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ABSTRACT  

 Background:mitomycin-C (MC) is an anti-cancer drug against several tumor types, including colon, 

breast and head and neck. In this demonstration, the genotoxic effects of mitomycin-C on DNA content and 

testicular tissue of male albino mice Mus musculus were studied.Materials & Methods: mitomycin-C treated 

animal was injected intrapretonialy with tested doses of mitomycin-C single time at the first day of the 

experiment.  Comet assay was used to detect the DNA damage in mice lymphocytes and the mean of total 

comet score was increased by dose and time among all treated groups. Results:the histological alterations 

caused in the testis of mice after mitomycin-C treatment displayed variable changes in both the seminiferous 

tubules and the interstitial tissue. Changes in seminiferous tubules were represented by hypoplasia of the 

germinal epithelium and spermatogenic arrest at various stages of spermatogenesis. The most prominent 

changes reported in the intertubular tissue were represented by the presence of a homogeneous and intensely 

eosinophilic ground substance in the interstitial areas, congestion of blood vessels as well as haemorrhage. The 

histological changes were also significantly increased by time and dose. 
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INTRODUCTION 
          Cytotoxic drugs are a unique therapeutic 

class of fundamental importance in current 

antineoplastic chemotherapy. They belong to 

different chemical and chemotherapeutic classes. 

Many of them are genotoxic, carcinogenic and 

teratogenic when tested in vivo and in vitro
 [1, 

2]
.Mitomycin-C, also known as mutamycin or 

mitomycin it is a commonly used as a 

chemotherapeutic agent, it is a naturally occurring 

antibiotic, originally has isolated from the Gram 

negative bacteria Streptomyces Caespitosus which 

has been shown to have antitumor activity and 

growth inhibitor
 [3, 4]

. Mitomycin-C was found to 

combine with DNA in tumor cells and to inhibit 

replication of DNA by cross-linking to double 

strand DNA synthesis 
[5]

; mitomycin-C or 

metabolites of mitomycin-C alkylate the DNA 

molecule 
[6]

. So that mitomycin-C has been used for 

solving several medical problems as neoplasia, 

tissue transplantation and it has beneficial in the 

treatment of many types of solid tumors and 

hematologic malignancies. According to Hawkins, 

(1991)
 [7]

 cytotoxic drugs may increase the risk of 

predispose to malignancy and increase mutations in 

offspring; cytotoxic drugs that used in cancer 

treatment interrupt nucleic acid and protein 

synthesis. Several studies have shown that 

mitomycin-C to be cytotoxic, teratogenic and 

mutagenic 
[8-10]

. It produces sister-chromatid 

exchange in bone marrow  

 

and testis of rats and mice. Also, mitomycin-C 

induces sister-chromatid exchange in human 

lymphocytes following in vivo treatment 
[11, 12]

. 

Mitomycin-C induces chromosomal aberration, 

dominant lethal mutation and DNA damage in the 

spermatogonia. Also mitomycin-C may have 

caused the spermatogenic apoptosis
 [10, 13]

.Since 

mitomycin-C is still in use as a chemotherapeutic 

agent in the treatment of cancer, so this study was 

performed in order to evaluate the harmful effect of 

different doses of mitomycin-C on male albino 

mice. 

 

MATERIALS AND METHOUDS 

I- MATERIALS: 

1-Animals: 

 Fifteen mature male mice (CD1) of six to eight 

weeks old with an average body weight (28 ± 2 g.) 

were used in current investigation. Mice were 

apparently normal, healthy, were kept in animal 

houses under suitable conditions during the whole 

period of experiment and were fed on standard 

rodent pellet diet and supplied with water.  Animal 

care and use was approved by the relevant ethics 

committee and guide line for the care and use of 

experimental animals. 
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2-Drug: 

Mitomycin-C drug (Kyowa, Hakko Kirin, D-

00208, Japan), the doses were converted from 

human dose to mice dose by using multiplication 

factors for dose conversion between different 

species by Paget and Barnes, (1964) 
[14]

. 

3-Experimental design: 

Twenty five mature male mice (CD1) were divided 

into five groups 5 mice/group The first group 

served as control was injected intrapretonialy with 

(physiological saline solution 1ml/kg b.wt.) while 

the second group was treated with mitomycin-C (3 

mg/kg b.wt.) for one week, group (3) was treated 

with mitomycin-C (3 mg/kg b.wt.) for two weeks, 

group (4) was treated with mitomycin-C (6 mg/kg 

b.wt.) for one week and group (5) was treated with 

mitomycin-C (6 mg/kg b.wt.) for two weeks. Each 

mitomycin-C treated animal was intraperitoneally 

injected single time at the first day of the 

experiment.  After one week four animals from 

each group were chosen for collection of samples 

and then the experiment completed to two weeks. 

II- METHOUDS: 

1-Comet assay: 

About 1-2 ml of mouse blood sample was isolated 

essentially and the comet assay was carried out 

under alkaline conditions, as described by Singh et 

al.,(1988)
[15]

. Lymphocytes cells were isolated 

according to Boyum, (1968)
 [16]

 from whole blood 

by ficoll separating solution (seromed). From the 

lymphocytes suspension 5 μL were mixed with 95 

μL of 5.0 % low melting agarose (LMA) to prepare 

the final cell/agarose suspension. Base slides were 

coated with 1% normal melting agarose (NMA). A 

second layer of cell/agarose suspension (80 μL) 

was poured over the base slides. Immediately, the 

coverslips were placed on the agarose layer 

followed by a third layer of agarose ( 15 μL LMA) 

and these slides were placed in lysis buffer for 24 

h. Subsequently, the slides were rinsed three times 

with distilled water and incubated in fresh alkaline 

buffer (pH>13) for 30 min. Electrophoresis of 

DNA was performed for 30 min at 300 mA and 25 

V (0.90 V/cm). The slides were neutralized with 

0.4 M Tris (pH 7.5) and then stained with ethidium 

bromide (50 μg/mL). In this work images of comet 

assay are visualized by the digital camera fitted 

fluorescent microscope and classified according to 

the degree of damage after migration through 

electrophoresis. Cells were visually scored into 

comet classes according to tail size: class 0 = no 

tail; class 1 = tail shorter than the diameter of the 

head (nucleus); class 2 = tail length 1 to 2x the 

diameter of the head; and class 3 = tail longer than 

2x the diameter of the head. Comets with no heads 

and those with nearly all the DNA in the tail, or 

with a very wide tail, were excluded from the 

evaluation because they probably represented dead 

cells 
[17, 18]

. 

Three parallel replicate slides per sample were 

analyzed. The total score for 100 comets was 

obtained by multiplying the number of cells in each 

class by the damage class, ranging from 0 (all 

undamaged) to 300 (all maximally damaged). 

2-Histological preparation of the testis: 

 Animals were sacrificed and testis were fixed in 

Bouin’s fluid for 24 hours and washed in 70 % 

alcohol containing few drops of saturated lithium 

carbonate to remove the excess of picric acid. The 

specimens were dehydrated in ascending series of 

ethyl alcohol, and then they were preserved for 

clearing in xylene. The specimens, was then 

embedded in three changes of pure paraffin wax 

(58-60º C) in an oven, each for 30 minutes, serial 

transverse section of 4-6 microns were cut, mount 

on clean slides and kept to dry for 24 hours. The 

slides were hydrated in descending grades of 

ethanol and then stained in haematoxylin and eosin 

and mounted in DPX. Images of histology were 

visualized by the digital camera fitted light 

microscope with magnification power ranged from 

280x to 660x. 

3-Statistical analysis: 

The statistical analysis of the obtained data was 

revised by SPSS 16 for windows (2007). Each 

treatment group was compared with the control 

group with independent samples T- test. 

 

RESULTS 

1-Comet assay: 

In the current study the extent and distribution of 

DNA damage indicated by the comet assay was 

evaluated by examining at least 100 randomly 

selected and non-overlapping cells on the slides per 

animal. These cells were visually scored into comet 

classes according to tail size: class 0 = no tail; class 

1 = tail shorter than the diameter of the head 

(nucleus); class 2 = tail length 1 to 2x the diameter 

of the head; and class 3 = tail longer than 2x the 

diameter of the head. Comets with no heads and 

those with nearly all the DNA in the tail, or with a 

very wide tail, were excluded from the evaluation 

because they probably represented dead cells. The 

total score for 100 comets was obtained by 
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multiplying the number of cells in each class by the 

damage class, ranging from 0 (all undamaged) to 

300 (all maximally damaged). 

In this study the mean of comet score was 

gradually increased by time and dose in all groups 

treated with mitomycin-C than the corresponding 

control. Images of comet assay are visualized by 

the digital camera fitted fluorescent microscope and 

classified according to the degree of damage after 

migration through electrophoresis. Figure (1) 

reveals an intact DNA in control group; while 

(Fig.2, 3, 4 and 5)  for groups (2), (3), (4) and (5) 

respectively, reveals a gradually increase of DNA 

damage clarified by a slightly pointed end due to 

the migration of fragmented DNA through 

electrophoresis (tailed). 

The comet assay results of this study were 

summarized in (Table 1) as (mean ± SD) of comet 

score for control and all treated groups. Comet 

score was (0.67±0.47) in control, while it was 

(12.33±0.74) in Group 2, (15±0.82) in Group 3, 

(22±0.82) in Group 4, and (27±0.82) in Group 

5.Comet class data also was shown in (Table 1) 

most cells examined were undamaged comet class 

0 cells, a few were comet class 1 cells showing 

minor damage, and a very few were comet class 2 

and 3 showing a large amount of damage. In this 

respect, statistical analysis indicated a significant 

increase (p< 0.005) in comet score of group 2 

(3mg/kg b.wt./one week). While, comet score was 

highly significant increased (p< 0.001) in group 3 

(3mg/kg b.wt./two weeks), group 4(6mg/kg b.wt. 

/one week), and group 5 (6mg/kg b.wt. /two weeks) 

compared to the corresponding control. Figure (6) 

showed comet score marked changes in mice of 

treated groups as compared to the corresponding 

mean control value. It is evident that the 

mitomycin-C administration was accompanied by a 

disturbance in the DNA content reflected by the 

gradual increase in the DNA migration in dose and 

time dependent. 

2-Histopathological observations: 

Examinations of transverse sections of control 

testis of adult mouse (Fig. 7) showed that the testis 

is composed of a large number of seminiferous 

tubules, which appear as rounded or oval structure. 

it is covered with a thick fibrous connective tissue, 

the tunica albuginea. Each tubule is surrounded by 

a thin basement membrane covered externally by a 

fibrous connective tissue. In the spaces between the 

seminiferous tubules, there is an interstitial tissue 

stroma, consisting of clumps of interstitial cells of 

Leydig cells. Each seminiferous tubule is lined by a 

germinal epithelium surrounding a central lumen 

and lying on a thin basement membrane covered 

externally by a fibrous connective tissue. The 

epithelium consists of spermatogenic cells and 

Sertoli cells. The spermatogenic cells include the 

successive stages of spermatogenesis i.e 

.spermatogonia, primary spermatocytes, secondary 

spermatocytes, spermatids and spermatozoa. These 

are regularly arranged so that the newly formed 

spermatogonia are next to the basement membrane, 

while the advanced spermatogenic stages are very 

close to the lumina. Treatment with mitomycin-C 

(3 mg/kg b.wt.) after one week(Fig. 8) showed the 

least histopathological lesions than other treated 

groups, animals treated with this dose revealed that 

some tubules were pathologically altered whereas 

others were not affected, the tunica albuginea was 

ruptured, several vacuoles scattered among the 

remaining spermatogenic cells, abnormal 

multinucleated giant cells were occasionally 

detected particularly in the spermatocytes and the 

spermatogonia and primary spermatocytes 

undergoing cellular degeneration and necrosis. 

While, After two weeks of treatment with the same 

dose of mitomycin-C (3mg/kg b.wt.) the 

histological preparations revealed more 

histopathological lesions in the testicular tissue 

(Fig. 9), it demonstrate that most of the 

spermatogonia and spermatocytes were undergoing 

necrosis; their nuclei showed pyknosis and 

exfoliated germ cells are accumulated in the tubular 

lumina and cytoplasmic mass was also illustrated in 

tubular lumina.  

Treatment with mitomycin-C (6 mg/kg b.wt.) after 

only one week showed more histopathological 

lesions in Testicular tissue compared to previous 

groups as shown in (Fig.10) Changes in the 

affected seminiferous tubules comprised of 

destruction the normal pattern of the germinal 

epithelium which showed various degrees of 

degeneration and Spermatogenesis showed 

maturation arrest and most of the seminiferous 

tubules were devoid of mature sperms. Beside, 

Congestion of blood vessel and oedema with 

marked haemolysis in the interstitial spaces was 

observed. While, treatment with mitomycin-C (6 

mg/kg b.wt.) after two weeks revealed the highest 

histopathological lesions in the testicular tissue 

compared to those in the previous groups (Figs. 11, 
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12).The action of 6 mg/kg b.wt. of mitomycin-C 

after two weeks resulted in the occurrence of 

hemorrhage and several large vacuoles in the 

germinal epithelium in the majority of the 

seminiferous tubules (Fig. 11). Also, most tubules 

showed germ cell hypoplasia, in which the 

spermatogenic cells are reduced to few discrete 

layers, so the lumina of the tubules appeared wide 

as compared to control tubules (Fig. 12). In 

addition, most of the spermatogonia had pyknotic 

nuclei; lost their reticular pattern and were darkly 

stained (Fig. 12) and a noticeable increase in the 

intertubular spaces.   

 

DISCUSSION 

 Comet assay or single cell gel electrophoresis 

(SCGE) is a well-established, simple, cost-effective 

and sensitive method to detect very low levels of 

single strand breaks or DNA damage. Ostling and 

Johnson, (1984)
 [19]

, Singh et al., (1988)
 [15]

, 

Martinez et al., (2006)
 [20] 

and pan et al., (2007)
 [21]

 

they suggested that the modified comet assay could 

prove to be a convenient and sensitive 

biomonitoring tool for individuals occupationally 

or voluntary exposed to tinner inhalation. 

 The current investigation proved that mitomycin-C 

increased the number of total comet score in 

lymphocytes among different experimental groups 

as compared with the corresponding controls. This 

result can be explained according to Erickson et 

al., (1980) 
[22]

, Pan et al., (1986) 
[23]

, Gibson et al., 

(1986) 
[24]

 and Powis, (1989) 
[25] 

  who declared that 

mitomycin-C is an alkylating agent that forming 

DNA interstrand crosslink which block DNA 

activity. While, Bradley and Erickson, (1981)
 [26]

, 

Fisher et al.,
 [27]

 and Koedrith and Seo, (2011)
 [28]

 

explained that DNA damage by mitomycin-C was 

due to generation of reactive oxygen species (ROS) 

as a result of metabolism of mitomycin-C. 

Excessive levels of ROS lead to the damage of 

proteins, lipids, and DNA 
[29-31]

. Schlade et al., 

(2002)
 [32]

 added that interstrand cross-links caused 

by mitomycin-C greatly distort the DNA structure 

and cause catastrophic consequences for a cell if 

unrepaired. The result of current work revealed that 

mitomycin-C administration increased the number 

of total comet score in dose and time dependent 

compared to corresponding controls. This result is 

in accordance with Pfuhler and Wolf, (1996)
 [33]

 

who found that mitomycin-C led to an increase in 

DNA migration at concentrations of 100–800μM in 

human whole blood cultures. Klaude et al., (1996) 

[34] 
and Abdullah (2014) 

[35]
 added that mitomycin-

C induced cross-links take at least 24 hours to 

repair completely and after their removal, cells 

displayed damage comparable to that shown by 

control cells This was supported by data on the role 

of inter strand cross-links in the reduction in free 

DNA fragments, mainly detected under alkaline 

conditions. 

The results of the present study  showed that 

mitomycin-C treatment caused different 

histopathological alterations in the testes of mice as 

compared with the control group this can be 

explained according to Creasy, (2001) 
[36]

  who 

demonstrated that blood flow and fluid balance are 

targets for cytotoxic agents, and because the 

seminiferous tubules are a vascular, so all oxygen 

and nutrients have to pass through the interstitial 

space, then through the peritubular myoid cells, and 

finally through the Sertoli cells to reach the germ 

cells. This places them on the boundary of hypoxia, 

which appears another reason for degeneration of 

seminiferous tubule cells then loss of germ cells. 

However, the severity of damages is influenced by 

the concentration of mitomycin-C.Histological 

results of current investigation observed that 

atrophy of spermatogenic cells are more commonly 

found in the seminiferous tubules of mitomycin-C 

treated animals. It was apparent in most of the 

seminiferous tubules as pyknosis, karyorrhexis, 

karyolysis and nuclear fragmentation with variation 

in the staining intensity, These findings are in 

agreement with Sabik and Abd El-Rahman, 

(2009) 
[37]

. Also, the result of the present study 

showed that loss of germ cells can be accompanied 

by cytoplasmic vacuolization of germ cells. As 

indicated by Mitchell and Cortran, (1997)
 [38]

 and 

Wu et al., (2008)
 [39]

 cytoplasmic vacuolation is an 

indication of cell necrosis, and such cellular 

vaculation was most probably a cellular defense 

mechanism against injurious substances 
[40]

.  

Exfoliation or sloughing of germ cells is one of 

histological observation in the current study this 

can be explained According to Creasy and Foster, 

(1991) 
[41]

  they stated that premature exfoliation or 

sloughing of germ cells is presumably due to loss 

of the tenuous contact between Sertoli and germ 

cells. Hence, the lateral processes of Sertoli cell 

separating the germ cells are retracted leaving the 

cells in direct opposition to one another; this is 

rapidly followed by exfoliation of the germ cells 

into the tubular lumen and subsequent loss.In the 

present investigation, numerous giant cells were 
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noticed in the seminiferous tubules of mice treated 

with mitomycin-C. This confirms what has been 

shown by El-Alfy et al., (2013b)
 [42]

 on mammalian 

cell lines treated with mitomycin-C. Pedrazzoli et 

al., (2011) 
[43]

 explained the formation of giant cells 

on the bases of the fusion of more than one cell 

together due to the change in the physical 

condition.Non-nucleated masses of eosinophilic 

substances were also observed in the present 

material especially in the lumina of seminiferous 

tubules. In this respect, Selvakumar et al., (2006) 
[44]

 and Rezvanfar et al., (2008)
 [45]

 presumed that 

the masses of eosinophilic material in the lumina of 

seminiferous tubules represent central debris. Also 

the results showed that mitomycin-C causes an 

increase in the interstitial spaces associated with 

moderate congestion of intertubular blood vessels 

with accumulations of edematous fluid and 

fibrinous materials in these spaces. This can be 

explained according to Nuyts et al., (1994)
 [46]

 who 

reported that mitomycin-C caused damage to the 

vascular endothelium of the testis and this resulted 

in the contraction of vascular endothelial cells with 

loosening of their tight junctions . 

In conclusion, it can be stated that mitomycin-C 

treatment has profound deleterious impacts on the 

DNA content and testicular tissue of male albino 

mice. 

 

REFERENCES 
1- Colombo P, Gunnarsson K, Iatropoulos M and 

Brughera M (2001): Toxicological testing of cytotoxic 

drugs (review). International Journal of Oncology, 19: 

1021-1028. 

2-El-Alfy NZ, Ismail MA, Sakr SMI and Omar HA 

(2013a): Assessment the Protective Role of Vitamin C 

on the Genotoxicity of 5-Fluorouracil in Male Albino 

Mice. Life Science Journal, 10:1445-1459 

3-Hata T, Sano Y, Sugawara R, Matsumae A, 

Kanamori K, Shima T and Hoshi T 

(1956):Mitomycin, a new antibiotic from Streptomyces. 

J Antibiot (Tokyo),9:141-146. 

4-Snodgrass RG, Collier AC, Coon AE and Pritsos 

CA (2010): Mitomycin-C inhibits ribosomal RNA: 

novel cytotoxic mechanism for bioreductive drugs. The 

Journal of Biological Chemistry,285:19068-19075. 

5-Garcia K, Blank JL, Bouck DC, Liu XJ, Sappal 

DS, Hather G, Cosmopoulos K, Thomas MP, 

Kuranda M, Pickard MD, Liu R, Bandi S, Smith PG 

and Lightcap ES (2014): Nedd8-Activating Enzyme 

Inhibitor MLN4924 Provides Synergy with Mitomycin-

C through Interactions with ATR, BRCA1/BRCA2, and 

Chromatin Dynamics Pathways. Molecular cancer 

therapeutics,13:1625-1635. 

6-Boamah EK, Brekman A, Tomasz M, Myeku N, 

Pereira FM, Hunter S, Meyer J, Bhosle RC and 

Bargonetti J (2010): DNA adducts of decarbamoyl 

Mitomycin-C efficiently kill cells without wild-type p53 

resulting from proteasome-mediated degradation of 

checkpoint protein 1. Chemical Research in Toxicology, 

23: 1151-1162. 

7-Hawkins MM (1991): Is There Evidence of a 

Therapy-Related Increase in Germ Cell Mutation 

Among Childhood Cancer Survivors? Journal of the 

National Cancer Institute, 83: 1643-1650. 

8-Nakagawa S, Nakkamura N, Fujioka M and Mori 

C (1997): Spermatogenic cell apoptosis induced by 

mitomycin-C in the mouse testis. Toxicology and 

Applied pharmacology, 147:204-213. 

9-Nakagawa S and Mori C (2003): Detection of 

mitomycin-C-induced testicular toxicity by 

micronucleus assay in mice. Reproductive Medicine and 

Biology, 2:69-73. 

10-Bargonetti J, Champeil E, and Tomasz M (2010): 
Review article differential toxicity of DNA adducts of 

mitomycin-C. Journal of Nucleic Acids,10:1-6. 

11-Latt SA, Allen J, Bloom SE, Carrano A, Falke E, 

Kram D, Schneider E, Schreck R, Tice R, Whitfield 

B and Wolff S (1981): Sister-chromatid exchanges: a 

report of the GENE-TOX program. Mutation research, 

87: 17 - 62. 

12-Doll DC, Weiss RB and Issell BF (1985): 
Mitomycin: ten years after approval for marketing. 

Journal of Clinical Oncology, 3: 276 - 286. 

13-Anton E (2003): Arrested apoptosis without nuclear 

fragmentation produced by efferent duct ligation in 

round spermatids and multinucleated giant cells of rat 

testis. Reproduction, 125: 879–887. 

14-Paget GE and Barnes JM (1964): Interspecies 

dosage conversion scheme in evaluation of results and 

quantitative application in different species. In: 

Evaluation of drug activities, pharmacometrics, Eds., 

Laurence, D.R., and A.L. Bacharach. Academic Press, 

London and New York, PP. 160-162. 

15-Singh NP, McCoy MT, Tice RR and Schneider LL 

(1988): A simple technique for quantitation of low 

levels of DNA damage in individual cells. Experimental 

cell research, 175:184-191. 

16-Boyum A (1968): Separation of leukocytes from 

blood and bone marrow. Scand J. Clin. Lab. Invest., 21 

(97): 77-89.    

17-Hartmann A and Speit G (1997): The contribution 

of cytotoxicity to DNA-effects in the single cell gel test 

(comet assay). Toxicology letters, 90: 183-188. 

18-Albertini RJ, Anderson D, Douglas GR, Hagmar 

L, Hemminki K, Merlo F, Natarajan AT, Norppa H, 

Shuker DEG, Tice R, Waters MD and Aitio A (2000): 
ICPS guidelines for the monitoring of genotoxic effects 

of carcinogens in humans. Mutation Research, 463: 111-

172. 



Mitomycin-C Induced Genetoxic Effect in Lymphocytes… 

23 
 

19-Ostling O and Johanson KJ (1984): 

Microelectrophoretic study of radiation-induced DNA 

damages in individual mammalian cells. Biochemical 

and biophysical research communications, 123: 291-298. 

20-Martinez AM, Palma TL, Sandoval ZF and 

Carabez TA (2006): Correlation between 

Formamidopyrimidine DNA glycosylase (Fpg)-sensitive 

sites determined by a comet assay, increased MDA, and 

decreased Glutathione during long exposure to thinner 

inhalation. Toxicology letters, 163: 198-205.  

21-Pan HZ, Chang D, Feng LG, Xu FJ, Kuang HY 

and Lu MJ (2007): Oxidative damage to DNA and its 

relationship with diabetic complication. Biomedical and 

Enviromental science, 20: 160-163. 

22-Erickson LC, Bradley MO, Ducore JM, Ewig RA 

and Kohn KW (1980): DNA crosslinking and 

cytotoxicity in normal and transformed human cells 

treated with antitumor Nitrosoureas. Proceedings of the 

National Academy of Sciences of the United States of 

America, 77: 467-471. 

23-Pan S, Racki IT and Bachur NR (1986): DNA 

alkylation by enzyme-activated Mitomycin-C. Molecular 

pharmacology, 29: 622-628. 

24-Gibson NW, Hartley J, La France JR and 

Vaunhan K (1986): Differential cytotoxicity and DNA-

damaging effects produced in human cells of the Mer
+
 

and Mer
-
 phenotypes by a series of 

Alkyltriazenylimidazoles. Carcinogenesis, 7: 259-265. 

25-Powis G (1989): Free radical formation by antitumor 

quinones. Free radical biology and medicine, 6: 63-101. 

26-Bradley MO and Erickson LC (1981): Comparison 

of the effects of hydrogen peroxide and X-ray irradiation 

on toxicity, mutation, and DNA damage/repair in 

mammalian cells (V-79). Biochimica et biophysicaacta, 

654: 135-141. 

27-Fisher GR, Patterson LH and Gutierrez PL 

(1993): A comparison of free radical formation by 

Quinone antitumour agents in MCF-7 cells and the role 

of NAD(P)H (Quinone-acceptor) Oxidoreductase (DT-

diaphorase). Chemico-biological interactions, 88: 137-

153. 

28-Koedrith P and Seo YR (2011): Enhancement of 

the efficacy of Mitomycin-C-mediated apoptosis in 

human colon cancer cells with RNAi-based 

Thioredoxinreductase 1 deficiency. Experimental and 

therapeutic medicine, 2: 873-878. 

29-Kappus H (1986): Overview of the enzyme systems 

involved in bioreduction of drugs and in redox cycling. 

Biochemical pharmacology, 35: 1-6. 

30-Offord E, Poppe lG and Tyrrell R (2000): Markers 

of oxidative damage and antioxidant protection: current 

status and relevance to disease. Free Radic Res., 33: 5-

19. 

31-Evans JL, Goldfine ID, Maddux BA and Grodsky 

GM (2002): Oxidative Stress and Stress-Activated 

Signaling Pathways: A Unifying Hypothesis of Type 2 

Diabetes. Endocrine Reviews, 23: 599-622. 

32-Schlade BK, Stembalska KA, Bernady M, Kudyba M 

and Sasiadek M  (2002): Analysis of adaptive response to 

Bleomycin and Mytomycin C. Mutation Research, 513: 75-

81. 

33-Pfuhler S and Wolf HU (1996): Detection of DNA-

crosslinking agents with the alkaline Comet assay. 

Environmental and molecular mutagenesis, 27: 196-201. 

34-Klaude M, Eriksson S, Nygren J and Ahnstrom G 

(1996): The comet assay: mechanisms and technical 

considerations. Mutation Research, 363: 89-96. 

35-Abdullah AM (2014): cytogenetical and molecular 

studies on the effects of two antiepileptic drugs on male 

albino mice. M.Sc. Thesis, Faculty of Education, Ain 

Shams University, Egypt. 

36-Creasy DM (2001): Pathogenesis of male reproductive 

toxicity. Toxicologic pathology, 29: 64-76. 

37-Sabik LM and Abd El-Rahman SS (2009): Alpha-

tocopherol and ginger are protective on Cyclophosphamide-

induced gonadal toxicity in adult male albino rats.Basic and 

Applied Pathology, 2: 21-29. 

38-Mitchell RN and Cotran RS (1997): Cell injury. death 

and adaptation: In Basic Pathology, eds 6, Kumar, V., R.S. 

Cotran and S.L. Robbins. Philadelphia, WB: Saunders 

Company, p: 12. 

39-Wu KY, Wang HZ and Hong SJ (2008): Mechanism 

of Mitomycin-induced apoptosis in cultured corneal 

endothelial cells. Molecular vision, 14: 1705-1712. 

40-Kammon AM, Brar RS, Sodhi S, Banga HS and 

Sandhu HS (2010): Basic Neuropathological Studies of 

Chickens Following Exposure to Chlorpyrifos. Toxicology 

International, 17: 78-81. 

41-Creasy DM and Foster PMD (1991): Male reproductive 

system. In: Hand Book of Toxicologic Pathology, eds., 

Haschek, W.M. and C.G. Rousseaux. London and New 

York, Academic Press, pp: 829-874. 

42-El-Alfy NZ, Isa M, Mahmoud FM and Emam A 

(2013b): The Protective Role of the Royal Jelly against 

Histological Effects of Endoxan Drug on the Testis of the 

Male Albino Mice. New York Science Journal, 6: 96-101. 

43-Pedrazzoli F, Chrysantzas I, Dezzani L, Rosti V, 

Vincitorio M and Sitar G (2011): Cell fusion in tumor 

progression: the isolation of cell fusion products by 

physical methods. Cancer Cell International, 20:11-32. 

44-Selvakumar E, Prahalathan C, Sudharsan PT and 

Varalakshmi P (2006): Chemoprotective effect of lipoic 

acid against Cyclophosphamide induced changes in the rat 

sperm. Toxicology, 217: 71-78.  

45-Rezvanfar MA, Sadrkhanlou RA, Ahmadi A, 

Shojaei-Sadee H, Mohammadirad A, Salehnia A and 

Abdollahi M (2008): Protection of Cyclophosphamide 

induced toxicity in reproductive tract histology, sperm 

characteristics and DNA damage by an herbal source; 

evidence for role of free-radical toxic stress. Hum. Exp. 

Toxicol., 27: 901-910. 

46-Nuyts RM, Felten PC, Pels E, Langerhorst CT, 

Geijssen HC, Grossniklaus HE and Greve EL (1994): 

Histopathologic effects of mitomycin-C after 

trabeculectomy in human glaucomatous eyes with 

persistent hypotony. American journal of ophthalmology, 

118:225-237. 



Nagla El –Alfy et al 

02 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

⑤ 
Figure 5: Photomicrograph of comet images 

of mouse lymphocytes treated with 

mitomycin-C (6mg/kg b.wt.) after two weeks 

showing some comets had long tails 

containing a low fraction of highly 

fragmented DNA.             X: 1500 

① 

Figure1: Photomicrograph of comet images 

of mouse lymphocytes of control group had 

comets with very short tails or without any.  

               X: 1500 

② 

Figure2: Photomicrograph of comet images 

of mouse lymphocytes treated with 

mitomycin-C (3mg/kg b.wt.) after one week 

showing lymphocyte comets with untypical 

shapes.               X: 1500 

③ 

Figure 3: Photomicrograph of comet images 

of mouse lymphocytes treated with 

mitomycin-C (3mg/kg b.wt.) after two weeks 

showing most comets had short tails 

containing a high fraction of DNA.                                             

              X: 1500 

④ 

Figure 4: Photomicrograph of comet images 

of mouse lymphocytes treated with 

mitomycin-C (6mg/kg b.wt.) after one week 

showing untypical comet shapes without 

DNA fragments.                                 X: 1500 
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Table 1: The mean and standard deviation of the comet score of peripheral blood leukocytes of male albino 

mice Mus musculus of control and treated groups. 
 

** Highly significant (P< 0.001), ** Highly significant (P< 0.001) 

 

 

 

 
Figure 6: Histogram represents the relationship between the mean ± SD of Comet score of male albino 

mice in control and all treated groups. 
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Total comet score 

(mean ± SD) 
0 1 2 3 

Control 

100 96 3 1 0 4 5 

6±0.47 100 96 2 2 0 4 6 

100 95 3 2 0 5 7 

2 

3 

1 

100 91 6 3 0 9 12 

12.33±0.74* 100 90 8 2 0 10 12 

100 90 7 3 0 10 13 

3 2 

100 88 9 3 0 12 15 

15±0.82** 100 89 7 3 1 11 19 

100 90 6 4 0 10 14 

4 

6 

1 

100 86 7 5 2 14 23 

22±0.82** 100 85 10 4 1 15 21 

100 84 11 4 1 16 21 

5 2 

100 82 11 5 2 18 27 

27±0.82** 100 81 12 5 2 19 28 

100 80 15 4 1 20 26 
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⑦ 

Figure 7: Photomicrograph of T.S. of the 

testis of control mouse showing tunica 

albuginea (T), seminiferous tubule (ST), 

spermatogonia (Sg), primary spermatocytes 

(Ps), secondary spermatocyte (Sc), 

spermatid (Sd) and interstitial tissue (L).                             

     X: 400 

⑧ 

Figure 8: Photomicrograph of T.S. of the testis 

of mouse treated with mitomycin-C (3 mg/kg 

b.wt.) after one week showing maturation arrest 

at spermatid stage and spermatids are sloughed 

(SL) off into the lumen of tubules. Notice giant 

cell (G), nuclear pyknosisof germ cells, and 

pyknosis (*) of cells of interstitial tissue.                                   

     X: 280 

⑨ 

Figure 9: Photomicrograph of T.S. of the 

testis of mouse treated with mitomycin-C (3 

mg/kg b.wt.) after two weeks showing 

accumulation of exfoliated (Ex) germ cells 

within the lumen of tubule. Notice 

cytoplasmic mass (Cm) and nuclear pyknosis 

(P) in other tubules.   X: 400 

⑩ 

Figure 10: Photomicrograph of T.S. of the 

testis of mouse treated with mitomycin- C (6 

mg/kg b.wt.) after one week showing sloughed 

tubule (SL), hypoplasia of interstitial tissue 

(arrows heads), congestion (C) of blood vessel 

and oedema (O).    

    X: 400 



Mitomycin-C Induced Genetoxic Effect in Lymphocytes… 

27 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

⑪ 

Figure 11: Photomicrograph of T.S. of the 

testis of mouse treated with treated with 

mitomycin-C (6 mg/kg b.wt.) after two 

weeks showing seminiferous tubules with 

hypoplasia (h) in its germinal epithelium, 

hemorrhage (H) and vacuoles (V). Notice 

large space (S) among tubules. X: 400 

⑫ 

Figure 12: Photomicrograph of T.S. of the 

testis of mouse treated with mitomycin-C (6 

mg/kg b.wt.) after two weeks showing 

hypoplasia (h) of germinal epithelium of 

seminiferous tubules with wide lumen (WL), 

nuclear pyknosis (P) and large space (S) 

among tubules.             X: 400 


