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Introduction
Edible oils and fats are the only source of essential fatty acids, 

add special flavors to food and maintain cell membrane integrity 
[1]. Among these oils, mustard oil from Brassica nigra seeds is the 
predominant cooking medium used in northeast India especially, the 
Gangetic basin [2]. Mustard oil is also used conventionally for skin and 
hair massage in this region. A variety of adulterants viz-a-viz argemone 
oil (AO), butter yellow (BY), thiocyanates etc., are added to mustard oil 
mainly for economic gains because of price variation between the pure 
and adulterated oil. Also huge gaps between supply and demand of 
edible oils and shortage of particular oil also prompt the unscrupulous 
traders to indulge in malpractice of adulteration.

Consumption of argemone contaminated mustard oil even for a 
short duration leads to a clinical condition collectively referred to as 
Epidemic Dropsy [3-5]. The toxic effects of AO have been attributed 
to the presence of benzophenanthridine alkaloids, sanguinarine 
and dihydrosanguinarine [6]. AO causes dilatation of the smaller 
arterioles and capillaries, leading to the leakage of serum albumin with 
a concomitant increase in globulin resulting in increased capillary 
permeability [7,8]. Experimental and clinical studies suggest that skin, 
liver, lungs, kidneys and heart are the target sites due to argemone oil 
toxicity [9-11].

4-Dimethyl-aminoazobenzene (Butter Yellow, BY) is a synthetic
fat soluble, azo-dye used for commercial application in ink and 
paint industries. The degraded products of BY are considered to be 
carcinogens and teratogens [12]. Due to this fact, the EU and the US 
do not permit the use of this color as food-additives. However, in 
some countries this dye is occasionally used to enhance the color of 
bell pepper and chili powders [13]. Light pale cheaper oils, dyed with 
Butter yellow (BY) along with the addition of mustard pungency factor, 
allylisothiocyanate, are sometimes sold under the pretext of mustard 
oil [14]. In a set of over 100 mustard oil loose samples collected during 

July 2002 from different markets of Lucknow, (India)showed that 
more than 50% samples were artificially colored with BY [14]. Reports 
suggest that BY interacts with macromolecules like DNA and proteins 
to initiate toxic effects including genotoxicity and mutagenicity [13]. 
BY has been found to produce hepatic and skin tumors as well as 
cancer in the respiratory tract [13,15,16].

Since AO and BY have been shown to be indiscriminately added 
to edible oils and both have genotoxic and carcinogenic/mutagenic 
potential [13,17,18], the short term effect of these compounds 
following intraperitoneal (ip) administration was undertaken on Swiss 
albino mice (male and female, both) to evaluate the adverse effect on 
xenobiotic metabolizing enzymes and oxidative stress markers in the 
liver. Based on the short term study, long term administration of AO 
and BY in diet was further undertaken for 180 days, to evaluate the 
histopathological changes in hepatic and extra hepatic tissues of female 
mice.

Materials and Methods
Chemicals

7-Ethoxyresorufin (ERF), 7-pentoxyresorufin (PRF), nicotinamide
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Abstract
Objective: The present study was designed to evaluate the toxicological potential of argemone oil (AO) and butter 

yellow (BY).

Methods: Short term treatment through intraperitoneal administration in hepatic tissue and long term treatment 
through diet in hepatic and extra hepatic tissues was performed in mice.

Results: Short term study showed that female mice were more prone towards risk associated with liver damage 
than the males. Further investigations in female mice given AO (1%) and BY (0.06%) through diet for 180 days, showed 
significant weight loss and increase in liver weight. Phase I and Phase II enzymes, antioxidant enzymes and glutathione 
content were significantly decreased with concomitant increase in lipid peroxidation (LPO) in AO and BY treated mice. 
Animal fed with AO and BY showed profuse hyperplasia along with fluid filled spaces and patches of hemorrhage in 
hepatic tissue. AO treated animals showed tumorigenic growth, while BY treatment caused multiple nodule formation 
in hepatic tissue. Other organs like heart, lungs, kidney and spleen also showed substantial histopathological changes.

Conclusion: The results suggest that AO and BY treatment may cause oxidative stress and inhibited phase I and II 
enzymes leading to accumulation of parent compound(s) or their metabolites, which may result in the tumorigenic/toxic 
responses in hepatic and extra hepatic tissues.
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adenine dinucleotide phosphate reduced (NADPH), bovine serum 
albumin (BSA) were purchased from Sigma Chemical Company, 
St. Louis, MO, USA. Argemone mexicana seeds were procured from 
outskirts of Lucknow city, UttarPradesh, India. The seeds were crushed 
and the oil was extracted with the help of Soxhlet apparatus using 
n-hexane [19]. The hexane containing AO was filtered under vacuum 
through a Buchner funnel containing glass wool and the solvent 
was distilled at 30ºC under vacuum in Buchii Rota vapor-R. The oil 
obtained was stored in amber glass bottle under nitrogen atmosphere. 
The yield of argemone oil from its seeds was 35% (v/w) [17]. All other 
chemicals used were of highest purity commercially available.

Animal treatment

Short-term study: Healthy male and female Swiss albino mice (20 
± 3 g), obtained from the animal breeding colony of Indian Institute of 
Toxicology Research (IITR, Lucknow, India), were acclimatized under 
standard laboratory conditions for 1 week prior to the experiment. 
Animals were housed in an air-conditioned room in plastic cages and 
maintained at 22 ± 2°C under standard laboratory conditions of light/
dark cycle (12-12 h) and had free access to food and water ad libitum. 
Mice were randomly divided into six groups of 10 each. Intraperitoneal 
(ip) injections of AO (5 ml/kgbwt) [17] and BY (25 mg/kg bwt) [20] 
were given twice weekly for 30 and 60 days. The animals of control 
group received 100 µl injections (ip) of mustard oil twice weekly. 
During the treatment schedule, the animals were observed for daily 
food intake and body weight was recorded weekly. After 30 and 60 days 
of treatment, mice were sacrificed as mentioned in the guidelines for 
the care and use of laboratory animals of IITR. Liver was excised from 
the animals and weighed.

Long term study: Healthy female Swiss albino mice (25 ± 3 g) 
obtained from the animal breeding colony of Indian Institute of 
Toxicology Research (Lucknow, India), were acclimatized under 
standard laboratory conditions for 1 week prior to the experiment. 
Animals were housed in an air-conditioned room in cages and 
maintained at 25 ± 3°C under standard laboratory conditions of light/
dark cycle (12-12 h) and had free access to diet and water ad libitum. 
Mice were randomly divided into three groups (control, AO and BY). 
Two groups of mice were given either AO or BY mixed in diet daily for 
180 days. The third group received the standard powder diet mixed with 
1% mustard oil and served as controls. During the treatment schedule, 
the animals were observed daily and food intake was recorded. Body 
weight of animals was recorded weekly. Animals of all the groups were 
sacrificed by after 180 days as mentioned in the guidelines for the care 
and use of laboratory animals of IITR. Liver, lungs, kidneys and spleen 
were excised and weighed. Blood was collected in dry test tubes and 
allowed to clot at room temperature for 5 min followed by keeping 
it on an ice bath for 30 min. Serum was separated from blood by 
centrifugation at3000 x g for 10 min and stored at -80°C until further 
analysis.

Preparation of diet

Commercial pellet diet from Ashirwad, Chandigarh, India, 
was grinded and AO or BY were mixed to obtain 1% and 0.06% 
concentration, respectively. Fresh mixtures of diet containing AO and 
BY were prepared after every 15 days.

Specimen collection and analysis of biochemical parameter

A portion of liver was washed, weighed and homogenized in 10 
volume (v/w) of chilled phosphate buffer (0.1M, pH 7.4) containing 

0.15 M KCl, using a Potter-Elvehjem glass/Teflon homogenizer and 
centrifuged at 40C at 9,000xg for 20 minutes to obtain S-9 fraction and 
stored at -80°C for further analysis. This fraction was used for the assay 
of enzymatic antioxidants. Microsomal and cytosolic fractions were 
prepared by centrifugation of S-9 fraction at 105,000 x gas described 
earlier [21] and stored at -80°C.

Lipid peroxidation and liver Sulfhydryl (Free –SH) content: 
Lipid peroxidation (LPO) in hepatic homogenate was measured as 
described earlier [22]. The extent of LPO was assayed by measuring 
the formation of malondialdehyde (MDA) and expressed as nmol 
MDA formed per hour per ml homogenate using a molar extinction 
coefficient of 1.56×l05 M-1 cm-1. The reduced glutathione (GSH) content 
was determined in hepatic homogenate as described by Ellman [23]. 
Briefly 10% homogenate (1 ml) was mixed with 5% trichloro acetic acid 
(TCA) (1 ml), centrifuged at 825xg for 15 min and the supernatant (0.5 
ml) was mixed with 5-5’-dithiobis-2-nitrobenzoicacid(DTNB; 2.5 ml). 
The absorbance of the resulting mixture was recorded at 412 nm. The 
GSH content was calculated in μmol/g tissue.

Assay of antioxidant enzymes: Superoxide dismutase (SOD) 
activity in hepatic S-9 fraction was assessed based on its ability to 
inhibit the oxidation of epinephrine at alkaline pH [24] and expressed 
as nmol epinephrine oxidized/min/mg protein. Catalase (CAT) activity 
in S-9 was determined using H2O2 as substrate [25] and expressed as 
µmol H2O2 consumed/min/mg protein.

Measurement of glutathione S-transferase (GST), quinine 
reductase (QR) activity: GST and QR activities were determined in 
hepatic cytosolic fraction according to standard protocols. The GST 
activity was determined by measuring the increase in absorbance of 
the reaction mixture [final volume of 3 ml: phosphate buffer (0.2 M; 
pH 6.5), GSH (9 mM), 1- chloro-2, 4-dinitrobenzene (CDNB, 150 
mM) and cytosolic protein (20 μg)] at 340 nm after every 30sec for 
3 min. The QR activity was determined by measuring the decrease 
in absorbance of reaction mixture [final volume of 3.0 ml: 25 mM 
Tris HC1 (pH 7.4), 0.7 mg of bovine serum albumin, 0.01% Tween 
20, 5 µM flavin adenine dinucleotide FAD, 0.2 mM NAD(P)H, 10 
µM dicoumarol, 40 µM dichlorophenol indophenols (DCPIP) as a 
substrate, and an appropriate amount of enzyme] at 600 nm after every 
30 sec for 3 min. The activities of GST and QR were expressed as nmol 
conjugate formed/min/mg protein and pmol DCPIP disappeared/min/
mg protein, respectively.

Measurement of catalytic activities of CYP1A1 and CYP2B1: 
Catalytic activities of CYP1A1 (ethoxyresorufin-O-deethylase; EROD) 
and CYP2B1 (pentoxyresorufin O-dealkylase; PROD) were measured 
in hepatic microsomes essentially by the procedure of Pohl and Fouts 
[26] and Lubet et al. [27], respectively, with modifications as described 
by Das et al. [28]. The catalytic activities of CYP1A1 and CYP2B1 were 
calculated as pmol resorufin formed/min/mg protein.

Protein estimation: Protein in different fractions of liver was 
measured according to the method of Lowry et al. [29], using bovine 
serum albumin as standard.

Western blot analysis of CYP1A1 and CYP2B1 protein

Hepatic microsomes from each group (control, AO and BY) were 
electrophoresed through 10% SDS-polyacrylamide gels. Separated 
proteins (CYP1A1, CYP2B1) were transferred onto polyvinylidene 
difluoride membranes. After blocking the membranes with 1% BSA in 
tris buffer saline with tween (TBS-T) [20 mmol/L Tris, 150 mmol/L 
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NaCl (pH 7.5), 0.02% Tween 20] for 1h at room temperature the 
membranes were then incubated with rabbit polyclonal primary 
antibodies of CYP1A1 and CYP2B1 (1:1000) followed by incubation 
with anti-rabbit secondary antibody conjugated to horse radish 
peroxidase system (1:2500), washed again using TBS-T and bands 
were detected by the enhanced chemiluminescence western blotting 
substrates (Thermo Fisher Scientific, Rockford, IL, USA) [30]. All 
experiments were repeated at least twice.

Estimation of plasma protein fractions

Total protein and albumin (A) content in serum was assayed by 
Accurex Biomedical kits (Mumbai, India). Globulins (G) and A/G ratio 
were calculated from these values and expressed as g/dl.

Histopathological observation

A portion of liver, heart, lungs, kidneys and spleen was fixed in 10% 
buffered formalin and embedded in paraffin. Sections of 5 µm thickness 
were cut and stained with hematoxylin and eosin for microscopic 
examination [31].

Statistical analysis

All results were expressed as the mean ± standard error (SE), as 
indicated in the tables. Statistical analysis of variance was carried out 
using one way ANOVA [32]. A value of p<0.05 was used as the level 
of significance.

Results
Effect of intraperitoneal administration of AO and BY on 
body weight gain, relative liver weight and liver to body 
weight ratio

The change in body weight gain, liver weight and liver/bwt ratio 
in AO and BY treated male and female mice during the experimental 
schedule is given in Table 1. Significant reduction in body weight gain 
was observed in AO and BY treated female mice after 30 and 60 days of 
exposure, while no effect on body weight gain was observed in case of 
male mice. During 30 and 60 days of AO and BY exposure, female mice 
showed significant increase in liver weight and liver/bwt ratio while 
male had no effect.

Effect of intraperitoneal administration of AO and BY on 
oxidative stress marker and xenobiotic metabolizing enzymes

No significant increase in LPO was observed during 30 days of 
AO or BY treatment to male and female mice (Table 2). However, 
twice weekly parenteral administration of AO for 60 days resulted in 
132 and 261% increase in LPO in male and female mice, respectively. 
Further, no change in LPO was observed in BY treated groups (male 
and female) during 60 days of exposure. Significant decrease (31, 30% 
and 32, 32%) in free -SH content was observed in AO treated male and 
female animals following 30 and 60 days of exposure. BY treatment 
to male and female mice for 30 and 60 days resulted in no significant 
change in free –SH content. Twice weekly administration of AO to 
male and female mice for 30 and 60 days caused significant decrease 
(25 and 36%) in EROD activity. However, BY treatment caused no 
substantial change in EROD activity either in male or female animals. 
No significant change in GST activity was observed in male and female 
mice exposed to AO or BY for 30 days. However, exposure to BY in 
male and female animals for 60 days resulted in 37 and 32% decrease 
in GST activity, respectively. Further, GST activity was found to be 

inhibited (50%) in female mice treated with AO for 60 days. Significant 
decrease in QR activity was observed in all the treated groups (AO or 
BY) of male and female mice after 30 and 60 days of exposure.

Effect of dietary exposure of AO and BY on body weight gain, 
relative liver weight and liver marker enzymes

The trend in body weight gain (percent increase), liver weight 
and liver/bwt ratio in control, AO and BY treated female mice during 
the experimental schedule is given in Table 3. During the180 days of 
exposure significant reduction in body weight gain was observed in AO 
and BY treated mice (Table 3). Average diet consumption was found to 
be comparable in AO or BY treated group and no different than that of 
controls. AO and BY treatment resulted in significant increase in liver 
weight (19and61%).However, significant increase in liver weight and 
liver/bwt ratio was found in BY exposed group only, but not in the AO 
exposed group (Table 3).

Effect of dietary exposure of AO and BY on oxidative stress 
and antioxidant enzymes

Administration of AO and BY through diet resulted in significant 
increase in LPO to an extent of 288 and 76%, respectively, when 
compared to control. Both AO and BY caused significant depletion 
of free -SH content when compared to control (Table 4). AO and BY 
exposure to mice for 180 days resulted in significant decrease (p<0.05) 
in SOD and catalase activity (Table 4).

Effect of dietary exposure of AO and BY on Phase I and 
Phase II enzymes activity and status of CYP1A1 and CYP2B1 
protein

Activities of Phase I (EROD, PROD) enzymes and Phase II (GST, 
QR) enzymes following AO and BY exposure is delineated in Table 4. 
Significant decrease (p<0.05) in EROD and PROD activity was observed 
in AO and BY treated groups after 180 days of exposure (Table 4). These 
findings were further substantiated with western blot analysis, which 
showed decreased level of CYP1A1 and CYP2B1 proteins following 
AO and BY exposure when compared to control (Figure 1). Phase II 
enzymes, GST and QR were also found to be decreased significantly in 
AO and BY exposed groups when compared to control (Table 4).

Hepatic and extra hepatic changes following dietary exposure 
to AO and BY

Dietary exposure of AO and BY resulted in hepatic tumors in 
female mice (Figure 2A). AO fed animals showed distinct tumors (four 
out of ten mice i.e. 40%) in liver tissue, while multiple nodules (six out 
of ten mice i.e. 60%) were observed in liver tissue of BY fed mice (Table 
4). The average size of tumor in AO feed mice was 13.0 mm while size 
of multiple nodule were 1.46 mm (Table 4). Microscopic examination 
of control animals showed normal histology of liver, while liver of AO 
fed animals showed profuse hyperplasia of bile ductules, infiltration of 
inflammatory cells, vascular changes and fluid filled spaces along with 
hemorrhage patches (Figure 2B). Hepatic tissue of BY fed mice showed 
extensive hyperplasia of bile ductules as well as in liver parenchyma 
and many fluid filled spaces. Degenerative changes and infiltration of 
blood vessels were also observed (Figure 2B).

Dietary exposure to AO showed inflammation, degeneration and 
necrosis in heart, while BY treatment showed myocardial necrosis 
and infiltration of inflammatory cells (Figure 3A). Lungs of animals 
given AO and BY showed marked edema with cellular infiltration of 
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Parameter Duration
Male Female

Control AO BY Control AO BY

Percent body wt gain

30 days 51.7 ± 1.5 43.5 ± 0.71 43.8 ± 2.21 52.1 ± 0.48
٭ 1.18 ± 23.5

(55%)↓
٭1.8 ± 34.2

(34%)↓

60 days 78.6 ± 0.41 68.2 ± 2.11 72 ± 1.78 80.2 ± 0.62
٭ 1.64 ± 27.3

(66%)↓
٭ 0.56 ± 41.9

(48%)↓

Liver wt
(g)

30 days 1.63 ± 0.08 2.04 ± 0.1 1.91 ± 0.24 1.54 ± 0.16
٭0.22 ± 2.57

(67%)↑
٭ 0.28 ± 2.63

(71%)↑

60 days 1.77 ± 0.1 1.89 ± 0.12 1.99 ± 0.063 1.62 ± 0.05
٭0.13 ± 2.5

(54%)↑
٭0.14 ± 2.44

(51%)↑

Liver/bwt ratio

30 days 0.07 ± 0.001 0.074 ± 0.001 0.073 ± 0.002 0.07 ± 0.002
٭0.002 ± 0.09

(29%)↑
٭0.003 ± 0.09

(29%)↑

60 days 0.08 ± 0.001 0.075 ± 0.001 0.07 ± 0.006 0.065 ± 0.001
٭0.001 ± 0.081

(25%)↑
٭0.001 ± 0.078

(20%)↑

Data represents mean ± S.E. of five values.*p<0.05, Significant when compared to respective control
Values in parenthesis indicate percent change when compared to respective controls

Table 1: Effect of intraperitoneal administration of AO and BY on body weight gain, relative liver weight and liver to body weight ratio.

Data represents mean ± S.E. of five values. *p<0.05, Significant when compared to respective control
Values in parenthesis indicate percent change when compared to respective controls

Table 2: Effect of intraperitoneal administration of AO and BY on oxidative stress and xenobiotic metabolizing enzymes in mice.

Parameter Duration (Days)
Male Female

Control AO BY Control AO BY

LPO (nmolMDA/ hr/gm tissue)
30 days 4.32 ± 1.29 3.83 ± 1.04 4.39 ± 0.11 4.23 ± 0.47 6.93 ± 1.24 5.61 ± 1.25

60 days 4.61 ± 0.77 ٭0.30 ± 10.71
(132%)↑ 5.64 ± 0.14 4.70 ± 2.69 ٭3.16 ± 17.01

(261%)↑ 6.06 ± 0.64

FreeSH (µmol/gm tissue)
30 days 8.47 ± 0.07 ٭0.11 ± 5.88

(31%)↓ 8.47 ± 0.28 7.70 ± 0.21 ٭0.21 ± 5.39
(30%)↓ 8.44 ± 0.32

60 days 7.91 ± 0.39 ٭0.11 ± 5.36
(32%)↓ 7.80 ± 0.63 7.60 ± 0.32 ٭0.21 ± 5.18

(32%)↓ 8.23 ± 0.70

EROD (pmol/min/ mg protein)
30 333 ± 22 ٭66 ± 249

(25%)↓ 298 ± 5 329 ± 61 ٭67 ± 212
(36%)↓ 317 ± 7

60 268 ± 11 ٭36 ± 190
(29%)↓ 278 ± 15 281 ± 5 ٭44 ± 164

(42%)↓ 235 ± 13

GST (nmol/min/mg protein)
30 2612 ± 66 2778 ± 16 2367 ± 135 2898 ± 26 2238 ± 67 2345 ± 147

60 2484 ± 241 1851 ± 56 ٭80 ± 1560
(37%)↓ 2857 ± 195 ٭218 ± 1429

(50%)↓
٭104 ± 1935

(32%)↓

QR (pmol/min/mg protein)
30 85 ± 2 ٭2 ± 60

(29%)↓
٭1 ± 30
(65%)↓ 90 ± 1 ٭1 ± 70

(22%)↓
٭1 ± 40
(56%)↓

60 78 ± 1 ٭1 ± 40
(49%)↓

٭1 ± 30
(62%)↓ 82 ± 1 ٭1 ± 40

(51%)↓
٭1 ± 30
(63%)↓

Data represents mean ± S.E. of six values.*p<0.05, Significant when compared to respective control
Values in parenthesis indicate percent change when compared to respective controls

Table 3: Effect of dietary exposure of AO and BY on bodyweight, food consumption, liver weight, liver/bwt ratio and live marker enzymes in mice.

Parameter Control AO BY
Percent body wt gain 7.8 ± 0.32 ↓٭0.41 ± 3.07- ↓٭ 37. ± 4.41-
Liverweight (g) 1.52 ± 0.19 ↑(%19) ٭0.11 ± 1.81 ↑(%61) ٭0.37 ± 2.45
Liver/bwt ratio 0.053 ± 0.005 0.064 ± 0.004 ↑(%47) ٭0.009 ± 0.078
Av. Dietconsumed (g/mice/day) 3.84 ± 0.11 3.77 ± 0.09 3.29 ± 0.24

inflammatory cells (Figure 3B). Kidney of AO and BY treated animals 
showed no prominent changes except that the presence of protein 
cast was observed within tubules (Figure 3C). Spleen showed profuse 
hyperplasia of bile ductules, lymphoid hypoplasia and prominent 
fibrous tissue septa in AO treated group, while BY treated animals also 
showed prominent fibrous tissue and lymphoid hypoplasia along with 
few megakaryocytes.

Discussion
The present study demonstrates the effect of short term (ip 

administration in male and female mice) as well as long term (through 
diet) exposure of AO and BY in female mice. The short term study 
indicates that females are more susceptible to AO and BY toxicity 

as compared to males. Taking the clue of female susceptibility from 
the short term study, chronic administration of AO and BY through 
diet for 180 days was performed, which resulted in toxicity not only 
in hepatic tissue but also in extra hepatic tissues. In short term study, 
a reduction in body weight gain (weight loss) in female mice in each 
of the treated group was noticed and similar findings were observed 
in long term treatment of AO and BY to female mice, although the 
diet consumption was not reduced significantly, which supports the 
symptoms of cachexia (unintended weight loss) [33]. Increased liver 
weight and liver to body weight ratio observed in female mice given 
AO and BY in short term and long term study indicates enhanced cell 
proliferation in liver. One of the characteristic feature of liver tumor 
promoter is increase in the liver size [34-36]. Virtually all xenobiotics 
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displaying liver tumor-promoting ability have been shown to induce 
hepatocellular proliferation. The compounds causing liver tumor-
promoting activity (phenobarbital) were found to cause increases in 
liver-to-body weight ratios [37] which further supports our findings.

Phase I and Phase II enzymes play a critical role in hepatic injury. 
Impairment in phase I and phase II enzymes may be correlated with 
the decrease in metabolism of xenobiotics or slow elimination of 
xenobiotics from the body [9]. The decrease in phase I and phase II 
enzymes in AO and BY treated groups suggest that there may be slow 
elimination of parent compounds. The retention of the metabolite 
of AO and BY may reflect their toxic manifestation. Earlier studies 
have shown that phase I and phase II enzymes are inhibited in 
tumorigenic tissues [38]. The present study further demonstrates that 
the inhibition of hepatic phase I and II enzymes in mice fed with AO 
and BY may be due to tumorigenic response in hepatic tissue. This 
has been substantiated by the present study where long term exposure 
of female mice with AO and BY revealed hyperplasia, angiogenesis 
and infiltration of blood vessels in hepatic tissue. Although both AO 

(40%) and BY (60%) caused tumor formation in liver, however the 
difference in the morphology of hepatic cellular structure indicates 
the differential response of these toxicants. Other organs like heart, 
lungs, kidneys and spleen also showed substantial histopathological 
changes following dietary administration of AO & BY. The damage of 
hepatic and extra hepatic tissues in AO and BY fed mice may results in 
enhanced serum enzymes including alkaline phosphatase (ALP) and 
lactate dehydrogenase (LDH) [39].

Free radicals including reactive oxygen species (ROS) are 
continuously generated in the body by the biochemical redox reactions 
that occur as a part of normal cell metabolic process [40]. These unstable 
free radical species attack cellular components resulting in damage to 
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Figure 1: Effect of dietary exposure of AO (1%) and BY (0.06%) on the levels 
of cyp1A1 and cyp2B1 proteins in liver of female mice. For Western blot 
analysis, liver cell lysates were prepared from five liver tissue of each group.

Parameter Control AO BY
LPO (nmolMDA/hr/gm 
tissue) 4.46 ± 0.26

٭1.12 ± 17.32
(288%)↑

٭0.38 ± 7.84
(76%)↑

FreeSH (µmol/gm tissue) 7.91 ± 0.57
٭0.91 ± 6.85
(13%)↓

٭0.34 ± 4.26
(46%)↓

SOD (nmol/min/mg protein) 9.01 ± 0.91
٭0.69 ± 5.75
(36%)↓

٭0.57 ± 5.27
(42%)↓

Catalase
(µmol/min/mg protein) 10.28 ± 0.80

٭0.57 ± 8.42
(18%)↓

٭0.50 ± 3.91
(62%)↓

EROD
(pmol/min/mg protein) 299 ± 13

٭23 ± 222
(26%)↓

٭10 ± 154
(49%)↓

PROD (pmol/min/mg 
protein) 635 ± 59

٭79 ± 370
(42%)↓

٭13 ± 145
(77%)↓

GST
(nmol/min/mg protein) 2689 ± 103

٭245 ± 1351
(50%)↓

٭66 ± 1297
(52%)↓

QR (pmol/min/mg protein) 126 ± 15
٭6 ± 80
(36%)↓

٭2 ± 15
(88%)↓

Number of mice with Tumor 0/10 ٭4/10 ٭6/10
Tumor size (mm) Nil 13 ± 0.99 1.47 ± 0.18

Data represents mean ± S.E. of six values.*p<0.05, Significant when compared to 
respective control
Values in parenthesis indicate percent change when compared to respective 
controls

Table 4: Effect of dietary exposure of AO and BY on oxidative stress markers, 
antioxidant enzymes, xenobiotic metabolizing enzymes, number of mice with tumor 
and tumor size in female mice.

 

 

Control                                                    AO                                                        BY 

Figure 2: Effect of dietary exposure of AO and BY on tumor formation 
and histopathology of liver. A: Liver of mice fed with mustard oil i.e. control 
(a), AO (1%) shows tumor (b) on its lobe, while multiple nodules (c) were 
observed after dietary exposure of BY (0.06%), for the duration of 180 days. 
V. B: Histological evaluation of liver section stained with H&E, with 4X and 
40 X magnifications from (a) control (b) 1% AO and (c) 0.06% BY in female 
Swiss albino mice after 180 days of exposure. Control section shows normal 
histology; AO fed liver section showed hyperplasia of bile ductules; BY fed 
lived section showed hyperplasia of bile ductules and fluid filled space Total 
number of liver section from mice treated with control diet, AO and BY diet 
were three.
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Figure 3: Effect of dietary exposure of AO and BY on histopathology of 
heart, lungs, kidney and spleen. (3A) Heart showing foci of inflammation, 
degeneration and necrosis in AO (1%) and myocardial necrosis and 
infiltration of inflammatory cells in BY (0.06%) stained with H&E, with 4X and 
40 X magnifications. (3B) Lung showing marked focus of edema with cellular 
infiltration of inflammatory cells in AO (1%) and BY (0.06%) stained with H&E, 
with 4X and 40X magnifications. (3C) Kidney sections showing no prominent 
changes except the presence of protein cast within tubules in AO (1%) and 
BY (0.06%) stained with H&E, with 4X and 40X magnifications. (3D) Spleen 
showing profuse hyperplasia of bile ductules, lymphoid hypoplasia and 
prominent fibrous tissue septa in AO (1%) and prominent fibrous tissue and 
lymphoid hypoplasia along with few megakaryocytes in BY (0.06%) stained 
with H&E, with 4X and 40 X magnifications.

all the major biomolecules including nucleic acids, proteins and lipids 
[41]. ROS have been implicated in a variety of disease states such as 
heart attack, strokes and arthritis [40]. Moreover, all the cells possess 
an antioxidant defense system for protection against free radicals [42]. 
If the antioxidant defense fails to scavenge or inhibit the production 
of ROS/oxidants, an imbalance occurs between pro and antioxidant, 
which is known to cause oxidative stress [40-42]. LPO is a free radical 
driven reaction, which causes tissue membrane damage by reaction of 
oxygen with polyunsaturated fatty acids (PUFAs) [40]. In the present 
study decrease in hepatic free –SH content with concomitant increase 
in lipid peroxidation in AO treated female mice suggests the membrane 
damaging potential of AO. It is well known that antioxidant defense 
enzymes (SOD, Catalase) scavenge or inhibit the production of ROS/
oxidants. Our results indicate that decrease in antioxidant enzymes 
(SOD, catalase) by AO and BY lead to the inability of defense system to 
scavenge ROS production in the body.

In conclusion, the study suggests female mice are more prone to 
AO and BY toxicity and adulteration of AO and BY may cause oxidative 
stress and decrease in phase I and II enzymes leading to accumulation 
of the parent compound(s) or their metabolites, which may result in 
the tumorigenic/toxic responses in hepatic and extra hepatic tissues.
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