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Abstract 

Cisplatin is an anticancer drug. It is used to treatment of cancer. The present work studies the effect of cisplatin on 

chromosomes of male mice. 35 healthy adult male Swiss albino mice (Mus musculus) were divided into 7 groups, 

composed of 5 animals each. 

The first group was normal (control), the second, third and fourth groups were administered single doses of 5, 10 & 15 

mg/kg of cisplatin I.P, respectively. Mice were then anesthetized and killed after one day of cisplatin administration. The 

fifth, sixth and seventh groups were injected the same doses, but mice were anesthetized and killed after 5 days of 

cisplatin injection. Bone marrow of mice femurs were prepared the examining of chromosomal aberrations and mitotic 

index. 

various chromosomal aberrations were recorded as structural aberrations (deletion, fragmentation, centric fusion, ring, 

end to end, break and gaps) and as numerical aberration (monosomy and trisomy). Also, the result of this study revealed 

that cisplatin caused reduction in the mitotic index at various doses. It was found that cisplatin had adverse effect on 

chromosomes and mitotic index. 
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1. Introduction 

Chemotherapy is defined as the drugs synthesized or 

procured from natural or synthetic sources for cancer 

inhibition and cure and these drugs are commonly called 

as chemotherapeutics. One of these chemotherapeutic 

drugs is Cisplatin. 

Cis-Dichlorodiammineplatinum-II, commonly named as 

cisplatin which has proved to be effective against a wide 

variety of experimental malignant tumors [1-3] and in the 

treatment of many human cancers as well [4,5]. 

Many of the biological properties and effects of cisplatin 

have been well documented [6,7] but, therapeutic efficacy 

of cisplatin has been limited because of the development 

of drug resistance [8] and dose-limiting side effects, 

mainly nephrotoxicity [9]. 

Furthermore, the mutagenic potency of cisplatin 

reported in bacteria [10] and also in mammalian system 

[11] raises the concern which its use in cancer 

chemotherapy may have carcinogenic risk with the 

development of secondary malignancies [12]. 

Many searches have been published describing the 

intercalation of cisplatin with DNA [13-15] which 

discussed that the cellular DNA could be the primary 

target for cisplatin in its cytotoxicity. 

It has been revealed that cisplatin functions as a 

bifunctional alkylating agent, producing DNA-protein 

crosslinks and DNA-intrastrand crosslinks [15]. 

In addition to its interaction with cellular DNA, the 

changes in various biochemical enzymatic parameters, 

immune response, cell surface etc. have been noted as well 

that led to propose the involvement of multistep and 

multilevel effects of cisplatin in the tumor cell/host during 

cisplatin mediated chemotherapy against cancers [16]. 

Cisplatin can cause chromosomal aberrations and 

mutations in cultured mammalian cells [11,17and18]. 

2. Materials and Methods 

Experimental animals: 

Healthy 35 adult male mice Mus musclus weighting 

approximately (25 – 30) gm and aging approximately (8 -

9) weeks were obtained from national research center 

(N.A.C) in Dokki, Cairo.  

The animals were housed in suitable rodent cages and 

maintained at standard conditions of temperature and 

humidity with an alternating light cycle (12hr light/dark). 

Animals were fed standard rodent diet which was obtained 

from Egyptian company of oils and soup kafr–Elzayat 

Egypt that manufactured especially for laboratory purpose. 

The diet is composed of 20% casein, 15%corn oil, and 

55% corn starch 5% salt mixture and 5% vitaminized 

starch, in addition to water. The animals acclimatized to 

laboratory condition one week before using them. 

- Drug: 

1mg cisplatin/1ml vial was obtained from Hospira 

INI-VK. 

- Grouping of animals:  

Group 1: Control (normal) composed of 5 male mice.  

Group 2: Composed of 5 male mice and each mouse 

was injected intraperitoneally with single dose of 5 mg/kg 

cisplatin and anesthetized then killed after one day. 
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Group 3: Composed of 5 male mice and each mouse 

was injected intraperitoneally with single dose of 10 mg/ 

kg cisplatin and anesthetized then killed after one day. 

Group 4: Composed of 5 male mice and each mouse 

was injected intraperitoneally with single dose of 15mg/kg 

cisplatin and anesthetized then killed after one day. 

Group 5: Composed of 5 male mice and each mouse 

was injected intraperitoneally with single dose of 5mg/kg 

cisplatin and anesthetized then killed after 5 days. 

Group 6: Composed of 5 male mice and each mouse 

was injected intraperitoneally with single dose of 10mg/kg 

cisplatin and anesthetized then killed after 5 days. 

Group 7: Composed of 5 male mice and each mouse 

was injected intraperitoneally with single dose of 15mg/kg 

cisplatin and anesthetized then killed after 5 days.  

Metaphase spreads were prepared according to [19, 20]. 

Fifty well were examined/each animal. Recording and 

photographing the type and frequency of chromosomal 

aberrations were done. Also calculating the mitotic 

activity of the cells was occurred as the number of 

dividing cells including prophase and metaphase per 1000 

cells.  

Statistical analysis: 

The statistical analysis was carried out by using SPSS 

software, Ver .22 (IBM Corp. Released 2013). One-way 

ANOVA was done to determine the significance among 

groups. According to [21]. Data were treated as a complete 

randomization design. Multiple comparisons between 

groups were carried out applying Duncan test. The 

significance level was set at p value < 0.05. 

3. Results 

Monosomy and trisomy as a numerical chromosomal 

aberration are evaluated in table (1) and figure (11) as a 

result of treatment with cisplatin at different doses and 

different periods. Significant increase in chromosomal 

aberrations was noticed in the male mice. These 

aberrations were numerical that includes monosomy and 

trisomy. 

Also, significant increase of structural aberrations 

(deletion, fragmentation, centric fusion, ring, end to end, 

gaps and breaks) are showed in table (2) and figure (12) at 

the same groups. It is observed that the total number of 

structural and numerical chromosomal aberrations 

increased by increasing the dose of cisplatin. The mean 

values of all chromosomal aberrations (numerical – 

structural) in all doses (5mg/kg – 10mg/kg – 15mg/kg) 

after one day treatment were more significant than the 

mean values of all chromosomal aberrations in all doses 

after 5 days treatment. 

This means that total chromosomal aberrations 

(numerical - structural) were noticed to be maximum 

values after 24h treatment and decreased during other 

periods. 

The presented data in table (3) and figure (13) showed 

that the mean value of mitotic index decreased by 

increasing the dose of cisplatin. The mean values of 

mitotic index of mice left 5 days after injection were 

significantly higher than the mean values of mitotic index 

of those left only one day. 

 

 
 

Fig (1): Normal metaphase spread in bone marrow cells of 

(Mus musculus). 

(Giemsa stain x 1000) 

 
Fig(2): metaphase spread showing deletion (D) in bone 

marrow cells of (Mus musculus).                                                             

(Giemsa stain x 1000) 

 

 
 

Fig (3): Metaphase spread showing fragmentation (F) in 

bone marrow cells of (Mus musculus).  

(Giemsa stain x 1000) 
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Fig (4): Metaphase spread showing centric fusion (CF) in 

bone marrow cells of (Mus musculus) 

 (Giemsa stain x 1000) 

 

 
 

Fig (5): Metaphase spread showing ring chromosome (R) 

in bone marrow cells of (Mus musculus).  

(Giemsa stain x 1000) 

 

 

 
 

Fig (6): Metaphase spread with End to End association  (E 

to E) in bone marrow cells of (Mus musculus). 

   (Giemsa stain x 1000) 

 

 
 

Fig(7): Metaphase spread with break (B) in bone marrow 

cells of (Mus musculus).                                                                      

(Giemsa stain x 1000) 

 

 
 

Fig (8): Metaphase spread with gap (G) in bone marrow 

cells of (Mus musculus).                                                                    

(Giemsa stain x 1000) 

 

 
 

Fig (9): Metaphase spread of monosomy in bone marrow 

cells of (Mus musculus).                                                                      

(Giemsa stain x 1000) 
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Fig (10): Metaphase spread of trisomy  in bone marrow 

cells of (Mus musculus).                                                                                     

(Giemsa stain x 1000) 

 

 

Table (1): The mean values of numerical chromosomal aberrations 

Treatments Period (days) 
 

Monosomy Trisomy Total 

Normal 0 0.6±0.40d 0±0d 0.6±0.4 

5 mg 
1 3.2±0.66bc 1.2±0.58abc 4.4±1.24 

5 1.60±0.51cd 0.2±0.20bc 1.8±0.71 

10 mg 
1 4.0±0.84ab 1.6±0.51ab 5.6±1.35 

5 2.0±0.71cd 0.4±0.24bc 2.4±0.95 

15 mg 
1 5.6±0.51a 2.4±0.68a 8.0±1.19 

5 3.0±0.71bc 1.00±0.45bc 4.0±1.16 

a, b & c: There is no significant difference (P>0.05) between any two means, within the same row have the same 

superscript letter. 

 

 
Fig (11): The mean values of numerical chromosomal aberrations 
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Table (2): The mean values of structural chromosomal aberrations 

Treatments  

Total Deletion Fragment-

ation 

Centric 

fusion 

Ring End to 

End 

Breaks Gaps 

Normal 
7.00 

±0.71d 
0±0c 0±0b 

5.80 

±0.58e 

0.60 

±0.40b 
0±0c 0±0c 

13.40 

±1.69 

5 mg 1 day 
15.40 

±0.68bc 

1.20 

±0.58bc 

0.80 

±0.37ab 

10.00 

±0.71bc 

1.40 

±0.51ab 

1.40 

±0.51bc 

1.40 

±0.51bc 

31.60 

±3.87 

5 mg 5 day 
7.80 

±0.73d 

0.20 

±0.20c 

0.20 

±0.2b 

7.20 

±1.02de 

0.60 

±0.40b 
0±0c 

0.20 

±0.20c 

16.20 

±2.75 

10 mg 1 day 
16.4 

±0.87ab 

2.00 

±0.71ab 

1.00 

±0.45ab 

11.00 

±0.71ab 

2.00 

±0.71ab 

2.40 

±0.81b 

2.60 

±0.81ab 

37.40 

±5.07 

10 mg 5 day 
13.00 

±0.71c 

0.60 

±0.40bc 

0.40 

±0.24b 

8.40 

±0.51cd 

0.80 

±0.37b 
0±0c 

0.40 

±0.24c 

23.60 

±2.47 

15 mg 1 day 
18.4 

±1.12a 

2.80 

±0.66a 

2.00 

±0.71a 

13.00 

±0.71a 

3.00 

±0.71a 

3.80 

±0.66a 

4.00 

±0.71a 

47.00 

±5.28 

15 mg 5 day 
15.20 

±0.86bc 

1.00 

±0.45bc 

0.60 

±0.40b 

9.20 

±0.58bcd 

1.20 

±0.58b 

0.20 

±0.20c 

0.60 

±0.40c 

28.00 

±3.47 

a, b & c: There is no significant difference (P>0.05) between any two means, within the same column have the same 

superscript letter. 

 
Fig (12): The mean values of structural chromosomal aberrations 

 

Table (3): The mean value of Mitotic Index of chromosomes in bone marrow cells of male mice treated with cisplatin at 

different doses and different periods 

Treatments Mitotic Index 

Normal 848±5.15a 

5 mg 1 day 810±3.63c 

5 mg 5 day 830±4.23b 

10 mg 1 day 759±4.81e 

10 mg 5 day 774±4.30d 

15 mg 1 day 700±3.54f 

15 mg 5 day 754±5.79e 

a, b & c: There is no significant difference (P>0.05) between any two means, within the same column have 

the same superscript letter. 
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Fig (13): The mean value of Mitotic Index of chromosomes in bone marrow cells of male mice treated with cisplatin at 

different doses and different periods 

 

 

4. Discussion 

Although the very wide use of chemotherapeutic drugs 

in the treatment of cancer for improvement of the quantity 

of life of cancer patients and even for the cure of disease, 

treatment with some of the most effective anti-cancer 

drugs causes a number of symptoms of direct toxicity. 

Also, many anticancer drugs have been shown to be 

mutagenic, teratogenic and carcinogenic in experimental 

systems [22]. 

There are many chemicals in use, such as ionizing 

radiation and cancer therapeutic agents which have been 

proven to be DNA reactive and that cause a distinct 

spectrum of base pair substitution mutations and structural 

chromosome changes [23]. 

Currently, mice were injected with 5mg/kg 1day - 

10mg/kg 1day - 15mg/kg 1day - 5mg/kg 5day - 10mg/kg 

5day - 15mg/kg 5day) of cisplatin. The increase in 

chromosomal aberrations was noticed in the male mice of 

these groups. These aberrations are structural (deletion, 

fragmentation, centric fusion, ring, end to end, gaps and 

breaks) and numerical aberrations include monosomy and 

trisomy. Mitotic index was also affected after treatment 

with cisplatin. Many authors studied the mechanism of the 

aberrations of the chromosomes [24-26]. Others 

considered that chromosomal aberrations are the 

consequence of repair processes that operate on damage 

caused by different factors on chromosomal DNA. When 

deoxyribonuclease released in the cell nucleus at an 

appropriate stage of mitotic cycle, as well, chromosomal 

aberrations damage may happen [27]. 

Although cisplatin is an effective antitumor drug, it has 

serious side effects on non-tumor cells, including free 

radical generation [28]. Cisplatin can cause damage DNA 

by elevating level of reactive oxygen species (ROS) [29] 

such as superoxide anions and hydroxyl radicals can 

damage DNA and form strand breaks of DNA [30]. 

Many studies on the genotoxicity of cisplatin that react 

with nucleic acid component indicate that the cellular 

DNA could be the primary target in its anticancer activity 

[15,31]. Platinum compounds of cisplatin reacted with the 

nitrogen atoms of nucleic acid bases guanine, adenine and 

cytosine [13]. It was suggested that those at N-7 positions 

of adenine and guanine were the most likely sites to be 

involved in reaction with DNA [15,32]. Development of 

chromosomal aberrations in the cells have been commonly 

used as the mutagenic bioassays of a drug [33,34]. 

In a previous study, [35] found that single dose of 

cisplatin (5mg/kg) cause an increase in the number of 

mitotic metaphase chromosomal aberrations and mitotic 

index didn’t change at 24h which suggested that cisplatin 

is non-mitotoxic at given dose. Also [36] have reported 

that single dose of cisplatin produced an increased in 

chromosomal aberrations and abnormal metaphases 

noticed at 24th hours. 

In the current study, we observed that chromosomal 

aberrations increased by increasing the dose of cisplatin 

and the total number of structural and numerical 

chromosomal aberration in addition aberrant metaphases 

were observed to be maximum at 24h of treatment. This 

gradually decreased during the later periods and later 

phase of cell cycle which support the view as well that 

antitumor agents cause a high frequency of aberrations in 

rodents 24h after single exposure which roughly agree 

with the normal length (22-24h) of the cell cycle [37]. The 

decrease in the frequency of aberrations in the later hours 

of treatment could be because of death of damaged cells, 

clearance of mutagen drug (cisplatin) from the body and 

post-replication repair process that might be operating for 

recovery from the cisplatin-caused damage to DNA, in 

fact [38] have established an involvement of post-

replication repair process in cisplatin induced DNA 

damage. 
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Cisplatin lesions on O6 of guanine in normal cells were 

proposed that to be repaired before replications while in 

cancer cells the lesions are not removed due to a 

deficiency in this repair process, so mutation rate increases 

beyond the limits of survivability [6]. 

The inhibition of mitotic activity by increasing the dose 

indicates that, cisplatin blinds to DNA, blocks and 

prolongs the division cells in the G2 phase of the cell cycle 

when is injected to the body. The blockage of the cells in 

G2 phase is linked to the inhibition of chromatin 

condensation [33]. 

5. Conclusion  

According to the previous experiments and results we 

conclude that cisplatin harmed chromosomes of male mice 

and caused structural-numerical chromosomal aberrations 

which increased by increasing the dose of cisplatin after 

one day and decreased after later period, but mitotic index 

decreased by increasing the dose of cisplatin. 

 

References 

 

[1] R.J. Kociba, S.D. Sleight, B. Rosenberg “Inhibition 

of Dunning ascitic leukemia and Walker-256 Carcino 

Sarcoma with cis-diamminedichloro platinum (NSC-

119875)" Cancer Chemotherapy Reports, 54 (1970)325-

328. 

[2] A. Sodhi, S.K.  Aggarwal “Effects of cis-

dichlorodiammine platinum (II) in the regression of 

Sarcoma-180: a fine structural study" The Journal of the 

National Cancer Institute, 53(1974)85-101. 

[3] S.B. Prasad, A. Giri " Antitumor effect of cisplatin 

against murine ascites Dalton’s lymphoma" Indian 

Journal of Experimental Biology, 32(1994) 155-162. 

[4] S.K.  Carter" Cisplatin-past, present and future. In: 

Platinum Coordination Complexes in Cancer 

Chemotherapy" (Eds.}, M.P. Hacker, E. B. Double, I.H. 

Krakoff , Martinus Nijhpff Publishing, Boston, 1984,pp 

359-376. 

[5] L. Jurga , E. Misurova, V. Kovac , I. Sevcikova "The 

role of cisplatin in chemotherapy of advanced breast 

cancer" Neoplasma , 41(1994) 347-352. 

[6]   B. Rosenberg "Fundamental studies with cisplatin" 

Cancer, 55(1985) 2303-2316. 

[7] G. Chu "Cellular responses to Cisplatin" The journal 

of Biological Chemistry, 269(1994) 787-790. 

[8] M. Dabholkar, E.  Reed “Cisplatin" H.M. Pinedo, 

D.L Longo, B.A. Chabner (eds.), Cancer Chemotherapy 

and Biological Response Modifiers Annual 16, m 

Elsevier Science Publishers, Netherlands,1996, pp. 88-

110. 

[9] I.H. Krakoff "Nephrotoxicity of cis-

dichlorodiammine platinum" Cancer Treatment Reports, 

63(1979) 1523-1525. 

[10]   H.J. Cross, M.  Tilby, J.K.  Chipman, D.R. Ferry, 

A. Gescher " Effect of quercetin on the genotoxic 

potential of cisplatin" International Journal of Cancer, 

66(1996) 404-408. 

[11] L.A. Zwelling, M.O. Bradely, N.A. Sharkey, T. 

Anderson, K.W. Kohn “Mutagenicity, cytotoxicity and 

DNA crosslinking in V79 Chinese hamster cells treated 

with cis- and trans-Pt(II) diamminedichloride" Mutation 

Research, 67 (1979) 271-280. 

[12] M.H. Greene " Is cisplatin a human carcinogene?" 

Journal of the National Cancer Institute, 84(1992) 306-

312. 

[13] J.M. Pascoe, J.J. Roberts "Interactions between 

mammalian cell DNA and inorganic platinum 

compounds" Biochemical Pharmacology, 23(1974) 

1345-1357. 

[14] A.L. Pinto, S.J. Lippard "Binding of the antitumor 

drug cis-diamminedichloro platinum (II): (cisplatin) to 

DNA" Biochimica et Biophysica Acta, 780(1985) 167-

180. 

[15] B.D. Zamble, S.J. Lippard, "Cisplatin and DNA 

repair in cancer chemotherapy" Trends in Biochemical 

Sciences, 20(1995) 435-439. 

[16] A. Geri “Studies on the effect of cisplatin on 

malignant and normal cells: Preliminary investigations 

on cisplatin combination chemotherapy" Ph.D. Thesis, 

North-Eastern Hill University, Shillong,1995, pp. 1-268. 

[17] H.W. Van den Berg, J.J.  Roberts “Post-replication 

repair of DNA in Chinese hamster cells tested with Cis-

platinum (II) diamminedichloride: Enhancement of 

toxicity and chromosome damage by caffeine" Mutation 

Research, 33(1975) 279-284. 

[18] E.M. Boccia, M. Laverick , A.H.W.  Nias " Sister 

chromatid exchanges induced by two radiosensizing 

platinum compounds cis-dichlorobis-isopropylamine-

trans-dihydroxyplatinum (IV) (CHIP) and cis-platin 

metronidazole c/2 (FLAP) in cHo cells in vitro" British 

Journal of Cancer, 48 (1983) 803-807. 

[19] I.D. Alder "Cytogenetic tests in mammals. In: 

Mutagenicity testing, a practical Approach” S. Venitt , J. 

M.  parry (eds), IRL press, Oxford, 1984, pp.  2750-306. 

[20] M.E. Zowail "Chromosomal Anomalies and Sperm 

Malformation Induced by Organophosphorus Insecticide 

Tamaron (Methomedophos) In Guinea Pig-Bull" 

Faculty of science Zagazig University, 19 (1997) 240. 

[21] R. Steel, J. Torrie, D. Dickey, "Principle and 

procedures of statistics:A Biometrical Approach" 3rded., 

McGraw-Hill, New York, NY,1997 

[22] IARC Monographs on the evaluation of 

carcinogenic risks to human     "Pharmacutical drugs" 

International Agency for Research on Cancer, Lyon, PP. 

47,65 and 123 or 80(1990)47,65 and 123. 

[23] F. Li, J. Xu, J. Zhou, L.  Zhou, L.  Sheng, G.  Sun " 

Inhibition of mitomycin. C induced chromosomal 

aberrations by micrometer powder of selenium-enriched 

green tea in mice spermatocytes" Mutation Research, 

675(2009) 11-16. 

[24] B.A. Kihlman, H.C. Anderson, A.T.  Nataragon 

"Molecular mechanism in production of chromosomal 

aberrations: Studies with the 50 bromodeoxyuridine" 

Labelling method, A. Indela chapella, M.  Soprsa, (eds.), 

Chromosomes today. Elsevier. North Holland, 

Amesterdam, 1977, pp. 287-296. 



Abd El-Sadek et.al., J. Bas. & Environ. Sci., 5 (2018) 325–332 

332 

 

[25] M. Sorsa " Human Cytogenetic damage as 

predictor of cancer risk" In H.  Vainiq, P.Magee, D. 

Gregore,  A. Cheal (Editors), Mechanisms of 

carcinogenesis in resk identification, 4thed, Macmillan 

Publishing co., New York,1992, PP.543. 

[26] H.J. Evan"Molecular mechanism in the induction 

of chromosome aberrations" Scott, D. Bridges, and 

Sobier/North Holland, Amesterdam, 1997, PP.57. 

[27]   E.S.  El-Nabi “Physiological and Karyological 

studies on the effect of organophourous insecticide on 

male albino mice" M.Sc., Thesis, Department of 

Zoology-Faculty of science – Menoufia 

University,1989, PP.180. 

[28] H. Masuda, T. Tanaka, U. Takahaman “Cisplatin 

generates superoxide anion by interaction with DNA in 

a cell-free system" Biochemical and Biophysical 

Research Communications, 203(1994) 1175-1180. 

[29] E. Szabados, G.M. Fischer, K. Toth, B. Csete, 

B.Nemeti,  K. Trombitas, T.  Habon, D. Endrei, B. 

Sumgi "Role of reactive oxygen species and poly (ADP-

ribose) polymerase in the development of AZT-induced 

cardiomyopathy in rat" Free Radical Biology and 

Medicine, 26(1999) 309-317. 

[30] M. Gago-Dominiquez, J.E. Castelao, M.C. Pike, A. 

Sevanian, R.W.  Haile"Role of lipid peroxidation in the 

epidemiology and prevention of breast cancer" Cancer 

Epidemiology, Biomarkers and Preventation,14(2005) 

2829-2839. 

[31] S.E. Sherman, S.J. Lippard "Structural aspects of 

platinum anticancer drug interaction with DNA" 

Chemical Reviews, 87(1987) 1153-1181. 

[32] A.M.J. Fichtinger-Schepman, H.C.M. Van Dijk-

Knijnenburg, S.D. Vander Velde-Visser, F. Berndes, 

R.A. Raan "Cisplatin-and carboplatin-DNA adducts: is 

Pt-AG the cytotoxic lesions?" Carcinogenesis, 16(1995) 

2447-2453. 

[33] P. Tandon, A. Sodhi "Cis-dichlorodiammine 

platinum (II) induced aberrations in mouse bone-

marrow chromosomes" Mutation Research, 156(1985) 

187-193. 

[34] Giri , S.B. Prasad "Protective effect of vitamin C on 

cisplatin induced mutagenicity" In: P. Collery, J. 

Corbella, J.L. Domingo, J.C. Etienne,   J.M. Liobet 

(eds.), Metal Ions in Biology and Medicine. John 

Libbey Eurotext, Paris, 4(1996) 306-308. 

[35]   R.C.  Choudhury, M.B. Jagdaleand, S.  Misran 

“Cytogenetic toxicity of Cisplatin in bone marrow cells 

of swiss mice" Journal of Chemotherapy, 12(2000) 173-

182. 

[36] O. Mora Lde, L.M. Antunes, H.D. Francescato, 

M.L. Bianchi "The effects of oral glutamine on 

cisplatin-induced genotoxcity in Wistar rat bone marrow 

cells" Mutation Research, 518(2002) 65-70. 

[37] F.Rosselli,  L. Zaccaro, M. Venturi, A.M. Rossi " 

Persistence of drug-induced chromosome aberrations in 

peripheral blood lymphocytes of the rat" Mutation 

Research/Fundamental and Molecular Mechanisms of 

Mutagenesis, 232(1990) 107-114. 

[38] C.M. Sorenson, A. Eastman " Mechanism of cis-

diamminedichloro platinum (II) induced cytotoxicity: 

role of G2 arrest and DNA double-strand breaks" 

Cancer Research, 48(1988) 4484-4488. 

 


