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COMMENTARY
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Oil-Induced Hepatic Fat Accumulation
and Development of Cancer: A
Commentary
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2Department of Pharmacology, Faculty of Pharmacy and Pharmaceutical Sciences,
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Abstract: This commentary refers to our recently published article “Association of
long-term consumption of repeatedly heated mix vegetable oils (RHMVO) in different
doses and hepatic toxicity through fat accumulation.” As highlighted in this article, long-
term intake of RHMVO leads to fat accumulation in hepatocytes, oxidative stress, and
lipid peroxidation. Several studies have illustrated the negative effect of RHMVO on
human health. In this commentary, we considered other recent evidence reporting the
carcinogenic and mutagenic potential of RHMVO. Furthermore, we emphasized the
unique and easy to perform parameters to measure oxidative stress, lipid peroxidation,
fat accumulation, and increased inflammation in hepatocytes to identify progression
toward hepatic carcinoma. Our commentary is also intended to further highlight the
necessity of developing food policies and regularity bodies as an approach to minimize
the increasing trend of cancer incidence.
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1. Background

Our recently published article!!! has highlighted the strong association between the use of
repeatedly heated mix vegetable oils (RHMVO) and the excessive production of reactive
oxygen species (ROS) that overwhelm the cellular antioxidant defense capacity resulting
in oxidative stress, a proven key factor for cardiovascular diseases, carcinogenesis, and
neurodegenerative diseases. As the vital food component, vegetable oils serve as the
building block of biomembranes and precursor of several hormones™. To minimize the
cost, vegetable oils are reused after food processing in South Asian countries. Fatty acids
(FAs) that naturally present in cis-isomers arrangement but could be converted into trans-
isomer arrangement during the process of thermal oxidation have physical properties
of saturated FAs®#. Long-term use of trans-isomer FAs leads to metabolic syndrome, a
complex condition of overweight, cardiovascular diseases, insulin resistance, and systemic
inflammations®.

Fatty liver disease or hepatic steatosis (not due to alcohol consumption), which
is also known as non-alcoholic fatty liver disease (NAFLD), is generally linked to
metabolic syndrome. About 34% of healthy adult Americans and 29% of Japanese
presented with mild hepatic asymptomatic steatosis manifested by histological
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presentation of NAFLD to severe inflammation will
develop hepatocellular injury and fibrosis (termed as
non-alcoholic steatohepatitis, abbreviated as NASH) that
progresses to other complications, such as cirrhosis with
hepatic failure and hepatocellular carcinoma'®’.

Accumulating evidence is emerging that the food
composition plays an important role in the development
of hepatocellular carcinoma and alterations in our diet
could prevent it. At present, dietary recommendations are
in place, providing guidelines about the appropriate dietary
consumption to reduce hepatic fat accumulation, but the
cooking method and time with regard to oils were not
addressed!. In addition, lack of appropriate food policies
and functioning regulatory bodies is another big challenge
in developing countries.

2. Animal model for RHMVO consumption
and hepatic toxicity through fat
accumulation

In our previous study, we managed to develop an animal
model (rabbit) that mimics the human scenario!!l. Since
the oils could be used differently on daily basis, the rabbits
were treated with RHMVO and single time heated mixed
vegetable oils. In addition, other groups of rabbits were
given low and high doses of the oils in the same study to
address the fact that oil consumption could vary among
different individuals. The third and the most important
aspect of the study is that we administered the oils for longer
durations (16 weeks) to recapitulate the long-term use of the
oils in humans, reflecting the deleterious effects of edible
oils if used chronically. A mixture of oils was used to imitate
the Pakistani population scenario, where the olive, canola,
and sunflower oils blend are most used.

3. Hepatic triglyceride accumulation-
induced liver damage

Excessive hepatic fat accumulation or NAFLD is
histologically confirmed with the presence of a minimum of
5% of fat accumulated in hepatocytes. Besides, the presence
of hepatocellular ballooning with lobular inflammation
and typical pericellular or perisinusoidal fibrosis further
confirms the diagnosis of NASH. The exact mechanism
of hepatocellular damage associated with the accumulation
of hepatic triglycerides is incompletely understood, but
insulin resistance is a significant trigger of the increased
influx of hepatic free FA and triglyceride production in the
liver. Hyperglycemia and hyperinsulinemia also promote
lipogenesis by upregulating carbohydrate response
element-binding proteins and sterol regulatory element-
binding protein-1c. Furthermore, reduced apolipoprotein B
synthesis and its defective incorporation with triglycerides
may also lead to impaired lipid export from the liver(.

4. Excessive hepatic fat accumulation and
subsequent lipid peroxidation and oxidative
stress

A comparatively practical and cost-effective approach was
adopted in the study to evaluate the hepatic toxicity of the
thermally oxidized oils. Uninhibited lipid peroxidation
induced by oxidative stress may lead to cellular injuries
by damaging protein and DNA®. Thus, malondialdehyde
(MDA), a stable lipid peroxidation end-product, was
measured to estimate the overall lipid peroxidation. In
addition, superoxide converts to hydrogen peroxide and
then quickly is degraded to water by the first-line antioxidant
defense mechanism comprising superoxide dismutase
(SOD), glutathione peroxidase (GPx), and catalase (CAT).
Thus, the levels of SOD, CAT, and GPx were studied
since they are biological oxidative stress markers!*!!,
Differences in fat accumulation and inflammatory response
were confirmed by histological examination.

We reported that long-term consumption of RHMVO
elevated all the important serum liver function markers in
rabbits, indicating ROS-induced hepatic injury that further
leads to hepatitis, cirrhosis, and hepatic tumor™®'”) An
important finding in this study is the significant elevations
of MDA, a lipid peroxidation marker, in the RHMVO-fed
animals. Other studies in addition to our article also support
that lipid peroxidation starts in the biological system through
the elimination of hydroxyl radical from a -CH2- group
of polyunsaturated FAs. Then, molecular rearrangement
produces conjugated dienes that interact with oxygen and
generate peroxyl radicals. Lipid hydroperoxide, cyclic
peroxide, and MDA are produced when peroxyl radicals
interact with the hydroxyl radical moiety of lipids!'®.
As a result of lipid peroxidation, biological membranes
are disturbed, initiating the impairment of structure and
function. Finally, the production of ROS is promoted due
to the altered signaling mechanisms!'?, corroborating the
role of augmented oxidative stress consequent to long-
term intake of RHMVO as the major contributing factor
of carcinogenesis.

5. Carcinogenic potential of long-term use
of repeatedly heated oils

The 7% International Symposium on Deep-Fat Frying
highlighted the importance of deeper understanding into
the deleterious properties of oxidized lipids as well as the
toxicity and carcinogenicity of chemicals generated through
deep-frying, thereby warranting more research!¥, Cam et
al. have reported in their recent study that food processing
through deep-frying which leads to chemical alteration of
lipids is also a common practice in the United States!'*. They
used a late-stage breast cancer murine model and monitored
the metastasis of 4T1 tumor cells using bioluminescent
imaging. The animal model was developed; one arm was
fed with fresh soybean oil and another thermally oxidized
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oil. They also reported that both bioluminescent and
histological investigations confirmed the significant growth
of metastatic lung tumor cells and increase in cellular
proliferation marker (Ki-67) in animals fed with thermally
oxidized oil. Furthermore, they also revealed that thermally
oxidized oil could modulate hepatic gene expressions. Cam
et al. developed a preclinical model for studying the late
stage of breast cancer. They observed metastasis in the lung,
liver, and lymph node in animals fed with a diet containing
10% w/w thermally oxidized vegetable oils, and concluded
that long-term use of thermally oxidized vegetable oils can
cause different malignanciest'*.

A recently published critical review focusing on
the impact of consumption of RHMVO on the incidence
of wvarious cancers has reported that repetitive oil
heating produces a large amount of polycyclic aromatic
hydrocarbons, which have been reported to contain
significant mutagenic and carcinogenic potentials
depending on the cycles and time duration the oil
is repeatedly heated!”. This review focused on the
tumorigenic, mutagenic, genotoxic, and carcinogenic
potential of chronic intake of RHMVO and their fumes.
Zhao et al. also evaluated that the intake of RHMVO could
increase the susceptibility for lung cancer due to the lack
of ventilatory system in the home kitchens!'¢l. Kohlmeier
et al. have reported that the trans-FA is a major risk
factor of causing breast cancer!'”. Of particular concern,
hydrogenated oils, which contain trans-FAs, are commonly
consumed in domestic and commercial food processing.

6. Hepatic fat accumulation and
hepatocarcinogenesis

While supporting the evidence of carcinogenic effects of
long-term intake of RHMVO in both low and high doses,
we emphasized in the same article that the consumption of
RHMVO is related to a significant reduction of enzymatic
antioxidants in the liver by inducing oxidative stress and
pro-inflammatory state, and found that the SOD, GPx, and
CAT levels were significantly reduced in the RHMVO-fed
animals. Halliwell and Gutteridge reported that modified
antioxidant activities lead to DNA and protein oxidation
and, finally, cellular death!'®. High-fat diet consumption
produces toxic intermediates that inhibit antioxidant enzyme
activity'®. Accumulation of hydrogen peroxide and ROS
also promotes the rapid synthesis of hydroxyl radicals. These
findings recommend that long-term intake of thermally
oxidized vegetable oils is capable of inducing significant
genotoxic and carcinogenic effects!!*?l, With time, these
ongoing inflammatory changes and lipid peroxidation cause
malignant liver disease. In another publication, we have
reported that long-term use of RHMVO significantly raised
the oxidative stress and lipid peroxidation markers in rabbits,
and the liver weight of the rabbits fed on RHMVO was
significantly higher than that of the control after 16 weeks!?!).
We further confirmed the significant fat accumulation in the

liver through histopathological examination of hepatocytes!'..

In addition to oxidative stress, stellate cell activation,
microvascular, and mitochondrial injuries are among other
factors that contribute to the pathogenesis of hepatic fibrosis
or cirrhosis. Nevertheless, the incidence of hepatocellular
carcinoma rises with the progression of cirrhosis*'?. A
high incidence of hepatocellular carcinoma in overweight
individuals with cirrhosis has been reported??. The previous
studies have supported hepatocarcinogenesis in cirrhosis
patients experiencing recurring hepatocyte death and
compensatory regeneration mechanism through continuous
cellular regrowth and proliferation that ultimately favors
in developing tumors®*?**. Hepatic steatosis and insulin
resistance also favor hepatocarcinogenesis through
promoting adipose tissue-derived inflammatory reactions,
oxidative stress, lipotoxicity, hormonal changes, and
stimulation of the insulin-like growth factor-1 axis by
hyperinsulinemia. Other possible, important, and clinically
pertinent aspects include diet, intestinal microbiomes, and
genetic factors?¥.

A constant phenomenon of chronic inflammation due
to excessive hepatic fat accumulation and insulin resistance
encourages macrophage recruitment and excessive release
of numerous pro-inflammatory cytokines, including tumor
necrosis factor-alpha (TNFo) and interleukin-6 (IL-6)
which are significantly related to the progression toward
hepatocarcinogenesis, mainly through their action on
the inhibitors of nuclear factor kappa-B kinase subunit
beta (IKK) and Jun N-terminal kinase (JNK) signaling
pathway. These pro-inflammatory cytokines are the
key mediators of fat accumulation and obesity-induced
inflammatory cascades and, therefore, play an important
role in hepatocarcinogenesis. TNFa-induced activation
of JNK leads to impairment of the regular signaling
mechanism of insulin receptors®), and the activated JNK
further interacts with NF-xB to promote the transcription of
genes that are mainly engaged in apoptosis, inflammation,
proliferation, and angiogenesis. IL-6-induced activation of
signal transducer and activator of transcription 3 (STAT3)
promotes cellular differentiation and growth?®l. The
higher IL-6 levels in individuals with fat accumulation
and STAT3 involvement in several tumors indirectly
highlight the importance and role of these pathways in
hepatocarcinogenesis!**l.

7. Conclusion and further directions

It is known that the sensitivity and specificity of diagnostic
techniques of different fatty liver disease are mostly not
100%, especially in the obese patients, and even when the
more sensitive diagnostic approaches are used, successful
diagnoses can only be made when the fatty liver diseases
have reached the end-stage!®. Therefore, the clinical
implication of our work is significant for NAFLD diagnosis
that employs oxidative stress markers in the earlier stages!'’.

We also conclude that the carcinogenic effects of
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long-term use of thermally oxidized oils need to be made
known not only in the developing countries but also in
the developed ones. Through this commentary, we further
emphasize the need to study the association of the long-
term consumption of thermally oxidized oils with cancers
of the liver and other organs. The new insights may spawn
additional approaches to reduce the risk of occurrence
and recurrence of cancer through diet modifications.
Developing food policies and strengthening regulatory
bodies may also help to achieve this purpose.
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