mice (CB-treated) in 
comparison to a similar appearance in the BM cells of negative 
control Group Ι mice. 

Moreover, the MN appearance in BM cells was significantly 
elevated (p<0.05) in Group III/mice IP injected with a single 
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dose of cisplatin (1.67folds increase) compared to such 
appearance in the BM cells of negative control/Group Ι mice. 

 Table 3, also showed that in group IV mice (CB-Cisplatin) 
a significant decline (p < 0.05) in the MN appearance in BM 
cells compared to the similar appearance in the BM cells of 
group III mice/(IP injected with a single dose of CP); but there 
was a statistically significant increase (p < 0.05) in the MN 
appearance in the BM cells of group IV mice in comparison 
to such appearance in the BM cells of Group I/negative control 
mice.

Also, it demonstrated that there were no significantly 
different (p>0.05) in the MI in BM cells in mice of group II 
(CB-treated) compared to the corresponding index in group Ι/
negative control mice; the levels were [8.720 ± 0.432 and 9.040 
± 0.492], respectively. 

 Furthermore, there was a significant decrease (p <0.05) 
in MI in BM cells in mice of groups III (IP injected of a single 
dose of cisplatin), in comparison to that in mice of group I/
negative control; the levels were [6.020 ± 0.589 and 9.040 ± 
0.492], respectively. 

In addition, Table 3 showed that in mice of group IV  
[treated with CB prior to cisplatin], there was a significant 
increase (p < 0.05) in the MI in BM cells (7.480 ± 0.664) (1.242 
folds increase) compared to the corresponding index in Group 
ΙII mice (6.020 ± 0.589). Furthermore, Table 3 showed that there 
was a significant decrease (p < 0.05) in the MI in the BM cells 
of group IV mice compared to such index in Group I/negative 
control mice (9.040 ± 0.492).

DISCUSSION
Cisplatin is one of the most platinum-based chemotherapeutic 
drugs used frequently for a wide range of various types of 
cancer;22 since, after entering the cell, it becomes a potent 
electrophile that has the ability to bind with a number of 
nucleophiles such as RNA, DNA, and proteins [Ghosh, Sumit 
(2019)].23 Numerous studies found that cisplatin’s induction 
of genotoxicity was related to the generation of a significant 
amount of reactive oxygen species (ROS) (Aksu et al., 2016; 
Sadeghi et al., 2018);24,25 where ROSs can attack DNA 
destabilize the double helix, and disruption of the DNA repair 
mechanism through the formation of intra-and inter-strand 
crosslinks (cisplatin–DNA adducts) leading to DNA strand 
breakage, and mutations at DNA sites. ROSs can also lead to 
the creation of micronuclei and chromosomal abnormalities 
(Huang et al., 2019).26 

Moreover, researchers also observed that platinum could 
induce DNA damage and MN generation, both of which 
are indicators of genotoxic occurrences and chromosomal 
instability and indicate genomic damage that can increase 
the risk of developmental or degenerative diseases.27,28 where 
a single IP dose of cisplatin injected on day seven of the 
current study produced a significant increase in chromosomal 
aberrations and MN appearance with a decrease in the cell 
proliferation (Tables 2 and 3).

Besides, Ganaie et al, (2019) stated that natural flavonoids 
possess antioxidant properties and can exert protective effects 
against DNA damage,29 and this was observed in the present 
study where oral administration of 200 mg/kg of CB fruit 
extract for seven successive days before cisplatin injection 
on day seven (Group IV) produced a significant rise in the 
cell proliferation with a decline in the MN appearance and 
chromosomal aberrations (Tables 2 and 3). 

Wu X, et al. (2020) stated that CB extracts mainly 
contained polyphenol-rich antioxidants, consistent with its 
higher content of flavonoids and proanthocyanidins, with 
trace amounts of triterpenes which are well-known radical 
scavengers that are capable of inhibiting oxidative processes; 
and these compounds can contribute to the chemopreventive 
properties of CB.30 Moreover, a study by Izquierdo-Vega 
J.A, et al. (2017) reported that a variety of fruits involving 
(cranberries) are frequently consumed by humans and can be 
considered a potential antigenotoxic effect. Moreover, analysis 
of phytochemicals extracted from fruits also mentioned the 
antigenotoxic capacity of such part of the plant in various 
tests, including the chromosomal aberrations, and MN 
assay.31 In addition, Madrigal, et al (2012) reported that the 
cranberry ethanolic extract (CEE) was not genotoxic nor 
cytotoxic, in contrast, it reduced the incidence of the MN that 
the genotoxic compound had produced, which suggests that 
the anticlastogenic activity of such plant extract is associated 
to the antioxidant potential of the mixture of phytochemicals 
that are present in its chemical structure.17

Furthermore, it has been reported that the f lavonoid 
“quercetin” that is found in many fruits (including cranberries), 
vegetables, leaves, seeds, and other plant sources has been 
demonstrated to promote apoptosis in cancer cells in-vitro 
and enhanced synergistically. The anti-proliferative activity 
of cisplatin in these cells increases cisplatin’s ability to cause 
apoptosis in cancer cells.32

Table 3: The effect of cranberry (CB) fruit extract on micronucleus appearance (MN) mitotic Index (MI) in mice’ bone marrow cells

No. of groups Names of groups Micronucleus appearance (MN) Mitotic Index (MI)
Group I Normal saline(control) 5.820 ± 0.476 c 9.040 ± 0.492 a
Group II Cranberry extract alone (200 mg/kg/day) 5.940 ± 0.568 c 8.720 ± 0.432 a
Group III Cisplatin (12 mg/kg/day) 9.740 ± 0.531 a 6.020 ± 0.589 c

Group IV Cranberry extract (200 mg/kg/day) + 
cisplatin (12 mg/kg/day) 8.000 ± 0.479 b 7.480 ± 0.664 b

* Data expressed as Mean ± SD; N=7 animals/group.
 * Values with non-identical letters (a, b, and c) indicate a significant difference (p < 0.05).
 * Values with identical letters (a or c ) indicate no significant difference (p > 0.05).
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CONCLUSION
According to results obtained from the present study, cisplatin 
has considerable effects on total chromosomal aberrations, MI, 
and MN appearance; and the orally-administered CB prior 
to CP improves the genotoxic effects induced by cisplatin; 
in other words, it has geno-protective effects against such 
chemotherapeutic drug in mice’ BM cells.

REFERENCES
1.	 Park CH, Lee AY, Kim JH, Seong SH, Jang GY, Cho EJ, Choi 

JS, Kwon J, Kim YO, Lee SW, Yokozawa T. Protective effect 
of safflower seed on cisplatin-induced renal damage in mice 
via oxidative stress and apoptosis-mediated pathways. The 
American journal of Chinese medicine. 2018 Jan 3;46(01):157-74. 
doi://10.0.4.118/S0192415X1850009X.

2.	 Mousavi SS, Zadeh MH, Shahbazian H, Khanzadeh A, Hayati F, 
Ghorbani A, Golzari K, Valavi E, Motemednia F, Mousavi MB. 
The protective effect of theophyline in cisplatin nephrotoxicity. 
Saudi Journal of Kidney Diseases and Transplantation. 2014 
Mar 1;25(2):333-337.

3.	 Khan R, Khan AQ, Qamar W, Lateef A, Tahir M, Rehman MU, 
Ali F, Sultana S. Chrysin protects against cisplatin-induced 
colon. toxicity via amelioration of oxidative stress and apoptosis: 
probable role of p38MAPK and p53. Toxicology and applied 
pharmacology. 2012 Feb 1;258(3):315-329.

4.	 Wu H, Yin JJ, Wamer WG, Zeng M, Lo YM. Reactive oxygen 
species-related activities of nano-iron metal and nano-iron oxides. 
Journal of Food and Drug Analysis. 2014 Mar 1;22(1):86-94.

5.	 Liu HT, Wang TE, Hsu YT, Chou CC, Huang KH, Hsu CC, 
Liang HJ, Chang HW, Lee TH, Tsai PS. Nanoparticulated 
honokiol mitigates cisplatin-induced chronic kidney injury by 
maintaining mitochondria antioxidant capacity and reducing 
caspase 3-associated cellular apoptosis. Antioxidants. 2019 Oct 
9;8(10):466-481. https://doi.org/10.3390/ antiox8100466. 

6.	 Ghosh P, Roy SS, Chakraborty P, Ghosh S, Bhattacharya S. 
Effects of organoselenium compound 2-(5-selenocyanato-
pentyl)-benzo [de] isoquinoline 1, 3-dione on cisplatin induced 
nephrotoxicity and genotoxicity: an investigation of the influence 
of the compound on oxidative stress and antioxidant enzyme 
system. Biometals. 2013 Feb;26:61-73.

7.	 Toyokuni S. Genotoxicity and carcinogenicity risk of carbon 
nanotubes. Advanced Drug Delivery Reviews. 2013 Dec 
1;65(15):2098-110.

8.	 Gunasekarana V, Raj GV, Chand P. A comprehensive review 
on clinical applications of comet assay. Journal of clinical and 
diagnostic research: JCDR. 2015 Mar;9(3):GE01-GE05.doi: 
10.7860/ JCDR/2015/12062.5622.

9.	 Srivastava R, Mishra N, Singh UM, Srivastava R. Genotoxicity: 
Mechanisms and its impact on human diseases. Octa Journal of 
Biosciences. 2016 Dec 1;4(2):67-70.

10.	 Jain AK, Singh D, Dubey K, Maurya R, Pandey AK. 
Chromosomal aberrations. InMutagenicity: Assays and 
Applications 2018 Jan 1:69-92. Academic Press. doi:10.1016/
B978- 0-12-809252-1.00004-3 

11.	 Bonassi S, El-Zein R, Bolognesi C, Fenech M. Micronuclei 
frequency in peripheral blood lymphocytes and cancer risk: evi-
dence from human studies. Mutagenesis. 2011 Jan;26(1):93-100.

12.	 Micali S, Isgro G, Bianchi G, Miceli N, Calapai G, Navarra M. 
Cranberry and recurrent cystitis: more than marketing?. Critical 
reviews in food science and nutrition. 2014 Jan 1;54(8):1063-75. 
doi:10.1080/10408398.2011.625574.

13.	 Zhao S, Liu H, Gu L. American cranberries and health benefits–
an evolving story of 25 years. Journal of the Science of Food and 
Agriculture. 2020 Nov;100(14):5111-6. doi:10.1002/jsfa.8882.

14.	 Wu X, Xue L, Tata A, Song M, Neto CC, Xiao H. Bioactive 
components of polyphenol-rich and non-polyphenol-rich 
cranberry fruit extracts and their chemopreventive effects on 
colitis-associated colon cancer. Journal of Agricultural and Food 
Chemistry. 2020 May 10;68(25):6845-53.

15.	 Nemzer BV, Al-Taher F, Yashin A, Revelsky I, Yashin Y. 
Cranberry: Chemical composition, antioxidant activity and 
impact on human health: Overview. Molecules. 2022 Feb 
23;27(5):1503. https://doi.org/10.3390/molecules27051503.

16.	 Diehl KH, Hull R, Morton D, Pfister R, Rabemampianina Y, 
Smith D, Vidal JM, Vorstenbosch CV. A good practice guide 
to the administration of substances and removal of blood, 
including routes and volumes. Journal of Applied Toxicology: 
An International Journal. 2001 Jan;21(1):15-23.

17.	 Madrigal-Santillán E, Fragoso-Antonio S, Valadez-Vega C, 
Solano-Solano G, Zuniga Perez C, Sánchez-Gutiérrez M, 
Izquierdo-Vega JA, Gutiérrez-Salinas J, Esquivel-Soto J, 
Esquivel-Chirino C, Sumaya-Martínez T. Investigation on the 
protective effects of cranberry against the DNA damage induced 
by benzo [a] pyrene. Molecules. 2012 Apr 12;17(4):4435-51.
doi:10.3390/molecules17044435.

18.	 Joy J, Nair CK. Amelioration of cisplatin induced nephrotoxicity 
in Swiss albino mice by Rubia cordifolia extract. Journal of 
cancer research and therapeutics. 2008 Jul 1;4(3):111-5.

19.	 Allen JW, Shuler CF, Mendes RW, Latt SA. A simplified 
technique for in vivo analysis of sister-chromatid exchanges 
using 5-bromodeoxyuridine tablets. Cytogenetic and Genome 
Research. 1977;18(4):231-7. https://doi.org/10.1159/000130765

20.	 Hassan AF, Jasem NH. Evaluation the Incidence of Genotoxic 
Effects of Artificial Food Favoring Additives in Bone Marrow 
Cells and Spleen Cells in Mice. Iraqi Journal of Pharmaceutical 
Sciences (P-ISSN 1683-3597 E-ISSN 2521-3512). 2020 Jun 
21;29(1):55-61.

21.	 Agar wal DK, Chauhan LK. An improved chemical 
substitute for fetal calf serum for the micronucleus test. 
Biotechnic & histochemist ry. 1993 Jan 1;68(4):187-8.
doi:10.3109/10520299309104695 

22.	 Waseem M, Bhardwaj M, Tabassum H, Raisuddin S, Parvez S. 
Cisplatin hepatotoxicity mediated by mitochondrial stress. Drug 
and chemical toxicology. 2015 Oct 2;38(4):452-9. doi:10.3109/0
1480545.2014.992437.

23.	 Ghosh S. Cisplatin: The first metal based anticancer drug. 
Bioorganic chemistry. 2019 Jul 1;88:102925. doi:10.1016/j.
bioorg.2019.102925.

24.	 Aksu EH, Kandemir FM, Altun S, Küçükler S, Çomaklı S, 
Ömür AD. Ameliorative effect of carvacrol on cisplatin‐Induced 
reproductive damage in male rats. Journal of biochemical and 
molecular toxicology. 2016 Oct;30(10):513-20.

25.	 Sadeghi F, Etebari M, Roudkenar MH, Jahanian-Najafabadi 
A. Lipocalin2 protects human embryonic kidney cells against 
cisplatin–induced genotoxicity. Iranian journal of pharmaceutical 
research: IJPR. 2018;17(1):147.

26.	 Huang Y, Wu C, Ye Y, Zeng J, Zhu J, Li Y, Wang W, Zhang 
W, Chen Y, Xie H, Zhang H. The increase of ROS caused by 
the interference of DEHP with JNK/p38/p53 pathway as the 
reason for hepatotoxicity. International journal of environmental 
research and public health. 2019 Feb;16(3):356.



Effects of Aqueous Cranberry Extract against Genotoxicity Cisplatin in Mice

IJDDT, Volume 13 Issue 1, January - March 2023 Page 406

27.	 Attia SM. The impact of quercetin on cisplatin-induced 
clastogenesis and apoptosis in murine marrow cells. Mutagenesis. 
2010 Feb 15;25(3):281-8.

28.	 Fenech M, Kirsch-Volders M, Natarajan AT, Surralles J, Crott 
JW, Parry J, Norppa H, Eastmond DA, Tucker JD, Thomas P. 
Molecular mechanisms of micronucleus, nucleoplasmic bridge 
and nuclear bud formation in mammalian and human cells. 
Mutagenesis. 2011 Jan 1;26(1):125-32.

29.	 Ganaie MA, Jan BL, Khan TH, Alharthy KM, Sheikh IA. 
The protective effect of naringenin on oxaliplatin-induced 
genotoxicity in mice. Chemical and Pharmaceutical Bulletin. 
2019 May 1;67(5):433-8.

30.	 Wu X, Xue L, Tata A, Song M, Neto CC, Xiao H. Bioactive 
components of polyphenol-rich and non-polyphenol-rich 

cranberry fruit extracts and their chemopreventive effects on 
colitis-associated colon cancer. Journal of Agricultural and Food 
Chemistry. 2020 May 10;68(25):6845-53.

31.	 López-Romero D, Izquierdo-Vega JA, Morales-González JA, 
Madrigal-Bujaidar E, Chamorro-Cevallos G, Sánchez-Gutiérrez 
M, Betanzos-Cabrera G, Alvarez-Gonzalez I, Morales-González 
Á, Madrigal-Santillán E. Evidence of some natural products with 
antigenotoxic effects. Part 2: plants, vegetables, and natural resin. 
Nutrients. 2018 Dec 10;10(12):1954. doi:10.3390/nu9020102.

32.	 Li QC, Liang Y, Hu GR, Tian Y. Enhanced therapeutic efficacy 
and amelioration of cisplatin-induced nephrotoxicity by quercetin 
in 1, 2-dimethyl hydrazine-induced colon cancer in rats. Indian 
journal of pharmacology. 2016 Mar;48(2):168. doi: 10.4103/0253-
7613.178834.


