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Abstract

High consumption of trans-fatty acids (TFAS) linked with obesity, disorders of lipoproteins,
type 2 Diabetes Mellitus (T2DM), risk factors of coronary heart disease, and development of
atherosclerosis. The intent of our trials was to assess the possible bad impact of TFAs on the
lipid status and focusing on characterizing the physiological alters in an animal model comparing
with cis fatty acids. Sixty male albino rats, with nearly similar average weight
170+5wereassignedinto 4 main groups (15 rats per group) and kept on a standard diet set for 12
weeks. All groups received different diet treatment for successive 12 weeks. Group A: control
group received a conventional diet, group B received a diet contained 360 gm TFAs inform of
partially hydrogenated vegetable oil (PHVO) | kg of diet, group C was fed a High Fat Diet
(HFD) contained 360 gm beef tallow | kg of diet for, and group D received a diet containing 360
gm linseed oil | kg of diet. Both feeding of TFAs and HFD resulted in a marked increase in the
body weight in reach to the obesity grade with a significant increase (P<0.05) in leptin and leptin
receptor gene expression. Also, a significant increase in Malondialdehyde (MDA) and
Lipoprotein-a (Lp-a) and a marked decrease in total antioxidant capacity (TAC). It could be
concluded that TFAs induce combined increased body weight, with imbalance in oxidative
stress, dyslipidemia, and elevated atherogenic Lipoprotein-a may be leading to development of
atherosclerosis and coronary heart disease.

Keywords: trans-fatty acids, lipoprotein (a), obesity, Coronary Heart Disease, leptin resistance,
insulin resistance.

Introduction

Trans-fatty acids (TFASs) are unsaturated as being especially harmful to human

fatty acids that contain lor more unconjugated
double bond, present in the E or trans
configuration [1]. It can be produced naturally in
little amount in the ruminant stomach through
the bacterial enzymes so, it found in cows meat
(beef) and milk. Whereas the majority of TFAs
are yield by artificial processing called partial
hydrogenation of vegetable oils, which are found
in numerous products like baked goods, deep-
fried foods, spreads, margarines, and frying fats
[2, 3]. Data related to TFAs have been involved

health[4].Industrial and natural fats contain
similar species of TFAs but in various
proportions; elaidic acid (C18:1; A 9tr) is more
prevailing in artificial (industrial) sources
whereas vaccenic acid (C18:1; A 11tr) is
dominant in ruminant (natural) sources[5].
Brouwer et al. [6] reported that there is
consistent evidence of contrary health impacts
from TFAs industrially intake, especially on
blood lipoprotein and development of Coronary
Heart Disease (CHD), whereas there is no
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evidence available of any beneficial impact on
the human well-being.

The major biochemical problems related
to consumption of TFAs including an elevated
serum level of LDL-C, decreased serum level
of HDL-C, and modifications to the structure
and fluidity of the phospholipid bilayer that
led to an increased risk of CHD [7-10]. In
addition, TFAs have several adverse health
impacts including increased Lp (a),increased

triacylglycerol, and hence dramatically
increased risk of cardiovascular diseases
(CVDs), insulin resistance, disruption of

glucose homeostasis, weight gain, and obesity
[11]. Moreover, there was a positive
relationship between the levels of Lp (a) and
the risk of CVD[10]. TFAs have been reported
to have a systemic or localized
inflammation[12], and  pro-inflammatory
effects [13].

Feeding of TFAs resulted in the elevation
of serum leptin and insulin levels [14].Also,
the feeding of TFAs/high-fat diets induced
obesity of rats, and alteration in the blood and
brain physiological parameters, as well as
High Fat Diet (HFD) may cause leptin
resistance[15]. The positive association
between the leptin level and the serum insulin
is that the leptin level raises with an increase
in the serum insulin which may be a good
indicator of the insulin resistance syndrome,
where there is a hyperinsulinemic state, it
predicts that there is an increase in the leptin
levels [16].The progression of undesirable
insulin resistance and obesity resulted in the
development of type 2 Diabetes Mellitus
(T2DM)[17].

The excessive intake of TFAs might
accelerate atherosclerotic lesion formation and
oxidative stress induction, due to the changes
of the fatty acid composition in the cell
membrane [18],and contributes to worse
coronary  patient  outcomes[19]  which
confirmed by the presence of reactive lipids
such as malondialdehyde (MDA) [20].

Replacement of TFAs with unsaturated
fatty acids diminishes CHD risk, in part, by
improving the negative impacts of TFAs on
the blood lipids[21]. Also, there are indications
that TFAs may raise endothelial dysfunction,

adiposity, and systemic inflammation [22].The
detrimental impacts of TFAs feeding have
been considered to be worse than Saturated
Fatty Acids (SFAs) on cardiovascular health
and cis unsaturated fatty acids [23], and TFAs
do not act any vital functions [24]. Due to the
observations that have connected the
magnitude of the physiological impacts of
dietary TFAs with biochemical values, this
study was designed to estimate the potential
health risk from TFAs through the
investigation of the biochemical and molecular
parameters.

Materials and methods
Animal treatment

Sixty adult male Albino rats were
allocated to four groups with 15 rats in each
group selected with a nearly similar range
between 170-175 g body weights. They were
purchased from the Animals House of Faculty
of Veterinary Medicine; Zagazig University.
They were adapted for 2 weeks under standard
laboratory conditions. The rats were housed in
plastic cages with water and food ad libitum.
The experimental protocol was approved by
the Institutional Animal Care and Use
Committee, Zagazig University, Zagazig,
Egypt (ZU-IACUC/2/F/24/2019).

Diet

The rats were fed experimental diets for
12 weeks. The experimental diets that
differed in the quantity and the quality of fat
(Table 1) were prepared as described
previously [25]. Mineral salts and vitamins
were added to the mixtures to ensure that the
daily requirement of the animals were
fulfilled, but with various types of dietary fat
source: PHVO (rich in TFAS), beef tallow
(rich in both monounsaturated fatty acids
and saturated fatty acids) and linseed oil
(rich in n-3 polyunsaturated fatty acids). The
fatty acid compositions of PHVO was
assayed by GC-Mass analysis performed at
the National Research Center (Cairo, Egypt),
and the fatty acid content of beef tallow and
linseed oil were previously reported [26, 27],
respectively. Pellets were produced daily.
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Table (1) Chemical components (%) of the experimental diets fed to rats along 12 weeks

Ingredients

Experimental diets (Amount, g)

Control Partially hydrogenated Beef tallow Linseed oil
vegetable oil

Casein 80% 134.00 176.00 176.00 176.00
DL- Methionine 98% 1.80 1.80 1.80 1.80
Corn starch 623.64 214.64 214.64 214.64
Sucrose 100.00 150.00 150.00 150.00
Cellulose 50.00 50.00 50.00 50.00
Soybean oil 43.00 - - -
PHVO 360856"
Beef tallow - 360 -
Linseed oil 360
Antioxidant, BHT 0.06 0.06 0.06 0.06
Minerals 35.00 35.00 35.00 35.00
Vitamins 10.00 10.00 10.00 10.00
Choline chloride 2.50 2.50 2.50 2.50
Total (g) 1000.00 1000.00 1000.00 1000.00
Calculated composition Amount (%) Amount (%) Amount (%)  Amount (%)
Metabolizable energy 3.86 5.07 5.07 5.07
Kcal/100g
Metabolizable energy 16.17 21.23 21.23 21.23
KJ/100g
Protein, % 13.58 17.78 17.78 17.78
Carbohydrate % 77.36 41.46 41.46 41.46
Lipid % 4.30 36.00 36.00 36.00

*(C18:1 9t + C18:2 9,12t) x g/100. Value in table
each 360 g PHVO contain 185.6 g TFA

Content of fatty acids in dietary fat sources

The fatty acids composition of PHVO is
C17:0 =43%, C18:0=5.43%, C18:1(trans-9)
=41.95, and C18:2(all-trans-9,12) = 9.62%,
while  beef tallow is C16:0=25.7%,
C18:0=26.7% and C18:1(cis-9) = 37.9%, and
linseed oil is C18:3(all-cis-9,12,15) = 62.6%,
C18:1(cis-9) = 14.87% and C18:2(all-cis-9,12)
=11.4%.

Sampling

The body weight was followed up weekly.
Rats were euthanized humanly after 12 h of
fasting. The blood was collected for serum
preparation by centrifugation for biochemical
investigations. Liver, adipose tissues, and
hypothalamus were separated rapidly, washed,
and stored at -80 °C until analysis.

Biochemical determination

The serum levels of total cholesterol (TC),
triacylglycerol(TAG), and HDL-C  were
measured by enzymatic colorimetric methods
using spectrum reagents [28,29]. Both LDL-C
and VLDL were estimated by Friedwald

formula [30]. Serum levels were expressed as
mg/dL.

The serum levels of lipoprotein (a) were
determined according to Rifai et al.[31]. Liver
samples were removed rapidly, homogenized,
washed with cold phosphate-buffered saline
(PBS) to eliminate the contaminated blood,
and then centrifuged at 5000 rpm for 5 min at
4°C. The supernatant was used for the
measurement of MDA and Total Antioxidant
Capacity (TAC) according to Allard et al.
[32].

Molecular investigation

Total RNAwas extracted from the
adipose tissue and hypothalamus tissues

Using TRIzol™ reagent  (Cat.  No.
15596026 and 15596018, Invitrogen, Thermo
Fisher Scientific, Waltham, MA, U.S.A)
Following the manufacturer instructions. The
obtained RNAs were estimated for purity
using the Nano Drop®  ND-1000
Spectrophotometer (Nano Drop Technologies,
Wilmington,  Delaware, USA). cDNA
synthesis  was  performed using a
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HiSenScript™ RH (-) ¢cDNA Synthesis Kit
following the guidelines of the manufacturer
(INtRON Biotechnology  Co.,  South
Korea).One microliter of cDNA was used for
semi-quantitative real-time PCR using TOP
real™ gPCR 2X Pre MIX(SYBR Green with
low ROX) (Intron Biotechnology cat. No.
RT500S, South Korea).The cycling conditions
were performed in Stratagenean Mx3005P
Real-Time PCR System following the
manufacturer's instructions. The PCR cycling
conditions for all reactions included an initial
denaturation for 12 min at 95°C, then 40
cycles of denaturation for 20 s at
95°C,annealing for 30 s at 60°C, and extension
at 72°C for 30 s. The oligonucleotide specific
primers were synthesized by Sangon Biotech
(Beijing, China). A melting curve analysis was
performed following PCR amplification. The
primer sequences for Leptin were F:
5'CAATGACATTTCACACACGCAG-
3'andR:5’AGATGGAGGAGGTCTCGCAG-
3'. Leptin receptor gene primer sequences
were F: SGTGTCCTTCCTGACTCCGTAG-
3’'and R:
S'GTTATTCTCTGGAAAGACTGGCT-
3'[33]. The relative gene expression was

400+

3001

Body weight (g)

expressed by 224CT method relative to the
GAPDH gene (primer F:
5'GGCACAGTCAAGGCTGAGAATG-3"and
R:5'ATGGTGGTGAAGACGCCAGTA-3) as
fold change [34].

Statistical analysis
The obtained data are expressed as mean

values + S.E. The data were tested for
normality by the Shapiro-Wilk test. For
statistical analysis, comparisons between

groups were analyzed using one-way analysis
of variance (ANOVA). The differences
between the groups were evaluated by the
Tukey’s post-hoc test. p-value< 0.05 was
considered statistically significant.

Results

Effects of trans fatty acids-containing diet on
body weight

Feeding of PHVO and beef tallow diet for
12 weeks resulted in a significant increase
(P<0.05) in body weight in trans and HFD
groups compared to the control group, while
there was a non-significant difference in body
weight between rats fed linseed oil and control
group (Figurel).

—e— Control
-= Trans
—— HFD
-+ Cis

Time (Weeks)

Figure 1: Weight analysis of the groups. The groups were analyzed using two-way ANOVA and
Bonferroni post hoc test (n = 15 animals/group). Data are expressed as the mean + SE of the mean

and P < 0.05.
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Serum lipid profiles

Results in Table 2 revealed a significant
increase  (P<0.05) in Total cholesterol,
Triacylglycerol, LDL-C and VLDL levels;
107.67+2.03, 95.0+4.16, 51.67+1.67 and
19.0+£0.83, respectively in the trans group

which consumed PHVO. While the rats fed
with beef tallow and linseed oil in the HFD
and cis groups showed a non-significant
difference when compared with the control
group (Table 2).

Table 2: Effect of feeding different diets on the biochemical parameters serum of adult male rats

Groups Control trans HFD cis

T. C (mg/dl) 99.3+2.60P 107.67+2.032 102.3+3.93% 98.0+4.04°
TAG (mg/dl) 77.0+3.21° 95.0+4.16° 85.3+4.33%® 78+5.13°
HDL-C (mg/dl) 45.0+£3.06° 37.0£1.15° 38.6+1.2° 46.0+£2.02
LDL-C (mg/dl) 38.9£1.57° 51.67+1.67° 46.64+3.56° 36.4+3.71°
VLDL (mg/dl) 15.4+0.64° 19.0+0.83? 17.06+0.87% 15.6+1.03°
Lp a (mg/dl) 0.18%+7 1.17%+38.2 1.07° +16.5 1.2°48.3
MDA (nmol/g tissue) 48 £ 1.7° 90 +£2.8° 76 £3.5% 61 +2.3°
TAC (ng/g tissue) 1.15%£15 1.09%5.7 9.8+0.44% 0.28*+11.5

T. C: Total Cholesterol, TAG: Triacylglycerol, HDL-C: High Density Lipoprotein-Cholesterol, LDL-C: Low
Density Lipoprotein-Cholesterol, Lp a: Lipoprotein-a, MDA: Malondialdehyde, TAC: total antioxidant capacity.
Means = SE in the same row and carrying different superscripts are significantly different at P < 0.05.TFAs: trans-

fatty acids,, HFD: high fat diet and cis :cis fatty acids.

The HDL-C was significantly decreased
in the trans and HFD groups which consumed
PHVO and beef tallow (37.0£1.15 and
38.6+1.2) (Table 2), respectively. Meanwhile,
there was a non-significant difference between
both groups. While the rats fed with linseed oil
in the cis group showed a non-significant
increase when compared with the control
group (46.0£2.0) (Table 2).

Serum lipoprotein (a)

Results in Table 2 revealed a significant
increase (P<0.05) in the serum lipoprotein (a)
level in trans, HFD, and cis groups compared
to the control group, while there was a
significant decrease (P<0.05) in serum
lipoprotein (a) in HFD and cis groups
compared to trans group.

Hepatic malonaldehyde (MDA)

There was a significant increase (P<0.05)
in the hepatic MDA level in trans and HFD
groups and compared to control group, while
there was a non-significant difference in

hepatic MDA level in the trans group when
compared to the HFD group. In addition, there
was a non-significant difference in hepatic
MDA level in the cis group when compared to
the control group.

Hepatic total antioxidant capacity (TAC)

There was a significant decrease (P<0.05)
in the hepatic TAC in trans, HFD, and cis
groups compared to the control group. While
there was a significant increase (P<0.05) in
hepatic TAC in the cis group compared to the
trans group.

Molecular investigation

Effects of trans fatty acids-containing diet on
leptin gene expression

Feeding of PHVO and beef tallow diet
resulted in a significant increase (P<0.05) in
the expression levels of leptin mRNA, and
there was a non-significant difference between
them (Figure2a). While there was a non-
significant  difference in leptin MRNA
expression levels in the cis group compared to
the control group.
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Effects of trans fatty acids-containing diet on
leptin receptor gene expression

The trans group showed a significantly
increased (P<0.05) gene expression of leptin
receptor when compared with the control
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group. However, the rats in the HFD and cis
groups showed a significant decrease (P<0.05)
in gene expression of leptin receptor when
compared with the trans group (Figure 2b).
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Figure 2: Changes of relative gene expression of leptin (ob) in adipose tissue (A) and leptin receptor (B) in the
hypothalamus of control, trans-fatty acids, and high fat diet and cis fatty acids.

Discussion

The current study revealed a weighty
increase in the trans and HFD groups that
consumed food with PHVO (51.57% of the
energy of TFAs) and beef tallow in the body
weight comparing with the control group and
this result was noticed previously by Kubant et
al.[35]that may reflect the induction of obesity
by feeding PHVO and beef tallow for 12
weeks and causes enhancement of the leptin
gene. But there was no significant difference
between trans and HFD groups. This result
agreed with those reported by Longhi et
al.[25]who did not find a significant increase
in the body weight of adult male Wistar rats
fed partially hydrogenated soybean 0il(57.3 %
of the energy of TFASs) and high-fat lard (57.3
% of energy) for 12 weeks.

More studies have reported the impact of
TFAs diet feeding on obesity, and glucose
homeostasis but till now there is no exact data
for the detailed impact on the molecular

mechanism of the leptin-resistant state and
metabolic disorder state generate by TFAs diet
feeding [6]. Therefore, this study dealt with
that problem and the obtained results revealed
that TFAs diet feeding resulted in a significant
increase in the expression level of leptin and
leptin receptor genes.

In obesity and leptin dysfunction, the
hyperleptinemia in executing its biological
impact of suppressing the appetite has brought
us to understand the development of leptin
resistance. Such resistance can result from
various mechanisms in the Kkinetic and
dynamic process of leptin; the first cause of
leptin resistance is reduced leptin transport
across the blood-brain barrier. The second
cause is impaired leptin signal transduction in
neurons [36].

Leptin resistance is linked with the
development of insulin  resistance in
individuals with T2DM [37].The development

6
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of T2DM is associated with obesity,
hyperinsulinemia, and insulin resistance has
been observed and obesity is related with a
marked elevation in the circulating leptin
concentration [38]. Our results demonstrated
an elevation in the insulin level in TFAs and
HFD groups. These results agreed with Hua et
al.[39]who mentioned that insulin resistance
syndrome has been related with an increased
risk of developing obesity.

The obtained results came in agreement
with Aronis et al.[40Jwho suggested that an
improvement of lipid metabolism disorders
and also worst in insulin resistance in TFAs
and HFD groups suffered from obesity. Lp (a)
level was markedly increased in the trans
group and this result was in agreement with
Dhibi et al.[41]. They reported the
inflammatory  impacts and  endothelial
dysfunction after PHVO consumption which
has been shown to induce accumulation of
inflammatory cells, linked with increased
activity of Lp (a), inducing cardiovascular risk
and atherosclerotic.

The lipid metabolism disorder induced by
feeding of PHVO and beef tallow to rats was
indicated by an elevated level of plasma
lipoproteins like TC, TAG, LDL-C, VLDL,
and Lp (a). The raise of Lp (a) in serum
suggested a result of lipotoxicity induced
through the consumption of PHVO and beef
tallow[42].According to Nestel et al.[10] the
feeding of TFAs and HFD to rats caused
diminished HDL-C and so, presumably, the
risk of CVDs. Diminishing this parameter is a
negative  factor because the HDL-C
concentration is directly related to the
protective impact on CVDs. However, the
difference among the groups was not
significant. More studies will be required. In
addition, one of the important risk markers for
CVDs is LDL concentration [43]. Our results
showed an increase in the LDL in TFAs and
HFD groups which in the same line with the
findings of Markey et al.[44]. Even though,
the difference was not significant between the
groups. The differences demonstrated in this
study are proportionate with the other studies
that the feeding of sources of trans-fatty acid

raises levels of LDL-C versus MUFA or
PUFA feeding [45]. This probably due to the
content of TFAs in PHVOs that alters various
metabolic processes as the fluidity of cell
membrane, causing a difficult coupling of the
LDL receptor with its ligand[46].

Epidemiological studies demonstrated that
n-6 PUFA, especially a linoleic acid dietary
feeding, significantly decreases levels of blood
LDL-CI[47]. Linoleic acid acts as a ligand of
Peroxisome proliferator activated receptor
gamma (PPAR) transcription factors and
prevents transcription of certain gene-encoding
enzymes concerned inside the synthesis of
hepatic lipogenesis, and as an alternative
provide the synthesis of enzymes involved in
B-oxidation [48]. So, linseed oil rich in linoleic
fatty acid may do a hypocholesterolemic
impact that coincides with our findings.
Although, Czernichow, et al. [47]estimated
that more consumption of n-6 PUFA can cause
adverse outcomes on health and hence
recommend achieving a balance between fatty
acids of n-6 and n-3 feeding and setting an
upper limit.

In addition to the impact of linseed oil to
decrease the levels of cholesterol and blood
glucose by decreasing and delaying their
absorption from the intestine that agreed with
our result even though it is not significant. It
has an impact on reducing the risk of several
chronic diseases such as hyperlipidemia,
atherosclerosis, CVD, and cancer [49].

Linseed oil has an anti-inflammatory and
antioxidant activity which may decrease the
oxidative damage in several diseases such as
diabetes and heart disease [50] in agree with
our result that showed marked reduction in
MDA and elevation in TAC of linseed oil
group.

Feeding TFAs and HFD raised free
radicals as MDA concentration causing
destroy to the fat cell membrane fluidity and
high leptin[51]. The increase in leptin levels
after feeding TFAs and HFD is in agreement
with the findings of Koppe et al.[14]. TFAs
and HFD feeding cause an elevation in the
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leptin receptor level that affect the leptin
signaling pathway and block the leptin action
to bring into the hypothesis of leptin resistance
and obesity [52]. When trans fats are
incorporated into the cell membranes, the
membrane fluidity is diminished, and the cells
do not act as well. The impact is then to
elevate more production of reactive oxygen
species that explain the increase in lipid
peroxidation in the groups fed with TFAs and
HFD diet and a significant decrease of
TAC[20].

Zambonin et al.[53]declared that the free
radicals that formed during stressful cases can
able to induce TFAs production by
isomerization of cis-trans of their cis precursor
in vivo. Indeed, it has been showed that the
free-radical stress joined with weakened
defense systems can change the molecular
shape of unsaturated fatty acid (UFA) residues
in vivo. In this study, a clear relation was
observed between oxidative stress and TFAs.

Conclusions

It can be concluded that excessive intake
of trans-fatty acids may be linked with various
disturbances including dyslipidemia,
lipoprotein (a), metabolic hormones instability,
and imbalance in oxidative stress.
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