
	 Breast cancer is the most commonly diagnosed 
cancer in women and is the leading cause of cancer 
mortality in females around the world1. A strong 
positive correlation between fat intake and age adjusted 
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Background & objectives: Breast cancer is a leading cause of cancer death in women; dietary fat is the 
one of the factors that influences its incidence. In the present study we investigated the effect of feeding 
cow ghee versus soybean oil on 7,12-dimethylbenz(a)anthracene (DMBA) induced mammary cancer in 
rat and expression of cyclooxygenase-2 and peroxisome proliferators activated receptor- γ (PPAR-γ) in 
mammary gland. 
Methods: Two groups of 21 day old female rats (30 each) were fed for 44 wk diet containing cow ghee or 
soybean oil (10%). The animals were given DMBA (30mg/kg body weight) through oral intubation after 
5 wk feeding. Another two groups (8 each) fed similarly but not given DMBA served as control for the 
gene expression study. 
Results: In DMBA treated groups, the animal fed soybean oil had higher tumour incidence (65.4%), 
tumour weight (6.18 g) and tumour volume (6285 mm3) compared to those fed cow ghee (26.6%, 1.67 
g, 1925 mm3, respectively). Tumour latency period was 23 wk on soybean oil compared to 27 wk on 
cow ghee. Histological analysis of tumours showed that the progression of carcinogenesis was more 
rapid on soybean oil than on cow ghee. The expression of cyclooxygenase-2 was observed only in DMBA 
treated rats and it was significantly less on cow ghee than on soybean oil. The expression of PPAR-γ was 
significantly more on cow ghee than on soybean oil.
Interpretation & conclusions:  Our results show that dietary cow ghee opposed to soybean oil attenuates 
mammary carcinogenesis induced by DMBA; and the effect is mediated by decreased expression of 
cyclooxygenase-2 and increased expression of PPAR-γ in the former group. 
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incidence and mortality from breast cancer has been 
shown2. The vegetable oils have been reported to 
enhance 7,12-dimethylbenz(a) anthracene (DMBA) 
induced mammary adenocarcinomas more than butter 
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and some other saturated fats in rodents3. It has been 
suggested that high dietary levels of unsaturated fatty 
acids enhance tumour development through increased 
synthesis of prostaglandins4. Cyclooxygenase (COX) 
that catalyzes the conversion of arachidonic acid to 
prostaglandins exists in two isoforms (COX-1 and 
COX-2). The constitutively expressed COX-1 is 
important for maintaining the homeostatic function, 
whereas COX-2 is upregulated in response to growth 
factors, tumour promoters and cytokines5. The 
overexpression of cyclooxygenase-2 is sufficient to 
induce mammary tumours in mice6. 

	 Peroxisome proliferators activated receptor-
gamma (PPAR-γ) is a ligand activated transcription 
factor and its activity is regulated by several natural 
ligands, including fatty acids and eicosanoids7. The 
PPAR-γ ligands promote differentiation and reduce 
growth rate of breast adenocarcinoma cell lines in 
vitro and promote regression of DMBA induced rat 
mammary tumours in vivo8,9. These studies suggest that 
COX-2 and PPAR-γ are the regulatory molecules in the 
development of mammary carcinogenesis. 

	 Ghee, the clarified butterfat, has an important place 
in Indian dietary because of its characteristic flavour 
and pleasant aroma. Ayurvedic literature has held cow 
ghee in high esteem in terms of health benefits, and it 
has been used for the treatment of various ailments. 
However, there is no scientific literature to explain the 
role of milk fat in treatment of these diseases. Milk fat 
because of its saturated fatty acids content has received 
adverse publicity for its suspected role in promotion 
of cancer, although there is no experimental evidence 
to support this contention. Milk fat contains a number 
of micronutrients [conjugated linoleic acid (CLA), 
vaccenic acid, sphingolipids, butyric acid, β-carotene, 
etc.], which are potential therapeutic agents, while 
vegetable oils contain large amount of linoleic acid 
known to have promotional role in carcinogenesis4. In 
the present study, we examined the effect of feeding 
cow ghee versus vegetable oil (soybean oil) on DMBA 
induced rat mammary carcinogenesis. In order to 
provide further information on the mechanism by which 
dietary fats modulate mammary cancer development, 
we also examined the effect of cow ghee versus soybean 
oil on the expression of COX-2 and PPAR-γ genes in 
rat mammary gland.

Material & Methods

Animals, diet, and mammary tumour induction: Female 
(21 day old) albino rats (Wistar), obtained from the 

Small Animal House of the National Dairy Research 
Institute, Karnal, Haryana, were housed in metal cages 
and were given water and diet ad libitum. Institute’s 
Animal Ethics Committee approved the study 
protocols. The experimental diet was comprised of 
chick pea, 56.4 per cent; wheat, 15 per cent; groundnut 
cake, 10 per cent; cow ghee or soybean oil, 10 per 
cent; skim milk powder, 6 per cent; mineral mixture, 
2.16 per cent; vitamin mix, 0.2 per cent and choline 
chloride, 0.2 per cent. The composition of mineral and 
vitamin mixtures was designed so as to provide these 
nutrients (including those derived from above feed 
ingredients) in diets in accordance to AIN-9310. The 
animals tabulated in accordance to their body weight 
were divided into two groups of 30 each with mean 
body weight 22 g in each group, and were fed on cow 
ghee or soybean oil diets. After 5 wk feeding, each 
animal was administered through oral intubation 7,12-
dimethylbenz (a) anthracene (DMBA) (30 mg/kg body 
weight) in soybean oil, and the feeding on respective 
diet continued for another 39 wk (the total period of the 
study was 44 wk). The animals were palpated weekly 
to determine the time of appearance of tumours. When 
the number of palpable tumours plateaued for at least 
a few weeks, the animals were sacrificed by cervical 
dislocation. Another two groups (8 rats each) fed 
similarly but not given DMBA served as control for the 
gene expression study. Body weights were recorded 
biweekly. 

	 At necropsy, mammary glands were exposed and 
tumours were excised. Tumour incidence, volume 
and weight were determined. Portions of mammary 
tissue from no tumour bearing and uninvolved tissue 
of tumour bearing animals and tumour tissue were 
preserved in RNA later for gene expression studies. 
Another portion of tumour tissue was fixed in formalin 
(10%) for histopathological studies. 

Reverse transcription (RT)-polymerase chain reaction 
(PCR): Total RNA was isolated from mammary 
tissue with TRIzol reagent (Sigma, USA) and 
cDNA was synthesized by using RevertAidTM first 
strand cDNA synthesis kit (Fermentas Inc, USA) 
as per the manufacturer’s instructions. Polymerase 
chain reaction was carried by amplification of 
genes together with reference gene (GADPH) using 
cDNA template. The primers were designed using 
the MIT Primer3 design program (http://www.
genome.wi.mit.edu//cgi-bin/primer/primer3.cgi) 
and were synthesized by Imperial Life Sciences (P) 
Ltd (Gurgaon, India). The primer sequences were:  



5’-CTGTATCCCGCCCTGCTGGTG-3’ (sense) and 
5’-TTGCGTTGATGGTGGCTGTCTT-3’ (antisense) 
for COX-2; 5’-CATCGAGGACATCCAAGACAAC-3’ 
(sense) and 5’-TGAAGGCTCATATCTGTCTCC-
3’(antisense) for PPAR-γ; 5’-CCTTCATTGA 
CCTCAACTAC-3’ (sense) and 5’- GGAAGGCCA 
TGCCAGTGAGC-3’ (antisense) for GADPH. These 
primer pairs yield amplified products of 279 bp for 
COX-2, 161 bp for PPAR-γ and 574 bp for GADPH. 
The reaction mixture contained 2 µl of RT product, 0.5 
µl each of forward and reverse gene specific primer 
(10 µM), 2.5 µl of dNTP mix (2 mM), 2.5 µl of 10 x 
Taq buffer containing 15 mM MgCl2, 0.5U Taq DNA 
polymerase (1U/µl) and final volume was made up to 25 
µl with nuclease-free water. The cycling programme 
was an initial 4 min for denaturation (94°C) followed 
by 30 cycles of denaturation (94°C, 1 min), annealing 
(55°C, 1 min) and extension (72°C, 1 min), and a final 
extension step (72°C, 10 min). The reaction products 
were separated on 2 per cent agarose gel. The 
controls were run to rule out contamination of RNA 
with genomic DNA in which reverse transcriptase 
was omitted from the reaction mixtures. In order 
to rule out other sources of contamination, control 
PCR reactions were carried out in reaction mixtures 
containing no cDNA.

Statistical analysis: The values were expressed as 
mean ± SE. Kruskal-wallis one-way analysis of 
variance (ANOVA) was used for the feed intake, 
body weight, tumour weight, tumour volume and 
tumour multiplicity using Systat 7.0 software (Spss 
Inc., Chicago, USA). Statistical analysis of tumour 
incidence was done by Chi-square test using Systat 
7.0 software. Statistical analysis of COX-2 and 
PPAR-γ gene expression data was done through 
analysis of variance (ANOVA), and the comparisons 
between means were tested by Tukey: Compare all 
pair of columns using PRISM 3.0 software (Graph- 
Pad, San Diego, CA, USA). A difference with P<0.05 
was considered statistically significant. 

Results

Effect of cow ghee versus soybean oil on mammary 
carcinogenesis: There was no significant difference 
between cow ghee and soybean oil fed rats in feed 
intake and body weight gain in carcinogen treated as 
well as in untreated groups (data not shown). In DMBA 
treated soybean oil fed group, four rats died 16 wk past 
carcinogen administration due to carcinogen toxicity, 
while no mortality was observed in ghee group. Table 
I summarizes the data on incidence, latency period and 

weight and volume of tumours in mammary gland. 
The incidence of tumours on soybean oil diet (65.4%) 
was significantly (P<0.05) higher than on cow ghee 
diet (26.6%). The tumour latency period was 27 wk 
in cow ghee group compared to 23 wk in soybean 
oil group. The average size of tumour was generally 
larger in soybean oil group than in cow ghee group. 
The average tumour load per tumour bearing animal 
or tumour weight per tumour in soybean oil group was 
significantly (P<0.05) higher than in cow ghee group. 
Similarly, average tumour volume was significantly 
(P<0.05) less in cow ghee group than on soybean oil 
group. Further the rats, which did not develop tumour 
showed greater degree of angiogenesis in soybean oil 
group than in cow ghee group.

Histopathology of tumour and progression of mammary 
tumorigenesis: Based on histopathological analysis, 
tumours were classified in to 5 types: papilloma, 
fibroma, adenoma, fibroadenoma and adenocarcinoma 
(Table II). The former four were the common types of 
tumours found in both dietary groups. The malignant 
tumours (adenocarcinoma) were detected only in rats 
fed soybean oil diet. The papilloma was characterized 
by the presence 4-5 layers of epithelial cells (Fig. 1); 
the epithelial cells were, however, homogeneous in 
size and shape. The most common type tumour found 
was fibroma, which was characterized by the presence 
of increased stromal tissue element with detachment of 
epithelial cells, and the epithelium was composed of 
several layers of cells. The adenoma was characterized 
by the presence of numerous acini with stromal elements 
and nucleus of benign type. The fibroadenoma was 
characterized by the presence of high amount of fibrous 
stromal element along with acini. The adenocarcinoma 
was characterized by the presence of solid sheets of 
neoplastic epithelial cells with loss of tubular alveolar 
pattern.

Table I. Effect of feeding cow ghee versus soybean oil on mammary 
carcinogenesis in 7, 12-dimethylbenz(a)anthracene (DMBA) 
administered rats

Soybean oil
(n=26)

Cow ghee
(n=30)

Tumour latency period (wk) 23 27
Tumour incidence (%) 65.4 26.6*

Tumour wt (g)/ tumour 
bearing rat

9.21 ± 1.38 3.86 ± 1.22*

Tumour wt (g)/ tumour 6.18 ± 1.76 1.67 ± 0.60*

Tumour volume (mm3) / 
tumour bearing rat

6285 ± 2674 1925  ± 852*

Values are mean ± SE; *P<0.05 compared to soybean oil group
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Expression of COX-2 and PPAR-γ: The effect of 
dietary fat on expression of COX-2 and PPAR-γ was 
investigated in normal mammary gland, tumour tissue 
and uninvolved tissue of tumour bearing rats. The 
COX-2 was not expressed in normal mammary tissue 
but its expression was induced in response to DMBA 
treatment (Fig. 2). In DMBA treated rats, the expression 
of COX-2 was significantly greater in tumour bearing 
than in no tumour bearing rats. Further, the expression of 
COX-2 was greater in tumour tissue than in uninvolved 
adjoining tissue. In carcinogen treated rats wherein no 
tumour appeared, the expression of COX-2 on soybean 
oil diet was 2.8 fold of that on cow ghee diet. Similarly, 
expression of COX-2 on soybean oil diet was 1.7 to 1.8 
fold of that on cow ghee diet in tumour tissue as well 
as in uninvolved adjoining mammary tissue of tumour 
bearing rats.

	 In carcinogen treated rats wherein no tumour 
appeared, the expression of PPAR-γ in both cow 
ghee and soybean oil groups was almost of the same 
magnitude as observed in their respective untreated 
conterparts (Fig. 3). However, the PPAR-γ expression in 
cow ghee fed rats was 2.2 fold of that in soybean oil fed 
rats, in untreated controls as well as in DMBA treated 
rats wherein no tumour appeared. The expression of 
PPAR-γ in tumour bearing rats on soybean oil diet 
decreased by 47.2 and 20.8 per cent in uninvolved tissue 
and tumour tissue, respectively, compared to soybean 
oil fed control group. In cow ghee group, no decline in 
PPAR-γ expression was observed in uninvolved tissue 
of tumour bearing rats, compared to cow ghee fed 
control rats. In tumour tissue, however, the expression 
of PPAR-γ decreased significantly in comparison with 
cow ghee fed control group. The expression of PPAR-γ 

Table II.  Tumour type (%) in rats fed with cow ghee or soybean oil
Dietary fat Papilloma Fibroma Adenoma Fibro-

adenoma
Adeno-

carcinoma
Soybean oil (n=26) 20.0 16.0 24.0 32.0 8.0
Cow ghee (n=30) 16.7 50.0* 25.0 8.3* 0.0

*P<0.05 compared to soybean oil group

Fig. 1. Histopathological 
section of mammary tumours. 
A, Papilloma; B, Fibroma; C, 
Adenoma; D, Fibroadenoma and 
E, Adenocarcinoma. H&E; x400.

Fig. 2. Effect of feeding cow ghee versus soybean oil on expression 
of COX-2 in mammary tissue of control and DMBA treated rats. 
Lane-1, -ve RT-PCR; Lane-2, -ve PCR; Lane-3, cow ghee control; 
Lane-4, soybean oil control; Lane-5, cow ghee + DMBA (no 
tumour); Lane- 6, soybean oil + DMBA (no tumour); Lane-7, cow 
ghee + DMBA (uninvolved tissue); Lane-8, soybean oil + DMBA 
(uninvolved tissue); Lane-9, DNA ladder; Lane-10, cow ghee + 
DMBA (tumour); Lane-11, soybean oil +DMBA (tumour); Lane-
12, DNA ladder. The relative mRNA abundance is calculated as per 
cent of reference gene (GADPH) expression. Values (mean ± SE 
for n=8) with different letters are significantly different (P<0.05). 
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in mammary gland on cow ghee diet was 2.3, 4.4 and 1.4 
fold in no tumour bearing, uninvolved tissue of tumour 
bearing and tumour tissue compared to corresponding 
tissue in soybean oil fed DMBA treated rats. 

Discussion

	 We examined the effect of feeding cow ghee 
versus soybean oil on DMBA induced mammary 
carcinogenesis and on the expression on COX-2 and 
PPAR-γ genes. Fewer tumour incidence, smaller 
tumour size and greater tumour latency period on cow 
ghee than on soybean oil were suggestive of protection 
conferred by cow ghee or the promotional role of 
soybean oil in mammary gland carcinogenesis. Cow 
ghee also protected from the progression of tumour to 
malignancy since adenocarcinoma was developed only 
in soybean oil fed rats. 

	 The role of cow ghee or soybean oil in mammary 
carcinogenesis may be explained by their ability to 
modulate pathway of prostaglandin synthesis. Mammary 
carcinogenesis is triggered by inappropriate induction 
and upregulation of COX-2. It was hypothesed11 that 
the expression of normally silent COX-2 gene results 
in excess production of prostaglandin E2 and increase 

in local estrogen biosynthesis by aromatse. This results 
in to three major forces that drive the process of 
mammary carcinogenesis: (i) mutagenesis by creation 
of free radical involved in sustained prostaglandin 
biosynthesis; (ii) angiogenesis by stimulation of 
vascular endothelial growth factor by prostaglandin 
E2; and (iii) mitogenesis without natural apoptosis due 
to estrogen production by aromatase. In addition, COX 
activity may also be linked to the metabolic activation 
and metabolism of DMBA and other polycyclic 
aromatic hydrocarbons through the cytochrome P-450 
system12. 

	 In the present study, COX-2 was undetectable in 
normal mammary tissue, and its expression induced by 
DMBA treatment was significantly higher in tumour 
tissue as compared to uninvolved mammary tissue. 
The reduced expression of COX-2 in mammary tissue 
in cow ghee fed rats compared to soybean oil fed 
rats was associated with decreased tumour incidence 
in the former group. This finding is supported by the 
observations that the overexpression of COX-2 in 
mice induces mammary tumours6, and specific COX-2 
inhibitors such as nimesulide13 and celecoxib14 prevent 
mammary tumour from developing in experimental 
animals. Increased expression of COX-2 in HER2/neu-
transformed human mammary epithelial cells has been 
observed15.

	 Peroxisome proliferators activated receptor-γ, a key 
component in regulation of growth and progression of 
mammary cancer, is expressed in normal as well as in 
malignant mammary epithelial cells and its activation 
by ligands induces cellular differentiation16,17. The 
activation of PPAR-γ induces proapoptotic caspase-3 
protein in human liver cancer cell lines18 and reduces 
antiapoptotic Bcl-2 protein level in human colon 
cancer cell19. Ligands for PPAR-γ also inhibit growth 
and induce apoptosis in human breast cancer cell in 
vitro and in BAX mice8. Further, PPAR-γ ligand (GW 
7854) inhibits nitrosomethylurea induced mammary 
carcinogenesis9 in rats. 

	 An inverse relationship between COX-2 and 
PPAR-γ expression was observed in the present 
study and it was associated with decreased mammary 
tumour incidence in cow ghee fed rats compared 
to soybean oil fed ones. Similarly, an inverse 
correlation between PPAR-γ and COX-2 expressions 
was observed in colon adeocarcinomas20. The 
PPAR-γ down-regulation in colon adenocarcinomas 
enhances AP-1 transcriptional activity leading to 
up-regulation of COX-2 expression. In the genesis 

Fig. 3. Effect of feeding cow ghee versus soybean oil on the 
expression of PPAR-γ in rat mammary tissue of control and DMBA 
treated rats. Lane-1, -ve RT-PCR; Lane-2, -ve PCR; Lane-3, cow 
ghee control; Lane-4, soybean oil control; Lane-5, cow ghee + 
DMBA (no tumour); Lane- 6, soybean oil + DMBA (no tumour); 
Lane-7, cow ghee + DMBA (uninvolved tissue); Lane-8, soybean 
oil + DMBA (uninvolved tissue); Lane-9, DNA ladder; Lane-10, 
cow ghee + DMBA (tumour); Lane-11, soybean oil + DMBA 
(tumour); Lane-12, DNA ladder. The relative mRNA abundance 
is calculated as per cent of reference gene (GADPH) expression. 
Values (mean ± SE for n=8) with different letters are significantly 
different (P<0.05).
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of breast cancer, evidences suggest that induction of 
COX-2 and downregulation of PPAR-γ can be the 
key components21,22. Simultaneous targeting with 
COX-2 inhibitor (celecoxib) and PPAR-γ agonist [N- 
(9-fluorenyl-methyloxycarbonyl)-L-leucine] has been 
reported to inhibit mammary gland carcinogenesis in 
rats21,22. Further, activation of PPAR-γ by cigiltazone 
(PPAR-γ ligand) decreases the COX-2 expression23, 
and the inhibition of COX-2 induces PPAR-γ 
expression24.

	 While vegetable oils contain large amount of 
linoleic acid known to have promotional role in 
carcinogenesis25, milk fat contains CLA, which 
has been shown unequivocally to inhibit mammary 
carcinogenesis26. In the present study, feeding cow 
ghee started during mammary gland development 
period led to 39 per cent lower cancer incidence 
than in soybean oil fed rats. Feeding CLA during 
pubescent mammary gland development period 
lowers the population and proliferating activity of the 
terminal end buds cells26, which are the target sites 
for development of adenocarcinomas in response to 
carcinogenic stimulus. In the present study, the feeding 
of cow ghee started during the pubescent period of 
mammary gland development might have resulted in 
the decreased tumour incidence and progression to 
malignancy.

	 The anticarcinogenic effect of CLA may be partly 
explained by its effect on the COX-2. Conjugated 
linoleic acid affects the COX-2 at the level of mRNA 
as well as protein in cultured macrophage cell line27. 
It represses AP-1 mediated activation of COX-2 
transcription in MCF-7 breast cancer cells28. McCarty29 
hypothesised that activation of PPAR-γ may mediate 
a portion of the anticancer activity of CLA. The 
treatment of colon cancer cells with CLA inhibits 
cell proliferation; increases expression of PPAR-γ 
and downregulates APC and c-myc proteins30,31. The 
higher tumour incidence and faster progression of 
DMBA induced mammary carcinogenesis in rats fed 
on soybean oil compared to cow ghee fed ones could be 
due, partly, to high content of linoleic acid in soybean 
oil. The promotion of mammary carcinogenesis in rats 
by n-6 polyunsaturated fatty acids is associated with 
enhanced expression of COX-225. 

	 We conclude from this study that cow ghee 
opposed to soybean oil protects against DMBA induced 
mammary carcinogenesis and the effect is mediated 
through decreased expression of COX-2 and increased 
expression of PPAR-γ. Further work is needed to 

understand the regulation of COX-2 and PPAR-γ, 
apoptotic singling, cell proliferation and prostaglandin 
synthesis in response to dietary fat. 
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