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The aim of this study was to examine the protective role
of various lipids (olive and soya oil) and vitamin (E and C)
against the toxicity of thermally oxidized ghee in rabbits.
Vanaspati ghee was thermally oxidized on a hot plate at
100°C for ten consecutive hours, and the oxidized ghee
was stored in a refrigerator at -20°C until administra-
tion. Thirty male rabbits were purchased as experimental
animals at a local market and were divided into ten cor-
responding groups of three based on their body weight.
The blood samples of 5 ml were collected on day 0, 7
and 14 of the experiment for the analysis of hematologi-
cal and biochemical serum parameters. We observed that
oxidized ghee significantly elevated ALT level by affect-
ing liver hepatocytes. Furthermore, vitamin E rapidly de-
creased the ALT levels compared to vitamin C and other
oils. The oxidized ghee caused a significant increase in
cholesterol compared to the other groups. Vitamin E and
C showed the best antioxidant activity and decreased
cholesterol levels to normal. Histopathological examina-
tions of the normal rabbits’ liver sections revealed no sig-
nificant histological abnormality. The liver of the rabbits
fed with oxidized ghee had an intact lobular architecture
but the portal tracts showed inflammation and mild fibro-
sis, the bile ducts showed proliferation, and the hepato-
cytes showed feathery degeneration. In the liver sections
from the groups fed with oxidized ghee and different
doses of olive oil inflammation in portal tracts and large
vacuoles in the hepatocytes were observed. The group
fed with oxidized ghee and vitamin E had intact lobular
architecture with no significant histological abnormal-
ity in portal tracts but fatty changes were present in the
hepatocytes. These findings support the antioxidant ac-
tivity of vitamins C and E as they reduced liver infection
caused by oxidized ghee. It was concluded that oxidized
ghee was highly toxic and not safe for consumption. The
present study indicated that soya bean oil and vitamin E
were more effective in protecting against the toxicity of
thermally oxidized ghee than olive oil and vitamin C.
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INTRODUCTION

Vegetable oils and fats make up a significant portion
of our daily diet. Lipids comprise triglycerides, choles-
terol, and antioxidants, among others, and when sub-
jected to cooking or heating can convert into oxidized
compounds like hydroperoxides, epoxides, and hydrox-
ides (Fatiha ef al, 2020; Zeb & Khan, 2019; Kamal ez
al., 2003). The three above types of oxidized compounds
produced during heating usually convert into other com-
pounds; however, the hydroperoxides convert into a va-
riety of oxidized products that have been documented
to be toxic for humans; and some of them are deemed
to contribute to liver cancer (Zeb & Mehmood., 2012).
Lipids, react with reactive oxygen species in a process is
known as lipid peroxidation, which proceeds by a free
radical chain reaction mechanism enhancing the produc-
tion of free radicals (Gutteridge 1995; Halliwell & Gut-
teridge 1990). Free radicals significantly contribute to
developing diseases like diabetes, atherosclerosis, can-
cer, chronic inflaimmatory disorders, and neurodegen-
erative diseases (Mobin, 2012). Free radicals are usually
neutralized by enzymes (superoxide dismutase, catalase,
and glutathione peroxidase) and antioxidants (vitamin E,
vitamin C, carotenes, flavonoids, glutathione, uric acid,
and taurine) (Jadhav & Priyanka, 2016). The benefits
of olive oil for human health have been well reported
and documented in the literature. Olive oil comprises
monounsaturated fatty acids, like oleic acid, vitamin E,
and polyphenols, which have beneficial effects on car-
diac health (Nocella ¢z al, 2018). Particular attention has
been given to VOO (virgin olive oil) because it contains
antioxidants such as lipophilic and hydrophilic phenols
(Kiritsakis ez al, 2020). Olive oil also contains 3,4-dihy-
droxy phenyl ethanol, an antioxidant with antithrom-
botic action (Paiva ¢ al, 2017). Vitamins E and C are
known antioxidants that prevent the harmful effect of
free radicals (Chan & Alvin, 1993). The co-loading of
antioxidant vitamins E and C in olive oil emulsions has
shown to be effective in maintaining the peroxide values
(Cuomo et al, 2020). Soybean oil is the leading edible
vegetable oil in the world and is usually consumed in
partially hydrogenated forms (Cinelli ¢ a/, 2020). It con-
tains many aromatic compounds, such as eugenol, which
have antioxidant properties; it is worth mentioning that
this oil is also one of the richest sources of vitamin E
(Applewhite, 1981; Lee & Shibamoto, 2000). Commonly
known as hydrogenated vegetable oils, Vanaspati ghee
and banaspati ghee are high in trans fats, are hazard-
ous to health, contributing to diseases like cardiovas-
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cular diseases, obesity, and cancer (Rusin & Krawczyk,
2011). Ghee, when heated up to 120°C, becomes oxi-
dized and hazardous for health, and is known as ther-
mally oxidized ghee (Igbal, 2014). It has been reported
that thermally oxidized ghee causes 2 vivo toxicity by
increasing hydroperoxide production and decreasing the
radical scavenging assay (RSA) value. Oxidized ghee’s
toxicity increases with the oxidation time, leading to hy-
pertriglyceridemia, and increase in total cholesterol and
LDL-cholesterol level (Zeb & Mehmood, 2012). As ghee
is used to fry and cook food in our society, and per-
sistently heated for a long time, hence, ghee oxidation
occurs and its oxidative products, toxic to humans, accu-
mulate in food. Therefore, in this study we describe the
toxic effects of the heated ghee on a number of hemato-
logical and biochemical parameters and liver histology in
rabbits. Moreover, a number of antioxidant oils and vi-
tamins were used along with oxidized ghee to determine
their effect against the ill effects of thermally oxidized
ghee.

MATERIALS AND METHODS

Materials:

The Vanaspati ghee used in this research was from
Halal Associated Industries Limited. The olive oil was
packed and exported by Aceites Borges Pont, S.A.U,
marketed in Pakistan by Zaitoon Pakistan (Pvt) Ltd, Is-
lamabad, Pakistan. The soya bean oil utilized in this ex-
periment was from Agro Processors and Atmospheric
Gasses Pvt Ltd. The vitamin E: DIL-alpha tocopherol ac-
etate was from Merck Pharmaceuticals (Private Limited,
200 mg), and the Vitamin C was from Abbot Laborato-
ries (Pak, 500 mg).

Thermal oxidation of ghee:

Vanaspati ghee was thermally oxidized on a hot plate
at 100°C for ten consecutive hours, and oxidized ghee
was stored in the refrigerator at —20°C until administra-
tion.

Experimental animals

Approval of the study was granted by Advanced Stud-
ies and Research Board and Ethical committee of Isla-
mia College University, Peshawar, Pakistan. Rabbits were
putchased from the dealers in Chakdara city and kept
in the Bio-Park for two weeks. Green fodder and wa-
ter were provided ad libitum. The experiments were con-
ducted in the Biotechnology Department, University of
Malakand, Chakdara, Dir (Lower), Khyber Pakhtunkhwa,
Pakistan.

Experimental groups

After acclimatization, thirty rabbits were divided into
ten replicate groups based on their body weight. Each
group comprised three male rabbits. Group A (NC)
served as negative control and was fed a regular diet..
Group B (OG) was provided with oxidized ghee at the
dose rate of 2 g per a kg of body weight. Group C was
fed with oxidized ghee at the dose rate of 2 g/kg, and
1 g/kg of olive oil as an antioxidant. Group D was fed
with oxidized ghee at 2 g/kg and an extra virgin olive oil
at a dose rate of 2 g/kg body weight. Group E was fed
with oxidized ghee at 2 g/kg, and 1 g/kg of soya bean
oil. Group F was fed with oxidized ghee at 2 g/kg, and

2 g/kg of soya-bean oil. Group G was fed with oxidized
ghee at 2 g/kg, and vitamin E at 100 mg/kg. Group H
was fed with oxidized ghee at 2 g/kg and vitamin E at
200 mg/kg. Group I was fed with oxidized ghee at 2 g/
kg, and vitamin C was given as an antioxidant at 100
mg/kg.. Group | was fed with oxidized ghee at 2 g/kg
with vitamin C as an antioxidant at 200 mg/kg.

Blood collection

The 5 ml blood samples were collected on experimen-
tal day, 0, 7, and 14, to analyze hematological and bio-
chemical parameters of the serum. Strict aseptic condi-
tions were applied during the blood sampling.

Hematological parameters

Three milliliters of the whole blood samples were
transferred to heparinized tubes. A fully automated
blood hematology analyzer (SYS MIX, Japan) was used
to measure total red blood cells number, hemoglobin
concentration, hematocrit value, mean corpuscular cell
volume, mean corpuscular hemoglobin, mean corpus-
cular hemoglobin concentration, total leukocyte count,
and neutrophils, eosinophils, lymphocytes, and platelets
count.

Analysis of the biochemical parameters

Biochemical parameters of the serum were analyzed
using total cholesterol and triglycerides test kits (Merck,
Germany) and human HDL-c, LDL-c, ALT, and glucose
assay kits (HUMAN Diagnostics, Germany).

Histopathology

The rabbits were sacrificed at the end of the experi-
ment, and their livers were dissected and stored in a for-
malin solution as previously described in Ayaz and oth-
ers (Ayaz et al, 2017). Each animal’s liver was washed
in normal saline solution and cut into slices. The slices
were embedded in paraffin after dehydration with 100%
ethanol and fixation with 10% formalin. The slices were
then cut into 4 to 5 micrometers thick sections and
stained with hematoxylin-eosin (HE, M 7000 D, SWIFT,
Japan). A light microscope was used to examine the sec-
tions, while a 1.3 MP digital camera placed atop the mi-
croscope was used to capture images.

Statistical Analysis

All the experimental points consisted of 3 different
samples. Data were analyzed by one-way analysis of vari-
ance (ANOVA) using GraphPad Prism version 5.

RESULTS

Analysis of blood biochemical parameters

After 7 days of the experiment, rabbit blood samples
were collected, and serum was isolated from the samples
for biochemical measurements.

It was observed that oxidized ghee significantly elevat-
ed the ALT level, suggesting affecting liver hepatocytes.
Vitamin E decreased ALT level to the greatest extent, as
compared to vitamin C and other oils that were fed.

The oxidized ghee diet caused significant raise in cho-
lesterol levels that was mitigated with vitamins C and E,
olive oil and soybean oil. The groups fed with vitamin E
and C showed the greatest improvement of cholesterol
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Table 1. Biochemical parameters in the studied groups of rabbits measured on day 7 and day 14 of the treatment.

Glucose (mg/dl)

LDL (mg/dl)

HDL (mg/dl)

TG (mg/dl)

Cholesterol (mg/dl)

ALT (IU/L)

Groups

Day 14 Day 7 Day 14 Day 7 Day 14 Day 7 Day 14 Day 7 Day 14 Day 7 Day 14

Day 7

62+1.0a 67+0.2 a 70+1.1a 60+2.1a 63+1.5a 48+1.8a 47+1.0a 21+1.8a 2 +1.5a 113+1.0a 112+2.1a

62+0.26a

NC*

26+2.0b 92+1.5b 104+2.1b 124+2.1b 95+1.0b

30+1b

148+1.5b 121+0.26b 130+2.0b 112+1.6b 121+2.0b

118+0.15b

0G*2 2 gm/kg

74+1.4c 78+1.4c 75+1.0c 61+2.2¢

37+2.0c

81+2.1¢c 109+0.30c 111+2.1¢ 107+2.0b 103+2.2¢ 35+0.68b

83+0.26¢

00 1 gm/kg

42+1.6a 76+1.5d 76+1.5¢ 80+2.0c 71+1.3d

40+ ¢

74+1.6d 115+0.15d 116+1.5d 104+3.0b 99+2.2d

80+0.25d

00 2 gm/kg

80+2.5e 92+0.26e 100+1.7e 104+2.5b 100+2.2d 40+1c 42+1.8a 50+2.5e 49+1.6d 80£2.5¢ 66+2.1d

85+0.15e

SO1 2 gm/kg

40+2.4e 105+1.5d 77+2.1e

47+1.6e

43+2.1a

72+1.8d 89+0.31f 85+2.2f 85+2.1¢ 79+1.7e

75+0.25f

SO 2 gm/kg

53+1.5f 75+0.27g 69+1.1a 97+2.1d 93+1.8f 30+2.3b 31+1.9d 48+2e 38+0.85d 83+3.5¢ 94+1.3b

55+0.21g

Vitamin E 100 mg/kg

56+1.8f 71+0.30h 68+2.1a 89+1.0e 83+1.5e 32+1.3b 35+2.0c 40+2.0f 33+1.0f 88+2.1e 103+2.5f

51+0.31h

Vitamin E 200 mg/kg

86+1.0g 81+0.31i 76+2.0g 93+2.5d 88+1.5f 34+1.5b 36+1.5¢ 48+2.0e 47+1.0d 76+3.2¢ 85+2.0g

84+0.15i

Vitamin C 100 mg/kg

75%2.0e 70£1.59 37+2b 40+2.1¢ 39+1.0f 3 +2.0f 102+1.0f 105+2.0f

71+1.0a

7620.3]

70+2.0d

73+0.35j

Vitamin C 200 mg/kg

0O, olive oil; SO, soya bean oil; NC, normal control; OG, oxidized ghee

level parameters, that were close to normal. . A signifi-
cant decrease in cholesterol level was observed also in
the groups that were fed with olive oil and soya bean
oil, but it still remained above the normal range.

As shown in Table 1, oxidized ghee significantly el-
evated the level of triglycerides in serum. Vitamin E and
C significantly decreased the triglycerides’ level increased
by oxidized ghee. At day 14, no significant difference
(P<0.05) was observed between the mean values of tri-
glycerides’ levels in soya bean oil (2 g/kg) and vitamin
E 200 g/kg fed groups. There was also no significant
difference (P<0.05) between vitamin E (100 mg/kg) and
vitamin C (100 mg/kg) fed groups. The triglycerides’
levels differed significantly (P<0.05) between the remain-
ing experimental groups. Olive oil lowered the triglyc-
erides’ level, but to a smaller extent than other antioxi-
dants tested.

Oxidized ghee significantly lowered HDL serum lev-
els. Soya bean oil and olive oil counteracted this effect,
increasing HDL level close to normal. Vitamin E and C
also increased HDL level but still it was below normal.
There was significant difference in HDL serum level
among all the groups except vitamin E and C groups.
Figure 1 demonstrates that oxidized ghee significantly in-
creased LDL level. There was a significant decrease in
LDL level in the groups that were fed with soya bean
oil, vitamin E and C but still it was above the normal
range. Olive oil also lowered LDL level, but its effect
was weaker than other antioxidants.

Statistical significance of the comparison between the
means in a row is denoted with letters: the same let-
ter shows no significant difference between the means,
while different letters represent a significant difference
(P<0.05).

Effects on hematological parameters

Whole blood samples were analyzed for complete he-
matology for each of the groups. As shown in Table 2;
at day 14, the groups fed with soya bean oil and vitamin
E had increased TRBC, Hb, PCV, and MCH level com-
pared to the ghee fed group. Vitamins E and C showed
better antioxidant activity as compared to other oils in
reference to MCHC. Oxidized ghee significantly elevated
TLC and decreased neutrophil number whereas olive
and soya bean oils counteracted this effect on neutro-
philes. In addition, soya bean oil significantly decreased
lymphocytes count increased by the oxidized ghee. Soya
bean oil and vitamin C significantly increased platelets
count lowered by the oxidized ghee.

Liver histopathology

Histopathological examination of the rabbits’ liver
sections are demonstrated in Fig. 2. Hepatocytes of the
Group A (normal control) revealed no significant histo-
logical abnormality (Fig. 2A-2B). Liver sections from the
Groups B and C showed intact lobular architecture but
the portal tracts showed inflammation and mild fibrosis.
The bile ducts showed increased proliferation and the
hepatocytes displayed feathery degeneration. (Fig. 2C—
2D and 2E-2F). In the liver sections from Groups D
to G; the portal tracts showed inflammation; and large
vacuoles were present in the hepatocytes (Fig. 2G-2H to
2M-2N). The liver sections of rabbits in groups H and
I showed intact lobular architecture with no significant
histological abnormality in portal tracts but fatty changes
in hepatocytes were present (Fig. 20-2P and 2Q-2R).
Liver sections of rabbits in Group ] showed abnormali-
ties similar to the rest of the non-normal control groups,
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Figure 1. Hematological and biochemical parameters in the studied groups pf rabbits at different timepoints.
Significant difference (P<0.05) in glucose levels at day 14 was observed among all the groups, however, glucose levels were all in normal

reference range in each group.

namely, sinusoidal dilation due to fats (Fig. 2S-2T).
These findings revealed that vitamin E had superior an-
tioxidant activity among the tested antioxidants because
it effectively decreased liver inflammation caused by oxi-
dized ghee.

Statistical significance of the compatison between the
means in a row is denoted with letters: the same let-
ter shows no significant difference between the means,
while different letters represent a significant difference
(P<0.05)

DISCUSSION

This study showed that feeding rabbits with oxidized
ghee at 2 g per kg body weight resulted in elevated ALT,
triglycerides, total cholesterol and LDL levels, and over-
all decrease in HDL levels. Although this intervention
decreased blood glucose levels, they remained in the
reference range. These results corroborate similar recent
study, where high triglycerides, cholesterol and LDL lev-
els as well as low glucose level were observed in mice
fed with heated ghee. Also, HDL level was low in ani-
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Figure 2. Histopathology of the rabbit liver samples

mals that were fed with thermally oxidized oils (Zahid ez
al., 2022; Hina et al., 2022; Sana et al., 2022; Chinu & Ra-
jamohan., 2011). Another study conducted in 2015 sup-
ports the findings of this study, i.e., high level of ALT,
total cholesterol, triglycerol and LDL, as well as low glu-
cose were observed in rabbits fed with oxidized corn oil
(Aziz et al., 2023; Uddin ez al, 2015). In the current pa-
per, a decrease in TRBC, Hb, PCV, MCH, MCHC, ncu-
trophils was observed in the rabbits fed with oxidized
ghee. The platelets count was low but still in the nor-
mal range. Conversely, total leucocytes and lymphocytes
numbers wete increased above norm. When oxidized

ghee was fed to animals, it led to harmful effects on the
blood cells (Sana ¢ al, 2022; Zeb & Ullah, 2015). Ud-
din and his coworkers (Uddin ez a/, 2015) observed a
decrease in TRB, hemoglobin, HCT, and an increase in
WBC count in rabbits fed with oxidized corn oil. In the
present study, it was observed that oxidized ghee was
hepatotoxic and had adverse effect on liver histopathol-
ogy. The liver tissue showed intact lobular architecture
but the portal tracts showed inflammation and mild fi-
brosis, as well as accumulation of fat deposition in portal
tract. The bile ducts showed signs of proliferation. The
hepatocyte showed feathery degeneration. Similar results
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ture with no significant histological abnormality in por-
tal tracts was observed, however mild inflammation and
mild fibrosis were detected in the portal tracts. These
results are in agreement with the results of earlier stud-
ies which showed that vitamins E and C significantly
improved liver fibrosis (Amer e# al, 2006). Also, vitamin
C, when fed along with sodium fluoride (NaF) partially
protected the liver from NaF toxicity (Stawiarska ez al,
2012). Uboh and his colleagues in 2012 demonstrated
that in a model of gasoline vapor-induced liver injury in
rats, vitamin E and C had protective effect on liver his-
topathology. The hepatoprotective effect was significant-
ly higher in case of vitamin E than vitamin C (Uboh ez
al., 2009). These findings support the results obtained in
our study. In the previous studies, oxidized ghee caused
inflammation and degeneration of hepatocytes (Zeb &
Uddin 2017b), which is in concordance with our results.
Also, both, enlargement of hepatic capillaries and severe
liver necrosis were observed in the previous studies (Ji-
moh et al, 2004). .In our histopathological findings, we
observed a protective role of olive oil, soybean oil, and
vitamins E and C against the oxidized ghee effects, and
only mild liver inflammation and fibrosis (groups that
received antioxidants together with the oxidized ghee )
were observed in oxidized ghee fed animals co-fed with
these antioxidants.

CONCLUSIONS

The experiment presented here was designed to exam-
ine a protective role of various lipids (olive and soya oil)
and vitamins (E and C) against thermally oxidized ghee
toxicity in rabbits. Oxidized ghee diet altered the hema-
tological and biochemical parameters and induced abnor-
malities in liver histopathology in rabbits. Soya bean oil
and vitamin E were the most effective against the toxic
effects of thermally oxidized ghee as compared to olive
oil and Vitamin C. It is recommended that ghee can be
substituted with soya bean oil. Further studies can be
conducted to identify the oxidative products accumulat-
ed in oxidized ghee and test other antioxidants’ potential
against the toxic effects of the oxidized ghee.
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