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A B S T R A C T 
 
Background and aim of the work: Antioxidants can reduce damage produced by low doses of radiation on 
living cells. This study was designed to investigate the effects of fermented soy milk (FSM) and low dose 
of gamma radiation on carcinogenic effect of N-methyl-N-nitrosourea (MNU). Materials and methods: 
Female rats were divided into 8 groups: group (1): control, group (2): injected with MNU, group (3): whole 
body exposed to low dose of gamma radiation (0.5 Gy), group (4): given FSM orally, group(5): given FSM 
and MNU, group (6): received MNU and exposed to gamma radiation, , group (7): given FSM, MNU and 
exposed to gamma radiation. Results: Fermented soy milk exerted significant, ameliorative effect on 
glutathione peroxidase, superoxide dismutase and catalase activities, lipid peroxidation and TNF-α level in 
rats injected with MNU. Combined treatment of FSM and low dose of gamma radiation markedly elevated 
GSH level, ameliorated MNU effect on cell cycle phases Go/1, S, G2/M and induce apoptosis via activation 
of caspase-3. Conclusion: FSM consumption with exposure to low doses of gamma radiation reduced 
carcinogenesis and oxidative stress effects induced by MNU in the mammary tissues.  
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1. INTRODUCTION: 

reast cancer is the most frequently 
diagnosed cancer and the leading 
cause of cancer death in female 

worldwide. The significance of nutrition in 
protecting living organisms from the toxic 
effects of environmental carcinogens has 
gained increasing attention due to less 
toxicity and high efficacy against various 
diseases. The intake of soy and soy-based 
products is associated with a lower risk of 
several types of cancers, including breast 
cancer. There are many functional ingredients 
contained in soy foods such as soy protein, 
isoflavones, saponins, phytic acid, 
phytosterol, and phenolic acid. The 
chemopreventive effects of soybean and soy 
containing food products may be related to 
genistiein, daidzein and glycitein (1). Human 

have always been exposed to various natural 
sources of ionizing radiation emitted by the 
isotopes present in the earth’s crust, air, water 
and biosphere, and originating from the outer 
space. In some parts of the globe the level of 
this natural background radiation is 
significantly higher than the world average 
with no adverse health effects. Today, people 
can be additionally exposed to “man-made” 
radiation delivered at high doses (e.g., during 
radiotherapy and radiation accidents as well 
as after detonations of nuclear weapons) or 
low doses (e.g., during production and 
distribution of radioactive materials and use 
of radiation sources for industrial and medical 
purposes). The low-level environmental and 
occupational exposures are much more 
common and distributed over much larger 
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populations than the high-level exposures (2). 
Soybean fermentation by a system of 
Lactobacillus and yeast consists of a mixture 
of soybean extracts and the secondary 
metabolites of these microorganisms. In 
addition, fermentation increased the bioactive 
isoflavoneaglycone than its unfermented 
counterpart. It has been used in clinical trials 
to prevent cancer and cardiovascular disease 
progression due to its antioxidant activity (3), 
antimutagenic effect for the reduction of 
chemotherapy side effects (4). The lactic acid 
bacteria have cancer chemopreventive 
properties and act through diverse 
mechanisms, including alteration of the 
intestinal microflora, enhancement of the 
host’s immune response, and antioxidative 
and antiproliferative activities (5). Some 
reports also claim that soymilk fermented 
with probiotic bacteria has some advantages: 
a reduced content of oligosaccharides, 
enhanced antioxidant activities, and 
improved flavor and sensory characteristics 
(6, 7). There is evidence suggesting that 
combining several probiotic bacteria will 
achieve stronger effects than single-strain 
probiotics (8). Fermentation of Soy products 
using different types of microorganisms 
changes chemical components of soy and 
increase the soluble nitrogen compounds 
such as riboflavin, niacin, pantothenic acid, 
biotin, folic acid and nicotinic acid (9, 10). 
This work aim is to investigate the protective 
role of FMS and low dose of gamma radiation 
in reducing tumor incidence and progress 
induced by N-methyl-N-nitrosourea (MNU). 

2. MATERIAL AND METHOD: 

2.1.  Animals  

 Rats used in this study were Virgin female 
Sprague-Dawley at 42 days of age, with body 
weight of 130-150g. Rats were purchased 
from the Egyptian Holding Company for 
Biological Products and Vaccines (Cairo, 
Egypt). Animals were housed under standard 

conditions of light and temperature and 
allowed free access to standard pellet diet and 
tap water. Animals were randomly divided 
into eight groups (n=8). 

2.2. Fermented soy milk (FSM) 

Soy milk was purchased from Soy factor, 
food technology institute Agricultural 
research center, Giza, Egypt. The fermented 
soy was prepared using microorganisms: 
Lactobacillus acidophilus, Lactobacillus 
bulgaricus, Streptococcus lactis, 
Bifidobacteria (11).FSM was diluted with 
distilled water to 2%and administrated orally 
at dose equivalent to 0.2 ml/kg body wt daily. 

2.3. Gamma radiation  

Irradiation of rats was carried out using a 
Canadian Gamma cell-40(137 Cs) at the 
National Center for Radiation Research and 
Technology (NCRRT), Cairo, Egypt. Rats 
whole body were exposed to gamma rays and 
received a dose rate of 0.461Gy/minute, 
calculated according to the Dosimeter 
department in the NCRRT. 

2.4. Experimental design and sample 
collection 

The N-methyl-N-nitrosurea (MNU) (Sigma–
Aldrich, Diesenhofen, Germany) was 
injected intraperitoneally (I/P) twice (50 
mg/kg/body weight each), between postnatal 
days 10 and 30. 
Female rats were divided into 8 groups at the 
beginning of the experiment: group (1): 
served as negative control and orally received 
saline, group (2): Rats were injected with 
MNU, group (3): Animalswere exposed to 
whole body gamma radiation (0.5 Gy), group 
(4): Rats were given FSM orally via gastric 
tube (20ml/kg), group(5): rats were given 
FSM and injected with MNU, group (6): Rats 
were received FSM (20ml/kg) and exposed to 
(0.5 Gy) gamma radiation, group(7):Rats 
were injected with MNU and exposed to  (0.5 
Gy) gamma radiation, group (8): Rats were 
given FSM, injected with MNU and exposed 
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to gamma radiation (0.5Gy). At the end of the 
experiment (13 weeks) animals were 
anesthetized and sacrificed, Heparinized 
blood samples were collected from the heart. 
And mammary glands tissues were dissected. 

2.5. Evaluation of tumor necrosis factor- 
alpha (TNF-α) 

TNF-alpha concentration in rat mammary 
gland was measured using the "Assay Max 
Rat TNF-alpha ELISA kit of murine 
monoclonal antibody". (ASSAYPRO, 41 
Triad South Drive St. Charles, MO 63394, 
USA). 

2.6. Evaluation of apoptosis and cell cycle 
analysis by flow cytometry 

Flow cytometric analysis was performed for 
cell cycle analysis and evaluation of 
apoptosis. Mammary glands were cut into 
small pieces and fixed in 70% ethanol in 
phosphate buffer saline for 1 h on ice, 
incubated with 50 μg/ml RNase A at 37ºC 
overnight, stained with 50 μg/ml propidium 
iodide and subjected to flow cytometric 
analysis using FACS Calibur. Cells were then 
analyzed for green (FITC, indicating DNA 
fragmentation detection) and (PI, allowing 
DNA quantification) red fluorescence by 
flow cytometry using a Becton Dickinson® 
FAC Star Plus flow cytometer. Apoptotic 
cells were identified in a DNA histogram as a 
sub-G1 hypodiploid population were 
obtained with a computer program for Dean 
and Jett mathematical analysis (12). 

2.7. Antioxidant parameters 

Lipid peroxides content was determined 
according to the method of Yoshioka et al. 
(1979) (13) using 1,1,3,3‐tetraethoxypropane 
as a standard. GSH content was determined 
according to the method of Beutler et al. 
(1963) (14). Glutathione peroxidase 
determined according to the method of Paglia 
and Valentine (1967) (15). Catalase activity 
was estimated according to the method of 
Sinha (1972) (16).  

2.8. Pathological study: 

Rats mammary gland tissues were fixed in 
10% neutral formalin buffer, and then 
embedded in paraffin wax. Specimens were 
dehydrated through graded alcohol, cleared in 
xylene and embedded in paraffin. Sections of 
5µm-thickness were cut and stained with 
Heamatoxylin and eosin (H&E) according to 
Bancroft and Gamble (2008) (17). 

2.9. Statistical analysis:  

Experimental data were analyzed using one 
way analysis of variance (ANOVA) using 
SPSS (statistical package for social sciences, 
1999; ver.10.0), and the significance among 
the samples was compared at P≤0.05. Results 
were represented as mean ±SD (n =8).  

3. RESULTS 

In the present study, MNU intoxication 
induced significant biochemical alterations in 
the blood, causing a significant increase in the 
GSH content and GPx and CAT activities 
compared to that of control. Oral 
administration of fermented soy milk(FSM) 
after MNU injection, caused  significant 
reduction in antioxidant enzymes GPx and 
CAT compared to MNU treated group . 
Whole body irradiation with low dose of 
gamma radiation (0.5 Gy) markedly 
ameliorated GPx, and CAT while increased 
SOD activities with significant increase in 
GSH level compared to MNU. Combined 
treatment of both FSM and gamma radiation 
to MNU treated group significantly increased 
GPx, SOD and GSH compared to MNU and 
significantly reduced CAT, Table (1). 

3.1. Effect on lipid peroxidation and tumor 
necrosis factor alpha  

Oral administration of FSM to MNU treated 
groups caused a significant increase in TNF-
α,which was ameliorated via exposure to 
gamma radiation or FSM. Treatment with 
FSM accompanied with exposure to low dose 
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of gamma irradiation markedly reduced TNF-
α  levels compared to control,  

3.2. Effect on cell cycle 

Cell cycle analysis of mammary gland via 
flow cytometryclearly shows that, FSM 
treatment caused significant alterations in cell 
cycle analysis as it caused cell cycle arrest at 

Go/1 appeared in increased cell population at 
Go/1 with significant decrease in cell 
population at S and G2/M phases compared 
to control. Rats of MNU group treated with 
FSM and gamma irradiation showed, 
amelioration in cell percentage of Go/1,S and 
G2/M phases compared to control and tumor 
groups. 

 

 
Fig. (1):Light microscopic photos of rats mammary gland showing: (a) In control group histological 
structure of the lactiferous duct (d) and acini (a) embedded in adipose tissue. (b) In FSM treated group: no 
ultra structural changes in the structure of the lactiferous duct (d) and acini (a). (c) In irradiated group: no 
ultra structural changes in the structure of the lactiferous duct (d) and acini (a). (d) In MNU group: showing 
anaplastic hyperchromatic lining epithelium of the acini (a) with lose of basement membrane (carcinoma). 
(e) In FSM+ irradiation group: showing normal histological structure of lactiferous duct (d) and acini (a). 
(f) In MNU+FSM group; showing mild systicdialation of the intact duct and acini. (g) In 
MNU+FSM+Radiation: showing normal histological structure of the duct (d) and acini (a).  
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Table I: The effect of fermented soymilk and and/ or -irradiation on glutathione peroxidase, 
superoxide dismutase, catalase activities and glutathione (GSH) level in the blood. 
 

GSH 
(mg/dl) 

Catalase 
(U/L)

SOD 
(U/ml)

GPx 
(mU/mL)

Groups 

5.0 ± 0.6 644 ± 77.324.3 ± 2.96.4 ±0.78Control 
5.8 ± 0.7 595± 71.2b22.7 ± 2.72.3 ±0.2abFSM 
4.9 ± 0.6b 507 ± 60.4ab21.1 ± 2.52.1 ±0.2abRadiation(Rad) 
6.6 ± 0.8a 732 ± 87.419.5± 2.3a9.9 ± 0.8aMNU 
8.9±1.08ab 477 ± 56.9ab32.0 ± 3.8ab5.0 ± 0.6abMNU+Rad 
6.5 ± 0.79a 461 ± 55.1ab20.6± 2.54.7 ±0.5abMNU+FSM 
10.3±1.24ab311 ± 37.2ab27.9 ± 3.4b8.1 ± 0.16abMNU+Rad+FSM

a significant compared to control, b significant compared to MNU. 
 

Table 2: The effect of fermented soymilk and or -irradiation on cell cycle analysis in the mammary 
gland tissue. 
 

G2/M% S%Go/G1%Groups 
5.6±0.7 37.2±4.415.2±1.8Control 
2.04±0.3ab 14.3±1.7ab37.8±4.5acFSM 
0.38±0.1a 2.7±0.3a13.7±1.6bRadiation(Rad) 
9.1±1.1ab 18±2.2ab72.8±8.7abMNU 
0.42±0.04a 0.98±0.1a4.3±0.5abMNU+Rad 
0.59±0.1a 3.2±0.4a33.7±4.0aMNU+FSM 
1.35±0.2ab 7.5±0.1ab14.7±1.7bMNU+Rad+FSM 

4. DISCUSSION 

In a continuing effort to improve cancer 
therapy, it was found that ultra-low doses of 
radiation are capable of enhancing the 
efficacy of chemotherapy. The clinical results 
of this combined treatment approach have 
proven to be so effective it is now frequently 
employed for advanced abdominal and head 
and neck cancers. Combined chemotherapy 
and radiotherapy regimens have become the 
standard approach because they allow one to 
reduce toxicity while maintaining high 
overall efficacy, since antioxidants can 
reduce damage produced by both low and 
high doses of radiation. Antioxidant 
treatment before and after radiation exposure 
are essential for a maximal reduction in 
radiation damage. Prevention of immediate 

radiation-induced genotoxicity requires that 
an antioxidant be present at the time of 
irradiation (18). Fermentation consists of 
modifying food by microorganisms (bacteria, 
molds, and yeasts) that grow, reproduce, 
consume part of the substrate, and enrich it 
with the products of their metabolism. An 
ancient technology remains one of the most 
practical methods for preserving foods and 
enhancing their nutritional qualities (19, 20). 
Fermented soymilk, unlike fermented milk or 
yogurt drinks, contains no lactose or 
cholesterol and have the health benefits from 
both soy itself and the fermentation (21). In 
the present study, MNU in female rats caused 
significant changes in antioxidant 
parameters: increase  in GSH level 
accompanied with  significant decrease in 
GPx, CAT and SOD activities, this effects 
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were  ameliorated with administration of  
FSM or combined treatment of FSM 
+radiation exposure. oxidative stress caused 
by MNU increased free radicals production 
result in  significant increase in lipid 
peroxidation (22). Antioxidant enzymes are 
capable of eliminating reactive oxygen 
species and lipid peroxidation products, 
thereby protecting cells and tissues from 
oxidative damage. Superoxide dismutases 
convert superoxide radicals to molecular 
oxygen and H2O2, and catalase decomposes 
H2O2 to molecular oxygen and water. SOD, 
and GPxare decreased in tumor tissue(23). 
FSM administration was able to normalize 
SOD and GPx activities in MNU groups due 
to the presence of many antioxidants as 
isoflavones, proteins, and saponins, also it 
contains many lactobacillus sp., which exerts 
potent antioxidant activity and free radical 
scavenging ability. Lactobacillus sp. possess 
several anti-oxidative mechanisms: catalase, 
glutathione-system-related compounds, and 
Mn-SOD, decreasing the risk of ROS 
accumulation also degrade the superoxide 
anion and hydrogen peroxide (24, 25). N-
methyl-N-nitrosourea transforms mouse 
mammary epithelial cells to proneoplastic 
and neoplastic states in rat, however, 
malignant tumors appeared earlier and at a 
faster rate than the benign tumors (26). 
Fermented soy and low dose of gamma 
radiation enhanced GSH levels, which protect 
vital organs from damage via free radicals 
through free-radical scavenging, restoration 
of the damaged molecules by hydrogen 
donation, reduction of peroxides, and 
maintenance of protein thiols in the reduced 
state (27). It was reported that, Soy(1)and 
exposure to low dose irradiation (0.5 Gy) 
significantly enhanced GSH content within 
24 hrs post-irradiation(28).The presence of 3-
hydroxyanthranilic acid (3-HAA) a by-
product of soy fermentation in FSM and 
Lactobacillus markedly combat oxidative 
stress and reduced lipid oxaridation in 
vivo(29). Lactobacillus, attenuate 

proliferation (30) and reduce NO levels (31). 
Exposure to low doses of ionizing radiation 
may stimulate cellular detoxification and 
repair mechanisms leading to reduction of the 
DNA damage even below the spontaneous 
level and decreasing the probability of 
neoplastic transformation (32,33), such 
exposures may also enhance immune 
reactions of the organism and attenuate 
harmful effects of higher doses of radiation 
(34,35),significantly delayed the tumor 
growth, enhanced GSH content in the spleen 
within 24 hrs post-irradiation (28). The 
inhibition of cytokine production or function 
serves as a key mechanism in the control of 
inflammation(36).In this study, FSM 
ameliorated the elevation in TNFα caused by 
MNU, is referred  which may referred to the 
presence of genistein which reduce the 
production of TNF-α, IL-6, IL-1 via its effect 
on nitric oxide and COX-2 gene 
expression(37,38), also ,  the components of 
lactic acid bacteria or bifido bacterium cells 
and peptides formed during the fermentation, 
which have been reported to affect the 
production of cytokines (39,40). Cell cycle 
analysis of female rat mammary tissue via 
flow cytometry showed disturbance in cell 
cycle in MNU group observed in all phases 
with accumulation of cell count at G1, this 
disturbance was significantly ameliorated by 
FSM treatment and combined treatment of 
FSM and gamma radiation decreasing MNU 
effect on cell cycle and apoptotic cell count 
compared to the control. The presence of 
isoflavone, particularly genistein in soy, 
exerts its antioxidant effects to protect cells 
against reactive oxygen species by 
scavenging free radicals and reducing the 
expression of stress-response related genes. 
Genistein is a tyrosine kinase inhibitor,  
induce apoptosis in different types of cancers 
including breast cancers through both NF-αB 
dependent and independent pathways. It 
activates caspases, apoptosis and inhibits 
DNA-binding activity of NF-κB in various 
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cancer cells. Furthermore, its pre-treatment 
abrogated the activation of NF-κB stimulated 
by H2O2or TNF-α(41).Although soy extract 
induced higher percentage of cells 
undergoing apoptosis than genistein or 
daidzein (42).  Accompanied treatment of 
FSM and low dose of radiation induce more 
inhibitory effect on tumor cell, since low dose 
of gamma radiation also able to delaye tumor 
growth in Ehrlich solid tumor bearing mice 
(28). MNU has an impact on the expression 
of regulatory genes triggering apoptosis  and 
directly development toxicity followed by 
accumulation of mutations either in somatic 
cells or blood cells  (Budan et al., 
200840).The proposed antiproliferative 
effects of FSM reflect the primary protective 
action on damaged cells. Induction of 
apoptosis may be considered in case of failure 
of reparative mechanisms lead to cell death 
and is important for protection of the entire 
organism. The histological observations 
indicate that FSM accompanied with low 
dose of gamma radiation has great efficiency 
as anti-inflammatory and antitumor treatment 
against MNU carcinogenesis. The 
ameliorative effects of FSM upon the 
structural alterations could be explained by 
the role of FSM in regulating vital cellular 
functions, including cell proliferation and 
differentiation and its potent antioxidant 
activity and free radical scavenging 
capability. This study demonstrates that soy 
antioxidants and microbial components 
accompanied with low dose of gamma 
radiation can reduce the harmful mutagenic 
and oxidative stress effect of MNU in 
inducing mammary tumors.  
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  المحدث بالنيتروزيوريا الثديعلى سرطان  والأشعة الجاميةحليب الصويا المخمر بالبروبيوتيك  تأثير
 

 أميرة ابراهيم أبو الفتوح السنباطي،سوسن محمد  ،عزيزةعلى حسين  سامي ،رجبأميمة أحمد 

  الملخص العربي

هذه الدراسة تهدف الى .للسرطان وقائيو  علاجييؤدى لتأثير  قد المخمرة الصويا الخلايا لحليبالتأثير المضاد لانقسام و تكاثر 
-ب  ن المحدث الثديلفول الصويا المخمر مع جرعة منخفضة من الأشعة الجامية  على سرطان  الوقائيو العلاجيتقييم التأثير 
محفز  يمناعأوضحت نتائج البحث أن لفول الصويا المخمر ببكتريا بروبيوتك تأثير  .يوريا فى اناث الجرذان نتيتروز -ميثيل  ن
 -ميثيل  ن-أو ن (جراى 0 .5)  فى أعداد خلايا الدم البيضاء المحدث بواسطة التعرض لأشعة جاما  المعنوي المناعي للانخفاض

و بقياس حالة مضادات الأكسدة وجد أن فول الصويا المخمر له تأثير معدل  لنشاط أنزيمات مضادات الأكسدة   .نتيتروز يوريا
جلوتاثيون بير اوكسيداس و سوبر أوكسيد ديسميوتاز و الكتاليز و أيضا لمستوى الدهون فوق المؤكسدة و عامل لنخر الورم الفا 

 .بفول الصويا المخمر مع أشعة جاما ادت الى زيادة معنوية فى مستوى الجلوتاثيونالمعاملة  .فى الدم بالمقارنة للمجوعة الضابطة
 ,Go/1, Sنتيتروز يوريا على أطوار انقسام الخلية  -ميثيل  ن-بواسطة نالسلبية المحدثة  التأثيراتأيضا ادت الى تعديل 

G2/M 5,0)الفئران بفول الصويا المخمر مع أشعة جاماو عند  معاملة  .للجرذان بالمقارنة بالمجموعة الضابطة الثديفى أنسجة  
 العلاجيأظهرت النتائج و بخاصة الهستوباثولوجى التأثير  ,نتيتروز يوريا   -ميثيل  ن-يوم ثم حقنها بواسطة  ن 15لمدة    (جراى

ن أشعة جاما لإحداث يتآزر مع التعرض لجرعة منخفضة م نستخلص من البحث ان تناول فول الصويا المخمر .للمعاملة الوقائيو
 .للسرطان والأكسدة وعلاجي وقائيتأثير 
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