
E
r

R
D
S

a

A
R
R
A
A

K
R
P
O
H

1

2
C
l
o
p
w
i
f
t
l
m
t
h

U
g

h
2

y COREView me

er Connector 
Toxicology Reports 3 (2016) 636–643

Contents lists available at ScienceDirect

Toxicology  Reports

j our na l ho me  page: www.elsev ier .com/ locate / toxrep

valuation  of  the  deleterious  health  effects  of  consumption  of
epeatedly  heated  vegetable  oil

ekhadevi  Perumalla  Venkata ∗,  Rajagopal  Subramanyam
epartment of Plant Sciences, School of Life Sciences, University of Hyderabad, Prof. C.R Rao Road, P.O. Central University, Hyderabad- 500 046, Telangana
tate, India

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 29 June 2016
eceived in revised form 4 August 2016
ccepted 15 August 2016
vailable online 16 August 2016

eywords:
epeatedly heated cooking oil
eroxide value
xidative stress
ematological parameters

a  b  s  t  r  a  c  t

Consumption  of  repeatedly  heated  cooking  oil  (RHCO)  has  been  a regular  practice  without  knowing  the
harmful  effects  of  use.  The  present  study  is  based  on  the  hypothesis  that, heating  of  edible  oils  to  their
boiling  points  results  in  the  formation  of free  radicals  that  cause  oxidative  stress and  induce  damage
at  the  cellular  and  molecular  levels.  Peroxide  value  of  heated  oil,  histopathological  alterations,  antioxi-
dant  enzyme  levels  and  blood  biochemistry  were  determined  in  Wistar  rats  treated  with  the RHCO.  RHCO
revealed higher  peroxide  value  in  comparison  to oil  that has  been  unheated  or  singly  heated.  Histopatho-
logical  observation  depicted  significant  damage  in  jejunum,  colon  and liver  of  animals  that  received  oil
heated repeatedly  for 3 times.  The  altered  antioxidant  status  reflects  an adaptive  response  to oxidative
stress.  Alteration  in the  levels  of these  enzymes  might  be  due  to  the  formation  of  reactive  oxygen  species
(ROS) through  auto oxidation  or enzyme  catalyzed  oxidation  of  electrophilic  components  within  RHCO.
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provided by Elsevier - Publish
Analysis  of blood  samples  revealed  elevated  levels  of glucose,  creatinine  and  cholesterol  with  declined
levels  of  protein  and  albumin  in repeatedly  heated  cooking  oil group.  Hematological  parameters  did  not
reveal  any  statistically  significant  difference  between  treated  and  control  groups.  Results  of  the  present
study  confirm  that the  thermal  oxidation  of cooking  oil generates  free  radicals  and  dietary  consumption
of  such  oil  results  in  detrimental  health  effects.

©  2016  Published  by  Elsevier  Ireland  Ltd.  This is an  open  access  article  under  the CC  BY-NC-ND
. Introduction

There were about 14.1 million cancer cases around the world in
012. This number is expected to increase to 24 million by 2035.
olorectal cancer (CRC) is the third most commonly diagnosed and

eading cause of cancer deaths in both men  and women. Decades
f expensive and replicating research has little impact on primary
revention of CRC. Sporadic cancer incidence attributes to 6% rate
hile environment and lifestyle constitute two third cases of CRC

ncidence (http://www.wcrf.org). Increased risk is attributed to
actors like obesity, physical inactivity, alcohol consumption, long-
erm smoking, increased consumption of meat and fat rich food and
ow intake of fruits and vegetables [23]. Though several environ-
ental chemicals have been implicated as the contributing factors
o CRC in humans, one group of chemicals, the polycyclic aromatic
ydrocarbons (PAHs) have generated the most interest as they are

∗ Corresponding author at: Department of Plant Sciences, School of Life Sciences,
niversity of Hyderabad, Prof CR Rao Road, Gachibowli - 500046, Hyderabad, Telan-
ana, India.
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license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

formed during cooking at high temperatures [41]. They are a sin-
gle large family of compounds that have the potential to contribute
significantly to dietary contamination, human intake and devel-
opment of gastrointestinal tract (GIT) cancers [9]. Epidemiological
studies have shown that diet contributes to 80% of the known CRC
cases [6]. Foods like vegetables, fruits, oils, dairy products and meat
are more prone to contamination with PAH during processing of
food, cooking methods, time, temperature, amount of fat/oil added
[38]. In this context, understanding the role of chemicals that are
generated in food stuffs during its preparation towards the devel-
opment of GIT cancers is important. Several studies on formation
of mutagens during preparation of food have been done earlier but
most of them were on items/cooking methods that are most often
in practice in developed countries.

In India, consumption of fried foods made in road side eateries,
food outlets in markets and restaurants is quite common. Socioe-
conomic status of people determines their food intake pattern. For
example, in India people from low income group subsist on fried

foods in roadside stalls. It has been reported in a survey that 48% of
people consumed fried food 1–6 times/week [7]. Snacks account for
21% of all meals with the major types of snacks consumed consti-
tuting shallow and deep-fried foods [8]. Repeated heating of oils at

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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igh temperatures (160–190 ◦C) over a long period of time predis-
oses the oil to thermal oxidation, hydrolysis and polymerization
ith a configuration change of fatty acid from cis to trans isomers

nd accelerates the formation of oxidized and polymerized lipid
pecies in the frying medium [18]. Repeated heating changes the
hysical appearance of the oil with increase in its viscosity, darken-

ng in color, foaming and decrease in smoke point making it harmful
or human consumption.

Few studies in India evaluated the genotoxic potential of such
eated oils [49,50] but to our knowledge, no attempt has been
ade till date to evaluate the harmful consequences of the usage

f repeatedly heated cooking oil (RHCO) in Hyderabad, in partic-
lar. Several investigations that have been carried out in animals
emonstrate that consumption of RHCO increases the presence of
eactive oxygen species (ROS) and thus a decreased radical scaveng-
ng activity and thereby oxidative stress [17]. Use of RHCO is known
o induce genotoxicity [10] and there by carcinogenicity [45]. Dele-
erious health effects of consumption of RHCO like increased blood
ressure [11,40,18,19], risk of cardiovascular diseases [24,26–28],
ndothelial dysfunction [21], impaired vasorelaxation responses
33], hypertension [48], increased lipid peroxidation and LDL
12,46] and atherosclerosis [1] are available in literature. Several
nvestigations in rats also revealed functional changes in blood
essels, changes in serum alkaline phosphatase, aspartate amino-
ransferase and alanine aminotransferase levels [34]; intestinal
amage and impaired function, mal-absorption of glucose [30];

mpaired kidney function with increased blood pressure [32]. In
ontrast few studies reported no significant damage induced by
se of RHCO in animals [44]. In vitro cytotoxicity assays in Hep G2
ell lines suggested that extract of fish oil that has been repeatedly
oiled and heated for frying has substantial cytotoxic potential [36].

n contrast, samples of six cooking oils with different levels of unsat-
ration both heated and unheated did not show any mutagenicity
ith Ames test, with or without metabolic activation [51].

The objective of a study from Kuala Lumpur was  to deter-
ine the level of knowledge, attitude and practice of night market

ood outlet operators regarding the usage of RHCO.  The data col-
ected from the 100 by face-to-face interview using a questionnaire
howed that 67.0% agreed this to be not a good practice, 69.0%
greed that the use of RHCO is detrimental to health and 63%
dmitted that they had used RHCO [4]. In view of the information
rom various investigations done earlier, the present study has been
esigned to investigate the harmful consequences of consumption
f RHCO (here vegetable oil) in Wistar rats. Peroxide value is a use-
ul method to determine the quality of oil. It is an index to measure
he concentration of hydroperoxide, which is formed during lipid
xidation [13]. Since there is dearth of information on the oxida-
ive stress induced pathogenesis, antioxidant status was assessed in
he animals by assessment of levels of radical scavenging enzymes
uperoxide dismutase (SOD), glutathione peroxidase (GPx), cata-
ase (CAT) and rate of lipid peroxidation (LPO). This gives a measure
f exposure induced oxidative stress that results in inflamma-
ion and damage to macromolecules including DNA, proteins and
ipids [5]. Further, exposure dependent changes (if any) in blood
iochemistry was estimated in the present investigation by deter-
ination of glucose (GLU), cholesterol (CHOL), creatinine (CRE),

rotein (PRO) and albumin (ALB). The evaluation of hematological
arameters like total red blood cell count (RBC) and white blood
ell count (WBC), mean corpuscular volume (MCV), mean corpus-
ular hemoglobin (MCH), hemoglobin (Hb) and hematocrit gives
he profile of perturbations in blood if any, following consumption
f RHCO.  The present investigation is thus based on the hypothesis

hat consumption of RHCO contributes to intestinal tumor devel-
pment through altered biotransformation and generation of free
adicals that in turn induce damage at cellular and molecular level.
Fig. 1. Schematic representation of experimental design.

2. Materials and methods

2.1. Preparation of oil sample for treatment

The refined vegetable cooking oil (5 L) of a standard food grade
was purchased from the local market. An aliquot of oil (1 L) was
separated and labeled as unheated cooking oil (UHCO). Another
aliquot of oil (4 L) was  heated (above 300 ◦C) above its smoke point
for 30 min  and then cooled to room temperature. From this, a sam-
ple of 1L was  separated and labeled as singly heated cooking oil
(SHCO). The same process was  repeated to obtain oil heated 3 times
(3RHCO). This process of heating and cooling of the oil was  per-
formed without addition of fresh oil. The viscous dark brown oil
sample (approximately 2L) thus obtained was  then stored in amber
color bottles to prevent photodegradation of PAHs.

2.2. Analysis of constituents of oil

The quality of oil used in this study for treatment was investi-
gated by determination of its peroxide value (PV) using standard
titration method by American Oil Chemists’ Society (AOCS). This
method determines all components, generally assumed to be per-
oxides or other similar products of fatty acid oxidation. PV is
expressed in terms of milliequivalents of peroxide per 1000 g of
test sample that oxidizes potassium iodide under test conditions
(mEqO2/kg) (Fig. 1).

2.3. Animal treatment

Institutional animal ethical committee approval was taken prior
to the beginning of the study. Twenty eight day repeated oral dose
toxicity study was  performed using male and female rats based on
OECD guideline 407 [2008]. Wistar rats of 6–8 week age and weigh-
ing approximately 80–120 g were purchased from the research
animal suppliers in India (National Institute of Nutrition, Hyder-
abad). Rats (n = 10; 5 male and 5 female in each treatment group)
were then kept in laboratory grade polycarbonate cages and housed
in institutional animal care facility to ensure humane care and use
of laboratory animals. All animals were allowed a seven-day accli-
mation period prior to being randomly assigned to the following
treatment categories: (i) Unexposed control rats (diet only) (ii) rats
treated with unheated cooking oil (UHCO) (iii) rats treated with
singly heated cooking oil (SHCO) (iv) rats treated with repeatedly

heated cooking oil (3RHCO). Animals were administered 0.10 mL
and 0.20 mL  of oils of above heated grades via oral gavage for
28 days. The test animals were observed for symptoms and mortal-
ity each day during the treatment period. Body weight of animals
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Fig. 2. Effect of treatment on the body weight of animals (Data represented as mean; n = 10; *P < 0.05).
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Fig. 3. Effect of treatment on the organ weight in

n control and treated groups were recorded initially at the start of
he study and then weekly thereafter. The mean body weight of ani-

als is given in Fig. 2. All treated rats were anesthetized using 3.5%
soflurane in a vapor induction chamber at the end of 28 day treat-

ent. Jejunum, colon and liver were collected from the animals.
rgan weights were also recorded (Fig. 3).

.4. Sample collection

Blood samples were collected from animals in the morning
ours just before sacrifice. 3 mL  of blood was allowed to clot and

entrifuged at 1500g for 10 min  for separation of serum for bio-
hemical analysis. The sera were stored at −40 ◦C until analysis.
issues of interest such as jejunum, colon and liver were retrieved.
he size and number of adenomas in small intestine and colon
als (Data represented as mean; n = 10; *P < 0.05).

were recorded. Tissues were then rinsed in ice cold physiologi-
cal saline and perfused with cold potassium chloride buffer (1.15%
KCl and 0.5 mM EDTA) and homogenized in potassium phosphate
buffer (KPB, 0.1 M,  pH 7.4). The homogenate was then centrifuged at
15000 rpm for 30 min  to remove debris. The clear supernatant was
collected and stored as aliquots in −80

◦
C until antioxidant enzyme

assays were done. A part of each tissue was stored in 10% formalin
for histopathological examinations.

2.5. Histopathological analysis
The tissues (jejunum, colon and liver) obtained from the
above-mentioned control and treatment groups were subjected to
histopathological examination using H and E staining procedure.
With the help of a pathologist, the tissues slides were evaluated for
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yperplasias, adenomas and carcinomas. Additionally, they were
cored for invasive adenocarcinomas (if any). The intestines were
eparated from the mesentery with a pair of fine scissors. The large
ntestine was excised into proximal and distal colon, and rectum
ortions. The intestine was opened longitudinally and spread in

 petri dish and gently rinsed with physiological saline to flush
he ingesta. Before the intestines were processed for histopatho-
ogical studies, the size (>2.5 mm and >5 mm),  number (single and

ultiple) and type (adenoma, carcinoma, degree of dysplasia) of
esions in the small intestine and colon were recorded. The scheme
or classification of lesions is as described by Ramesh et al. [42].
he intestines were preserved using the Swiss roll technique for
istopathological examination (Boivin et al., 2003). The tissues
ere processed in a Leica TP 1020 tissue processor and embed-
ed in paraffin blocks using Leica EG 1160 paraffin embedder. The
araffin blocks were cut into ribbons of 4 mm  using a Microm HM
60 microtome. The slides were stained in hemotoxylin and eosin
sing a Microm HMS-70 stainer. The permanent slides were made
nd evaluated for histopathological changes under Olympus BX51
icroscope. The slides were coded to avoid possible bias before

nalysis.

.6. Antioxidant enzyme levels

The protein content in the tissue supernatant was estimated
sing standard protocol Lowry et al., 1951. Bovine serum albumin
as used as standard.

.6.1. Superoxide dismutase
Superoxide dismutase (SOD) activity was estimated in tissue

upernatant following the method of Marklund and Marklund [22].
he rate of inhibition of pyrogallol auto-oxidation after the addi-
ion of enzyme extract was noted at 420 nm using Spectramax Plus
pectrophotometer (Molecular Devices, USA). One unit of enzyme
s the amount of enzyme that causes 50% inhibition of pyrogal-
ol auto-oxidation. The enzyme activity was expressed as units per

illigram protein (U/mg).

.6.2. Catalase
The activity of catalase was estimated using the method of Aebi

2] spectrophotometrically. The decrease in absorbance for 1 min  at
40 nm was recorded. One unit of enzyme is defined as one �mol
2O2 utilized per minute. The activity was expressed as units per
illigram protein (U/mg).

.6.3. Glutathione peroxidase
The activity of glutathione peroxidase (GPx) was  measured sim-

larly as described by Paglia and Valentine [35]. The amount of
nzyme that oxidizes one �mol  NADPH per min  was considered
o be one unit (nmol/mim/mL). The GPx activity was expressed in
nits/mg protein (U/mg).

.6.4. Lipid peroxidation
Malondialdehyde, an end product of lipid peroxidation in tissue

omogenate, was measured according to the method described by
ills (1969) with minor modifications. The absorbance of the pink

olored extract in n-butanol was measured at 532 nm. The amount
f MDA  was expressed as nano moles of MDA  formed per gram wet
eight of tissue.

.7. Blood biochemistry
The levels of blood biochemical parameters like GLU, CRE, CHOL,
RO, and ALB were determined using standard kits from Bayer Diag-
ostics, India. The results were expressed as milligrams per decilitre
f serum used.
Fig. 4. Peroxide value of oils of different heating grades (mEqO2/kg; Data repre-
sented as mean; n = 10; *P < 0.05).

2.8. Hematological parameters

The following hematological markers were measured:
hemoglobin (Hb), haematocrit (HCT), total erythrocyte count
(TEC), total leukocyte count (TLC) and mean corpuscular volume
(MCV) using auto blood analyzer (Express Plus, Bayer Corporation,
USA).

2.9. Statistical analysis

Statistical analysis was performed using Graph Pad Instat Prism
3 Software package for windows (Graph Pad Software, Inc., La Jolla,
CA, USA). All results for body weight and organ weight of animals
were expressed as mean and standard deviation (mean ± SD) of
ten animals. The statistical analysis of data between control and
treated groups for levels of antioxidant enzymes, blood biochem-
istry and hematological parameters was done by one-way ANOVA.
All the parameters were estimated in duplicate for each sample and
the value was  given as mean of each sample and treatment group.
Significance was  determined at P < 0.05.

3. Results

3.1. Animal observation, food consumption, body weight and
organ weight

No mortality, adverse signs and symptoms were observed in
animals after 28 days of oral administration with oils of different
heating grades. Significant alterations in body weight and relative
organ weight (liver) with lowered rate of food consumption were
observed in animals receiving 0.1 mL  and 0.2 mL of 3RHCO when
compared to control and other group of rats. This was not statis-
tically significant. However, the other group of animals receiving
0.1 mL  and 0.2 mL  UHCO and SHCO did not show any significant
changes in feed intake, body and organ weights (Figs. 2 and 3).

3.2. Analysis of constituents of oil

In this study, the quality of 3 individual cooking oil samples of
different heating grades (UHCO, SHCO, 3RHCO) used for treatment
of animals were analyzed for the PV using the standard titration
method by AOCS. The results show that the PV of 3RHCO was
34mEqO2/kg, whereas the PV of SHCO and UHCO was found to be
18mEqO2/kg and 11mEqO2/kg (Fig. 4).

3.3. Histopathological analysis
Colon polyps were observed in SHCO and 3RHCO treated
rats. Number and distribution of polyps in colon of treated
rats in both 0.1 mL and 0.2 ml  is summarized in Fig. 5. Polyp
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Fig. 5. Effect of treatment on occurrence and distribution of polyps in the colon of mice (number of polyps).
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Fig. 6. Histopathological representation of tissues, Control (A) and 3RHCO tr

ype observed in colon of these rats was mostly adenomas.
he vacuolated swelling of the cytoplasm of the hepatocytes
f the 3RHCO treated rats was observed. Dysplasia and hyper-
rophy of the sinusoidal Kupffer cells was also observed. This
hange was more prominent at 3RHCO with dose of 0.2 mL.
he routine histologic examination of the colon reveals signif-

cant colonic mucosal abnormality like the increased muscle
ayer thickness of the muscularis mucosa, submucosa and mus-
ularis propria and increased number of aberrant crypt per focus
Fig. 6).
(B) colon, jejunum and liver of animals after 28 day treatment (H & E, 400X).

3.4. Antioxidant enzyme levels

The level of antioxidant enzymes like SOD, GPx and MDA  were
significantly elevated in 3RHCO treated group in comparison to
UHCO and SHCO groups. The level of CAT was significantly reduced
in these groups in a similar trend. The results were statistically sig-

nificant in 3RHCO group than in UHCO and SHCO in comparison to
controls. The levels of SOD, GPx and MDA  were higher and CAT was
lowered in 0.2 mL  treated animals in 3RHCO, SHCO and UHCO than
in 0.1 mL  dose group but was  not statistically significant (Table 1).
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Table  1
Inter group comparison of antioxidant enzyme levels.

Parameter SOD (U/mg) GPx (U/mg) CAT (U/mg) MDA  (nmol/g)

Group Liver Colon Liver Colon Liver Colon Liver Colon

Control 4.25 ± 0.47 3.23 ± 0.48 5.24 ± 0.41 2.84 ± 0·34 205.32 ± 20.80 200.31 ± 20·15 14.45 ± 1.14 13.26 ± 1·32
UHCO: 0.1 mL
0.2 mL

7.27 ± 0.64
8.32 ± 0.74

5.21 ± 0·57
5.84 ± 0·42

14.17 ± 1.45
14.57 ± 1.42

7.86 ± 0·71
8.21 ± 0·73

203.85 ± 18.57
203.67 ± 22.29

205.46 ± 19·23
207.49 ± 17·26

15.72 ± 1.32
16.75 ± 1.49

14.89 ± 1.41
14.96 ± 1.39

SHCO:  0.1 mL
0.2 mL

12.25 ± 0.84
12.27 ± 0.18

7.84± 0·72
8.23 ± 0·74

17.23 ± 1.69
17.31 ± 1.62

11.16 ± 1·06
12.37 ± 1·17

153.68 ± 14.42
163.62 ± 13.13

150.24 ± 12·34
145.26 ± 13·24

16.02 ± 1.47
17.05 ± 1.45

14.21 ± 1·24
14.01 ± 1·20

3RHCO: 0.1 mL 23.86 ± 1.34
∗

12.30 ± 1·15
∗

27.18 ± 1.61
∗

15.67 ± 1·42∗

 ± 1·3
137.67 ± 13.80

∗
126.23 ± 10·26

∗
28.26 ± 1·84

∗
23.76 ± 1·74∗
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0.2 mL 24.16 ± 1·45 14.31 ± 1·39 27.80 ± 1.72 14.39

ata represented as mean ± S.D. Significantly different from control at *P < 0.05; n =

.5. Blood biochemistry

GLU levels in rats treated with 0.02 mL  of 3RHCO was  found
o be high in comparison to those treated with 0.2 ml  of SHCO,
HCO versus controls. Results were statistically significant (mg/dl:
2.09; 70.97 versus 70.42). Similar trend in results was  observed

n those that were fed 0.1 mL  of 3RHCO (mg/dl: 86.30 ± 2.04;
1.62 ± 1.77; 70.93 ± 0.92 versus 70.42 ± 5.87). However no signif-

cant difference was found between those fed 0.2 mL  and 0.1 mL
f oils. Similar was the result for CHOL (mg/dl, 249.99 ± 13.79;
74.19 ± 13.60; 159.14 ± 14.92: 247.65 ± 14.81; 165.63 ± 12.68;
52.72 ± 13.64 versus 143.06 ± 13.06) and CRE (mg/dl, 1.71 ± 0.91;
.43 ± 0.26; 1.31 ± 0.12: 1.65 ± 0.62; 1.35 ± 0.28; 1.29 ± 0.17 versus
.98 ± 0.26) levels. In contrast, the PRO (3.76 ± 0.43; 3.57 ± 0.42);
nd ALB (1.59 ± 0.70; 1.52 ± 0.64) levels showed statistically sig-
ificant reduced levels in 0.1 mL  and 0.2 mL,  3RHCO in comparison
o SHCO (4.83 ± 0.53, 4.77 ± 0.46; 2.95 ± 0.72, 2.63 ± 0.75), UHCO
5.09 ± 1.23, 4.91 ± 1.32; 4.05 ± 1.12, 3.08 ± 0.62) and controls.
hough there was no significant difference between the 0.2 mL  and
.1 mL  groups (Table 2).

.6. Hematological parameters

The estimation of hematological parameters in the blood of rats
rom all the treatment groups in comparison to controls revealed
hat the levels were significantly reduced in 3RHCO in comparison
o SHCO and UHCO. The results were not statistically significant. No
ignificant difference in value was observed between 0.2 mL  and
.1 mL  dose groups (Table 3).

. Discussion

Over the last two decades, the urbanisation and increasing
odernisation of India have transformed education, lifestyle,

ealth-care and longevity that contributed to an increased risk
rofile for chronic diseases such as cancer [43]. Vegetable oil is
ne of the essential dietary components in daily food consump-
ion. The practice of using RHCO is not uncommon as it reduces the
ost of food preparation. However, the benefits of vegetable oil can
e deteriorated by repeated heating that leads to lipid oxidation.
he quality of dietary oils and fats has been widely recognized to
e inextricably linked to the pathogenesis of various deleterious
ealth effects.

Repeated heating of vegetable oils at high temperatures dur-
ng cooking is a very common practice. Heating or boiling of oils is
enerally done during meal preparation for cooking or deep frying.
onsumption of food cooked in such repeatedly heated oils pose

 serious health hazard due to the formation of few nutritionally

ndesirable products [4]. It was also proven that fat content in the
ood and cooking at high temperatures significantly contribute to
he formation of mutagens and cause cancer in different target sites
53]. Moreover, thermally oxidized lipids enhance peroxidation
7 139.28 ± 13.05 130.26 ± 11·23 29.27 ± 2·01 22.71 ± 1·94

imals per group.

of membrane macromolecules, contributing to their mutagenicity
and genotoxicity which could potentially lead to carcinogenesis.
The practice of reusing oil during food preparation processes is
widespread. This practice is not only confined to roadside food
stalls; established food outlets in large cities also use this method to
reduce costs. [47]. Mutagenic activity of heterocyclic amines dur-
ing cooking of meat and fish by grilling on charcoal and broiling at
high temperatures has been long demonstrated [37]. The purpose
of this study was to elucidate the possible deleterious health effects
of consumption of repeatedly heated vegetable oil in rats.

In the present study, the peroxide content in the oil used for
treatment of test animals was  determined using the standard titra-
tion method by Official Methods and Recommended Practices of the
AOCS [31]. This method was  chosen since it is highly empirical and
any variation in procedure gives altered results. The analysis of PV
of oil samples in this study was done to identify samples that have
acceptable PV. According to the AOCS the upper limit of PV for edi-
ble oil is 10 mEqO2/kg. In Japan, the Food Sanitation Law Guidelines,
set PV to not more than 30 mEqO2/kg. Report from Malaysia com-
pared the oxidative quality of twice and four times heated palm and
soybean oils, used to fry potato chips. Results revealed significantly
increased peroxide values in both oils, with the four-times-heated
oils having the highest peroxide values [16]. In accordance to the
results from previous studies, the PV of thrice heated vegetable oil
in our study was higher than singly or unheated oil. Determination
of PV in oils determines that thermally oxidized oil generates ROS
that has been implicated in several pathological processes.

Clinical analysis of blood samples revealed that GLU, CHOL and
CRE levels were increased in rats when 3RHCO was fed in com-
parison to those that received SHCO and UHCO. This result is of
concern since the enhancement in such parameters is deleterious
to health. No studies have been reported that evaluated the blood
biochemistry parameters in rats treated with RHCO. The effect of
feeding heated vegetable oil on blood biochemical parameters in
rats in this study indicates that consumption of heated oils pro-
duces indications of altered hematological levels of various blood
cells. Similar results were reported by Hageman et al. [14]. How-
ever, the hematological status of the animals fed heated corn and
peanut oils showed no effect on the proportions of cells comprising
the total leukocytes of the blood [3].

Oxidative stress analysis showed a significant (P < 0·05) increase
in the levels of antioxidant enzymes such as SOD, GPx and lipid per-
oxidation and decreased CAT levels. Similar results were reported
in a study from India that evaluated the genotoxic and carcino-
genic risks associated with the consumption of repeatedly heated
coconut oil in Wistar rats in Refs. [49,50]. It can hence be concluded
that, dietary consumption of RHCO can cause genotoxic and pre
neoplastic changes [19].
In Hyderabad, no attempt has been made till date to conduct
a survey to evaluate the intensity of use of cooking oils that are
being continually consumed by heating and reheating. Enzymatic
and non-enzymatic antioxidants serve as an important biologi-
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Table 2
Inter group comparison of blood biochemistry parameters.

Parameter Dose (mL) CONTROL UHCO SHCO 3RHCO

GLU (mg/dL) 0.1 70.42 ± 5.87 70.93 ± 0.92 81.62 ± 1.77 86.30 ± 2.04
0.2  70.97 ± 0.71 82.09 ± 1.46 87.75 ± 1·71*

CRE (mg/dL) 0.1 0.98 ± 0.26 1.29 ± 0.17 1.35 ± 0.28 1.65 ± 0.62
0.2  1.31 ± 0.12 1.43 ± 0.26 1.71 ± 0.91*

CHOL (mg/dL) 0.1 143.06 ± 13.06 152.72 ± 13.64 165.63 ± 12.68 247.65 ± 14.81
0.2  159.14 ± 14.92 174.19 ± 13.60 249.99 ± 13.79*

PRO (mg/dL) 0.1 5.15 ± 0·42 5.09 ± 1.23 4.83 ± 0.53 3.76 ± 0.43*

0.2 4.91 ± 1.32 4.77 ± 0.46 3.57 ± 0.42
ALB  (mg/dL) 0.1 4.21 ± 1·15 4.05 ± 1.12 2.95 ± 0.72 1.59 ± 0.70*

0.2 3.08 ± 0.62 2.63 ± 0.75 1.52 ± 0.64

Data represented as mean ± S.D. Significantly different from control at *P < 0.05; n = 10 animals per group.

Table 3
Inter group comparison of hematological parameters.

Parameter Dose (mL) Control UHCO SHCO 3RHCO

Haemoglobin (g/dl) 0.1 12.53 ± 1.21 12.25 ± 1.12 11.75 ± 1.15 9.26 ± 0.94*

0.2 11.76 ± 1.16 11.25 ± 1.12 8.01 ± 0.64
Haematocrit (%) 0.1 34.21 ± 2.98 33.15 ± 1.34 31.26 ± 2.61 25.21 ± 1.26*

0.2 32.18 ± 1.36 30.23 ± 2.75 22.85 ± 1.27
Total  erythrocyte count (x106/�l) 0.1 3.91 ± 1.27 3.75 ± 0.37 3.21 ± 0.36 1.75 ± 0.17*

0.2 3.19 ± 0.31 3.21 ± 0.35 1.55 ± 0.14
Total  leukocyte count (x103/�L) 0.1 6.97 ± 0.63 6.85 ± 0.67 6.23 ± 0.53 3.01 ± 0.31

0.2  6.45 ± 0.65 6.75 ± 0.57 3.26 ± 0.36*

Mean corpuscular volume (pg) 0.1 26.12 ± 0.87 25.94 ± 1.24 22.23 ± 1.23 19.75 ± 1.15*
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ata represented as mean ± S.D. Significantly different from control at *P < 0.05; n =

al defense against oxidative stress that counters the impact of
OS. These endogenously generated ROS react with the lipid con-
ent of the cells and result in lipid peroxidation in the tissues
hich oxidizes the base component of cell membranes and results

n membrane disintegrity. Thus this investigation emphasizes the
eed of the hour with regard to usage of RHCO modification of
xidative injury. Further investigations are needed to affirm if DNA
dduct formation or repair are involved in the effects of RHCO in
nduction of deleterious health effects. In conclusion, this study
ighlights the need on the level of knowledge of foods made in
HCO and needs to improve and ensure the safety of usage of foods
ade in such oils.
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