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Abstract

The long-term consumption of edible fat may influence obesogenic effects and
atherosclerosis. This work was to examine the effect of oleogel (OG) made from a
beeswax and canola oil mixture supplement on anti-obesity and blood vessel health in rats.
Male Sprague-Dawley (n=24; 4 weeks old) were divided into three groups and fed either a
regular or high-fat diet (HFD) or an OG diet for 8 weeks. Bodyweight gain, dietary intake,
body compositions (visceral fat and liver), blood characteristics (glucose, TC, TG, HDL,
LDL and VLDL), hepatic enzymes (AST, ALP and ALT) activity, liver histopathology,
lipid droplets size, and hepatic steatosis area were determined. Also, lipogenesis and
angiogenesis-related gene expression were quantified. Supplementation with OG resulted
in a significant reduction of body weight and visceral fat (»p<0.05). Moreover, serum lipid
profiles and liver enzymes were improved (p<0.05) compared to HFD supplementation.
Lipid droplet size and liver steatosis area were decreased by OG treatment (p<0.05). The
mRNA level of FASN and SREBPIc was downregulated in the visceral fat. OG
supplementation showed up-regulation of VEGF and eNOS while suppressing the
inflammatory response effect-related gene in animals, CD36, when compared with the
HFD group (p<0.05). It can suggest that OG supplementation in the diet is delivering
health benefits in anti-obesity and improving vascular function, which can be developed
into a functional food material.

1. Introduction

Consuming baked products high in trans fats can

(Restrepo and Rieger, 2016). A high amount of saturated
fats and trans-fats may cause many health diseases, such

lead to obesity and atherosclerosis. In particular, the
development of an obesogenic and arteriosclerotic state
(Mendes-Junior et al, 2018). Several studies have
demonstrated that the consumption of high-fat food can
cause an increase the weight gain and obesity (Sears and
Ghosh, 2016; Limpimwong et al., 2017).

Metabolic disease develops from the metabolic
disorder pathway as well as the abnormal lipid
metabolism and/or carbohydrate metabolism pathway
(Cooke et al., 2016). Currently, the mortality rate in the
world caused by ischemic heart disease, cardiovascular
disease (CVD), and strokes is continually increasing due
to the excessive consumption of trans-fatty acids
(Julibert ef al., 2019). Generally, this type of fat is found
in bakery products, or it is contained in the main
ingredients, such as shortening and margarine, which are
used to produce baked goods. Trans-fat is generated by
the hydrogenation process, which involves changing the
structure of the lipids from liquid forms to solid forms
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as obesity, cardiovascular disease, and coronary heart
disease. (Fukushima and Lopaschuk, 2016; Giacomozzi
et al., 2018). Because trans-fat promotes a disadvantage
with health functionality, OG has been emphasised in the
food science area as well as the food industry due to its
high levels of poly-USFA. Many studies have indicated
that oleogels could substitute butter or shortening.
Oleogelation uses gelators to organize liquid oils into
thermally  reversible, three-dimensional network-
structured solid-like fats with viscoelastic qualities,
meeting the demand for flexibility and spreadability in
culinary applications. Several kinds of food products,
such as instant fried noodles (Lim et al., 2017), muffins
(Oh and Lee, 2018), cakes, chocolate pastes, spreads,
and margarine-like products, are examples of innovative
food products obtained by OG utilization. Even though
OG has been approved as a safe food additive material,
there are no reports about the impact of OG that is
prepared using beeswax and a canola oil mixture as a
substitute for high-fat foods from a health perspective.
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Therefore, this study aimed to determine the effect of a
partial substitution of a shortening (HFD) by OG that
was made using beeswax and a canola oil mixture on the
anti-metabolic syndrome diseases via an in-vivo model.

2. Materials and methods
2.1 Animal, diet, and experimental design

Male (24) Sprague Dawley rats were used in this
study. The rats were 4 weeks of age and weighed
between 100 and 110 g, and they were purchased from
DBL Co., Ltd. (Eumseong-gun, Chungcheongbuk-do,
Republic of Korea). The animal experimental procedure
followed the guidance of the Association for Assessment
and Accreditation of Laboratory Animal Care (Approved
No. SJ-20150701E2), Sejong University, Seoul, Korea.
Before the experiment was performed, the animals were
left and handled at room temperature for 24 h. The study
included three diet groups: a regular diet (control group),
a high-fat diet (HFD) with 24.50% shortening to induce
obesity, and an oleogel diet (OG) containing 12.25%
shortening, 11.05% canola oil, and 1.20% beeswax for 8
weeks, which were produced and obtained from the
RaonBio company (Giheung-gu, Yongin-si, Gyeonggi-
do, Republic of Korea). About 30 g from each diet was
fed to the rats, and water was provided ad libitum during
the length of the experiment. The rats’ body weights and
dietary intake were measured daily.

The author defined the OG as the components
created by combining edible beeswax and canola oil in
the animal diet.

2.2 Blood sample and tissue collection

Upon completion of the experimental period, the
animals were anaesthetised with CO,, and blood was
obtained via heart puncture into a sterile tube devoid of
anticoagulant. The samples were then centrifuged at
1000xg to isolate the serum for subsequent assays. The
aorta part of the heart was sampled, and it was
immediately placed in liquid nitrogen and kept at -80°C
to perform the required investigations. The visceral fat
was sampled and weighed. The liver tissue was excised,
weighed, and it was kept in 10% formalin for 24 h.
before transportation to a company for histopathological
analysis.

2.3 Serum lipid profiles, glucose level, and hepatic
enzyme activity assay

The glucose levels of the animals were assessed on
the first day, and at 1 week, 4 weeks, and 8 weeks of the
experiment, utilising a digital glucometer (CareSens®
Blood Glucose Test Strip, Seocho-gu, Seoul, Republic of
Korea).
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The blood serum including total cholesterol (TC),
triglycerides (TG), high-density lipoprotein (HDL), low-
density lipoprotein cholesterol (LDL), and very-low-
density lipoprotein (VLDL)) as well as alanine
aminotransferase (ALT), aspartate aminotransferase
(AST) and alkaline phosphatase (ALP) were analyzed by
the GC Pharma LAB company (Green Cross
Corporation, Yongin-si, Gyeonggi-do, Republic of
Korea). All the blood analysis and the liver enzymes
were expressed as mg/dL and U/L, respectively.

2.4 Histopathological analysis, lipid droplet size and
hepatic steatosis area determination

The liver cross-section was stained with H and E
reagent from Korea CFC (Yongin-si, Republic of Korea)
and subsequently mounted on a glass slide for future
analysis. A digital microscope with a camera (Motic®
Model: BA210 Microscope, US) was used to observe the
morphology and the lipid accumulation in the liver. The
ImageJ program under the ICY software package
(Version 1.9.4.1 was used to quantify the lipid droplet
size and the hepatic steatosis area distribution. Then, the
data was recorded and expressed as an average with
standard deviation (Mean + SD).

2.5 RT-PCR determination

The aorta and the liver tissues were ground with a
mortar and subjected to the mRNA isolation process.
The MagListoTM 5M Tissue Total RNA Extraction Kit
(Bioneer Corporation, Seoul, Korea) was used for the
RNA isolation following the manufacturer’s guidelines.
Afterwards, the cDNA was synthesized from the total
RNA obtained using AccuPower® CycleScript RT
PreMix (Bioneer Corporation, Seoul, Korea) following
the company protocols. To synthesize the cDNA from
the samples, the GeneAmp® PCR System 9700 (Applied
Biosystems, Marsiling, Singapore) was used for a
reverse transcription process was performed and set at
45°C for 60 min to synthesis the cDNA. It was then set at
95°C for 5 min. For the heat inactivation step. The
synthesized cDNA sample was used for a comparative
cycle threshold experiment for the relative gene
expression levels. The quantitative real-time PCR was
performed using an AccuPower® 2X Greenstar qPCR
Master Mix (Bioneer Corporation, Seoul, Korea) with a
StepOnePlus Real-Time PCR system (Applied
Biosystems, Marsiling, Singapore). The primer
sequences used for the quantitative real-time PCR are
FASN, F: 5-GGAGCCATGGATTGCACATT-3', R: 5'-
AGGAAGGCTTCCAGAGAGGA-3"; SREBPIc, F:
TGTCAACCGTGTCAGCCTG-3', R: 5'-

TGGATGATGTTGATGATAGAC-3"; CD36, F: 5’-
AGGAAGTGGCAAAGAATAGCAG-3’, R: 5’-
ACAGACAGTGAAGGCTCAAAGA-3’; eNOS, F: 5’-
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CGAGATATCTTCAGTCCCAAGC-3’, R: 5’-
GTGGATTTGCTGCTCTCTAGG-3’; and VEGF, F: 5’-
ATCATGCGGATCAAACCTCACC-3’, R: 5’-

GGTCTGCATTCACATCTGCTATGC-3".The GAPDH
(F:  5-ACCACAGTCCATGCCATCAC-3', R: 5'-
TCCACCACCCTGTTGCTGTA-3") was used as a
housekeeping gene. The qPCR cycling conditions are as
follows. The initial state was set at 95°C for 5 min, the
denaturation step was set at 95°C for 5 s, the annealing
step was set in the range of 47-55°C for 30 s, the
extension step was set at 72°C for 45 s, and the 35 cycles
were adjusted. All the data were analyzed using StepOne
Software v2.3 with the AACT method, and the
quantitative gene expression was reported.

2.6 Statistical analysis

All data were collected for three replications, and
they are presented as mean + standard deviation (SD).
The SPSS software version 16.0 (SPSS Inc., USA) was
used to identify the significance level of the experiment.
The t-test analysis was applied to compare the body
weight between the HFD and the OG group treatment at
p<0.01 and p<0.05. For other parameters, a one-way
ANOVA and Duncan’s multiple ranges were applied.
The significant difference level was considered at
p<0.05.

3. Results and discussion

3.1 Effect of oleogel supplementation on body weight,
body composition and dietary intake of animals

As shown in Figure 1 and Table 1, a significant
difference was observed in the bodyweight of the
animals between the treatment group and the control
after 4 weeks of the experiment (p<0.05) (Figure 1). In
the comparison between the HFD and the OG groups,
differences in the body weights were found in week 7 of
the trial period (p<0.01). The weight increase could
possibly be due to the increase in visceral fat, which can
be seen in Table 1. The decrease in animal body weight
may be ascribed to the consumption of unsaturated fatty
acids (USFAs) abundant in canola oil, leading to a
reduction in body fat composition. The HFD treatment
had the highest amount of visceral fat composition
(22.45+3.40 g) when compared to the OG (20.71+£2.33 g)
and the control (12.05+1.02 g) groups, but there were no
significant differences observed in the liver weight
(»>0.05). In general, the amount of total fat mass in the
mammalians, which does not include water, directly
affects the body weight increase in conjunction with the
BMI index value (Rosenquist et al., 2013). A previous
study by Swithers et al. (2011) reported that the body
weight and the body composition, which include the
liver, kidneys, and the heart of the rodent, have increased
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Figure 1. Effect of OG supplementation on the growth
performance of animals. HFD: high-fat diet, OG: oleogel.
* shows a significant difference level at p<0.01 between HFD
and OG groups treatment.
* shows a significant difference level at p<0.05 compared with
a control group.

Table 1. Dietary intake and body composition weight.

Treatments Dietary intake ~ Visceral fat Liver tissue
(g/day) (8) (8)

Control 23.91£0.90°  12.05+1.02°  12.36+2.16"

HFD 22.13£1.69°  22.45+3.40°  14.02+2.31°

0G 23.18+1.63*  20.71+2.33%  13.69+1.34°

Values are presented as meantSD (n=8). Values with
different superscripts are statistically significantly different at
p<0.05. HFD: high-fat diet, OG: oleogel.Values are presented
as meantSD (n=8). Values with different superscripts are
statistically significantly different at p<0.05. HFD: high-fat
diet, OG: oleogel.

with long-term HFD feeding. Milagro et al. (2006) also
found that the animals fed HFD showed a higher body
weight, a higher total liver weight, and a higher fat
deposition when compared with the regular diet feeding.
In the current study, the results were extremely
consistent with previous data about HFD treatments.
This type of interpretation of growth performance
alteration may lead to possible obesogenic effects.
Furthermore, scientific evidence has noted that the high
accumulation of adipose tissues in mammals results in
the lipid metabolism pathway disorder, which leads to
obesity and related diseases (Ailhaud et al, 2008).
Moreover, it may also cause an insulin resistance state,
which is the hormone that controls the blood sugar level,
and contribute to obesity-related hyperleptinemia
through the release that controls leptin hormone from
adipocytes. However, after the OG diet was administered
in this study, it revealed that it could significantly reduce
the body weight and the visceral fat but not the liver
weight of rats (p < 0.05), which could lead to anti-
obesogenic effects. These effects may be possible due to
the level of unsaturated fatty acids (USFA) that is
contained in the beeswax and the canola oil OG mixture
that activated or re-programmed the adipose tissue cell
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function and their production, as well as the cell
signaling pathway in the animals. Similarly, good
evidence and an explanation of this occurrence have
elucidated the results from the case studies of previous
research (Rombaldova et al., 2017; Alves et al., 2017,
Gonzalez-Hurtado ef al., 2018; de-Moura et al., 2018).

3.2 Effect of oleogels supplementation on blood serum
characteristics and hepatic enzyme activity of animals

This study demonstrates that a chronic HFD
substituted with the OG intake induces a change in the
blood biochemical profiles in rats. According to Table 2,
a comparison between the HFD and the OG group
treatment, OG group has shown a desirable value in the
lipid serum profiles of animals with decreased TC and
TG, but not the LDL. In contrast, the HDL wvalue
increased (p<0.05). Interindividual variability in blood
LDL cholesterol after saturated fatty acid replacement
has been extensively studied (Koutsos et al., 2024). The
LDL cholesterol-lowering effect of substituting saturated
fatty acids with unsaturated fatty acids depends on a
reciprocal relationship between endogenous cholesterol
synthesis, primarily in the liver, and intestinal
absorption, which regulates LDL receptor transcription.
The observed elevation in serum biomarkers of intestinal
cholesterol absorption after the lower-SFA/higher-UFA
diet may be a compensatory reaction to decreased
cholesterol synthesis (due to diet-induced upregulation of
LDL receptor activity), but lathosterol and desmosterol
did not decrease. The change of lipid composition in
cellular membranes due to dietary fat may affect blood
LDL cholesterol, although this was not addressed in this

Table 2. Blood characteristics of animals.

context (Koutsos er al, 2024). Triglyceride is an
important parameter which can be synthesized in the
liver and the fat cells of mammals, and a high amount of
TG  accumulation  stimulates lipogenesis  and
adipogenesis activity (Madsen ef al., 2005). Moreover, it
has also affected coronary artery disease via stimulating
the pro-inflammatory effects of the blood vessels (Yang
et al., 2018). According to Limpimwong et al. (2017),
who studied the effect of an OG prepared with a mixture
of rice bran wax and rice bran oil, noted that the OG diet
significantly reduced the TC and the TG in rats
compared to an HFD treatment. Another study revealed a
similar trend of results with the animal’s blood
characteristics, which were reported by Mendes-Junior et
al. (2018). The blood glucose testing ranged from
114.00+5.39 mg/dL to 188.00+£20.14 mg/dL after the rats
were fed the diet for 4 weeks. All treatments have
significantly lowered blood glucose (p<0.05). Therefore,
it is possible to note that the OG diet might interfere with
the glucose metabolism as well as the insulin sensitivity
pathway in the rats. Munkong ef al. (2016) and Cui ef al.
(2015) found a similar tendency with the current study in
blood biochemical parameters changes in rodents
induced obesity and diabetes model. Nevertheless, the
next study needs to confirm these effects through the
determination of leptin and adiponectin signaling
pathways with anthropomorphic indices of obesity due to
associating the alteration of blood lipids and insulin
resistance state (Ayina et al., 2016; Boyapati et al.,
2018).

To improve the understanding of the influence of the

Serum lipid profiles (mg/dL) Control HFD oG
TC 46.00+8.69" 75.40+13.18" 73.80+5.85°
HDL 36.60+6.27° 57.60+5.61° 63.40+8.76
LDL 7.001.58° 11.80+3.27° 13.20+4.55°
TG 64.80+5.43¢ 112.60+10.42° 76.60+12.46°
VLDL 18.40+8.62° 12.80+2.17° 15.2042.68%
Hepatic enzymes (U/L)
ALP 118.00+33.23° 178.20+49.22° 137.40+37.73°
ALT 23.00+2.00° 33.00+6.56° 27.40+5.18%
AST 87.00+18.76" 144.80+32.45 118.00+21.23%
Glucose level (mg/dL)
Initial day 114.20£11.03*°°  116.80+6.53® 114.00+5.39°
Week 1 159.00+24.30"  163.40+13.89™8  161.00+22.89**
Week 4 171.00£10.02%  188.00+20.14*  183.00+13.08**
Week 8 159.40+8.44°®  178.80+13.20**  159.00+7.58b"®

Values are presented as mean+SD (n=8). Values with different lowercase superscripts in the same row are statistically
significantly different at p<0.05. Values with different uppercase superscripts in the same column are statistically significantly
different at p<0.05. TC: total cholesterol, TG: triglycerides, HDL: high-density lipoprotein, LDL: low-density lipoprotein
cholesterol, VLDL: very low-density lipoprotein, ALT: Alanine aminotransferase, AST: aspartate aminotransferase and ALP:

alkaline phosphatase, HFD: high-fat diet, OG: oleogel.
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animals' liver activity after the supplementation of an
OG diet, the liver efficiency through the liver function
enzymatic activity was also examined. The normal level
of hepatic enzyme activity, which typically indicates
liver dysfunction and the liver inflammation state, is not
over 0-35 U/L, 0-48 U/L, and 30-120 U/L of AST, ALT,
and ALP, respectively (Nyblom et al., 2006). Table 2
illustrates that the OG group treatment had a lower value
of AST (118.00+21.23 U/L), ALT (27.40+5.18 U/L),
and ALP (137.40+£37.73 U/L) when compared with the
HFD group (AST: 144.80+32.45 U/L, ALT: 33.00+6.56
U/L, and ALP: 178.20+49.22 U/L) (p<0.05). The long-
term HFD intake promoted a dramatic effect on liver
function. Contreras and Hernandez (2016) reported that
increased specific plasma enzymes are considered liver
damage and liver disease development, which is
associated with the hepatic mitochondrial enzymes
release, which leads to a high level of ROS, which is
reactive oxygen species, the production that causes the
liver inflammatory effect in mammals. The study of the
effects of omega-3 fatty acids in nonalcoholic fatty liver
disease (NAFLD) via the meta-analysis data has found a
positive correlation with the reduction of hepatic
enzymes that include ALT, AST, and GGT (gamma-
glutamyltransferase) (Lu et al.,, 2016). Thus, an OG diet
in recent trials that was composed of canola oil, which is
an abundant source of omega-3 fatty acids, might play an
important role in hepatic health functionality and
regulate the hepatic enzymes with the advantage of this
fatty acid and resulting in anti-fatty liver disease. Based
on the current findings, it can be implied that a high rise
in the liver enzyme levels can cause poor biological
activity in the liver, which contributes to the
consideration of this parameter as a biomarker that
indicates obesogenic causes.

3.3 Effect of oleogel supplementation on liver
morphology, lipid droplet size, and hepatic steatosis
area distribution

According to the previous studies, the excessive lipid
synthesis via an endogenous and exogenous pathway and
its accumulation in the liver of animals might be chronic
HFD-induced obesity that causes inflammation and
steatosis (Tovar et al., 2011; Batista et al., 2018). Figure
2A-2C shows the effect of an OG supplemented diet on
rats' liver morphology, lipid droplet size, and lipid
accumulation. After an OG treatment for 8 weeks, the
lipid droplet size had significantly reduced
(126.70£10.60 um) when compared to the HFD group
(159.07£15.44 pm) (p<0.05). Also, OG provided a
decrease in the hepatic steatosis area in the rats (HFD:
59% and OG: 31%). The results are observed in Figure
2A, which displays the liver morphological
characteristics. The high accumulation of lipids in the
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visceral fat contributes to the increase in body weight, as
shown in Figure 1. Although liver weight did not
significantly differ among groups, the reduction in
hepatic lipid droplet size in the OG group suggests a
reduction in fat accumulation within the liver tissue
itself, independent of total liver mass. Likewise, Milagro
et al. (2006) illustrated that an increased animal weight
induced by HFD feeding causes liver oxidative stress.
This effect contributes to low liver activity, and it may
suppress the lipid oxidation process that leads to an
inflammatory condition of the liver and liver damage.
Poor up-regulating lipid synthesis in conjunction with
white adipose tissue numbers assembly in rats' liver,
which is illustrated in Figure 2C, could be indicated by
the poor lipid metabolism pathway via the inflammatory
effect of the liver. The results also suggest potential liver
dysfunction, as indicated by elevated liver enzyme levels
(Table 2), potentially associated with impaired hepatic
function and liver inflammation. Consequently, this leads
to the development of risk factors that cause obesity and/
or related metabolic diseases. Moreover, previous studies
by Kim and Jang (2014) illustrated that the accumulation
of hepatic triglycerides is associated with altered
expression of key lipogenic genes, including PPARY,
FASN, LPL, and CPT-1, which are regulated by the
overexpression of SREBPs. Ailhaud et al. (2008) noted
that the suitable equilibrium ratios of the fatty acid
composition in the OG diet, which contained canola oil,
may suppress the adipogenesis processes that result in
the lower lipid hoarding capacity. However, to clarify
these mechanisms and the related pathways, the

determination of the specific biomarkers that play a vital
role in controlling the transcriptional or mediator
with the

cytokine response associated function of

200

-
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BControl BBHFD EHOG

HFD oG
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Figure 2. Effect of OG supplementation on liver cross-section
morphology (A), lipid droplets size (B) and hepatic steatosis
area (C). Values with different lowercase superscripts in the
same row are statistically significantly different at p<0.05.
HFD: high-fat diet, OG: oleogel.
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adipogenesis should be investigated to confirm the
efficacy of an OG diet supplementation on mammalian
health functionality.

3.4 Effect of oleogel supplementation on the mRNA
regulation of lipogenesis and angiogenesis-related gene
expression

The oxidative stress of adipocytes in conjunction
with endothelial cells leads to the generation of lipid
peroxidation in the lipid metabolism pathway and the
increase of the risk factors involved with vascular
flexibility (Ardestani et al, 2008). The effect of OG
substitution into the HFD on the regulation of
lipogenesis and vasculogenesis is shown in Figure 3. The
fatty acid synthase (FASN) and the sterol regulatory
element-binding protein 1c (SREBPlc) showed a
significant increase in the mRNA expression in the HFD-
induced obesity group (p<0.05). Also, it showed
downregulation of these lipogenesis-related genes after
the OG treatment (p<0.05) (Figure 3A and 3B,
respectively). Comparatively, the HFD-fed rat treatment
showed a rise in the CD36 gene (Figure 3E). The main
protein functioned in lipid uptake in mammalian cells
when it was compared with the OG and the control
treatment (p<0.05). For the vaso-protective effects, the
OG exerted the mRNA level of the endothelial nitric
oxide synthase (eNOS) and the vascular endothelial
growth factor (VEGF) compared to the HFD group
(Figure 3C and 3D, respectively). In general, during the
differentiation process, the white adipose tissue was
mainly controlled by the function of the peroxisome
proliferator-activated receptor-gamma gene (PPARY) via
the stimulation of the SREBPIc and the CEBPa

A) FASN B) SREBP1c
{ 6.00 a - 8.00 .
2 >

E 5 400 1 2 5 2,"6'00
s8Z500 ] © e £3 400 b
> - 3 s
.:_.: &% ;3 E.% 2.00 b
g “ 1 0.00 g “ & 0.00
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Figure 3. Relative expression levels of genes related to
lipogenesis (A and B) in the visceral fat and angiogenesis (C,
D and E) in aortic tissue. Bars with different notations are
statistically significantly different (»<0.05).
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(CCAAT/enhancer-binding protein alpha) gene, which
contributed to the adipocyte-specific gene expression.
Park and Sung (2015) reported that lipid synthesis and its
accumulation in the fat cells were inhibited by the
supplementation of carnosic acid through the attenuation
of the fatty acid desaturation during the differentiation
process. Sekiya et al. (2008) found that the oxidative
stress in the HepG2 cells was caused by the lipid
accumulation that passes the activation of the SREBP1c
gene, which leads to the poor control of genes that are
associated with fatty acid production. In particular, the
FASN. However, this study showed a reduction in the
mRNA expression of both the lipogenesis-related genes,
which included the SREBP1c and the FASN (Figure 3A
and 3B), after the OG treatment in the animals. Based on
these results, it can be suggested that controlling the
SREBPIc may influence lipid homeostasis by
suppressing the FASN mRNA expression level in rats
fed an OG diet, which contributes to inhibiting the fatty
liver disease-induced hepatic lipogenesis pathway
(Eissing et al., 2013).

The vascular disorders caused by oxidative stress or
dysfunction of the vascular cells affect angiogenesis in
mammals, which contributes to the development of
atherosclerotic disease (Munkong et al., 2016; Yang et
al., 2018). The suppression of VEGF (Vascular
Endothelial Growth Factor) in vascular smooth muscle
cells with the excessive uptake of lipid induces a
vascular dysfunction. According to Figure 3E, an HFD-
fed rat promoted a higher mRNA expression of CD36,
which resulted in the downregulation of VEGF and the
eNOS synthesis. The CD36 is involved in multiple
processes of lipid metabolism pathways in the whole
animal system, which also plays an important role in
producing lipoprotein and the lipolysis processes (Zhao
et al., 2018). Systemic lupus erythematosus, dialysis,
obesity, and type 2 diabetes are examples of patients
with chronic inflammation, which have significantly
increased the risk of atherosclerosis (Zhao et al., 2018).
The report from Yang et al. (2018) noted that cardiac
repair has been recovered by the signalling mechanisms
that mediate the endothelial cells and increase the VEGF
mRNA expression and the VEGF serum level of the
animal regarded with time and in a concentration-
dependent manner. Munkong et al. (2016) demonstrated
that rats fed with rice bran water extract in conjunction
with HFD provided lower levels of the CD36 and the NF
-kB p65 but raised the eNOS mRNA expression in the
rodents' aorta. Moreover, the reduction of the serum
MDA levels was observed in the rice bran water
extracted (RBWE) treatment compared with the HFD.
This study did not determine the MDA level, which is a
biological marker for vascular oxidative stress
conditions. These recent trials are consistent with the
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previous studies, which illustrated the effects of low-fat
food and dietary fatty acids, especially among
unsaturated fatty acids, such as omega-3, 6, and 9. Also,
the intake helps to regulate the serum nitric oxide
synthase enzyme and the inflammatory mediator
cytokines (TNFa, NF-xB and MCP-1) expression
(Weintraub, 2002; Ardestani et al., 2008; Zhao et al.,
2009; Zhuang et al, 2013; Chait and Eckel, 2016).
Hence, the OG diet in this experiment, which is rich in
omega-3, could prevent the development of vascular
disorders that contribute to cardiovascular disease
through the reduction of lipid uptake in endothelial cells
and the up-regulation of the angiogenesis-related gene
signaling. However, further studies need to confirm other
pathways that are associated with the vascular
inflammatory effects. The lipid metabolism, the glucose
pathways, the insulin sensitivity, and the release of the
calcium ion are obtained from the intracellular and the
extracellular, which influence the molecular mechanism
of the vascular calcification. Also, it may result in a
pathobiological process that correlates with increased
morbidity and mortality in patients with chronic systemic
metabolic diseases (Chang et al., 2015).

4. Conclusion

The study's results suggest that partially substituting
beeswax canola 0il-OG in high-fat diets with shortening
yields favourable health benefits by decreasing body
weight, glucose, total cholesterol, and triglyceride levels,
which are primary contributors to obesity in animals.
Furthermore, it has enhanced the hepatic enzymes that
influence hepatic inflammation, resulting in anti-hepatic
steatosis. While the OG treatment showed modulation of
key angiogenic markers such as VEGF and eNOS,
further studies are needed to confirm whether OG
directly promotes angiogenesis or improves vascular
function through indirect mechanisms. Therefore, the
OG obtained from the beeswax and the canola oil
mixture can be used as an alternative fat ingredient as a
therapeutic food to reduce the risk factors of metabolic
diseases. However, further studies need to consider more
in terms of the related pathways of lipid and glucose
metabolisms at a molecular level to extensively confirm
this beeswax canola 0il-OG 's effects on health functions.
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