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INTRODUCTION

Palm (Elaeis guineensis Jacq.) oil is  a  frequently used 
cooking oil for frying, and  is normally reused for economic 
reasons [Carter et al., 2007; Ku et al., 2014]. Exposure to high 
temperatures during the  frying process causes deterioration 
of oil physical and chemical properties [Latha & Nasirullah, 
2014]. Oxidative physical changes include an increase in vis-
cosity and the development of a brown color and rancid smell 
[Bordin et al., 2013], while chemical changes result in the pro-
duction of hazardous by-products such as peroxides [Leong 
et al., 2012], and  trans-fat [Kemény et al., 2001]. Peroxides 
are hazardous because they can overwhelm an organism’s 
oxidant-antioxidant system by the excessive formation of pro-
oxidants [Coyle et al., 2006], while trans-fats have been shown 
to damage cell membranes and impede the activity of major 
lipid metabolizing enzymes, leading to oxidative stress [Totani 
& Ojiri, 2007]. Oxidative stress has been identifi ed as a risk 
factor for metabolic diseases such as insulin resistance [Chao 
et al., 2007], hypertension [Jaarin et al., 2011], and athero-
sclerosis [Ng et al., 2014]. Also, a previous study with male 
ICR mice receiving a  regular diet supplemented with 25% 
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reused oil for 12 weeks showed that the  test animals devel-
oped swelling and necrosis of their hepatic cells [Hashem & 
Salama, 2012]. 

Cytochrome P450 (CYP) is  a  superfamily of mono-ox-
ygenase enzymes abundant in  the  liver, and plays a pivotal 
role in  the metabolism of  endogenous substances and  de-
toxifi cation of  foreign compounds [Nebert et  al., 2013]. 
Consumption of  reused oil is associated with the  induction 
of these CYP enzymes and also antioxidant enzymes in rats. 
Levels of  CYP3A, CYP4A, and  catalase proteins were all 
increased in  rats fed with oxidized soybean oil for 6 weeks 
[Huang et al., 2009], while rats fed a regular diet plus 20% re-
used soybean oil showed up-regulated expression of Cyp4a1, 
Cyp4a2, and Cyp4a3 mRNAs [Chao et al., 2001]. Finally, an 
increase in free radical levels was believed to be responsible 
for reduced NO levels and  increased blood pressure in  rats 
fed reused palm and soybean oils for 24 weeks [Jaarin et al., 
2011]. Therefore, it is of interest to evaluate how reused palm 
oil infl uences hepatic histology, redox status, and expression 
of CYP enzymes, including xenobiotic metabolizing isoforms, 
i.e. Cyp1a2, Cyp2c9, Cyp2e1, Cyp3a11, and Cyp3a13, and lipid 
metabolizing isoforms, i.e. Cyp4a10 and Cyp4a14.
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stress. It is therefore recommended that fresh rather than reused palm oil be used for cooking, and large-scale or long-term consumption be avoided to 
reduce the risk of liver damage and drug-interactions.
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MATERIALS AND METHODS

Chemicals and reagents
The lipid profi les of fresh palm oil used in this study, Mor-

akot® (total fat content 94.96 g/100 g; Samut Prakan, Thai-
land), and reused palm oil (total fat content 94.89 g/100 g) 
collected from a deep-frying food (fi sh, squid, chicken, pork, 
meat, and seasoning sausages) stall in Khon Kaen (Thailand) 
in September 2014, were certifi ed by the Food and Nutrition 
Laboratory, Institute of Nutrition, Mahidol University, Thai-
land (Table 1). 

Bovine serum albumin (BSA), glutathione reductase, 
reduced glutathione (GSH), oxidized glutathione (GSSG), 
malondialdehyde (MDA), 4-vinyl pyridine (4-VP), and thio-
barbituric acid were supplied by  Sigma-Aldrich Chemicals 
(St. Louis, Missouri, USA). ReverTraAce® was a  product 
of Toyobo Co., Ltd (Osaka, Japan). Taq DNA polymerase, 
RNase inhibitors, and  random primers were obtained from 
Invitrogen Life Technologies (Carlsbad, CA, USA). SYBR® 
Green I was purchased from Cambrex Bio Science Rockland, 
Inc. (Rockland, ME, USA). Forward and  reverse primers 
of Cyp1a2, Cyp2c29, Cyp2e1, Cyp3a11, Cyp3a13, Cyp4a10, 
Cyp4a14, and Gapdh genes were synthesized by Bio Basic, Inc. 
(Markham Ontario, Canada). The primers of each gene are 
shown in Table 2. Eosin Y and Mayer’s hematoxylin (H&E) 
was obtained from Bio Optica (Milano, Italy). All other lab-
oratory chemicals were of  the highest available purity from 
commercial suppliers.

Animal treatment
Seven-week-old female ICR mice were supplied by the Na-

tional Laboratory Animal Center, Mahidol University, 
and housed in  the Animal Unit of Faculty of Pharmaceuti-
cal Sciences, Khon Kaen University (Thailand) under the su-
pervision of  a  licensed laboratory veterinarian. The  animal 
handling and research protocols were approved by  the Ani-
mal Ethics Committee for Use and Care of Animals, Khon 
Kaen University (Approval No. ACUC-KKU 30/2557) 
in accordance with the Declaration of Helsinki and/or with 
the Guide for the Care and Use of Laboratory Animals as ad-
opted and promulgated by the United States National Insti-

tutes of Health. All mice were housed on wood chip bedding 
in polysulfone cages with water and commercial regular diet 
(SmartHeart® from Perfect Companion Pet Care Company, 
Bangkok, Thailand) supplied ad libitum with a  12-h dark/
light cycle under a controlled temperature (23±2 ºC) and hu-
midity (45±2%), and acclimated for a week before dosing, 
and random division into 3 groups. Each group (n=15 each) 

TABLE 1. Fatty acid composition (g/100 g total fatty acid) of the fresh 
and reused palm oil*.

Fatty acid** Fresh Reused

Caprylic acid C 8:0 ND 0.02

Capric acid C 10:0 ND 0.02

Lauric acid C 12:0 0.24 0.37

Myristic acid C 14:0 0.87 1.28

Palmitic acid C 16:0 36.83 35.30

Palmitoleic acid C 16:1 ND 1.01

Stearic acid C 18:0 4.22 5.45

Elaidic C 18:1 trans-9 ND 0.08

Oleic acid C 18:1 n9 cis 47.10 43.94

Linoleic acid C 18:2 c9 t12 ND 0.16

Linoleic acid C 18:2 t9 c12 ND 0.15

Linoleic acid C 18:2 n6 cis 
(c9 c12) 10.14 10.54

Linoleic acid C 18:3 n3 0.60 0.06

Eicosenoic acid C 20:1 ND 0.55

Eicosapentaenoic acid C 20:5 n3 ND 0.26

Docosadienoic acid C 22:2 ND 0.20

Docosahexaenoic acid C 22:6, n-3 ND 0.63

Sum of trans fatty acids*** ND 0.38

*certifi ed by  the Food and Nutrition Laboratory, Institute of Nutrition, 
Mahidol University, Thailand; ND, not detected. **AOAC [2016a]. 
***AOAC [2016b].

TABLE 2. Forward and reward primer sequences.

Genes Accession No. Forward primers (5′ → 3′) Reverse primers (5′ → 3′)
Annealing 

temperature 
(°C)

Product 
size 
(bp)

Cyp1a2 NM_009993.3 CGT CAG CAA GCT TCA GAA GG ACG ATG TTC AGC ATC TCC TCG 57.0 144

Cyp2c29 NM_007815 ATC TGG TCG TGT TCC TAG CG AGT AGG CTT TGA GCC CAA ATA C 50.0 218

Cyp2e1 NM_021282.2 TCC CTA AGT ATC CTC CGT GA GTA ATC GAA GCG TTT GTT GA 50.0 529

Cyp3a11 NM_007818.3 TTT GGT AAA GTA CTT GAG GCA GA CTG GGT TGT TGA GGG AAT C 64.0 134

Cyp3a13 NM_007819.4 TGT GCT GGC TAT CAC AGA TCC AAA TAC CCA CTG GAC CAA AGC 55.0 101

Cyp4a10 NM_010011.3 GTG CTG AGG TGG ACA CAT TCA T TGT GGC CAG AGC ATA GAA GAT C 54.2 83

Cyp4a14 NM_007822.2 TGC AGA AGG CCA GGA AGA AG CAC ATG GTG GTG TAG GGC AT 60.5 286

Gapdh NM_008084.3 CCT CGT CCC GTA GAC AAA ATG TGA AGG GGT CGT TGA TGG C 57.4 152
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was orally given the  fresh or reused palm oil (4.5 g/kg/day) 
daily for 16, 24, and 36 weeks. The control group (n=5) was 
given purifi ed water (0.2 mL/mouse/day) for the same time 
periods. Mice were sacrifi ced 24  h after the  last treatment 
and their livers were immediately excised; a portion was fi xed 
for histological examination and  the remains were stored at 
-80ºC for further analysis.

Liver histological examination
Following excision, small pieces of  liver tissue were 

washed immediately in phosphate buffered saline, fi xed over-
night in  10% neutral-buffered-formalin, dehydrated using 
gradient ethanol concentration, and  embedded in  paraffi n. 
The paraffi n embedded tissues were cut into 5 mm sections 
using a Microm HM315 machine (Thermo Scientifi c, Wall-
dorf, Germany) and  fi xed on microslides. The microslides 
were stained with hematoxylin and eosin (H&E) and exam-
ined at 400× magnifi cation on an Axiostar plus microscope 
(Carl Ziess, Oberkochen, Germany) coupled with EOS SDS 
digital camera and EOS software (Canon®, Tokyo, Japan) 
[Jearapong et al., 2015].

Determination of hepatic glutathione contents
Liver homogenate was deproteinized with 5% (w/v) 5-sul-

fosalicylic acid before centrifugation at 10,000 ×g at 4ºC 
for 10 min. The  supernatant was mixed with a  freshly pre-
pared reaction mixture containing 95 mM potassium phos-
phate buffer (pH 7.0), 0.95 mM ethylenediamine tetraace-
tic acid, 0.04  mg/mL 5,5’-dithiobis(2-nitrobenzoic acid), 
and 0.12 units/mL glutathione reductase. The  reaction was 
started by adding 0.04 mg/mL NADPH, and absorbance at 
a wavelength of 405 nm was immediately measured every 60 s 
for 5 min. Total glutathione content was determined by com-
paring the absorbance of sample with that of GSH standard. 
The GSH (reduced form) content was calculated by subtract-
ing the GSSG (oxidized form) content from the total glutathi-
one content. To determine the GSSG content, 4-VP was added 
to the supernatant, and the sample was incubated for 60 min 
at room temperature. Other steps were done as described 
for the assay of  the  total glutathione content. The contents 
of total glutathione, GSH, and GSSG were expressed in units 
of nmol per mg of protein [Akerboom & Sies, 1981]. Protein 
content was quantifi ed using the method of Bradford, with 
the protein-dye complex measured at a wavelength of 595 nm 
using BSA as a standard [Bradford, 1976]. 

Determination of thiobarbituric acid reactive substances 
(TBARS)

Lipid peroxidation was determined by measuring the for-
mation of TBARS [Wasowicz et al., 1993]. In brief, a 50 μL 
aliquot of  liver homogenate was incubated at 37ºC for 1 h, 
and then a mixture (0.5 mL) of an equal volume of 10% (w/v) 
trichloroacetic acid (TCA) and  0.8% (w/v) 2-thiobarbitu-
ric acid (TBA, in 25% acetic acid) was added. The reaction 
mixture was boiled at 100ºC for 15 min before immediately 
cooling in an ice bath. The reaction was stopped by the addi-
tion of 10% (w/v) TCA (0.5 mL) and the reaction mixture was 
centrifuged (Sartorius Model 2–16K, Göttingen, Germany) 
at 1,200 ×g at room temperature for 5 min. The supernatant 

was measured by a spectrofl uorometer at an excitation wave-
length of  520  nm and  an emission wavelength of  590  nm. 
MDA was used as a standard in concentration ranging from 
0.5 to 4 nmol. Results were expressed as nmol MDA per mg 
of protein. The protein content of the liver homogenate was 
determined using the method of Bradford [Bradford, 1976]. 

Assessment of RT-qPCR
Total RNA was reverse transcribed using ReverTraAce® 

under the conditions recommended by the supplier (Toyobo 
Co. Ltd., Osaka, Japan) at 25ºC for 10 min, 42ºC for 60 min, 
and 95ºC for 5 min on a GeneAmp PCR system 2720 Ther-
malCycler (Applied Biosystem, Singapore). The CYP mRNAs 
were quantifi ed by qPCR using SYBR® Green I with specifi c 
forward and reverse primers which were designed by Primer-
BLAST (https://www.ncbi.nlm.nih.gov/tools/primer-blast/) 
and synthesized by Bio Basic Inc. (Markham ON, Canada) 
(Table  2). The  reaction of  qPCR was performed in  a  fi -
nal volume of 20  μL containing 20 ng of cDNA, Thunder-
bird® SYBR® qPCR Mix (Toyobo Co. Ltd., Osaka, Japan), 
and 5 pmol of each primer. The following thermal program 
was applied: a  single cycle of DNA polymerase activation 
for 10 min at 95°C followed by  40–50  amplifi cation cycles 
of 20 s at 95°C (denaturing step) and 20 s at annealing step, 
and 30  s at 72°C for extension step. Subsequently, melting 
temperature analysis of  the amplifi cation products was per-
formed by gradually increasing the  temperature from 60  to 
95°C (± 0.5°C/20  s). The  fl uorescent reporter signal was 
normalized against the  internal reference dye (ROX) signal 
and  the  threshold limit setting was performed in automatic 
mode, according to the  iCycler Thermal Cycler (Hercules, 
CA, USA) and Biorad-iQ5  software (Hercules, CA, USA). 
The CYP gene mRNA levels were normalized to a reference 
gene, Gapdh [Jearapong et al., 2015].

Statistical analysis
A power analysis was performed with G*Power version 

3.1 [Faul et al., 2007] to determine what sample size would 
be needed to detect a signifi cant difference in TBARS and glu-
tathione contents, and relative CYP expression. The sample 
size was calculated using the power procedure for one-way 
analysis of  variance (ANOVA), considering α probability 
of 0.05 with a power of 0.80. The power analysis determined 
a sample size of 5 mice per group. Statistical analyses were 
performed using one-way ANOVA followed by the Tukey post 
hoc test (SPSS version 17.0, SPSS Inc., Chicago, IL, USA). 
All data are expressed as mean±SD (n=5). A difference with 
P<0.05 was considered signifi cant. 

RESULTS AND DISCUSSION

Reused oil drew hepatic injury in the mice
Palm oil provides nearly 30% of  the world edible veg-

etable oil, and is regularly used for frying food in Southeast 
Asia [Carter et al., 2007]. Palm oil becomes thermally oxi-
dized after several rounds of heating to 150°C, generating ox-
ygen-derived free radicals and hydroxylated products that are 
harmful to tissues [Frankel, 2014]. Wistar rats fed with either 
fresh or oxidized palm oil for 18 weeks had higher serum lev-
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els of alkaline phosphatase (ALP), alanine aminotransferase 
(ALT), and  aspartate aminotransferase (AST) [Owu et  al., 
1998]. Serum total cholesterol levels of rats fed hydrogenated 
oil containing palm oil for 4 weeks was signifi cantly increased 
compared to controls too [Amini et al., 2017]. 

In  this study, consumption of  fresh or reused palm oil 
for 36  weeks did not alter mouse weight profi les between 
groups (data not shown), but did affect hepatocellular struc-
tures. H&E stained micrographs of hepatic tissues are shown 
in Figure 1. The hepatic tissues of mice that consumed fresh 
palm oil exhibited normal histology at week 24, with limited 
pyknosis and karyorrhexis of hepatocyte nuclei later observed 
at 36 weeks. The hepatic tissues of mice that consumed reused 
palm oil showed much more damage and extensive pyknosis, 
this being detectable at week 24. At week 36, pyknosis had 
developed into karyorrhexis and the hepatocytes had become 
swollen with extensive vacuolation and fat droplet accumula-
tion. Hepatocyte degeneration, damage to sinusoid structure, 
and loss of hepatic architectural integrity were also observed 
at week 36 in the mice fed reused palm oil.

Ingestion of  heated and  oxygenated corn oil has been 
shown to induce liver injury in rats by cell membrane damage 
from active oxygen radicals contained in the heated and also 
oxygenated oil [Shibayama, 1992]. Heated palm oil increased 
blood pressure with necrosis of cardiac tissue while fresh palm 
oil did not show these deleterious effects in Sprague Dawley 
rats [Leong et al., 2008]. Hence, fresh palm oil, with a low oxi-
dation value, appeared to be less injurious to liver than ther-

mally oxidized palm oil. According to our results, fresh palm 
oil treatment for 36 weeks led to some pyknosis and karyor-
rhexis in hepatic tissues while reused palm oil induced more 
severity including fat accumulation in the hepatic tissues. Our 
previous study reported fat accumulation in the livers of mice 
after 8 weeks of a combination of high fat (containing trans-
fats) and high fructose diet [Jearapong et al., 2015]. In  this 
study, the administration of reused palm oil for 36 weeks in-
duced fat accumulation in the liver tissues itself but the fresh 
palm oil did not produce a signifi cant change in fat accumu-
lation. From Table 1, several unsaturated fatty acids, particu-
larly trans-fatty acid, that were not detectable in the fresh oil, 
were found in  the  reused palm oil. These unsaturated fatty 
acids may derive from the deep frying of food products. For 
example, elaidic was from deep fried food, e.g. French fried 
[Bansal et al., 2009], whereas linoleic acid, eicosapentaenoic 
acid, and docosadienoic acid were from seafood, fi sh, pork, 
and meat [Chin et al., 1992; Hornstein et al., 1961; Hu et al., 
2002]. Moreover, re-heating of palm oil with food or meats 
might increase accumulation of  trans-fatty acid and  other 
fatty acids in reused palm oil. In this study, mice received re-
used palm oil at the dose of 4.5 g/kg/day which is equivalent 
to trans-fatty acid intake of 17 mg/kg/day. Dhibi et al. [2011] 
demonstrated that Wistar rats which received oxidized soy-
bean oil diet (contained trans-fatty acid 123–172 mg/kg/day) 
and margarine diet (contained trans-fatty acid 240–336 mg/
kg/day) for 4 weeks showed hepatic oxidative stress with an 
increase in  AST, ALT, ALP, and  LDH levels [Dhibi et  al., 

FIGURE 1. Hepatic histological changes in mice treated with fresh and reused palm oil. 
Mice were orally given distilled water (NT), fresh or reused palm oil (4.5 g/kg/day) daily for 16, 24, and 36 weeks. Micrographs are shown at 400× 
magnifi cation. PV, portal vein. Red arrows indicate pyknosis; black triangles indicate karyorrhexis; blank triangles indicate fat accumulation.
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2011]. Therefore, trans-fat from the re-heating process might 
be an important factor for hepatic fat accumulation. 

Effect of  reused oil on oxidant-antioxidant system 
in the mouse livers

Total glutathione content and  GSH sharply decreased 
and  GSSG relatively increased, resulting in  a  signifi cant 
decrease in  the  GSH/GSSG ratio in  mice fed reused oil 
for 36 weeks (Table  3). The  depletion of GSH stores cor-
responded with the  level of  lipid peroxidation, presented as 
excessively raised TBARS contents in  the mouse livers dur-
ing the 36-week-treatment (Figure 2). By contrast, fresh oil 
consumption did not signifi cantly disrupt the GSH/GSSG 
ratio, though the TBARS level was augmented at 16 weeks 
of  the  treatment. These observations revealed that both 
the fresh and reused palm oil induced hepatic tissue damage, 
but that the fresh palm oil had a less deleterious effect than 
the reused palm oil.

The  lipid peroxidation that occurs in  high-fat diets re-
sults in  the  production of  several aldehyde species. MDA 
is one of several low-molecular-weight end-products formed 
via the  decomposition of  certain primary and  secondary 
lipid peroxidation products, and  is  used as a  convenient 
biomarker of  lipid peroxidation because its reaction with 
thiobarbituric acid generates an intensely colored and read-
ily detectable chromogen [Janero, 1990]. Wistar rats receiv-
ing hydrogenated oil containing palm oil or pure palm olein 
oil for 4 weeks have been shown to have signifi cantly higher 
serum TBARS levels [Amini et al., 2017], which agrees with 
our results that both fresh and reused palm oil elevated he-
patic TBARS levels. These observations reveal that both 
fresh and reused palm oil induce hepatic tissue damage, with 
the fresh palm oil having a less deleterious effect than the re-
used palm oil. 

Another active biochemical mediator from lipid per-
oxidation is  trans-4-hydroxy-2-hexenal (HHE), a major α,β-
-unsaturated aldehyde product of n-3 poly-unsaturated fatty 
acid oxidation. HHE and other products of  lipid peroxida-
tion have been shown to deplete GSH content by binding to 
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complexes with GSH via the glutathione-S-transferase reac-
tion [Long & Picklo, 2010]. According to our results, TBARS 
levels were elevated in the reused palm oil-treated mice with 
a decrease in the antioxidant glutathione capability detected 
by a lowering of the GSH/GSSG ratio.

A  recent study described diet-induced nonalcoholic ste-
atohepatitis (NASH) in  C57BL/6J mice using a  diet-rich 
in trans-fat (40%) and fructose (22%) for 26 weeks [Kristian-
sen et al., 2016]. Pathogenesis of NASH begins with fat ac-
cumulation in hepatocytes, while oxidative stress, apoptosis, 
or mitochondrial dysfunction cause consequent development 
of infl ammation and fi brosis [Day & James, 1998]. Although 
our study did not investigate infl ammation and  fi brosis, 
the  fat accumulation and  oxidative stress via an increase 
in the TBARS level and a depletion of the GSH stores might 
imply that the ingestion of reused palm oil over a long period 
leads to harmful effects in the liver.

Effect of reused oil on hepatic cytochrome P450 profi les 
in mice

The expression of Cyp1a2 mRNA was not modifi ed by either 
fresh or reused oil (Figure 3A), whereas both fresh and reused 
oil signifi cantly lessened the expression of Cyp2c29 (Figure 3B), 
Cyp3a11 (Figure 3D), and Cyp3a13 (Figure 3E) mRNAs. Cy-
p2e1 mRNA expression (Figure 3C) was signifi cantly induced 
by the reused oil, but remained almost unchanged in the con-
trol mice and mice consuming fresh oil. In accordance with 
expectations, both fresh and  reused oil signifi cantly elevated 
the  expression of  Cyp4a10 (Figure  4A) and  Cyp4a14 (Fig-
ure 4B), isoforms responsible for lipid metabolism.

An increasing number of  reports documenting the  ad-
verse effects associated with food-drug interactions have 

been noted. Measurement of CYP activities, including those 
of the major drug metabolizing isoforms, CYP1A2, CYP2C, 
and CYP3A4, has been employed to evaluate the possibility 
of food-drug interactions [Sasaki et al., 2017]. In one study, 
levels of phase I enzymes and total CYPs were not signifi cant-
ly changed in rats fed a diet rich in red palm (E. guineensis) 
oil [Manorama et al., 1993]. On the other hand, rabbits fed 
ad libitum with a diet supplemented with 1% cholesterol for 
8 weeks exhibited a decreased total P450 content with sup-
pressive effects on several CYP isoforms [Irizar & Ioannides, 
1998]; activities of ethoxy- and methoxyresorufi n O-dealkyl-
ation represented CYP1A [Namkung et al., 1988], benzphet-
amine N-demethylation of CYP2C [Ryan et al., 1984], p-ni-
trophenol hydroxylation of CYP2E1 [Koop & Tierney, 1990], 
erythromycin- and  ethylmorphine-demethylation of CYP3A 
[Wrighton et al., 1985], and lauric acid hydroxylation of CY-
P4A1 [Chaurasia et al., 1995]. Our fi nding that fresh and re-
used palm oil signifi cantly down-regulates the  expression 
of Cyp2c29, Cyp3a11, and Cyp3a13 mRNA, each encoding 
major drug metabolizing isoforms, correlates well with this 
previous study [Irizar & Ioannides, 1998]. Food-drug interac-
tions may therefore arise during palm oil consumption due to 
CYP modulation. 

High-fat diet-fed ICR mice also show a  signifi cant in-
crease in levels of hepatic MDA, CYP2E1 protein and mRNA 
according to one study [Jian et  al., 2017], a fi nding which 
our results are in  agreement with. Induction of Cyp2e1  ex-
pression in  the  reused palm oil-treated mice might be  ex-
plained by the oxidative stress pathway. CYP2E1 is a member 
of  the  oxidoreductase cytochrome family, which is  respon-
sible for oxidizing a variety of substances including fatty ac-
ids, xenobiotics, ethanol, and most organic solvents [Caro & 

A B C
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FIGURE 3. Effects of fresh and reused palm oil on the relative mRNA expression of drug metabolizing enzymes Cyp1a2 (A), Cyp2c29 (B), Cyp2e1 (C), 
Cyp3a11 (D), and Cyp3a13 (E) in mouse livers. 
Mice were orally administered fresh or reused palm oil (4.5 g/kg/day) daily for 16 (black bar), 24 (blank bar), and 36 (grey bar) weeks. The control (NT) 
was given distilled water (0.2 mL/mouse/day) daily for the same period. The data are expressed as the mean SD (n=5). *P<0.05 versus NT.
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Cederbaum, 2004]. Moreover, CYP2E1 makes a  signifi cant 
contribution to the oxidative stress in non-alcoholic fatty liver 
disease (NAFLD) [Aubert et al., 2011]. The reused palm oil 
induced Cyp2e1 mRNA expression while the fresh one did not, 
confi rming that the reused palm oil stimulated more hepatic 
oxidative stress than the  fresh palm oil did via the pathway 
of Cyp2e1 metabolism.

In an induced steatohepatitis in mice, Cyp4a10 and Cy-
p4a14  are up-regulated and  have been shown to be  highly 
capable lipid peroxides [Leclercq et  al., 2000]. Methio-
nine and  choline-defi cient dietary-induced steatohepatitis 
in C57BL/6 mice increased Cyp4a10  and  Cyp4a14 mRNA 
expression 2.7-fold and  produced hepatic lipoperoxides 
[Ip et al., 2003]. However, an increase in Cyp4a expression 
by  fresh or reused palm oil might cause the  latter effect to 
remove excess fatty acid as a substrate for lipid peroxidation 
[Ip et al., 2003]. In our study, Cyp4a10 and Cyp4a14 expres-
sion was induced by both fresh and reused palm oil, where-
as Cyp2e1 activation was only induced by  the  reused palm 
oil. Hepatic tissue damage may therefore have occurred via 
the oxidative stress pathway.

CONCLUSIONS

Though fresh and  reused palm oil both caused liver in-
jury through mechanisms of oxidation and depletion of GHS 
stores, with alteration of major CYP isoforms, the fresh palm 
oil was less deleterious causing, for example, lesser dam-
age to hepatocytes, and milder modulation of TBARS level 
and GSH stores, with no change in  the  level of Cyp2e1 ex-
pression. Fresh palm oil is  therefore preferable to reused 
oil, though care should be  taken to limit its intake in  terms 
of quantity, frequency, and duration of consumption.
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