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ABSTRACT 

Breast cancer is the most prevalent cancer in the world today next to lung cancer and is a major public health problem in developing countries. Ge-
132, an organo metallic compound is thought to improve health as a potent antioxidant and demonstrated significant antitumor activity. The 
present study was undertaken to determine the antineoplastic activity of Ge-132 against N-methyl-N-nitrosourea (MNU) induced mammary 
carcinogenesis in Albino Wistar rats. A single intraperitoneal dose (50 mg/kg) of MNU was injected into each of 12 female rats (aged 40 days) to 
induce tumors. After MNU treatment, the rats were divided into two groups. One of the group (n = 6) received Ge-132 after the carcinogen 
treatment, and it continued until the termination of the study.  Whereas another group served as carcinogen control and group I served as normal 
control animal. After 34 weeks, the rats were killed and tumors were removed for morphological and histopathological analyses. Ge-132 reduced 
the tumor volume and size of MNU-induced mammary tumors. Histopathological changes also confirmed the formation of tumor tubules and 
neovascularization after the treatment. Ge-132 administration significantly reduces the growth of MNU-induced mammary tumors, and therefore 
has strong potential as a useful therapeutic regimen for inhibiting breast cancer development. 
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INTRODUCTION 

Breast cancer is the most frequent malignancy among women and is 
the second leading cause of cancer deaths in women1-2. It is a highly 
heterogeneous disease represented by tumors that have a diverse 
natural history, complex histology and a variable response to 
therapy3. Once metastasis has occurred, the survival rate is 
drastically reduced to a median of 2-3 years; therapy is then aimed 
at controlling symptoms, prolonging survival and improving quality 
of life 4. The use of specific chemicals to prevent the development or 
retard the progression of carcinogenesis, a technique known as 
chemoprevention, offers a promising strategy for cancer 
prevention5,6. Cancer chemoprotective potential of synthetic or 
naturally occurring chemicals or medicinal plants continues to be a 
major area of scientific interest7,8. However, to cure cancer 
completely it is necessary to deliver drugs with a potent antitumor 
effect to tumors from the general circulation; thus one can eradicate 
all systemic and unidentified metastases to distant tissues.  

Metal-based anticancer therapy arose from the discovery of 
platinum (II) and platinum (IV) complexes which inhibit cell 
division. Cisplatin is one of the most successful metal based 
anticancer drugs effective against a diverse range of tumour types, 
though it is associated with significant renal toxicity and induced or 
acquired resistance9-11. The search for novel anticancer drugs 
continues and other metals have been investigated for their 
anticancer potential, including germanium, a naturally occurring 
metalloid found in soil10. 

Germanium is a constituent of many medicinal plants such as 
ginseng, and it is considered to play an important role in the 
pharmacological effects of the plants12. Several types of 
organogermanium compounds have been investigated and found to 
possess anti-microbial, anti-viral, anti-tumor and 
immunomodulative effects13 of which Ge-132 (carboxy ethyl 
germanium sesquioxide) has been clinically used14. However, the 
mechanisms underlying the anti-tumor abilities of Ge-132 on breast 
cancers are still not clear enough. 

The carcinogen N-methyl-N-nitrosourea (MNU) induces hormone-
dependent mammary tumors in rats. This model has previously been 
used to develop breast cancer therapy15, because rat mammary 
glands develop neoplasm that closely mimics human breast disease 
and share several morphological similarities; for example, 
carcinogenesis initiation occurs primarily, as does human breast  

 

 

cancer, from the terminal ductal-lobular unit. Again, experimental 
conditions and requirements are well established and accepted in 
this model system. Furthermore, most of the lesions found in the 
human breast have a counterpart in rat pathology16. 
Histopathological and morphometric studies were taken as end-
point biomarkers. In the present study we investigated the 
inhibitory effect of Ge-132 in vivo on development of MNU induced 
mammary tumors in rats. 

MATERIALS AND METHODS 

Chemicals and reagents 

All the chemicals used were of analytical grade and purchased from 
Sigma (St. Louis, MO, USA), N-methyl-N-nitrosourea (Sigma, St. 
Louis, MO), bis-carboxy ethyl germanium sesquioxide (Alfa Aesar, 
USA).  

Ethical clearance 

The study was approved by Institutional Animal Ethical Committee 
(IAEC) constituted for the purpose of CPCSEA, Government of India.  

Animals 

Virgin female rats of the Wistar albino strain (40 days old), were 
procured from Karpagam University, Coimbatore, India were used. 
Rats (120 g body weight) were divided into four groups consisting of 
six animals each. They were maintained at 28±1 ◦C, relative 
humidity 60oC (12-h light and 12-h dark cycle), and provided with 
standard food pellets (diet composition, wheat broken-moisture 
9.0%, crude protein 11.5%, crude fat 1.9%, crude fibre  4.0%, Ash 
0.2%, nitrogen-free extract 73.4%) supplied by Hindustan Lever Ltd, 
Mumbai, India and tap water ad libitum. 

Experimental design and tumor induction 

We studied MNU induced mammary tumors according to the 
method of Thompson17, with slight modifications. By using this 
protocol, rats weighing 120 g were randomized into four different 
groups of six rats each. Group I served as normal control (received 
intraperitoneal injection of 0.5 ml normal saline daily), group II 
were injected intraperitoneally with MNU 50 mg/kg dissolved in 
0.9% saline and these served as breast cancer control animals 
without any treatment, group III were treated with 50 mg/kg of 
MNU and then provided with Ge-132 at the concentration of 1500  
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mg/kg/day for 34 weeks, intraperitoneally, group IV animals 
received only Ge-132 (1500 mg/kg/day for 34 weeks) and these 
served as drug control animals. 

Morphometric findings 

The experimental rats were regularly monitored for food and water 
consumption, the apparent signs of toxicity, weight loss, or 
mortality. Palpation and the time of mammary tumours appearance 
was recorded began 6 weeks after MNU treatment and continued 
until termination of the study. Once a week, the rats were lightly 
anesthetized with ether and the tumours were measured in two 
dimensions with vernier calliper and the tumour volume was 
calculated based on an ellipsoidal tumour shape with the following 
formula:  

                                            v = 4/3 π r1
2 r2  

where r1 is the minor radium, r2 is the major radium18. 

Histological Changes 

Thirty-four weeks after the experiment, animals from each group 
were randomly selected, and the mammary tissues were surgically 
excised from ether anaesthetized rats. The recovered tissues were 
then fixed in 10% buffered formalin, embedded in paraffin using a 
conventional automated system. The blocks were cut to obtain 
5μm‐thick sections and stained with haemotoxylin‐eosin for 
histological evaluation under light microscope16. 

Statistical analysis  

To analyse the differences between control group and the animals 
with mammary tumours induced by MNU injections, we used the 
unpaired Student's t-test. All comparisons with p values below 0.05 
were considered significant. 

RESULTS 

Morphometric findings 

During the entire term of the study, no treatment-related alteration 
in the daily intake of food and water was observed among the 
different groups of rats. The size and volume of palpable mammary 

tumors in the control and experimental group was determined. In 
the NMU group, 100% of animals had tumors, at the end of 34 wk. 
The multiple tumors of different sizes were frequently found in the 
same animal; most of the tumors were between 3 and 5 mm in size 
(Table 1). Ge-132 treatment on NMU induced rat characteristically 
attenuated the number of tumors of 2 and 4 mm in size, indicating 
slower tumor progression. Between 25 and 30 weeks, a highly 
significant (p<0.05) lowering of the percentage of rats developing 
tumors was also observed between 32 and 34 weeks, and a 
significant (p<0.05) reduction in tumor volume was observed when 
compared with the carcinogen control group (Table 2). No tumors 
were observed in the normal (Group I) and Ge-132 (Group IV) 
controls at any time point. 

Histological changes 

The cellular architecture was found to be altered and enlargement of 
the alveolus was seen with cells showing nuclear pleomorphism, 
characterized by nuclear enlargement, clumping of chromatids, a 
typical epithelial hyperplasia was observed and epithelial cells 
showed variation in nuclear size with irregular chromatin and 
prominent nucleoli in carcinogen treated animals(Fig.1b). It was 
observed from histological examination that the Ge-132 treated 
group (Fig.1c) shows mild ductular proliferation with focal epithelial 
hyperplasia. Epithelial cells were uniform in size and anisonucleosis 
and mitosis were absent. Ge-132 group shows no observable distinct 
change from the control group (Fig.1a). 

 

Figure 1: A. Mammary tissue showing normal architecture ; B. 
Mammary tissue of carcinogen control group at 34 wk post-NMU 
injection; C. Section of the NMU- treated mammary tissue showing 
more or less common architecture after continuous treatment of Ge-
132  for 34wk (Hematoxylin and Eosin stain, 40 X magnification). 

Table 1. Effect of Ge-132 on tumor size in NMU induced rat mammary carcinomas 

Tumor size* < 5mm >5mm to <10mm > 10mm 
Group I - - - - - - - - - - - - 
Group II 1 1 2 2 20 27 23 18 5 5 10 18 
Group III - 3 3 6 - 11 10 9 - 2 3 3 
Group IV - - - - - - - - - - - - 

*Tumor sizes were recorded 19, 24, 29 and 34 weeks after NMU injection; the numbers in the table represent the total number of tumors per group 

Table 2: Effect of Ge-132 on mean tumor volume in NMU induced rat mammary carcinomas 

 

 

  

Values represents mean; all measurements are in cubic millimeters 

DISCUSSION 

Animal models are particularly useful for the study of human 
mammary carcinogenesis. Since the rat mammary gland shows a 
high susceptibility to developing neoplasms which closely mimic 
human breast cancer19. In the present study, Ge-132 treatment 
exhibited potential anticancer activity on MNU-induced mammary 
tumors in rats.  Histology and morphometry were taken as end-point 
biomarkers of preneoplasia. Histological observations clearly 
showed that MNU alone obviously damaged the normal architecture 
of rat mammary tissues. A typical epithelial hyperplasia with slight 
proliferation of mammary lobules, a preneoplastic condition, was 
observed. With Ge-132 treatment, the tissue architecture was almost 
normal with mild preneoplastic conditions proving that Ge-132 
obtainable protected against MNU induced damage. Vanadium found 

to restore histological characteristics of mild ductular proliferation 
with focal epithelial hyperplasia in carcinogen induced rat mammary 
tumor model20. Present study showed a significant inhibition of 
mammary tumour size and volume in female Albino Wistar rats by 
Ge-132 treatment. Similarly selenium treated rat model reported a 
reduction in average tumour size and volume21. The efficiency of 
various drugs or compounds on inhibition or promotion of 
experimental cancer was evaluated in terms of number of observed 
tumours per animal and the rate of tumour development, which 
have their own limitations22, 23.  

This study may contribute to the regression of rat mammary tumors 
after Ge-132 treatment. It is anticipated that the comprehension of 
the mechanisms governing the programmed cell death will have a 
profound impact on the design of anticancer therapies.  

Group Mean tumor volume Reduction (%) 

25  wk 34 wk 
I - -                - 
II 0.69 1.044                - 
III 0.23 0.18            21.74 
IV - -               - 
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