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Abstract

Alterations in the radiation-induced micronuclei formation was studied in mice bone marrow treated with 0.5mg/kg body weight (1/500th 
of the LD50) of cyclophosphamide (CPA) before exposure to 0, 0.5, 1, 2 and 3Gy of γ-radiation. Irradiation of animals caused a dose dependent 
elevation in the Micro-nucleated Polychromatic Erythrocytes (MPCE) and Micro nucleated Norm chromatic Erythrocytes (MNCE) in the bone 
marrow of mice at 24h post-irradiation. Treatment of mice with 0.5mg/kg CPA elevated the radiation-induced MPCE significantly up to 2Gy 
irradiation and showed a significant decline thereafter when compared to the concurrent sterile physiological saline (SPS) treated irradiated 
group. The frequency of radiation-induced MNCE also showed a significant elevation after CPA treatment at all exposure doses. In a separate 
experiment the effect of 0.5mg/kg b. wt. CPA was evaluated in combination with radiation in the Ehrlich Ascites Carcinoma bearing mice (EAC). 
The combination of 0.5mg/kg b. wt. of CPA with 1, 2, 4, 6 and 8Gy of irradiation increased both the Median Survival Time (MST) and Average 
Survival Time (AST) of the EAC bearing mice when compared with the SPS+ irradiation and the maximum effect was observed in mice that 
received CPA and 8Gy of radiation. Our study demonstrates that the risk of genomic instability and mutagenesis outweighs the benefit accrued 
in the tumor bearing mice receiving combination of CPA and ionizing radiation. 
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Introduction
Study into the history of chemotherapeutic drugs for 

cancer treatment reveals that no drug has been advocated and 
as widely used as Cyclophosphamide for the past sixty years. 
Cyclophosphamide is a bi-functional alkylating agent and has 
been reported to give a better therapeutic index than other 
alkylating agents in animals and the reason for its greater 
selectivity is due to involvement of a complex metabolic pathway, 
that causes greater detoxification of the active alkylating species 
in normal cells such as bone marrow when compared with the 
tumor cells [1]. The Cyclophosphamide has been used to treat 
more susceptible neoplasm such as breast cancer, Burkitt’s 
lymphomas, multiple myeloma and chronic leukemias [1-
3]. Cyclophosphamide is also a potent immunosuppressive 
agent and is useful in a variety of nonmalignant diseases like 
nephrotic syndrome, rheumatoid arthritis, neuromyelitis 
optica, interstitial lung disease, systemic Sclerosis, cicatricial, 
pemphigoid (also called pemphigoid mucous membrane),  

 
juvenile dermatomyositis, lupus vasculopathy, systemic 
vasculitis,myasthenia gravis, multiple sclerosis, scleroderma, 
autoimmune hemolytic anemia and other autoimmune diseases 
[4-6]. It has also received considerable attention for the control 
of organ rejection after transplantation [7,8]. 

Chemotherapeutic drugs used in the treatment of cancer 
usually damage DNA, which is expressed as DNA strand 
breakage, chromosome breaks and loss or gain of chromosomes 
(aneuploidy). The DNA damaging agents have been reported 
to cause phenotypic abnormalities like spontaneous abortion, 
congenital malformations and malignant transformations 
[9-12]. Cyclophosphamide is frequently combined with the 
other chemotherapeutic drugs in the treatment of refractory 
and resistant tumors in combination with other neo-plastic 
drugs (like doxorubicin, methotrexate, fluorouracil) for the 
treatment of malignant lymphomas, non-Hodgkin’s lymphoma, 
Hodgkin’s lymphoma, adult acute leukemia, refractory breast 
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cancers, endometrial carcinomas, small cell carcinoma of 
the lung, multiple myeloma, sarcomas, advanced mycosis 
fungoides, neuroblastoma, retinoblastoma, ovarian carcinoma, 
bronchogenic carcinoma and other types of resistant cancer 
[1,13]. 

In several instances it is also combined with irradiation 
to achieve better therapeutic gains especially, to eradicate the 
chances of metastasis and enhance the cytotoxicity of radiation 
[13-16]. The cyclophosphamide therapy in patients either alone 
or along with radiotherapy has been reported to induce second 
malignancies [16-18]. The Cyclophosphamide induces several 
adverse effects in the patient receiving cyclophosphamide 
therapy including oxidative stress, pneumonitis, genotoxicity, 
hepatotoxicity, severe hyponatremia, heart failure and pulmonary 
fibrosis [6,19,20]. The patients receiving combination treatment 
are at an increased risk of developing secondary neoplasia in 
comparison to those receiving a single treatment modality. The 
UNSCEAR report [21] has rightfully emphasized that the mode of 
interaction between chemicals and radiation should be tested in 
diverse biological systems. 

The use of mice models to test such interactions is widely 
accepted since it helps to understand the deleterious effects 
inflicted by the combination treatments. In combination therapy 
usually, low doses of chemotherapeutic agents and radiation are 
used to avoid or minimize the adverse toxic side effects of the 
combination treatment. Therefore, the aim of the present study 
was to evaluate the therapeutic benefit and the adverse effect of 
very low dose of Cyclophosphamide (0.5mg/kg b. wt. i.e. 1/500th 
of the LD50) in the Swiss albino mice.

Materials and Methods
Animal care and handling

The animal care and handling were done according to 
the guidelines set by the World Health Organization, Geneva, 
Switzerland and the INSA (Indian National Science Academy, 
New Delhi, India). Ten to twelve weeks old male Swiss albino 
mice weighing 30 to 36g were selected from an inbred colony 
maintained under the controlled conditions of temperature 
(23±2 °C), humidity (50±5%) and light (14 and 10h of light and 
dark, respectively). The animals had free access to sterile food 
and water. Four animals were housed in a polypropylene cage 
containing sterile paddy husk (procured locally) as bedding 
throughout the experiment. The study was cleared by the 
institutional animal ethical committee of the Manipal University, 
Manipal, India, where the study was conducted.

Preparation of drug
Cyclophosphamide CPA (Endoxan), was procured from 

Khandewal Laboratories, Mumbai, India and was prepared in 
sterile physiological saline (SPS). 

Mode of administration
The animals were administered with 0.01ml/g body weight 

either SPS or CPA intraperitoneally.

Acute toxicity of CPA
The acute toxicity of CPA was determined according to 

standard protocol [22,23]. Briefly, the animals (non-tumor 
bearing) were allowed to fast by withdrawing the food and 
water for 18h. The fasted animals were divided into several 
groups of 10 each. Each group of animals was injected with 150, 
175, 200, 225, 250, 275, 300, 400 and 500mg/kg body weight 
of CPA intra-peritoneal. The animals were provided with food 
and water immediately after the drug administration. Mortality 
of the animals was observed up to 30 days post drug treatment. 

Experimental protocol 
The normal (non-tumor bearing animals) or tumor bearing 

animals were divided into two groups as follows: SPS+Irradiation: 
The animals of this group received 0.01ml/g body weight of SPS 
before irradiation. CPA+ Irradiation: The animals of this group 
received 0.5mg/kg body weight of CPA (1/500th of the LD50 dose) 
before irradiation.

Irradiation 
Forty-five minutes after the administration of SPS or CPA, the 

prostrate and immobilized animals (achieved by inserting cotton 
plugs in the restrainer) were whole or hemi-body exposed to 
60Co γ- radiation (Gammatron, Siemens, Germany) in a specially 
designed well-ventilated acrylic box. A batch of eight animals 
was irradiated each time at a dose rate of 1Gy/min at a source 
to animal distance (midpoint) of 60cm for micronucleus assay. 
Whereas a batch of twelve animals were irradiated each time at 
a dose rate of 2Gy/min at a source to animal distance (midpoint) 
of 60cm for anticancer studies. Immediately after irradiation, 
the animals were sorted into the individual polypropylene cages.

Micronucleus assay
A separate experiment was performed to study the effect 

of Cyclophosphamide in conjunction with radiation, where 
normal non-tumor bearing mice were divided into two groups 
as described in the experimental protocol section. The animals 
were whole body exposed to 0, 0.5, 1, 2 or 3Gy γ-radiation. The 
micronuclei were prepared in the bone marrow of mice 24 after 
irradiation. Briefly, the animals were killed 24h post-irradiation 
and the femora of each animal was removed and freed from 
muscles and other tissues. The bone marrow was extracted in 
the minimum essential medium and collected in the centrifuge 
tubes. The bone marrow was dispersed and centrifuged, the 
supernatant was discarded and a few drops of fetal calf serum 
was added into the tubes and thoroughly mixed.

A few drops were placed on to pre-cleaned pre-coded glass 
micro-slides and smears were drawn. The cells were fixed in 
absolute methanol and stained with 0.125% Acridine orange. 
The micronuclei (pale green) were scored in polychromatic 
(orange) and normochromatic (khaki) erythrocytes. A total of 
each 1000 polychromatic and normochromatic erythrocytes 
were scored from individual animals and a total of 4 animals 
were used for each radiation dose in each group. 
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Radiosensitizing Effect of CPA in Tumor Bearing 
Mice
Tumor model 

Ehrlich ascites carcinoma (EAC) procured from Cancer 
Research Institute (ACTREC), Mumbai, India was maintained 
and propagated by intra-peritoneal serial transplantation 
into female Swiss albino mice in an aseptic environment. No 
spontaneous regression of EAC tumor was observed throughout 
the study. The experiments were carried out by injecting 106 

viable EAC cells intraperitoneally in an aseptic condition into 
each animal and the day of tumor inoculation was considered as 
day 0. Twenty-four hours after the tumor inoculation the animals 
were divided into two groups as described in the experimental 
protocol section. The tumor bearing animals were administered 
with sterile physiological saline or Cyclophosphamide 45 
minutes before exposure to different doses of γ-radiation. The 
lower half (below rib cage of the tumor bearing animals was 
exposed to 0, 1, 2, 4, 6 or 8Gy of - radiation as described in the 
irradiation section.

The animals were monitored regularly for the alteration 
in body weight, signs of toxicity and mortality. The weight of 
animals was recorded every third day up to 30 days after tumor 
inoculation in all the groups. A 33% of drug related deaths or 
a weight loss of 5g per mouse was considered as an index of 
toxicity. The animal survival was monitored daily up to 120 days, 
since the survival of animals up to 120 days is roughly equivalent 
to 5 years survival in man [24]. The tumor response was assessed 
on the basis of median survival time and tumor free survival. 
The Median Survival Time (MST), and the Average Survival Time 
(AST) were calculated from the animals dying within 120 days 
and those surviving 120 days were excluded from it. The MST 
AST, IMLS (increase in median life span) and IALS (increase in 
average life span) were calculated as follows:

MST=First death in the group + last death in the group/2

AST=Sum of death of animals on different days/Number of 
animals

The increase in median life span (% IMLS) and the increase 
in average life span (% IALS) were calculated as follows: -

IMLS=MST of treated mice - MST of controlX100/ MST of 
control

IALS=AST of treated mice - AST of control X 100/ AST of 
control

Statistical Analysis
Statistical analysis for the micronucleus test was carried out 

using Mann Whitney ‘U’ test and one-way analysis of variance 
(ANOVA). A p value of <05 was considered statistically significant 
for all the experiments. The daily survival analysis was carried 
out using Kaplan-Meir’s equation while the significance between 
the treatments was determined using ‘Z’ test for survival studies 
using the following formula [25]:-
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Results
Acute toxicity of CPA

The administration of 150,175 and 200mg/kg body weight of 
CPA did not induce any mortality during the whole observation 
period. However, a further increase in the drug dose to 225mg/
kg body weight caused 20% reduction in the survival of mice. 
When the dose of CPA was increased up to 250mg/kg body 
weight the survival of mice declined by 50%, whereas 80% of 
the animals died when the drug dose was raised up to 275mg/
kg. All the animals (100% mortality) died after administration of 
300mg/kg and thereafter up to a dose of 500mg/kg b. wt. CPA, 
the last dose evaluated. 

Effect of CPA on the radiation-induced micronuclei 
formation 

The results are expressed as micronucleated polychromatic 
(MPCE) and micronucleated normochromatic erythrocytes 
(MNCE) per thousand±SEM (standard error of the mean) in 
Table 1 and Figure 1. The exposure of mice to 0.5 to 3Gy of γ- 
radiation resulted in a dose dependent increase in the MPCE. 
Treatment of mice with 0.5mg/kg CPA further elevated the 
frequency of MPCE up to 2Gy, whereas a further increase in the 
irradiation dose caused a significant decline in the MPCE, when 
compared with the concurrent irradiated group (Figure 1). The 
frequency of cells bearing one and two micronuclei is shown 
separately (Table 1). The frequency of one and two MPCE also 
showed a dose dependent increase (Figure 1). The pretreatment 
of mice with CPA increased the frequency of one and two MPCE 
significantly in the CPA+irradiation group at all exposure doses 
when compared with the concurrent DDW+irradiation group. 
The frequency of one MPCE declined after 2Gy irradiation in 
CPA+irradiation groups, whereas that of the two MPCE increased 
continuously.

Table 1: Alteration in the micronuclei frequency in the bone marrow of mice treated with 0.5 mg/kg body

Expsoure Frequency of Micronucleated Erythrocytes Per 1000±SEM

Dose (Gy) PCE Bearing One Micronuclei PCE Bearing³ Two Micronuclei MPCE Total NCE Bearing Micronuclei

SPS+IR CPA+IR SPS+IR CPA+IR SPS+IR CPA+IR SPS+IR CPA+IR

0 2.72±0.38 8.13±0.90c 0±0 0.50±0.17 2.72±0.38 8.63±0.86c 0.75±0.03 5.41±0.86c

0.5 28.96±1.97 45.84±3.24c 2.44±0.91 3.41±0.90 31.41±1.87 49.25±4.04a 2.69±0.26 13.18±2.72c
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1 51.88±1.83 64.36±1.99c 4.11±0.44 6.50±0.65c 55.99±1.95 70.86±2.25c 6.30±0.60 15.17±1.55c

2 77.13±6.17 86.50±3.91a 6.71±1.05 10.50±1.1c 83.83±5.62 97.00±4.89b 9.82±0.60 20.39±2.94c

3 110.77±8.24 77.05±8.00 10.48±1.07 15.03±1.31c 121.24±8.07 92.08±7.24b 11.50±0.99 21.30±4.11c

weight of cyclophosphamide before exposure to different doses of radiation.
a = p<0.02, b: p<0.0002, c: p<0.0001
PCE: Polychromatic Erythrocytes; NCE: Normochromatic Erythrocytes; SPS: Sterile Physiological Saline; CPA: Cyclophosphamide; IR: 
Irradiation

Figure 1: Effect of cyclophosphamide on the induction of micronuclei in the bone marrow of mice exposed to different doses of radiation. 
Closed symbols SPS + irradiation and open symbols CPA + irradiation. a: Total micronuclei, b: one micronuclei c: two micronuclei and d: 
micronuclei in NCE.

The irradiation of mice to different doses of γ-radiation 
caused a radiation dose dependent elevation in the frequency 
of MNCE. Treatment of mice with CPA before irradiation further 
elevated the frequency of MNCE significantly at all exposure 
doses when compared to the concurrent DDW+irradiation 
group. This elevation was approximately 2 folds for 1, 2 and 3Gy 
irradiation, whereas it was 4 folds for 0. Gy irradiation.

Radiosensitizing effect of CPA in tumor bearing mice
Tumorized EAC mice did show spontaneous regression 

as the evident by a constant weight gain due to the tumor cell 
multiplication and tumor growth of the tumorized mice (Figure 
2). The first death of tumorized mice was observed on day 16 
and all the tumorized animals of SPS group died by day 18 post-
tumor inoculation (Figure 3). The Median Survival Time (MST) 
was found to be 17 in the SPS group, and the average survival 
time (AST) was 16.8 days (Table 2 and Figure 4). 

The exposure of 24h old tumorized mice with 1,2,4,6 or 8Gy 
of γ-radiation retarded the weight gain at all irradiation doses 
indicating arrest of tumor cell proliferation and growth (Figure 
2). The MST was found to be 17,20,21,23 and 25.5 days, and 
the AST was 16.6,20.6,21.2,23.2 and 25.6 days after exposure 
to 1,2,4,6 or 8Gy, respectively (Figure 4 and Table 2). The 1Gy 
exposures did not have any effect of MST and AST, whereas the 
MST and AST increased in a radiation dose dependent manner 
and the highest rise in MST and AST was detected in the animals 
that were exposed to 8Gy radiation.

The administration of 0.5mg/kg b. wt. of CPA resulted in a 
marginal increase in both MST and AST, which were found to be 
18 days (Figure 4 and Table 2). Treatment of EAC mice with CPA 
before exposure to different doses of γ-radiation increased the 
MST and AST in a radiation dose dependent manner. The MST for 
the combination treatment was found to be 18.5(1Gy), 21(2Gy), 
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22.5 (4Gy), 24.5 (6Gy) and 26.5 (8Gy) days, whereas the AST 
was increased up to 19(1Gy), 21.8(2Gy), 22.7(4Gy), 24.2(6Gy) 
and 26.9(8Gy) days. Of all the radiation sensitization regimens, 
the combination of 0.5mg/kg b. wt. of CPA with 8Gy exposures 
was considered the best as 30% tumor free survivors could 

be observed up to 30 days post-irradiation, whereas no such 
effect was detected at other exposure doses (Table 2 and Figure 
3). The elevation in the IMLS and IALS up to 55.9 and 59.7%, 
respectively (Figure 4 and Table 2). This elevation in the survival 
was statistically significant (p<0.002).

Figure 2: Alteration in the weight of the EAC bearing mice treated with 0.5mg/kg b. wt of CPA before exposure to different doses of 
irradiation. a: 1Gy, b: 2Gy; c: 4Gy; d: 6Gy and e: 8Gy. Squares: SPS, Circles: CPA alone; Triangles: SPS + irradiation and Stars: CPA + 
irradiation.
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Figure 3: Effect of treatment with 0.5mg/kg b. wt of CPA before exposure to different doses of γ-irradiation. a: 1Gy, b: 2Gy; c: 4Gy; d: 6Gy 
and e: 8Gy on the survival of the EAC bearing mice. Solid squares: SPS, open squares CPA alone; closed circles: SPS + irradiation and 
open circles: CPA + irradiation.

Figure 4: Effect of cyclophosphamide in enhancing the radiation-induced increase in the median survival time (MST) and average survival 
time (AST) in the EAC bearing mice. a: MST and b: AST. Red bars: SPS + irradiation and Blue bars: CPA + irradiation.

Table 2: Alteration in the survival of tumor bearing mice administered with 0.5mg/kg body weight of cyclophosphamide before exposure to 
different doses of irradiation.

Drug Dose (mg/kg) MST(Days) IMLS AST(Days) IALS Percent survival Day 30

SPS+ IR 0 17 - 16.8 - 0

CPA 0.5 + IR 0Gy 18 5.9 18 7.14 0

CPA 000+ IR 1Gy 17 - 16.6 - 0

CPA 0.5 + IR 1Gy 18.5 8.82 19 13.1 0

CPA 000+ IR 2Gy 20 17.65 20.6 2.62 0
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CPA 0.5 + IR 2Gy 21 23.6 21.8 29.76 0

CPA 000+ IR 4Gy 21 23.6 21.2 26.19 0

CPA 0.5 + IR 4GY 22.5 32.36 22.7 35.12 0

CPA 000+ IR 6GY 23 35.3 23.3 38.7 0

CPA 0.5 + IR 6Gy 24.5 44.12 24.2 44.05 0

CPA 000+ IR 8Gy 25.5 50 25.6 52.38 0

CPA 0.5 + IR 8Gy 26.5 55.9 26.9 59.7 30a

a=p<0.002.

Discussion
Cyclophosphamide has a wide spectrum of documented 

clinical use and is often included in combination regimens 
for the treatment of refractory tumours [6,16,26-28]. The 
combination of chemotherapy and radiotherapy has been used 
with a remarkable success, especially in cases, where either 
therapy alone has proved ineffective. The radiotherapy and 
chemotherapy are applied concomitantly or alternatively to 
overcome the higher clinical toxicity, where low doses of both 
the agents are used. The use of these regimens has resulted in 
the increased survival of patients receiving the treatment [29-
31]. However, chemotherapeutic agents and radiation cause DNA 
damage not only to the malignant cell but also to normal cells. 
This genomic damage to normal cells is a cause of concern as 
it causes mutagenesis in the surviving normal cells, which may 
subsequently acquire neoplastic characters leading to second 
malignancies in the survivors [32-34]. This damage could be 
enhanced when both cytotoxic drugs and radiation are combined 
for therapeutic purposes. This may result in the reduction of the 
latency period for neoplastic transformation. The combination 
of chemotherapy and radiotherapy has been reported to increase 
the risk of secondary tumours in humans and reduce the latency 
period [34,35]. This indicates that there is a need to study the 
adverse effect of combination treatment in normal tissues in 
addition to the tumour tissues that are subjected to combination 
treatment. Therefore, the present investigation was carried out 
to study the therapeutic benefit and the genotoxic effects of the 
combination of 0.5mg/kg body weight of CPA with radiation in 
mice. 

The combination of CPA with radiation increased the 
survival and quality of life in EAC bearing mice when compared 
with the non-drug treated irradiated mice. Similar observations 
have been reported earlier on the sarcoma I (SaI) cells grown 
in A/Jax mice and C3H mice mammary carcinoma [36,37]. The 
treatment of Kunming mice bearing sarcoma-180 with 300mg/
kg cyclophosphamide after low dose irradiation has been found 
to markedly regress the tumor [38]. Low dose radiation and 
Cyclophosphamide has been reported to increase survival in 
elderly patient up to 10 years [39]. The agents which inhibit 
the DNA synthesis and cell cycle progression like Adriamycin, 
teniposide, etoposide, carmustine, cyclophosphamide, cisplatin, 
carboplatin, hydroxyurea, methotrexate, 5 fluorouracil, AZT, 

ACV, valinomycin, bleomycin have been reported to enhance the 
radiation effects in vitro and in vivo [40-49].

Micronucleus assay has been used to predict the chromosomal 
instability and carcinogenicity in various experimental models 
[50-52]. The irradiation of mice to different doses of gamma 
radiation not only increased the MN with one MN but also the 
cells bearing 2MN in a dose dependent manner in the normal 
mice bone marrow and CPA pre-treatment further increased 
their frequency significantly. Irradiation has been reported 
to increase the frequency of cells with 1 and 2MN in mice and 
various cultured cell lines [47,52-58]. The induction of multiple 
micronuclei in a cell indicates to the multiply sites of irreparable 
damage suffered by the cell genome, which is subsequently 
expressed as micronuclei once the cell undergoes division 
[59,60]. As a result of loss of large part of the genome, these cells 
may not be able to survive long.

However, this may not be the case with the cells bearing one 
MN, where the probability of adaptation of cells to survive with 
the deletion of a small part of genome is higher when compared 
with those cells that have lost a sizeable part of genome in 
the form of multiple micronuclei. The continued survival and 
replication of these mutated cells may result in the development 
of neoplasia in due course of time. Therefore, the cells, which 
have suffered less damage to their genome, may be more prone 
to the induction of mutagenesis and carcinogenesis than the 
cells, which have suffered extensive damage in their genome 
in the form of multiple micronuclei. Because of the heavy 
damage to their genome, the cells with multiple MN will not be 
able to divide and will be relegated from the system without 
any consequence. The genomic instability observed after the 
treatment of mice with CPA before irradiation indicates to the 
increased probability of mutagenesis and carcinogenesis.

The frequency of MN increased up to 2Gee in CPA+irradiation 
group and declined thereafter. A similar effect has been reported 
in mice bone marrow treated with vinblastine before irradiation 
[61]. The treatment of human lymphocytes with vincristine 
before exposure to different doses of γ-radiation also showed an 
increase in the micronuclei formation up to 1Gee and declined 
thereafter [62]. The decline in MN after 2Gy irradiation in the 
CPA pre-treated group may be owing to the increase in the 
clastogenic and aneugenic effects of radiation by CPA, that would 
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have resulted into the failure of cell division of the affected 
cells and consequently, such cells may not be able to express 
micronuclei. Since a cell division is required after any treatment 
for micronuclei to appear in the daughter cells [63]. In addition 
to acting as a useful antineoplastic drug, the cyclophosphamide 
also acts as an immunosuppressive agent and is useful in 
the treatment of nephritic syndrome, rheumatoid arthritis 
and other autoimmune diseases and also in the prevention 
of the graft versus host reaction in the organ transplantation 
[3,4,6,13]. Therefore, the decrease in the micronuclei in the 
combination treatment at above 2Gy may also be due to the 
immunosuppressive effects of the CPA in conjunction with 
γ-irradiation.

Cyclophosphamide is an alkylating agent that get 
metabolically activated by the action of cytochrome P450 2B6 
(CYP2B6) monooxygenase to to form DNA-reactive metabolites, 
phosphoramide mustard andnornitrogen mustard. The 
nornitrogen mustard for DNA adducts and cross-linking of DNA 
strands leading to cell death [64]. However, the cell continues 
to synthesize other cell constituents, such as RNA and protein 
leading to an imbalance in the cell functioning and death of the 
cell [13]. CPA alone has been reported to induce a wide spectrum 
of chromosomal aberrations in different study systems [19,65-
67].

The increased formation of MN in combination treatment 
may be owing to the increase in formation of cyclophosphamide 
induced DNA adducts, which would have been converted into 
DNA double strand breaks and chromosome breaks that may 
have become micronuclei in the cells undergoing at least one 
cell division. The loss of whole chromosome after CPA. The 
irradiation would have further increased the FREQUENCY of 
micronuclei. This may be the reason for the elevation of MN in 
CPA+irradiation group when compared to the SPS + irradiation 
group. Similar observations have been reported for the combined 
treatment of 25mg/kg body weight of CPA with X- ray [68,69]. 
However, the significance of our study lies in the fact that the 
dose of CPA used is extremely low (1/500th of the LD50) and 
even the healthcare workers when administering the drug can 
encounter such a low dose. 

The exact mechanism of action of CPA in conjunction in the 
present study is not known. However, the cell killing effect seems 
to be due to induction of DNA damage in the form of micronuclei. 
This DNA damage may have been responsible for effective cells 
kill. The CPA is known to induce DNA adducts by the action of 
cytochrome P450 and DNA crosslinks [64]. The DNA crosslink 
inhibit DNA repair causing cytotoxicity in the cancer cells [70]. 
The cyclophosphamide kills tumour cells by triggering oxidative 
stress induced by the suppression of Nrf2 transactivation. It may 
have also inhibited the activation of NF-κB and COX -II to exert 
cell killing and DNA damaging effect in the present study.

Conclusion
The treatment of mice with cyclophosphamide before 

irradiation resulted in the increased formation of micronuclei 
I the mice bone marrow and killed effectively the Ehrlich as 
cites tumour cells in the tumour bearing mice. The cell killing 
effect may be due to the ability of CPA to inflict DNA damage. 
The cyclophosphamide triggers the oxidative stress, formation 
of DNA adducts and DNA cross linking causing reduced RNA and 
protein synthesis. At molecular level CPA may have inhibited 
the transactivation of NF-κB, COX-II and Nrf2 that may have 
been responsible for increased DNA damage and cell kill. 
However, the present study also indicates that the combination 
of CPA treatment with γ-radiation is associated with greater 
risk of clastogenesis, mutagenesis in the normal cells than 
the therapeutic benefit. These mutagenic effects may induce 
treatment related secondary tumours in the survivors. 
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