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ABSTRACT 

This study aimed to determine whether female rat strain Wistar with intramammary injection of benzopyrene can form breast cancer, 
whether there is a correlation between the time of tumor formation and the size of tumor with the category of tumor. This study used 
35 female rats Wistar strain, 8-11 weeks. All rats had been intramammary injected with benzopyrene 3-5% at a dose of 50 mg/KgBW 
in 5 injections every 2 days. Swelling/lumps occur between 4-5 weeks to 17-18 weeks. The tumor was processed for Hematoxylin Eosin 
(HE) staining, and the results were viewed under a microscope with 400x magnification. There were 48.57% of rats that succeeded in 
forming tumors, with 34.28% being malignant phyllodes, 2,86% being metaplastic carcinoma, 2.86% being benign phyllodes, 2.86% 
being mesenchymal, and 5.71% being lymph gland. The results showed that the Spearman correlation between the time of tumor 
formation and the category of tumor had a value of p = 0.002 (p<0.05), r = 0.509. The correlation between the size of the tumor and 
the category of tumor is p = 0.009 (p<0.05), r = 0.435. There is a significant correlation between the time of tumor formation and the 
size of the tumor, with the category of tumor with a positive correlation of moderate strength. Rat strain Wistar with intramammary 
injection of benzopyrene can be an alternative study of breast cancer. 
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Introduction   

Breast cancer is the most commonly diagnosed form of cancer 

globally, accounting for nearly 12% of all cancer cases worldwide 

and the leading cause of cancer death in women. During 2020, 

2.3 million women were diagnosed with breast cancer, with 

685,000 deaths globally. At the end of 2020, 7.8 million women 

who had been diagnosed with breast cancer in the previous five 

years were still alive, making breast cancer the most common 

malignancy. Breast cancer affects women in 158 of 183 countries 

(86%) and is the main cause of cancer death in women in 107 of 

183 countries (58%) [1]. WHO's Global Breast Cancer Initiative 

(GBCI) was founded in 2021, bringing together stakeholders 

from around the world and across sectors with the common goal 

of reducing breast cancer by 2.5% per year, thereby saving 2.5% 

over 20 years of millions of lives. 

GBCI implements 3 main strategies to achieve this goal, 

including health promotion and early detection, timely diagnosis, 

and comprehensive management of breast cancer. Through the 

GBCI, WHO provides guidance to governments around the 

world on how to strengthen breast cancer detection, diagnosis, 

and treatment systems, to increase their capacity to treat other 

types of cancer [1]. 

One of the implementations of this joint work is the development 

of national standards for the diagnosis and treatment of cancer 
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and the supportive care of people with the disease. This involves, 

in particular, doctors and other health workers as well as health 

researchers. For this reason, it is necessary to carry out various 

research efforts related to the diagnosis, treatment, and care of 

cancer patients [1]. Either in the form of in vitro, in vivo 

research, or directly on cancer patients. For in vivo research or 

using animal models of breast cancer, rats are usually used. The 

selection of immunodeficient experimental animals aims to avoid 

inhibiting the process of cancer cell growth. Compared to other 

strains, the rat strain Sprague-Dawley has a weaker immune 

system.  This kind of rat is frequently employed in medical 

research, including studies on cancer and those requiring a sharp 

decline in bodily immunity. This strain is quite difficult to obtain, 

so research using this type of rat requires a large cost [2, 3]. There 

is a need for alternatives to using experimental animals that are 

easy to obtain at affordable prices. Wistar rats are most often 

used for research. Wistar rats have a strong immune system and 

are aggressive, so they are widely farmed [3]. Researchers easily 

get this type of rat, and the price is also affordable. Apart from 

being easy to get, the price is also quite affordable; however, it is 

rarely used for cancer models. Female rat models of breast cancer 

are used because of many similarities with women in molecular 

and genetic features, biochemical properties, histology, and 

hormonal response [4-9]. This study used female rats as samples. 

Carcinogenic chemicals that are usually used to create animal 

models of cancer, including breast cancer, are 7,12-

dimethylbenza-anthracene (DMBA) and N-methyl-N-

nitrosourea (NU) [2, 4]. Benzopyrene is a chemical that is also a 

carcinogen and can trigger cancer growth [10, 11]. In this 

research, the chemical used on rats is benzopyrene. This study 

aimed to determine whether the female rat strain Wistar with an 

intramammary injection of benzopyrene can form breast cancer 

and whether there is a correlation between the time of tumor 

formation and the size of the tumor with the category of tumor. 

Materials and Methods 

35 female Wistar rats aged 8-11 weeks (the right age for 

mammary carcinogen induction is at the beginning of puberty) 

[12]. Rat body weight was 150-200 grams, and the rats were not 

pregnant and had not been mixed with male rats since weaning 

[13]. Rats were acclimated for 7 days in the laboratory of 

experimental animal, Anatomy, Histology, and Pharmacology, 

Faculty of Medicine, Universitas Airlangga [14, 15]. Rats were 

placed in cages with a total of 5-6 rats in one cage. The size of the 

cage is around 70 cm x 50 cm x 50 cm. Rats were given food and 

drink ad libitum, 12 hours of light and 12 hours of dark, normal 

room temperature [14]. The cage has walls and a wire bottom so 

that dirt does not accumulate on the floor to prevent infection in 

rats. The cage is cleaned every 2-3 days [16-24].  

The chemical used is benzopyrene. The chemical used is 

benzopyrene. Benzopyrene (C20H12) is an environmental 

pollutant commonly identified in air, surface water, drinking 

water, waste water, and in burnt food. The general population 

can be exposed to benzopyrene through air, tobacco smoke, 

water, and food. Benzopyrene is highly carcinogenic due to its 

hydrophobic nature and lack of metal groups or other reactive 

groups to convert into more polar compounds [25]. Benzopyrene 

for this study is catalog number Sig-Ald B1760. Benzopyrene 

powder dissolved in olive oil with a composition of 30 mg/10 

mL. Benzopyrene and olive oil were mixed using stirring for ± 

45 minutes until completely mixed without any lumps. This 

process was carried out in the Laboratory of Organic Chemistry, 

Faculty of Science and Technology, Universitas Airlangga. Then 

the benzopyrene solution is put into a glass bottle, tightly closed, 

and ready to use. Benzoyrene and olive oil are handled in sterile 

conditions, and the mixing process is carried out using special 

equipment and rooms. The benzopyrene that will be injected 

maintains its sterility in the bottle and is injected using a 

disposable syringe [26-31]. 

Rats that had been acclimated were injected with a benzopyrene 

solution at a dose of 50 mg/KgBW intramammary, which was 

given in 5 injections every 2 days. The injection location only 

uses the same 1 mammary, namely the second left mammary 

from the bottom, to facilitate the injection and excision process. 

Intramammary injection using a 1 ml sterile needle and syringe 

and disposable [15]. Rats were left and waited until 

swelling/lumps formed in the mammary area that had been 

injected [12]. The formation of lumps consists of several stages, 

including 4-5 weeks, 10-11 weeks, 12-13 weeks, 14-15 weeks, 

16-17 weeks, and 17-18 weeks. Rats were euthanized by cervical 

dislocation method because their body weight ranged from 150-

200mg [32]. After the rats were put to sleep, the mammary 

tumors were excised, and the size of the tumor was then 

assessed. By measuring its length and width, the area of the 

swelling or lump formed is computed in mm2 units. The excised 

tumor was placed in a Natural Buffered Formaldehyde (NBF) 

10% solution, and after more than 24 hours, the HE staining 

process was carried out. The HE slides were examined under a 

trinocular microscope to determine the type of swelling/lump. 

The histopathology of swelling/lumps contains several contents, 

namely: inflammation, fibroblasts, blood vessels, infection, 

benign tumors, and malignant tumors. The examination was 

carried out at a magnification of 400 x on each sample [33-37].  

Results and Discussion  

35 mammary samples that were examined were found to contain 

inflammation, fibroblast, blood vessel, and infection in 51.43%, 

benign tumors in 11.43%, and malignant tumors/cancer in 

37.14%. These results are described in Table 1 below. The 

appearance of the tumor, HE staining results under a trinocular 

microscope, has been categorized and can be seen in Figures 1-

3. In Figure 1, we can see 3 models of Non-Tumor Formation 

Perspectives there are image A, which only consists of 

inflammation; image B, with inflammation, fibroblasts, and 

blood vessels; and image C is a tuberculosis granuloma infection. 

Figure 2 shows the swelling/lump that forms, which is a benign 

tumor. Images A and B are benign mammary tumors; however, 

image C is a benign tumor that is likely to be found in the mouse 
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axillary area, not in the mammary glands. Benign phyllodes 

tumors are characterized as lacking stromal overgrowth, with 

occasional mitoses up to 5 per 10 high-power fields (hpf), 

delimited and pushing margins, and mild to moderate stromal 

cytologic atypia [38]. 2 types of malignant tumors form from 

benzopyrene injection intramammary, namely malignant 

phylodes (image A) and metaplastic carcinoma (image B) which 

can be seen in Figure 3. However, most of them form malignant 

phylodes. Malignant phyllodes tumors are diagnosed by 

observation of stromal overgrowth, mitotic activity of > 10 per 

10 hpf, permeative margins, and marked stromal hypercellularity 

and cytologic atypia [38]. Metaplastic carcinoma encompasses 

tumours with mixed epithelial and sarcomatoid components, as 

well as primary squamous or mixed adenocarcinoma and 

squamous carcinoma; the mixed group can be further classified 

into monophasic (spindle cell only) or biphasic (mixed spindle 

and carcinoma cells) [39]. 

 

Table 1. Categories of mammary tumors in the female rat strain Wistar 

Not formed 
n 

Benign Tumor 
n 

Malignant Tumor 
n 

Inflammation Fibroblast Blood vessel Infection Mesenchymal Benign Phylodes Gland Lymph Malignant phylodes Metaplastic carcinoma 

√    6 √   1 √  12 

√ √   2  √  1  √ 1 

√ √ √  9   √ 2    

√   √ 1        

Total 18 Total 4 Total 13 

 

   
a b c 

Figure 1. The HE Analysis of Mammary Tissue Changes Induced by Benzopyrene Injections: Non-Tumor Formation Perspectives a) 

Inflammation of lymphocytes, histiocyte cells. b) Inflammation of lymphocytes (yellow), histiocyte cells (red), blood vessels (green), 

and fibroblasts (blue). c) Granuloma tuberculosa infection (blue). The results of the HE examination are viewed under a microscope with 

a magnification of 400 x. 

 

   

a b c 

Figure 2. The HE Analysis of Benign Tumors: a) Mesenchymal (orange), b) Benign Phylodes, c) Lymph Nodes. The results of the HE 

examination are viewed under a microscope with a magnification of 400x. 

 

  
a b 

Figure 3. The HE Analysis of Malignant Tumor: a) Malignant Phylodes (red), mitosis (black). b) Metaplastic Carcinoma (red), mitosis 

(black). The results of the HE examination are viewed under a microscope with a magnification of 400 x. 

 



Oktavia et al.: Breast cancer models in female rat strain Wistar with benzopyrene injection 
 

40                                                                    Journal of Advanced Pharmacy Education & Research | Oct – Dec  2025 | Vol 15 | Issue 4  

All data obtained were not normally distributed. After data 

transformation, only the tumor size was normally distributed. 

The Spearman correlation test is used to test the correct 

correlation [40, 41]. The correlation between the time of tumor 

formation and the category of tumor is p = 0.002 (p<0.05), r = 

0.509; the correlation between the size of tumor and the 

category of tumor is p = 0.009 (p<0.05), r = 0.435. There is a 

significant correlation between the time of tumor formation and 

the size of the tumor, with the category of tumor. Both have a 

positive correlation of moderate strength [42-51]. 

Rats that have been injected with benzopyrene take 4 months of 

keeping the rats to see the growth of the cancer [12, 52]. In this 

study, researchers kept rats until swelling/bumps formed in the 

mammae of rats. The time in weeks varied from 4-18 weeks to 

see the results of the swelling and determine the best time to 

produce breast cancer. Consists of several the time of tumor 

formation; 4-5 weeks, 10-11 weeks, 12-13 weeks, 14-15 weeks, 

16-17 weeks, and 17-18 weeks. The correlation between the 

time of tumor formation and the category of tumor is positive 

with moderate strength. This means that the longer the time of 

tumor formation, the more malignant the tumor. It is known that 

rats operated on when tumor formation is over 10-11 weeks are 

likely to form inflammation, fibroblasts, blood vessels, benign 

tumors, and malignant tumors, while rats whose tumor 

formation is 16-17 weeks and over will all develop breast cancer. 

While to form a benign tumor, the time needed also varies from 

4-5 weeks to 14-15 weeks, and in this study, only 5.71% of 

benign tumors formed. These results are consistent with the 

studies of Hasibuan and Sikdar et al. who waited for the growth 

of cancer in rats for 4 months [12, 52]. Researchers would love 

to know the time difference between the formation of malignant 

and benign tumors, but it is very difficult to do so.  

In this study, the dose of benzopyrene injected intramammary 

was 50 mg/KgBB in 5 injections, while in Hasibuan's study with 

the same dose was administered in 1 subcutaneous injection [12]. 

In contrast to the research of Sikdar et al. to form lung cancer 

using benzopyrene in rats at the same dose through cavage for 

one month [52]. A dose of 50 mg/KgBW can be used to form 

cancer in white rats, including Wistar strain rats. It is hoped that 

there will be further research using a larger dose of benzopyrene 

to allow a shorter tumor formation time. Of course, this dose 

can make the rat survive until the end of the study, so that 

research using cancer animal models is more effective and 

efficient. 

The correlation between the size of the tumor and the category 

of tumor is also positive, with moderate strength. This means 

that the larger the size of the tumor, the more malignant the 

tumor. Although a small tumor size <100 mm2 may also be a 

malignant tumor, certainly, a tumor size >100 mm2 with a hard 

and solid tumor consistency is a malignant tumor or breast 

cancer. Likewise, with the size of the tumor, it cannot be said 

that it can distinguish between benign tumors and malignant 

tumors from the area or size of the tumor. In this study, there 

were 5.71% benign tumors formed, but half of them were lymph 

nodes that were not benign mammary tumors. Further research 

is needed to form benign tumors by paying attention to the right 

dose and time for breast cancer research, which has enormous 

benefits for human medicine. 

The rat offers a number of advantages over the mouse, including 

easier surgical manipulation, larger tumor size, and greater blood 

volume for downstream analyses, as well as being the preferred 

model for drug efficacy and toxicology studies [53]. Although 

each animal cancer model has its own advantages and 

disadvantages. Each animal model can only mimic certain aspects 

of human cancer [2]. Scientists need to consider the limitations 

of each model to select the model that best represents the process 

they are aiming to answer their specific research question [54].  

Recently, researchers have begun to develop studies by growing 

tumor material derived from humans or cancer patients into 

experimental animals. Grafting human or spontaneous cancer 

cells by combining the human and rat immune systems. This 

method serves to reflect the heterogeneous features of these 

cancers in patients [53, 55]. While these results are more 

promising, various sources emphasize the importance of 

comparing studies and making them widely available to the rest 

of the research community. In the meantime, new and improved 

models of pastasis forms and studies of the microenvironment are 

urgently needed. So while there is no perfect invasive model for 

human breast cancer, such models remain invaluable research 

tools equipped with clinical materials, ex vivo and in vitro 

systems, and equipped with the knowledge and technology to 

continuously improve them [54].  

Conclusion 

This study aimed to determine whether female rat strain Wistar 

with intramammary injection of benzopyrene can form breast 

cancer. The female rat strain Wistar can be used as an 

experimental animal model for breast cancer and can be an 

alternative for breast cancer research. Rat strain Wistar is easy to 

obtain and has a cheaoer price than the Sprague-Dawley, which 

are commonly used. Intramammary injection of benzopyrene 3-

5% at a dose of 50 mg/KgBW in 5 injections every 2 days can 

form breast cancer. The time of swelling/lump formation and 

the size of the tumor must be considered to obtain a rat model of 

breast cancer. In this study, breast cancer was characterized by 

the texture of the tumor being rather hard and dense, whereas if 

it was soft, it was usually still in the form of inflammation. If it is 

still soft, this does not mean that the formation of breast cancer 

has failed; just add a few weeks for the tumor to harden and 

become cancerous. 
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