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ABSTRACT  
 
 The effect of alternative compounds of some nano nutrients, their potential to induce apoptosis in breast 
cancer cells and the inhibitory effect of nano particles on development of induce toxic material of mammary 
tumor in experimental animals were studied. Experimental animals in this study include (42 rats) which induced 
breast cancer by injected a single dose of MNU intraperitoneally. Two weeks after MNU treatment, a time by 
which the animals had recovered from MNU-induced toxicity, the rats were divided into 7 groups (6 for each). 
A group of injected animals fed on the basal synthetic diet that served as control. Injected animals (6 groups) fed 
on the basal synthetic diet supplemented with nano particles nutrients (ascorbic acid, folic acid, methionine and  
niacin) group of (I), or with nano curcumin (group II), or with nano green tea (group III) or with nano yeast 
(group IV). Groups of (V) and (VI) fed on the basal synthetic diet supplemented with nano curcumin or yeast. 
At the end of experiments (6 months), apoptosis, TNF, total antioxidants, lipid peroxidation, folic acid, B12 and 
vitamin C were determined. The results of nano-nutrients and their impact on biochemical parameters showed 
high levels of vitamin C in all groups except for a group of (I and II) which observed by low levels of total 
antioxidants. Also observed increasing level of folic acid and B12 in most groups especially a group of (V and 
VI) a source of curcumin and yeast. Groups (III and VI) which containing yeast were appeared rise in level of 
TNF in a group of (III) as well as a group of (VI) as well to increase level of apoptosis in the same group. The 
nano yeast as a natural source of vitamin B complex may be gave best result because it might have helped 
retention the cell folic acid and B12 contrary what happened in other the nano treatment groups compared with 
normal treatments. 
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Introduction 
 

Breast cancer is a malignant tumor that has developed from cells of the breast (World Health Organization, 
2003). The disease occurs mostly in women, but does occur rarely in men (National Cancer Institute, 2006 and 
Cancer Research UK, 2007). Breast cancer is one of the most common malignancies accounting for nearly 1 in 
3 cancers diagnosed among women, and it is the second leading cause of cancer death among women (DeSantis 
et al., 2011).Only a small minority of patients with breast cancer develop the disease as a result of inheritance of 
germ line mutations in dominant, highly penetrant susceptibility genes such as BRCA1 and BRCA2 (Badve and 
Nakshatri , 2009). Breast Cancer Stem Cells (BCSCs), have been demonstrated functionally for both human and 
mouse mammary tumors and tumor cell lines (Al-Hajj et al., 2004 and Visvader, 2009). Experiments on human 
breast tumors in mouse models, for example, indicate that when these cells were deleted, the remaining cells 
were unable to sustain new tumor growth (Luke et al., 2011).  

It was reported that normal breast development is controlled by a balance between cell proliferation and 
apoptosis, and there is strong evidence that tumor growth is not just a result of uncontrolled proliferation but 
also of reduced apoptosis. The balance between proliferation and apoptosis is crucial in determining the overall 
growth or regression of the tumors in response to different treatments. All of these act in part by inducing 
apoptosis. Thus it is possible to delineate the biology of individual tumors at the molecular and biochemical 
level by examining apoptosis and its control and regulation (Marina Parton et al., 2001). 

Apoptosis plays an important role in development of cancer. It can be initiated by external signals via death 
receptors. Today most of the key players in cellular apoptosis regulation are identified and can be targeted by 
therapeutic strategies. The authors focus on recent development, which interfere with apoptosis and are 
currently used or tested for treatment of breast cancer. These novel agents include those targeting the extrinsic 
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pathway such as Fas, tumor necrosis factor (Grimm et al., 2011). Antioxidant supplements are often 
recommended as apart of cancer prevention diet (Ames, 1999 and Prasad et al., 1999). However, the generation 
of excess levels of reactive oxygen species is important for activation of internal cell programs for cell suicide 
(apoptosis) that are important protection mechanisms that kill cancer cells (Weijl et al., 1997 and Kuipers et al., 
1998).  

Nanotechnology is a powerful new technology for taking apart and reconstructing nature at the atomic and 
molecular level (Georgia Miller, 2008). Nanotechnology embodies the dream that scientists can remake the 
world from the atom up, using atomic level manipulation to transform and construct a wide range of new 
materials, devices, living organisms and technological systems. 

Nanotechnology and nanoscience involve the study of phenomena and materials, and the manipulation of 
structures, devices and systems that exist at the nanoscale, <100 nanometers (nm) in size. To put 100nm in 
context: a strand of DNA is 2.5nm wide, a protein molecule is 5nm, a red blood cell 7,000 nm and a human hair 
is 80, 000 nm wide (Georgia Miller, 2008).  

The physical and chemical properties of nanoparticles – for example, color, solubility, strength, chemical 
reactivity and toxicity - can therefore be quite different from those of larger particles of the same substance 
(Georgia Miller, 2008).  

Nanoparticles may have different physical, chemical, electrical, and optical properties than occur in bulk 
samples of the same material, in part due to the increased surface area to volume ratio at the nanoscale.  

Epidemiological and experimental studies have suggested a protective role of some sources of nutrients in 
the development of some types of cancer such as colon and prostate cancer (Journal of Physics, 2006). No work 
has been reported on the role of these nutrients in nano particles form on the development of breast cancer, the 
second leading cancer in woman. Therefore, this work aim to study the effect of alternative compounds of some 
nano nutrients, their potential to induce apoptosis in breast cancer cells and the inhibitory effect of nano 
particles on development of induce toxic material of mammary tumor in experimental animals.  

 
Materials and Methods 

 
The carcinogen N-Methyl-N-nitrosourea (MNU) with a Molecular formula C2H5N3O2, Molecular weight 

103.08, was purchased from Sigma Chemical Company (St. Louis, MO, USA). The MNU was used to induce 
mammary carcinoma in rats (50 mg/kg) (Waheed et al., 2005). 

 
Preparation of nanonutrients:  

 
All of the nanonutrients which were used in the experiment were prepared by Professor Researcher 

department of Inorganic Chemistry in the Central Lab., National Research Center which classified as the 
following: 

• The nutrients by nano included: folic acid, Methionine, ascorbic acid and niacin. 
• Food additives by nano included: curcumin, yeast and green tea. 
Transmission electron micrograph of the studied nanonutrients samples was performed using TEM (JEM - 

1234), Operating voltage at 120 KV energy, Magnification power is 600,000 x, Resolving power is 0.3 nm, 
CCD-camera equipped, and programmable Heating/Cooling facility is from -1900C up to 10000C.  

 
Table 1: Composition of treatments. 

Treatments                    
                   Ingredients                                                       Control Treat 

I 
Treat 

II 
Treat 

III 
Treat 

IV 
Treat 

V 
Treat 

VI 
Casein 
Saturated/unsaturated 
fat 
Sucrose 
Maize starch 
Cellulose  
Salt mixture 
Vitamin mixture 
 
UNutrients  
Ascorbic acid 
Folic acid 
Methionine 
Niacin 
 
UFood additives 
Curcumin 
Yeast 
Green tea 

15 
10 
22 
44 
4 
4 
1 
 

 
        --- 
        --- 

--- 
--- 
 
 

--- 
--- 
--- 

15 
10 
22 

36.627 
4 
4 
1 
 
 

1.333 
0.04 

5 
1 
 
 

--- 
--- 
--- 

15 
10 
22 

34.627 
4 
4 
1 
 
 

1.333 
0.04 

5 
1 
 
 
2 

--- 
--- 

15 
10 
22 

29.96 
4 
4 
1 
 
 

1.333 
0.04 

5 
1 
 
 

--- 
6.667 

--- 

15 
10 
22 

27.96 
4 
4 
1 
 
 

1.333 
0.04 

5 
1 
 
 

--- 
--- 

8.667 

15 
10 
22 
42 
4 
4 
1 
 
 

--- 
--- 
--- 
--- 

 
 

2 
--- 
--- 

15 
10 
22 

37.333 
4 
4 
1 
 
 

--- 
--- 
--- 
--- 
 
 

--- 
6.667 

--- 

Total 100 100 100 100 100 100 100 
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All graphs of the studied nanonutrients samples were performed using mass spectroscopy JEOL (JMS-

AX500) in the Central Lab in the National Research Center. 
 
Experimental design: 

 
Experimental animals in this study include (42 rats) which induced breast cancer by injected a single dose 

of MNU intraperitoneally. Two weeks after MNU treatment, a time by which the animals had recovered from 
MNU-induced toxicity, the rats were divided into 7 groups (6 for each). A group of injected animals fed on the 
basal synthetic diet that served as control. Injected animals (6 groups) fed on the basal synthetic diet 
supplemented with nano particles nutrients (ascorbic acid, folic acid, Methionine and niacin) group of (I), or 
with nano curcumin (group II), or with nano green tea (group III) or with nano yeast (group IV). A group of (V) 
and (VI) fed on the basal synthetic diet supplemented with nano curcumin or yeast.Composition of salt and 
vitamin mixture according to (Briggs and Williams, 1963) and (Morcos, 1967) respectively. 

At the end of experiments (6 months), blood sample of each animal collected where serum and plasma are 
separated after centrifugation at 3000 rpm for 15 minutes and stored in -200C to measure the biochemical 
parameters which included apoptosis, TNF, Total antioxidants, lipid peroxidation, folic acid, B12 and vitamin C 
according to the following methods: 

a) Enzyme immunoassay for the quantitative determination of sAPO-1/Fas (CD95) ELISA:  sAPO-1/Fas 
was purchased from IBL INTERNATIONAL GMBH (Germany). 

b) Enzyme immunoassay for the Detection of Rat TNF-α ELISA: Tumor Necrosis Factor-alpha (TNF-α) 
was purchased from ID LabsTm Biotechnology (Canada). 

c) SimulTRAC-SNB Radioassay Kit Vitamin B12 [57Co]/Folate [125I]: Radioassay Kit Vitamin B12 
[57Co]/Folate [125I] was purchased from MP Biomedicals (USA). 

d) A colorimetric method for determination of The Total Antioxidant Capacity: Total Antioxidant 
Capacity was purchased from Bio-diagnostic (Egypt). 

e) A colorimetric method for determination of lipid peroxide (malonaldehyde): MDA was purchased from 
Bio-diagnostic (Egypt). 

f) A colorimetric method for estimation of vitamin C: Folin ciocalteu was purchased from Sigma 
(Germany), Trichloroacetic acid (TCA) was purchased from Sigma (Germany). 

 
Statistical analysis: 

 
Data were analyzed statistically according to the method of (Snedecor and Cochran, 1989). All parameters 

within the given groups were evaluated by means of statistical software packages namely (SPSS, version 16). 
 

Histopathological examination: 
 

according to the methods of (Bancroft et al., 1996). 
 

Results: 
 
Histopathological examinations of the mammary glands: 

 
Control (injected animals): 

                                                   (A)                                                            (B) 

 
Fig. 1: Mammary gland of rat showing adenocarcinoma. Notice proliferating anaplastic cells arranged in acini  
           without basement membrane (H&E ×400). 
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Normal Control: 

 
                                     (A)                                                            (B) 

      
 

Fig. 2: Mammary gland of rat showing normal acini with cuboidal cell lining (H&E ×400). 
 

Table 2: Different effects of nano treatments on Apoptosis, TNF, Total antioxidant, Lipid peroxide, Folic acid, Vitamin B12 and Vitamin C    
compared with control. 

Group Apoptosis 
pg/ml 

TNF 
pg/ml 

T. antioxidant 
mM/L 

L. Peroxide 
ng/ml 

Folic acid 
ng/ml 

B12 
pg/ml 

Vitamin C 
pg/ml 

Control (injected) 
Mean ± SE 

158.7 ± 3.47 309.2 ± 13.5 0.77 ± 0.027 21.5 ± 1.06 1578 ± 
14.2 

1885 ± 
68.5 

0.82 ± 0.02 

Group (I) 
Mean ± SE 

P 

 
224.2± 15.0 

336.7 ± 46.4 0.65 ± 0.017 28.0 ± 3.82 1743 ± 
27.01 

2204 ± 
37.1 

0.71 ± 
0.049 

P<0.001 N.S P<0.001 N.S P<0.0001 P<0.001 N.S 
Group (II) 
Mean ± SE 

P 

 
154.0 ± 4.28 

483.5 ± 85.8 0.57 ± 0.036 20.7 ± 1.80 1701 ± 
28.1 

2235 ± 
32.08 

0.83 ± 
0.034 

N.S N.S P<0.001 N.S P<0.001 P<0.0001 N.S 
Group (III) 
Mean ± SE 

P 

 
163.0 ± 2.17 

466.2 ± 39.8 0.78 ± 0.029 19.21 ± 3.61 1606 ± 
13.1 

2171 ± 
67.8 

0.97 ± 
0.042 

N.S P<0.001 N.S N.S N.S P<0.01 P<0.01 
Group (IV) 
Mean ± SE 

P 

 
156.6 ± 3.8 

477 ± 60.5 0.521 ± 0.025 25.76 ± 2.95 1761 ± 
19.5 

2097 ± 
92.9 

1.01 ± 
0.018 

N.S P<0.01 P<0.0001 N.S P<0.0001 N.S P<0.0001 
Group (V) 
Mean ± SE 

P 

 
152.0 ± 3.42 

300.5 ± 22.7 0.565 ± 0.047 18.0 ± 1.07 1742 ± 
4.39 

2090 ± 
57.4 

0.95 ± 
0.031 

N.S N.S P<0.001 P<0.01 P<0.0001 P<0.01 P<0.01 
Group (VI) 
Mean ± SE 

P 

 
174.5 ± 1.87 

580.5 ± 62.7 0.59 ± 0.085 16.86 ± 1.88 1789 ± 
32.2 

2176 ± 
47.3 

0.89 ± 
0.017 

P<0.001 P<0.001 N.S N.S p<0.0001 p<0.01 p<0.01 
 
Table (2): Described the different effects of nano treatments on Apoptosis, TNF, Total antioxidant, Lipid 

peroxide, Folic acid, Vitamin B12 and Vitamin C compared with control.  
• It was observed a significant increase in Apoptosis, Folic acid and Vitamin B12 in addition to a 

significant reduction in the Total antioxidant in group (I).  
• As noted, a significant increase of Folic acid and Vitamin B12 in group (II) with a significant reduction 

in the Total antioxidant. 
• Group of (III) showed a significant increase in Vitamin C, Vitamin B12 and TNF. 
• A group of (IV) also showed a significant increase in level of TNF and a significant reduction in the 

Total antioxidant, next to a significant increase in the level of Folic acid and Vitamin C.  
• It was observed in a group of (V) significant increases of Vitamin C, and Vitamin B12 and Folic acid 

accompanied by a decrease in the level of Lipid peroxide and Total antioxidant. 
• A group of (VI) showed a significant increase in Apoptosis, TNF, Vitamin C, Vitamin B12 and Folic 

acid 
 
Discussion: 

 
Breast carcinoma is one of the most common neoplasms in women and is a leading cause of cancer-related 

deaths. Therefore, the prevention or cancer resistance of the most important strategies also work on non-
progression of the disease, reduction of the body's response to the pathogen also one of the most important 
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factors that this research was designed to study them.It was reported that MNU-induced mammary tumors in the 
Sprague–Dawley rat model because the histologic structure of mammary gland tumors in this animal closely 
resembles that of human mammary tumors. Induction of mammary carcinomas by MNU in female rats is one of 
the most frequently used animal models for the investigation of breast carcinogenesis and mammary tumor 
treatment (Thompson et al., 1995).Already shown results by injection MNU events breast tumor through 
microscopic examination of breast cells infected rats when compared with normal animals were also seen from 
the results of present study (fig. 1 and 2). 

So will be discussed by the results of research the relationship between the uses of nanotechnology in 
important nutrients associated with breast cancer as reported in several studies (folic acid, vitamin C, methionine 
and niacin). Well as reduce the progression of the disease. In addition to study the difference between nano and 
normal nutrients through measurements which gave evidence associated with cancer. 

When discussing the results of nano-nutrients and their impact on biochemical parameters in table (2), It 
was observed high levels of vitamin C in all groups except for a group of (I and II) which observed by low 
levels of total antioxidants. It could have happened consumption of vitamin C by cancer cells where studies 
approved low vitamin C in cancer trials. It was reported that nutrients such as ascorbic acid could act as natural 
inhibitors of ECM proteolysis and, as such, have the potential to modulate tumor growth and expansion (Rath 
and Pauling, 1992). It was demonstrated the anti-proliferative and anti invasive potential of ascorbic acid on 
human breast cancer, colon cell cancer, and melanoma cell lines (Waheed et al., 2004). Several researches have 
reported decreases in the levels of vitamins C in breast cancer patients (Ray et al., 2000). The results showed 
that there were significant decreases in the levels of vitamin C in the blood of animals with breast cancer 
compared to those of the control (Waheed et al., 2005). 

Although no change in lipid peroxidation in those two groups (I and II), but it was observed low level of 
total antioxidants which may be led to a significant increase of the apoptosis in group of (I). This was agreed 
with studies that approved the effect of free radicals and their relationship in antioxidants to increase apoptosis 
formation. Free radical species are involved in regulating various growth, differentiation and death processes 
including apoptosis. The possibility that reactive oxygen species (ROS) play a significant role in apoptosis has 
been reviewed numerous times and a relationship between free radicals and several effectors of apoptosis has 
been reported (Mates, 2000). 

Studies in cell cultures show that some nutrients such as vitamin C and some phytochemicals selectively 
induce apoptosis in cancer cells while sparing normal cells other findings, in a model of metastatic growth, show 
that vitamin C is an angiostatic factor and may have potential in aiding host resistance to tumor growth and 
invasiveness (Carmia Borek, 2004). 

It is postulated that many tumor cells are in pro-oxidant status that results either from increased production 
of oxygen free radicals or decreased expression of antioxidant enzymes. Possible protective and anticancer 
activities of antioxidant molecules by scavenging excess of free radicals are complex due to their potential 
interferences with redox regulation of some important physiological processes (e.g. apoptosis). Modulation of 
the oxidant/anti-oxidant balance towards a more reduced state is likely to have control influence by limiting the 
survival and invasion of the most cancer cells (Mihajlo, 2007).The results in table (2) showed low levels of total 
antioxidants in (I, II, IV and V) groups may be due to an increase in free radicals by cancer cells and depletion 
of antioxidants in an attempt to control. Group (V) which containing a source of curcumin only appeared low 
lipid peroxidation, perhaps have the effect of increasing  antioxidants for source of curcumin  that  led to a 
significant  reduction in lipid peroxidation  in a group of (V) when it was single source and high in antioxidants 
and other photochemical. While curcumin was examined for antioxidant activity, the results suggest that 
curcumin prevent the formation of lipid peroxidation (Sarvalkar et al., 2011). 

Curcumin is the yellow pigment in turmeric and a potent anti-inflammatory and cancer-preventive 
antioxidant. Recent studies show that curcumin can induce apoptosis in cancer cells and multiple myeloma cells 
as well as ovarian cancer cells. Curcumin has been found to suppress the activity of the anti apoptotic protein 
Bcl-2 (Zheng et al., 2004). 

Studies have shown increased lipid peroxidation in solid tumors. The increase in lipid peroxidation in breast 
cancer patients study was counter balanced by enhanced host antioxidant defense systems protecting against 
oxidative stress. In present study the results was agreement with the most of the earlier studies which indicated 
decreased plasma MDA concentration in breast cancer patients. On the other hand, which suggested that there 
was a possibility of the accumulation of ROS might result in significantly higher lipid peroxidation at cellular 
and molecular levels in another group according to type of treatments (Chih-ChingYeh et al., 2005).  

The results in table (2), groups of (III and VI) which containing yeast was not recorded change in total 
antioxidants or lipid peroxidation. It is possible to say that the yeast which considers rich source of vitamin B 
complex group probably helped to create a balance between antioxidants and free radicals where appeared rise 
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in level of TNF in a group of (III) as well as a group of (VI) as well to increase level of apoptosis in the same 
group. It was possible to say that the results of nano yeast group biochemical gave the best results. It was 
suggested that yeast induces apoptosis in breast cancer cells (Ghoneum and Gollapudi, 2004). No noticeable 
adverse side-effects from the yeast treatment were observed. Yeast is a promising an anti-cancer agent that 
induces significant levels of apoptosis in malignant cells in vivo. However, yeast therapy for the treatment of 
breast cancer has yet to pass controlled clinical trials (Ghoneum et al., 2007). Saw the results in table (2) 
increasing level of folic acid and B12 in most groups especially a group of (V and VI) a source of curcumin and 
yeast that did not supplemented with folic acid. Then the increasing level of folic acid and B12 were not due to 
supplement with the source but might because by increasing the level of those vitamins due to the release of 
these nano particle structures compounds (vitamins) from the cells of the body and not retention. Perhaps, their 
presences in state of nano particles consider a strange for the cell to the benefit of these compounds. 

The results showed no change in levels of apoptosis and TNF in groups (II and V) which containing 
curcumin. Perhaps to increase its content of antioxidants that fight free radicals and prevent formation of 
apoptosis and already observed low level of total antioxidants in groups (II and V) and also lower level of lipid 
peroxidation in a group of (V) which containing curcumin only where increase capacity of antioxidants. It was 
reported that curcumin a natural bioactive component of turmeric has been shown to have antioxidant and 
anticancer properties. Curcumin is a Phenolic compound which is considered as a potent cancer 
chemopreventive agent (Singla and Dhawan, 2010).  
 
Conclusion: 

 
The biochemical results of nano treatments showed many unexpected differences in cancer diseases, 

especially increasing the level of folic acid, B12 and vitamin c. It was interpreted that may be happened increase 
release of those nano nutrients from the diseased cells .In addition to The inability of the diseased cells to keep 
them, which may be it's in a different the status for the natural form. The treatment of nano yeast showed nearly 
the best results for the rest of biochemical other treatments. We will need more research to support these results. 

 
Nanotechnology in micronutrients and their relationship to health or disease is one of the Domains of 

modern needs of many of extensive researches and studies. Nanotechnology is one of the important Domains 
that could be used on a large scale in the treatment of some diseases and reduce their development. Especially in 
the field of micronutrients may come to us for treating and prevention of many health problems. 
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