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ABSTRACT
Background and Objective: Recent studies have shown that not only the quantity, but also the quality of dietary fatty acids
can affect lipid parameters. Elaidic acid is a major hydrogenated by-product of vegetable oil play a role in the development
of cardiovascular disease, especially atherosclerosis, through changing lipid profile and increase in inflammation and
inflammatory factors. On the other hand, the role of TNF-α is evident in inflammatory pathways and inflammation outcomes,
which are involved in the initiation of atherosclerosis. Therefore, in the current study the effect of elaidic acid on TNF-α gene
expression, was investigated.
Methods: RAW264.7 cells were treated with 100 and 200 μM of elaidic acid for 12 h. Then, expression of TNF-α gene
was assessed after RNA extraction and cDNA synthesis.
Result: TNF-α gene expression in RAW264.7 macrophage cell line showed no significant difference for both concentrations
compared to the control.
Conclusion: These results indicated that elaidic acid affect the development and acceleration of atherosclerosis in other
ways than through TNF-α nuclear receptor.
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Introduction
Atherosclerosis is a leading cause of death
in developed and developing countries, and
may soon involve all countries worldwide (1).
Atherosclerosis is a progressive inflammatory
disease, which begins with gradual deposition
of low density lipoprotein cholesterol (LDL-C)
in vascular endothelium due to different causes
(2). Following these depositions, recruitment
of monocytes to endothelial cells and their
differentiation into macrophages occur (3).
Vol.1 No.1, Winter & Spring 2017

Due to inflammatory factors, such as cytokines
and oxygen free radicals, esterified cholesterolrich macrophages will gradually generate foam
cells, which finally results in development of
atherosclerosis plaque (4). Therefore, the factors
accelerating this process and the way it develops
is a matter of the utmost importance in the
prevention of development and progression of
atherosclerosis (5).
Over the past few decades, numerous studies
have shown that not only the quantity, but also the
quality of the dietary fatty acids can affect lipid
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parameters, among which the most important
ones are HDL-C and LDL-C (2, 6, 7). As defined,
fatty acids through a double bond (MUFA) with
cis isomer (CFA) decrease LDL-C to HDL-C
ratio and consequently reduce the risk of vascular
lesions, especially in heart and brain (8). However,
on the other hand, trans fatty acids (TFA) increase
the above-mentioned ratio and subsequently
the risk of vascular lesions (9). Given that the
increase of this ratio is considered as a major risk
factor for developing cardiovascular diseases,
especially atherosclerosis, it seems necessary to
accurately determine the mechanism leading to
this outcome (10).
TFA is one of the main saturated byproducts of vegetable oils, which is produced
by industrial processes (11). These fatty acids
(especially elaidic acid or EA C18:1.9) cause the
development and progression of atherosclerosis
through change in the lipid profile, exacerbation
of inflammation, inflammatory factors, and other
major complications (12).
Vascular endothelial cells act as a selective
permeable barrier and play a substantial
regulatory role in inflammatory processes. Any
factors that cause dysfunction in endothelial
cells can result in inflammatory complications.
Activation of systemic inflammation is a
risk factor for coronary heart disease, insulin
resistance, diabetes, and heart failure. On the
other hand, it is evident that inflammatory
cytokines, including IL-6 and TNF-α act as the
initiator of inflammatory processes that lead
to the development of cardiovascular diseases
and atherosclerosis (13). It has been also found
that TNF-α induces IL-6 production through
activation of adenylate cyclase and/or PKC (14).
In general, since fatty acids are important
structural component of adipose tissue, it is very
necessary to elucidate the biological effects of
various fatty acids on the related genes involved
in lipid metabolism and homeostasis. In this
regard, it has been proposed that TFA can increase
the production of inflammatory cytokines,
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such as TNF-α and IL-6 (15). As mentioned
earlier, TFA, mainly EA, are considered as an
important risk factor in most of the diseases,
including cardiovascular disease (especially
atherosclerosis) due to change in the lipid profile
and increase in inflammatory factors (16).
Therefore, considering the prominent role that
nuclear receptors play in lipid metabolism and
homeostasis, any changes in the expression and/
or activity of these receptors cause development
of above-mentioned diseases. Therefore,
elucidation of the mechanism by which TFA
exert their effects, can definitely be helpful in
the control of such diseases, since it can offer
some practical strategies for the prevention of the
diseases and/or their exacerbation.

Materials and methods
This fundamental-experimental study was
conducted in the Department of Medical
Biochemistry of Tehran University of Medical
Sciences, and the materials used were as follows:
Macrophage cell line RAW264.7 (Iran center of
genetic resources), cell culture medium, fatal
bovine serum (FBS), penicillin/streptomycin
antibiotics, and amino acid glutamine (Gibco,
USA). RNA extraction Kits or plus mini
RNeasy (Cat. No. 74134), cDNA synthesis kit
or QuantiTect Reverse Transcription (Cat. No.
205311), TNF-α genes primer, β-Actin (Qiagene,
Germany), and SYBR green real-time PCR
(Takara, Japan). as well. The study procedures
were as follows:
Culture of macrophage cell line RAW264.7

Culture of macrophage cell line RAW264.7
was performed in DMEM culture medium
containing 10% FBS, 1.25% glutamine, and
1% penicillin/streptomycin antibiotics and the
medium was incubated at 37°C and 5% CO2.
Determining the lethal dose (MTT test)
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To determine the lethal dose of EA, MTT
test was performed on the cell lines through
the following procedures: 20,000 cells were
dispensed into each well of 96-well microplates.
After preparation of MTT working solution at
concentration of 0.5 mg/ml, DMEM medium
was replaced by this medium, then the cells
were incubated at 37°C for 3 h. After passing the
mentioned time, the MTT working medium was
replaced by dimethyl sulfoxide (DMSO) and was
incubated for 15 min and absorption of each well
was measured at 540 nm using an ELISA Reader.
Conjugation of elaidic acid using bovine serum
albumin (BSA)

EA obtained the required dissolvability to
enter the cell after conjugation to BSA, so that
EA is dissolved in the minimum amount of 50%
ethanol, and then 0.5 and 1 mM concentrations
of EA were prepared by a medium containing
1% w/v fatty acid free albumin. The resultant
medium was filtered using a 0.2 μm pore size
filter and incubated in a shaking incubator at
37°C for 2-3 hours.
Treatment of Cells with EA

First, the DMEM medium that feeds the cells,
was replaced by a new medium containing 0.5
and 1 mM of conjugated EA and cells were
incubated for 12 hours at 37°C.
RNA extraction

Total RNA of the cells was extracted using
a RNA extraction kit (Qiagen) and RNA
concentration was determined by measuring
its absorbance at 540 nm using a NanoDrop
spectrophotometer. Moreover, the quality of RNA
was confirmed by agarose gel electrophoresis.

Vol.1 No.1, Winter & Spring 2017

cDNA synthesis

The RNA was transcribed into cDNA in a
reverse transcription reaction using a reverse
transcription kit (Qiagen), according to the
manufacturer's instructions.
Evaluating TNF-α gene expression

According to the instructions of SYBR green
kit (Takara Co.) and using a Corbett Rotor-Gene
6000 real-time PCR, TNF-α gene and β-Actin (as
a reference gene), were amplified and the level of
gene expression was measured in the control and
treatment groups. Finally, the data were analyzed
and interpreted by ANOVA statistical test using
SPSS software (version 11.5).

Results
After cell treatment with five different
concentrations of EA for 24 hours, the vitability
rate of the cells was measured using an ELISA
reader device. According to the results of
MTT test, it was revealed that toxic and lethal
concentration (the concentration that kills 50%
of the cells) was 4 mM and higher.
Results of MTT test

RAW264.7 cells were treated with 1, 2, 3, 4,
and 5 mM of EA for 24 hours, and on and the
viability percentage of cells was measured using
MTT test and based on the absorption rate using
an ELISA Reader machine.
Evaluation of gene expression level

TNF-α gene expression was assessed using
real-time PCR technique. However, after analysis
of the obtained results by SPSS software, no
significant difference was observed between EA
treated and control groups in gene expression.
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Percentage of cells was measured
using MTT test
Elaidic acid Concentration (mM)

Fig. 1
Results of MTT test. 1, 2, 3, 4, and 5 mM concentrations of
elaidic acid (EA) were treated for 24 hours on RAW264.7 cells
and the survival percentage of cells was measured using MTT
test and based on the absorption rate by ELISA Reader machine.

Discussion
Cardiovascular diseases are the numberone cause of death in developed countries.
Clinical, epidemiological, and laboratory studies
have shown a direct relationship between the
consumption of trans-fatty acid and development
and progression of atherosclerosis (17). However,
the subject of attention is the mechanism by

Elaidic acid Concentration (mM)

Fig. 2
The amount of TNF-α gene expression. The obtained RNA from
RAW264.7 cells, under 12 hours of treatment with 0.5 and 1 mM
concentrations of elaidic acid was duplicated using Real Time
PCR technique. At any concentration, there was no significant
difference in TNF- α gene expression compared with the control
group (the group that was under no treatment with the fatty acid).

which fatty acid affects the development of
cardiovascular diseases (18). In this regard,
extensive researches have been conducted on
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inflammation and inflammatory processes as
one of the most important initial stimuli in the
development of these disorders. Among the
inflammatory factors, TNF-α is a well-known
and important cytokine, which its involvement
in inflammatory reactions has been proved.
Accordingly, in the present study, the difference
between 0.5 and 1 mM concentrations of EA
was evaluated on TNF-α gene expression in
RAW264.7 cell line. It was found that EA has no
significant effect on TNF-α gene expression at any
of the used concentrations, but this result cannot
undermine the disadvantages of this fatty acid.
Our result is in line with the finding of another
study that showed that the consumption of EA
has a direct relationship with TNF-α receptor and
levels of IL-6 and CRP in women with high body
mass index (BMI) (19). Furthermore, nutritional
studies have proved that eating high-fat foods
accelerates the inflammation by increasing
inflammatory cytokines (TNF-α, IL-6) and
ICAM and causes endothelial activation and
consequently inflammation (20). In a research
conducted by Bickel (1993), it was indicated that
factors, such as mechanical stress, hypoxia, and
ischemia can stimulate inflammatory cascades
and consequent outcomes through stimulation
of different interleukins and TNF-α (21). Hence,
considering the mentioned issues and also lack
of consensus on TFA mechanism of action, we
decided to investigate the effect of EA (the most
important TFA) on TNF-α (the most important
inflammatory factor) to clarify the mechanism
of action of this fatty acid in the development
of atherosclerosis. But due to the absence of
significant difference in TNF-α gene expression,
and on the other hand, considering the results of
other relevant studies, other possible mechanisms
should be taken into consideration as the final path
in the development of cardiovascular diseases. For
instance, in an investigation, it was showed that
TFA can increase insulin resistance, endothelial
damage, and lipid oxidation (22). Accordingly,
each of the above-mentioned cases could be
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activated by TNF-α and explain the mechanism
of atherosclerosis development. Among other
possible mechanisms, TFA incorporation to
endothelial cells was proposed by Schepers et
al. (23). In addition, in another research, it was
found that TFA activate inflammatory processes
not by changing TNF-α gene expression, but by
changing TNF-α biology through affecting the
phospholipids in macrophage cell membrane and
signaling pathways (24). On the other hand, in the
present study, insufficient duration of treatment
(12 h) may have resulted in no alteration in
TNF-α gene expression. Longer treatment period
may (48 or 72 h), may cause a significant change
in the expression of this gene. From the results
of this study, it can be concluded that although
no relationship was found between TNF-α gene
expression and EA and despite certain role of this
fatty acid in the development and progression
of atherosclerosis, other proposed mechanisms
should be investigated.
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