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Abstract

A high-fat diet is a pattern of excessive fat consumption that can cause various metabolic function
disorders, such as hypertension, dyslipidemia, obesity, and increased glucose levels. The aim of this study was to
analyze the effect of a high-fat diet on serum tumor necrosis factor alpha (TNF-a) levels as a marker of low-grade
inflammation in Wistar rats. The study was designed using a true experimental randomized posttest-only control
group. Sixteen male Wistar rats weighing 150-250g and aged 4-5 months were divided into two groups. Group K1
was a negative control group that was given normal diet, while group K2 was a group that was given a high-fat diet,
with a fat content of 66.28%. This treatment was controlled for 50 days. The mean TNF-a levels in K1 (290.912 +
1.87) pg/mL and K2 (295.149 + 2.76) pg/mL. Based on the results of independent T-test analysis, TNF-a levels in
groups K1 and K2 were significantly different (P = 0.034 or P < 0.05). This means that a high-fat diet increases
serum levels of TNF-a,, a marker of low-grade inflammation.
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Abstrak

Diet tinggi lemak adalah pola konsumsi lemak berlebihan yang dapat menyebabkan berbagai gangguan
fungsi metabolisme, seperti hipertensi, dislipidemia, obesitas, dan peningkatan kadar glukosa. Penelitian yang
dilakukan bertujuan menganalisis efek diet tinggi lemak terhadap kadar TNF-« serum sebagai penanda inflamasi
tingkat rendah pada tikus Wistar. Penelitian dirancang menggunakan randomized posttest-only control group
eksperimental sejati. Sebanyak 16 ekor tikus Wistar jantan dengan berat 150-250g dan umur 4-5 bulan dibagi ke
dalam dua kelompok. Adalah kelompok K1, merupakan kontrol negatif yang diberi pakan normal, sementara
kelompok K2 merupakan kelompok yang diberi pakan tinggi lemak, dengan kadar lemak 66,28%. Perlakuan ini
dikontrol selama 50 hari. Rerata kadar TNF-a pada K1 (290.912 + 1.87) pg/mL dan K2 (295.149 + 2.76) pg/mL.
Berdasarkan hasil analisis uji T independen, kadar TNF-a pada kelompok K1 dan K2 berbeda nyata (P= 0,034
atau P< 0,05). Hal ini berarti diet tinggi lemak meningkatkan kadar TNF- serum, sebuah penanda inflamasi
tingkat rendah.

Kata Kunci: Diet tinggi lemak, tumor necrosis factor alpha (TNF-a), inflamasi tingkat rendah.

1. INTRODUCTION

Masek & Fabry (1959) were two
scientists who first introduced the term
"High-Fat-Diet" (abbreviated as HFD) or
what is more commonly known as a high-fat
diet (Dubey et al., 2013). Various metabolic
diseases are often associated with this term
(Rani et al., 2016), ranging from obesity,
impaired glucose tolerance, hypertension
(Moreno-fersn et al., 2018), to insulin
resistance which triggers type-2 diabetes
(Welty et al., 2016).

A high-fat diet is a pattern of
excessive fat consumption that can cause

JBP Vol. 26, No. 1, Juni 2024- Cut Indriputri
DOI 10.20473/jbp.v26i1.2024.38-51

various metabolic function disorders, such as
hypertension, dyslipidemia, obesity and
increased blood glucose levels (Moreno-fern
et al., 2018; Mamikutty et al., 2014; Larsen
et al., 2018). This condition is triggered by
low-grade inflammation due to excess fat
deposits in the tissues (called meta-
inflammation) which can progressively
increase the risk of cardiovascular disease,
type 2 diabetes mellitus (Kaur, 2014), and
even death. This is supported by Esser et al
in 2014 in their study "Inflammation as a
link between obesity, metabolic syndrome
and type 2 diabetes” which proves a link
between inflammation and  obesity,
metabolic syndrome and type 2 diabetes.
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Excessive fat consumption (high-fat
diet, HFD) and fat accumulation in
adipocytes, are the initial triggers for meta-
inflammation, namely low-grade chronic
inflammation mediated by the immune
system and various substances derived from
adipocyte tissue. Unesterified fats such as
cholesterol, fatty acids, and their derivatives
are responsible for this inflammatory
response (Walther & Farese Jr, 2012). This
inflammation is the result of continuous
activation of the innate and adaptive immune
system. Under these conditions, there is an
increase in  various  pro-inflammatory
cytokines in the form of leptin (Brzeska et
al., 2013), monocyte chemoattractant
protein-1 (MCP-1), tumor necrosis factor-o
(TNF-a), interleukin-6 (IL-6), interleukin-1
beta (IL-1B) (Siriwardhana et al., 2013;
Patterson et al., 2015; Shen et al., 2015;
Shen et al., 2013; Patterson et al., 2015;
Shen et al., 2013), interleukin-18 (IL-18)
(Pugia, 2015) and decreased anti-
inflammatory cytokine (IL-10) (Poret et al.,
2018). Adipocyte tissue macrophages
(ATM) in this case, are responsible for
almost all expression of TNF-a which
triggers the activation of other immune cells
(Engin, 2017). This is in line with a study
conducted by Telle-hansen et al in 2017
which proved that a high-fat diet can have an
effect on the emergence of inflammatory
markers in  overweight and obese
individuals. A number of researchers have
also proven that accumulated fat will secrete
a number of cytokines (adipokines) such as
leptin (Ameer et al., 2018; Brzeska et al.,
2013), MCP-1, TNF-0, IL-6, IL-1B
(Siriwardhana et al., 2013; Patterson et al.,
2015; Shen et al., 2013), and IL-18 (Pugia,
2015) to attract macrophages, or act as
antigens that can be recognized by immune
cells, such as Thl cells, CD8+ T cells, and
NKT cells (Kammoun et al., 2014; Satoh &
Iwabuchi, 2018). The accumulation of these
conditions can cause various damages, such
as decreased expression of IRS-1 and
GLUT-4, the main factors causing various
metabolic function disorders (Leguisamo et
al., 2012; Poletto et al., 2015). As for other
meta-inflammatory effects, they can also
arise from an imbalance in the metabolism
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of the gut microbiota (dysbiosis) (Fawley &
Gourlay, 2016), recognition of free fatty
acids (FFA) by a number of pattern
recognition receptors (PRR), and
mitochondrial dysfunction (Marchi et al.,
2014).

This study aimed to analyze the
effect of a high-fat diet on serum TNF-a
levels, a marker of low-grade inflammation.
This research provides additional knowledge
for the community to maintain a healthy diet
to avoid various diseases, especially those
related to metabolic diseases.

2. HIGH-FAT DIET AND
METABOLIC SYNDROME

The term 'High-Fat-Diet' (HFD) or
high-fat diet, was first introduced by Masek
& Fabry in 1959 (Dubey et al., 2013). HFD
is often associated with metabolic syndrome
(Rani et al., 2016). Currently, many studies
have proven that HFD can trigger various
disorders, such as obesity, dyslipidemia,
hypertension, impaired glucose tolerance
(Moreno-fersn et al., 2018) and insulin
resistance (Welty et al., 2016).

According to Rini & Wahyuni
(2012), to increase triglyceride levels from
41.28 + 6.72 mg/dL to 62.77 + 7.19 mg/dL
can be done by administering HFD which
consists of 1 part lard and 2 parts yellow
chicken eggs for 14 days (Rini & Wahyuni,
2012). This is supported by the statement of
Hendra et al (2011) that administration of
HFD with a composition of 100 g of egg
yolk and 50 g of lard in white rats was able
to increase cholesterol by 91% from the
14th day and triglycerides by 87% from the
30th day (Hendra et al., 2011).

As for 100 g of lard, there is as
much as 100 g of fat (Marcus, 2013), while
egg yolk contains 31.9 g (Ministry of
Health & Ministry of Agriculture, 2010).
The amount of fat that can be given once
sonde should not exceed 1% of the rat's
body weight (Brown et al., 2000). This is in
accordance with a study by Turner et al.,
(2012) that rats that were sond with a liquid
substance of 5 ml/kg bw or 1 ml/200 g bw
did not cause negative effects. Thus, for
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mice with an average weight of 216 g, the
amount that can be sonde is 1.08 ml (1 ml).

If converted to g, then the composition of
the feed that is weighed is 0.86 g with a
respective weight of lard and egg yolk
which is 043 g and the total fat

concentration is 66.28%.

3. HIGH-FAT DIET AND LOW-

GRADE INFLAMMATION

Unesterified fats such as cholesterol,

fatty acids, and their derivatives, can trigger

an inflammatory response or what is called
meta-inflammatory (Walther & Farese Jr,

2012). This inflammation is the result of

continuous activation of the innate and

adaptive immune system. Under these
conditions, there is an increase in various
pro-inflammatory cytokines in the form of

leptin (Brzeska et al.,, 2013), monocyte

chemoattractant protein-1 (MCP-1), tumor
necrosis factor-a (TNF-a), interleukin-6
interleukin-1  beta  (IL-1P)

(IL-  6),
(Siriwardhana et al., 2013; Patterson et al.,

2015; Shen et al., 2013), interleukin-18 (IL-

18) (Pugia, 2015) and decreased anti-
inflammatory cytokine (IL-10) (Poret et al.,
2018). Adipocyte tissue macrophages

(ATM) in this case, are responsible for
almost all expression of TNF-a which

triggers the activation of other immune cells
(Engin, 2017).

3.1 Immune Response In Adipocytes

It has long been known that SM is
closely related to chronic inflammation

involving innate immune cells such as

macrophages, neutrophils, mast cells,
eosinophils and adaptive immune cells such
as T helper 2 cells (Th2), regulatory T cells

(Treg), T cells. helper 1 (Thl), CD8+ T
cells and B cells. In adipocyte tissue of
healthy people, these immune cells are in a

state of balance, where immune cells such
as M2 macrophages, Treg cells, eosinophils
(Huh et al., 2014) and Th2 cells play a role

in anti-inflammatory and insulin sensitivity

(Kammoun et al., 2014). However, when
consuming excess fat, the situation becomes
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unbalanced and triggers an increase in
immune cells such as macrophages,
neutrophils, mast cells, B cells, Thl cells
and CD8+ T cells (Choe et al., 2016;
Boutens & Stienstra, 2016) which produce
various pro-inflammatory cytokines
(Kammoun et al., 2014). These cytokines
then migrate to the liver, muscle, and
pancreatic tissue through blood vessels and
can trigger insulin resistance (IR) (Pugia,
2015; Choe et al., 2016).

The anti-inflammatory response is
generally played by M2 macrophages which
produce various anti-inflammatory
cytokines. M2 macrophages are polarized
via signal transducer and activator of
transcription 6 (STATG6) signaling which is
activated by cytokines from Th2 cells and
eosinophils, such as IL-4. Apart from Th2
cells, NKT cells are also known to play a
role in the anti-inflammatory response
because they can produce the cytokines IL-
2, IL-4 and IL-10 (Figure 2.11) (Satoh &
Iwabuchi, 2018; Choe et al., 2016).

3.2 Polarization of M1 Macrophages by
CD8+ T Cells, Thl Cells and NKT
Cells

Adaptive immune cells, such as T
cells, are known to play a role in the early
stages of meta-inflammatory development
in HFD-treated mice (Morin et al., 2017).
These mice showed an imbalance of
inflammatory response in which there was
an increase in Th1/Th17 cells and CD8+ T
cells (Kammoun et al., 2014), while Th2
cells, M2 macrophages (Becker et al., 2017)
and Treg (IL-10 producers), tends to
decrease (Figure 2.23) (Chatzigeorgiou et
al., 2012). This can trigger the development
of SM (Kammoun et al., 2014; Mclaughlin
etal., 2014).

Several aspects that affect T cell
activation in adipocytes are through the role
of T cell cost-stimulating molecules,
namely CD28 and CD154 and the ability of
adipocytes as APCs (Morin et al., 2017).
When fat accumulation occurs in adipocyte
tissue, the response of T cells (especially
CD4+ and CD8+), will be activated in

response to the presentation of polypeptides
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by APC (Kammoun et al., 2014). ATM is

known to be the main APC in T cells.

However, it was recently discovered that

adipocytes may also act as APC (Fig. 2.23)
(Huh et al., 2014).
Activated CD8+ T cells, Thl cells,

and NKT cells will then produce IFN-y, a

pro-inflammatory cytokine that can induce
migration and polarization of M1
macrophages (Chatzigeorgiou et al., 2012;
Satoh & lwabuchi, 2018).

3.3 Gut Microbiota Dysbiosis

The gut microbiota has long been

known to play an important role in obesity
and other metabolic diseases, such as

T2DM, NAFLD, dyslipidemia, and

metabolic syndrome (Chavez-Carbajal et
al., 2019). The composition and activity of
the gut microbiota is strongly influenced by

environmental and lifestyle factors. Diet, in

this case, greatly influences the balance of
the gut microbiota (Mehal, 2013; Festi et

al.,, 2014). HFD is known to change the
pattern of interaction of the intestinal

microbiota and increase pathogenic bacteria

containing lipopolysaccharide (LPS)
(Fawley & Gourlay, 2016).

A number of pieces of evidence
have also been proposed to explain the
effect of HFD on the gut microbiota, but in

general, through increased production of
chylomicrons (CM) and bile acids (BA) as
illustrated in figures 2.25 and 2.26 (Liu et

al.,, 2015), decreased intestinal enzyme
activity  alkaline  phosphatase  (IAP)

(Moreira et al., 2012) and changes in energy

intake by the gut microbiota (Tomas et al.,
2016).
The CM molecules produced can

integrate with LPS through micelles so that

LPS can indirectly penetrate the intestinal
epithelium, enter the bloodstream and cause

endotoxemia and inflammation (Moreira et
al., 2012). In addition, the CM-LPS
complex can also increase intracellular
pressure and reduce tight junction integrity

between enterocytes, even impacting on the

rupture of the basement membrane (Moreira

et al., 2012; van den Brand, 2014). This
then leads to increased intestinal
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permeability and metabolic endotoxemia,
which is characterized by increased plasma
LPS. (Carreira et al., 2018).

Besides functioning to destroy fat,
BA can also change the composition of the
gut microbiota (van den Brand, 2014).
Recent evidence suggests that changes in
the composition or metabolic activity of the
gut microbiota can trigger the development
of obesity and metabolic syndrome (Xiao &
Zhao, 2014). BA is known to have anti-
microbial effects against bacteria in the gut.
The active substances produced, such as
DCA, have the potential as antimicrobial
agents because they have hydrophobic and
detergent properties against bacterial cell
membranes (Ridlon et al., 2015). Through
activation of the farnesoid X receptor
(FXR), BA can regulate host genes and
increase innate defense against microbes
(Torres et al., 2018). However, abnormal
BA metabolism can actually disrupt the
balance of the gut microbiota (Jones et al.,
2014), especially against the decrease in
Bacteroidetes, Actinobacteria (Ridlon et al.,
2015) and Bifidobacter bacteria which
function to maintain intestinal integrity
(Mehal, 2013). The decrease in these
bacteria can lead to an increase in
pathogenic bacteria belonging to the
Firmicutes, Proteobacteria, Verkomikrobia
(Tomas et al.,, 2016) and Enterobacter
(Mehal, 2013) groups.

The active substances contained in
BA, include; cholic acid (CA), deoxycholic
acid (DCA) and chenodeoxy cholic acid
(CDCA). These three substances can induce
increased intestinal epithelial permeability
through activation of the epidermal growth
factor receptor (EGFR) and occludin
phosphorylation in colon cells (Caco-2)
(Murakami et al., 2016).

Over the past few decades, IAP has
been known to play an important role in
maintaining intestinal hemostasis (Bilski et
al., 2017). I1AP especially plays an
important role in intestinal pH regulation,
lipid absorption, detoxification of free
nucleotides and LPS, and modulation of gut
microbes (Lalles, 2014). The IAP enzyme
works by dephosphorylating the lipid-A
group of LPS (Fawley & Gourlay, 2016;
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Bilski et al., 2017), a substance in the cell
walls of gram-negative bacteria that can
cause endotoxemia (Moreira et al., 2012).
Actually, the decrease in IAP due to
HFD is still being debated. Some say HFD
can reduce AP, and vice versa. However,
according to several studies, HFD has been
shown to reduce the expression of IAP

enzymes by increasing pro-inflammatory

cytokines (Figure 2.28) (Bilski et al., 2017).
This is in line with a study conducted by de

La Serre et al., (2010) which proved that

rats that consumed a high-fat diet compared

to those who did not, showed a significant

decrease in IAP enzymes, increased
inflammation in enterocytes, increased
TLR4 activation, increased intestinal
permeability and increased plasma LPS (de
La Serre et al.,, 2010). In addition, Malo
(2015) also showed that mice lacking 1AP

(Akp3 knockout, Akp3—/—) can trigger

T2DM (Malo, 2015). Therefore, IAP
enzyme deficiency can increase intestinal
inflammation, dysbiosis, endotoxemia to
systemic inflammation.

3.4 Adipocyte Hypertrophy

Excessive fat consumption can

trigger hypertrophy in AT which causes

cells to experience hypoxia (Wu et al.,

2010). Actually, there are many hypotheses

about the causes of hypoxia, one of which is
the understanding of low blood flow (Pugia,
2015). According to Engin (2017), blood
flow in AT of obese subjects is around 30-

40% lower than non-obese subjects. As a

result, asympocyte tissue does not have an
adequate supply of oxygen. Therefore,

adipocytes will increase the process of

angiogenesis in order to supply more

oxygen to the tissues (Wu et al., 2010).
Cells experiencing hypoxia can

secrete a number of adipokines in the form

of pro-inflammatory cytokines such as

TNF-a, IL-1B, IL6, IL-8, leptin (Esser et al.,

2014; Welty et al., 2016), IL-18, TGF-p and

several chemokines such as MIC-1, MCP-1,
and CINC-1 (Pugia, 2015), MIF, MMP1
and MMP2, VEGF (Rajan, 2016) which can
cause local insulin resistance (Zubiria et al.,
2017 ) and also systemic such as in the
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liver, muscle, heart and pancreas (Rajan,
2016).

In addition, hypoxia can also cause
ER stress and increase oxidative stress
(Netzer et al., 2015; Ferranti et al., 2008)
which can progressively trigger necrosis or
non-programmed cell death (Francisqueti et
al.,, 2017). Through necrosis, cells will
release various substances that cause
inflammation or so-called DAMPs which
can activate M1 macrophages and dendritic
cells through TLR signaling and other
mechanisms (Nagata & Nakano, 2017).

3.5 FFA Increase and Activation of The
TLR4/2 and NLRP3 Pathways

Apart from being used as energy, it
turns out that FFA can also play a role in
inflammation. The structure of SFA, which
is similar to the endotoxin LPS (Lipid A), is
known to induce TLR4/2 signaling and
stimulate  the  production of  pro-
inflammatory cytokines (Fritsche, 2015).
SFA recognized by TLRs can trigger
activation of JNK and NF«xB signaling.
Activated JNK and NFkB can then increase
pro-inflammatory cytokines (Xiao & Zhao,
2014), serine phosphorylation and IRS,
inhibit P13K and decrease GLUT-4
expression so that they can increase insulin
resistance (Pugia, 2015; Welty et al., 2016;
Rajan, 2016).

In addition, SFA can also activate
the nucleotide-binding domain, leucine-rich
repeat and pyrin  domain pathways
containing protein 3 (NLRP3). Palmitic acid
(PA) (16:0) and stearic acid (SA) (C18:0),
the main sources of SFA, can cause
intracellular crystallization and activate
NLRP3 inflamasomes (Karasawa et al.,
2018; Micaelo et al., 2016) via lysosomal
dysfunction in macrophages and
dysregulation of autophagy (Karasawa et
al., 2018). This pathway is required for the
maturation of pro IL-1p and IL-18 which
play a role in the development of IR and
T2DM (Legrand-poels et al., 2014).

Apart from FFA, various dangerous
molecules or so-called danger associated
molecular patterns (DAMPS) such as ATP,
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cholesterol, urate crystals and ceramides,

can also activate the NLRP3 pathway

(Shirato et al., 2017). Apart from

adipocytes, these DAMPs can also be
produced by non-adipocyte cells that

experience necrosis such as the liver, heart,

pancreas and muscles due to the buildup of

triglycerides. It can also trigger the
development of insulin resistance (IR) and
type 2 diabetes (T2DM). In the pancreas,

for example, B-cell dysfunction occurs

which leads to failure of insulin secretion
(Saponaro et al., 2015).

The products of the NLR pathway
are generally IL-1B and IL-18. Initially

PAMP or DAMP will form inflamasome

formation, a multimeric protein complex

containing a Nod-like receptor family pyrin
domain containing protein 3 (NLRP3),
apoptosis-associated  speck-like  protein
containing a caspase recruitment domain
(ASC), and procaspase-1
inflamasome, procaspase-1 is converted to

caspase-1 and cleaves pro-1L-1p and 1L-18
into an active form (Figure 2.31) (Shirato et

al., 2017).

In contrast to SFA, monounsaturated
fatty acids (MUFA) and polyunsaturated
fatty acids (PUFA) cannot induce TLR4/2

signaling (Fritsche, 2015), but can directly
produce inflammatory mediators, such as
PUFA omega-6 linoleic acid (LA) ( 18:2 n-

6) and its product, arachidonic acid (ARA)

(20:4 n-6), which becomes a substrate for

the enzymes cyclooxygenase (COX),
lipoxygenase (LOX) and cytochrome P450
to form prostaglandins (PG) and leukotriene

(LT) (Innes & Calder, 2018). Activation of
COX-2 and PGEZ2 signaling in hypertrophic
and hypoxic adipocytes has been shown to

increase pro-inflammatory adipokines and

decrease adiponectin through activation of
NFxB (Chan et al., 2016) (Fig. 2.33), which

progressively  contributes to  insulin
resistance and insulin resistance syndrome.
metabolic (Welty et al., 2016; Chan et al.,
2016).

3.6 Mitochondrial  Dysfunction and
Increased Oxidative Stress
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Inside the

One of the causes of inflammation in
SM is mitochondrial dysfunction. It is well
known that mitochondria are where most of
the energy is produced in cells, especially
eukaryotic cells (Mendrick et al., 2018).
Excessive energy intake will increase the
burden of mitochondrial metabolism and
result in excess activation of the electron
transport chain (ETC) (Rani et al., 2016)
thereby causing disruption of lipid
metabolism (Saponaro et al., 2015).

In essence, mitochondrial
dysfunction is a very complicated process,
but a number of assumptions have been
advanced. Excessive fat accumulation in
WAT is thought to result in disruption of
redox homeostasis and increased oxidative
stress (Jha et al., 2017). Oxidative stress is a
condition in which the production of free
radicals is higher than their degradation by
the antioxidant system  which is
characterized by an increase in reactive
oxygen species (ROS) in  tissues
(Velasquez, 2015). Oxidative stress is also
considered to be a major cause of tissue
toxicity. During respiration, the release of
high energy and unpaired electrons by
mitochondria can increase ROS in cells
(Gagne, 2014). In addition, several studies
have also reported that ROS has a positive
correlation with  metabolic  syndrome
(Avelar et al., 2015).

ROS production is triggered by the
formation of free radicals in mitochondria,
which include superoxide anions (O2-),
hydrogen peroxide (H202), hydroxyl
radicals (OH-), and nitric oxide radicals
(NO-) (Yadav & Ramana, 2013) which can
cause cell dysfunction, atherosclerosis, DM
and IR (Avelar et al., 2015).

Increased oxidative stress due to a
diet high in fat or carbohydrates can be
activated through various pathways such as
NADPH oxidase (NOX), oxidative
phosphorylation (ATP formation),
glycoxidation, protein kinase C (PKC) and
the polyol pathway. This process then
produces excess superoxide ions (0O2-),
which can react to produce ROS and RNS
(Figure 2.34) (Rani et al., 2016).

Increased ROS will in turn lead to

the progressive development of
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inflammation by increasing various redox
signaling pathways and changing the
expression of inflammatory marker genes
(Yadav et al., 2016). These pathways are
through NADPH oxidase, inflamasome,
MAPK and NF-xB (Figure 2.34) (Tan et al.,
2016).

Oxidative stress caused by HFD is
evidenced by increased lipid peroxidation
products, protein carbonylation, and
decreased  antioxidant  systems  and
glutathione (GSH) levels (Rani et al., 2016).
This is in accordance with research
conducted by Bhale (2014) that obese men
have higher MDA levels than non-obese
men (Bhale et al., 2014).

4. RESEARCH METHOD

The study was designed using a
randomized posttest-only control group
design (true experiment). Sixteen male
Wistar rats weighing 150-250g and aged 4-5
months were divided into two groups. Group
K1 was a negative control group that was
given normal diet, while group K2 was a
group that was given a high-fat diet, with a
fat content of 66.28%. This treatment was
controlled for 50 days. Data were analyzed
using independent t test. The procedures for
taking and collecting data are described as
follows:

4.1 Rat Acclimatization Stage

Adult male wistar rats obtained from
Lab. Biochemistry, Airlangga University,
was first acclimatized for approximately 1
week to a temperature of 22 + 2°C and 40-
60% humidity, on light and dark cycles for
12-12 + 1 hour and placed in a large and
hygienic container (Parasuraman et al. al.,
2010). During the acclimatization period,
food and drink are provided ad libitum
(Nurmasitoh et al., 2018).

4.2 Grouping Mice Stage

After the acclimatization period, the
rats were then weighed and grouped
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according to the
(randomization).

research  design

4.3 A High-Fat Diet Stage

On the 1st day after acclimatization,
the K1 group rats were given standard feed
while the K2 group rats were given standard
feed plus high fat feed which was given by
sonde. The amount of fat that is sonde does
not exceed 1% of the rat's weight (Brown et
al., 2000) or 5 ml/kg of rat's weight (Turner
et al., 2012). Because the average weight of
the mice obtained was 216 g, the amount
that had to be sonde was 1.08 ml or 1 ml.
Based on calculations, the concentration of
fat that is sonde is around 66.28%. To
provide the same treatment, control rats were
also given sonde treatment in the form of
plain water.

4.4 Analysis of TNF-a, Levels

TNF-a levels were measured on the
50th day (after HFD administration). TNF-a
examination was carried out using the
ELISA-Sandwich method according to the
TNF-a  Kit procedure obtained from
Elabscience. The principle of this assay is
that micro wells that have been coated with
TNF-a  specific  antibodies  (capture
antibodies) bind to the TNF-a present in the
sample, forming an antigen-antibody
complex. Furthermore, the added biotin-
labeled antibodies (detection antibodies) will
bind to the complex and the enzyme-labeled
avidin-HRP conjugate will bind to biotin.
The added substrate then reacts with the
enzyme, producing a blue color and turning
yellow when given a stop solution. The color
concentration was measured
spectrophotometrically at a wavelength of
450 nm £ 2 nm. The concentration of the
color formed is proportional to the
concentration of TNF-a in the sample
(Elabscience, 2019).

5. RESULTS AND DISCUSSION

The total number of rats was 16
which were divided into two groups, namely
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Kel. K1 and K2. Both groups were then
acclimatized. After that, the two groups were
given different treatment, where Kel. K1 was
given standard feed and K2 was given high-
fat feed.

5.1 Standard Curve Test Results

Examination of TNF-a levels using
the sandwich ELISA method was preceded
by determining the standard curve or
calibration curve and its equations. This
curve equation is used to determine the level
of TNF-a present in the sample.

1,8
16 e .
1,4 Lo
1,2 y = 0,04 0,001X - 2,72E-07X2 + 2,53E-11X3
R?=0,9999

1
0,8
0,6
04
0,2 .
o @

0 1000 2000 3000 4000 5000 6000

Figure 1. Standard curve of TNF-a levels

5.2 Normality and Homogeneity Test
Results

Each variable was tested for
normality using the Shapiro Wilk test, and
specifically for TNF-a levels, a homogeneity
test was carried out using the Levene test.
Based on the results of the analysis, the
majority of the data is normally distributed
(P>0.05). The homogeneity test showed a
significance of 0.680 (P> 0.05), which
means that the data for each treatment group
was homogeneous.

5.3 Test Results for TNF-a Levels

Based on the results of matching the
concentration and absorbance standards
using the SPSS and Microsoft Excel data
processing applications, the closest approach
is the cubic regression equation, Y=a + b1X
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+ b2X 2 + b3X3, where: a = intercept , and b
= slope.

The results of the analysis of the
mean and standard deviation of TNF-a
levels in groups K1 and K2 can be seen in
Table 1.

Table 1. Analysis of mean and standard
deviation of TNF-a levels

Kel. N  Kadar TNF-a Uji T
(X+SD) Independen
(pg/mL) (p-value)

K1 8 290912 +1.87 0,034

K2 8 295.149+2.76

Based on the results of the
independent T-test analysis, the levels of
TNF-a in groups K1 and K2 differed
significantly (P =0.034 or P <0.05).

300
295,149

295

290,912

/m

g
)
©
o

285
280

onsentrasi (p

X 275
270

TNF-a
K1

Figure 2. Diagram of TNF-a levels for
groups K1 and K2

Based on the results of the
independent T-test analysis, it appears that
the K2 group (rats on a high-fat diet) showed
a significant increase in TNF-a levels (P
<0.05) compared to the K1 group (control
group). This indicates that low-grade
inflammation has occurred.

Low-grade chronic inflammation is
mainly caused by macrophage cells,
especially in adipocytes or other tissues such
as intestine, liver and muscle. In adipocyte
tissue, infiltrating immune cells, such as
macrophages, B cells, T cells, constitute the
second largest population after adipocytes
and play an important role in regulating
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tissue function and hemostasis (Li et al.,
2018). These cells are in a balanced state,
but due to stress induction (fat
accumulation), the infiltration of these cells
will also increase, so that apart from
maintaining hemostasis, they can also cause
various damages, one of which is damage to
the insulin receptor.

The increased infiltration of these
cells and other damage is triggered by the
production of various pro-inflammatory
cytokines, especially TNF-o which is
secreted by the macrophages or adipocytes
themselves. Adipocytes that experience
hypoxia due to fat accumulation, secrete a
number of adipokines such as IL-6, MCP-1,
and TNF-o. The secreted TNF-a will then
recruit and activate other immune cells such
as neutrophils and mast cells, activating
NFkB signals which can also induce the
polarization of M2 macrophages to M1,
where M1 macrophages provide positive
feedback by secreting TNF-a again.
Continuous activation of NFKB signaling by
TNF-a can reduce IRS-1 (insulin receptor)
expression  through increased  serine
phosphorylation and decreased tyrosine
phosphorylation, which can lead to glucose
intolerance, after metabolic syndrome. Apart
from being triggered by adipokines, there is
some assumption that in adipocytes,
macrophages act as APCs that can respond
to ovalbumin antigens and present them to T
cells to induce adaptive immune responses.

Apart from  macrophages and
adipocytes, increased TNF-o production can
also be triggered by various signals from
other immune cells such as CD8+ T cells,
Thl cells, and NKT cells which can
recognize antigens presented by adipocytes,
produce IFN-y and increase M1 macrophage
polarization, following TNF-a secretion. As
for other signaling, such as that mediated by
endotoxemia, FFA, and ROS, also play a
role. As a result of this signaling, some anti-
inflammatory cells (those that mediate
regulation or homeostasis), such as
eosinophils, Tregs and NKT-2 and the
resulting cytokines, are decreased. In
addition, changes in the circadian clock due
to excessive fat consumption can also
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exacerbate this condition by increasing TNF-
a and IL-6 levels (Comas et al., 2017).

6. CONCLUSIONS AND
SUGGESTIONS

Based on the results of the analysis,
it was concluded that a high-fat diet had an
effect on increasing serum levels of TNF-a,
a low-level inflammatory marker that can
trigger various metabolic diseases.

The suggestions that can be given
should be considered during the sampling
process, so as not to cause gastric reflux or
lung injury which can cause the death of the
rats. Limitations of researchers regarding the
variables examined, can be a consideration
for future researchers if they want to conduct
related studies. It is recommended to analyze
a wider range of variables, such as pro-
inflammatory and anti-inflammatory cells,
and the various cytokines produced.

ACKNOWLEDGEMENT

We express our deepest gratitude to
all parties who have been involved in
helping during the research process. We
thank the management of the Biochemistry
Laboratory, Faculty of Medicine, Airlangga
University for the energy, time and thoughts
that have been given to us. Thank you to the
research team who have worked together
from the initial determination of the idea to
the final stage of drawing conclusions.

BIBLIOGRAPHY

Ameer, F., Munir, R., &amp; Zaidi, N. (2018).
Lipid Metabolism. Encyclopedia of
Cancer (3rd ed.). Pakistan: Elsevier Inc.
https://doi.org/10.1016/B978-0-12-
801238-3.64998-X

Avelar, T. M. T., Storch, A. S., Castro, L. A,
Azevedo, G. V. M. M., Ferraz, L., &
Lopes, P. F. (2015). Oxidative stress in
the  pathophysiology of metabolic
syndrome:  which  mechanisms are
involved ? J Bras Patol Med Lab, 51(4),
231-239

Becker, M., Levings, M. K., & Daniel, C.
(2017). Adipose-tissue regulatory T cells:

46



Jurnal Biosains Pascasarjana Vol. 26 (2024) pp

© (2024) Sekolah Pascasarjana Universitas Airlangga, Indonesia

Critical players in adipose-immune
European Journal of
1867-1874.

crosstalk.

Immunology, 47(11),

https://doi.org/10.1002/¢ji.201646739
Bhale, D. V., Patil, D. S., & Mahat, R. K.

(2014). Study of Malondialdehyde
(MDA) As a Marker of Oxidative Stress

in Obese Male Individuals. International

Journal of Recent Trends in Science and

Technology, 10(1), 51-52
Bilski, J., Mazur-bialy, A., Wojcik, D.,

Zahradnik-bilska, J., Brzozowski, B.,
... Brzozowski, T.
(2017). The Role of Intestinal Alkaline
Phosphatase in Inflammatory Disorders
of Gastrointestinal Tract. Mediator of

Magierowski, M.,

Inflammation, 2017, 1-9

Boutens, L., & Stienstra, R. (2016). Adipose
tissue macrophages: going off track
during obesity. Diabetologia, 59(5), 879-
894. https://doi.org/10.1007/s00125-016-

3904-9

Brown, A. P., Dinger, N., & Levine, B. S.
(2000). Stress Produced by Gavage
Administration in Rat. Centempt. Top.
Lab. Anim. Sci, 39(1), 17-21

Brzeska, A., Swidrowska, J., & Smolewska, E.

(2013). Leptin as an Important Hormone
and Immunomodulator in Adult and
Childhood Leptin as an Important
Hormone and Immunomodulator in Adult

and Childhood Rheumatoid Arthritis.
Global Journal and Allergic Disease,
1(1), 16-24

Carreira, A., Ribeiro, D. A., Almeida, J.,
Aguiar, O., Waitzberg, D. L., & Alves, C.
C. (2018). Inflammatory gene expression
analysis after prebiotic, probiotic and
synbiotic i

0119

Chan, P., Hsiao, F., Chang, H., Wabitsch, M., &

Hsieh, P. S. (2016). Importance of
cyclooxygenase-2 and
prostaglandin E2 — prostaglandin E
receptor 3 signaling in the development
of  obesity-induced adipose  tissue
inflammation and insulin resistance. The

adipocyte

FASEB Journal, 30(6), 2282-2297.
https://doi.org/10.1096/fj.201500127
Chatzigeorgiou, A., Karalis, K. P., Bornstein, S.

R., & Chavakis, T. (2012). Lymphocytes
in  obesity-related  adipose  tissue

inflammation.  Diabetologia, = 55(10),

JBP Vol. 26, No. 1, Juni 2024- Cut Indriputri
DOI 10.20473/jbp.v26i1.2024.38-51

supplementation in
experimental nonalcoholic fatty liver
disease. Nutrition and Food Science, 1-
11. https://doi.org/10.1108/NFS-04-2018-

2583-2592.
https://doi.org/10.1007/s00125-012-2607-
0

Choe, S. S., Huh, J. Y., Hwang, I. J., Kim, J. I,
& Kim, J. B. (2016). Adipose Tissue
Remodeling: its Role in energy
Metabolism and Metabolic Disorders.
Frontiers in Endocrinology, 7(30), 1-16.
https://doi.org/10.3389/fendo.2016.00030

Comas, M., Gordon, C. J., Oliver, B. G., Stow,
N. W., King, G., Sharma, P., ... Phillips,
C. L. (2017). A Circadian Based
Inflammatory Response — Implications
for Respiratory Disease and Treatment.
Sleep Science and Practice, 1(18), 1-19.
https://doi.org/10.1186/s41606-017-0019-
2

Dubey, G., Sharma, P. L., & Sharma, S. (2013).
Possible Involvement of
“Phosphatidylinositol-3 kinase and
endothelial nitric oxide synthase” in
experimental obesity induced vascular
endothelium dysfunction. Journal of
Applied Pharmaceutical Science, 3(06),
52-60.
https://doi.org/10.7324/JAPS.2013.3608

Elabscience. (2019). Rat TNF-a (Tumor
Necrosis Factor Alpha) ELISA Kit (No.
E-EL-R0019). USA

Engin, A. (2017). Obesity and Lipotoxicity. In
A. Engin & A. B. Engin (Eds.), Adipose
Tissue Hypoxia in Obesity and Its Impact
on Preadipocytes and Macrophages:
Hypoxia Hypothesis (960th ed., pp. 305—
326). Turkey: Springer International
Publishing. https://doi.org/DOI
10.1007/978-3-319-48382-5

Esser, N., Legrand-poels, S., Piette, J., Scheen,
J., &amp; Paquot, N. (2014).
Inflammation as a link between obesity ,
metabolic syndrome and type 2 diabetes.
Diabetes Research and Clinical Practice,

105(2), 1-10.
https://doi.org/10.1016/j.diabres.2014.04.
006

Fawley, J., & Gourlay, D. (2016). Intestinal
Alkaline Phosphatase: A Summary of Its
Role In Clinical Disease. Journal of
Surgical  Research, 202(1), 1-20.
https://doi.org/10.1016/j.jss.2015.12.008.
INTESTINAL

Ferranti, S. De, & Mozaffarian, D. (2008). The
Perfect Storm: Obesity, Adipocyte

Dysfunction, and Metabolic
Consequences. Clinical Chemistry, 54(6),
945-955.

47


https://doi.org/10.1186/s41606-017-0019-
https://doi.org/10.1186/s41606-017-0019-

Jurnal Biosains Pascasarjana Vol. 26 (2024) pp

© (2024) Sekolah Pascasarjana Universitas Airlangga, Indonesia

https://doi.org/10.1373/clinchem.2007.10
0156

Festi, D., Schiumerini, R., Eusebi, L. H.,
Marasco, G., Taddia, M., & Colecchia, A.
(2014). Gut microbiota and metabolic

syndrome. World Journal of

Gastroenterology, 20(43), 16079-16094.
https://doi.org/10.3748/wjg.v20.i43.1607
9

Francisqueti, F. V., Chiaverini, L. C. T., dos
Santos, K. C., Minatel, 1. O., Ronchi, C.
B., Ferron, A. J. T., ... Correa, C. R.
(2017). The role of oxidative stress on the
pathophysiology of metabolic syndrome.
Revista Da Associacdo Médica Brasileira,
63(1), 85-91

Fritsche, K. L. (2015). The Science of Fatty
Acids and In flammation. Advances in

Nutriton, 6(3), 293S5-201S.
https://doi.org/10.3945/an.114.006940.29
3S

Gagne, F. (2014). Oxidative Stress. In
Biochemical Ecotoxicology (Biochemica,
pp. 103-115). USA: Elsevier Inc.
https://doi.org/10.1016/B978-0-12-
411604-7.00006-4

Hendra, P., Wijoyo, Y., Fenty, & Rini, D.
(2011). Optimasi Lama Pemberian Dan
Komposis Formulasi Sediaan Diet Tinggi

Lemak Pada Tikus Betina. Retrieved July

9, 2019, from
https://usd.ac.id/lembaga/lppm/detail_pen
elitian.php?bidang=a&kode=b2&id=5&i
d_bi=3&noid=156

Huh, J. Y., Park, Y. J., Ham, M., & Kim, J. B.

(2014). Crosstalk between Adipocytes
and Immune Cells in Adipose Tissue
Metabolic

Inflammation and
Dysregulation in Obesity. Molecules and
Cells, 37(5), 365-371

Jha, S. K., Jha, N. K., Kumar, D., Ambasta, R.
K., & Kumar, P. (2017). Linking

mitochondrial dysfunction , metabolic

syndrome and stress signaling in

Neurodegeneration. BBA - Molecular

Basis of Disease, 1863(5), 1132-1146.
https://doi.org/10.1016/j.bbadis.2016.06.0
15

Jones, M. L., Martoni, C. J., Ganopolsky, J. G.,

Labbe, A., & Prakash, S. (2014). The

human microbiome and bile acid
metabolism: dysbiosis, dysmetabolism,
disease and intervention. Expert Opin.
Biol. Ther., 14(4), 467-482

Kammoun, H. L., Kraakman, M. J., & Febbraio,

M. A.  (2014). Adipose tissue

JBP Vol. 26, No. 1, Juni 2024- Cut Indriputri
DOI 10.20473/jbp.v26i1.2024.38-51

inflammation in glucose metabolism.
Reviews in Endocrine and Metabolic

Disorders, 15(1), 31-44.
https://doi.org/10.1007/s11154-013-9274-
4

Karasawa, T., Kawashima, A., Usui-kawanishi,
F., Watanabe, S., Kimura, H., Kamata,
R., ... Takahashi, M. (2018). Saturated
Fatty Acids Undergo Intracellular
Crystallization and Activate the NLRP3
Inflammasome in Macrophages.
Aurteriosclerosis Thrombosis, and
Vascular  Biology, 38(4), 1-32.
https://doi.org/10.1161/ATVBAHA.117.3

10581
Kaur, J. (2014). A Comprehensive Review on
Metabolic Syndrome. Cardiology

Research and Practice, 2014, 1-21.
https://doi.org/10.1155/2014/943162
Lalles, J. P. (2014). |Intestinal alkaline

phosphatase:  Novel functions and
protective effects. Nutrition Reviews,
72(2), 82-94.
https://doi.org/10.1111/nure.12082
Larsen, J. R., Dima, L., Correll, C. U., &amp;
Manu, P. (2018). The Pharmacological
Management of Metabolic Syndrome.
Expert Review of Clinical Pharmacology,

11(4), 1-40.
https://doi.org/10.1080/17512433.2018.1
429910

Legrand-poels, S., Esser, N., Laurent, L.,
Scheen, A., Paquot, N., & Piette, J.
(2014). Free fatty acids as modulators of

the NLRP3 inflammasome in
obesity/type 2 diabetes. Biochemical
Pharmacology, 92(1), 1-38.

https://doi.org/10.1016/j.bcp.2014.08.013
Leguisamo, N. M., Lehnen, A. M., Machado, U.
F., Okamoto, M. M., Markoski, M. M.,
Pinto, G. H., &amp; Schaan, B. D.
(2012). GLUT4 content decreases along
with insulin resistance and high levels of
inflammatory markers in rats with
metabolic  syndrome.  Cardiovascular

Diabetology, 11(100), 1-10.
https://doi.org/10.1186/1475-2840-11-
100

Li, C., Xu, M. M., Wang, K., Adler, A. J,
Vella, A. T., &mp; Zhou, B. (2018).
Macrophage Polarization and Meta-
Inflammation. Translational Research,

191, 29-44,
https://doi.org/10.1016/j.trsl.2017.10.004.
Macrophage

48


https://doi.org/10.1111/nure.12082
https://doi.org/10.1186/1475-2840-11-100
https://doi.org/10.1186/1475-2840-11-100

Jurnal Biosains Pascasarjana Vol. 26 (2024) pp

© (2024) Sekolah Pascasarjana Universitas Airlangga, Indonesia

Liu, Y., Gibson, G. R., & Walton, G. E. (2015).
Impact of high fat diets, prebiotics and
probiotics on gut microbiota and immune
function, with relevance to elderly
populations. Nutrition and Aging, 3(2-4),
171-192. https://doi.org/10.3233/NUA-
150058

Malo, M. S. (2015). A High Level of Intestinal
Alkaline  Phosphatase Is  Protective
Against Type 2 Diabetes Mellitus
Irrespective of Obesity. EBioMedicine,

2(12), 2016-2023.
https://doi.org/10.1016/j.ebiom.2015.11.0
27

Mamikutty, N., Thent, Z. C., Sapri, S. R,
Sahruddin, N. N., Rafizul, M., Yusof, M.,
&amp; Suhaimi, F. H. (2014). The
Establishment of Metabolic Syndrome
Model by Induction of Fructose Drinking
Water in Male Wistar Rats. BioMed
Research International, 2014(4), 1-8

Marchi, S., Patergnani, S., &amp; Pinton, P.
(2014). Biochimica et Biophysica Acta
The endoplasmic reticulum -
mitochondria connection: One touch,
multiple  functions . BBA -
Bioenergetics, 1837(4), 461-469.
https://doi.org/10.1016/j.bbabio.2013.10.
015

Marcus, J. B. (2013). Lipids Basics: Fats and
Oils in Foods and Health. In M. J. B
(Ed.), Culinary Nutrition (pp. 231-227).
Elsevier Inc.
https://doi.org/10.1016/B978-0-12-
391882-6.00006-6

Mclaughlin, T., Liu, L., Lamendola, C., Shen,
L., Morton, J., Rivas, H., ... Engelman,
E. (2014). T-Cell Profile in Adipose
Tissue is Associated with Insulin
Resistance and Systemic Inflammation in
Humans. Arterioscler Thromb Vasc Biol,

34(12), 2637-2643.
https://doi.org/10.1161/ATVBAHA.114.3
04636.T-Cell

Mehal, W. Z. (2013). The Gordian Knot of
dysbiosis,  obesity and  NAFLD.
Gastroenterology & Hepatology, 10(11),
637-644.
https://doi.org/10.1038/nrgastro.2013.146

Mendrick, D. L., Diehl, A. M., Topor, L. S,
Dietert, R. R., Will, Y., Merrill, M. A. La,

. Burleson, F. G. (2018). Metabolic
Syndrome and Associated Diseases:
From the Bench to the Clinic.
Toxicological Sciences, 162(1), 1-7.
https://doi.org/10.1093/toxsci/kfx233

JBP Vol. 26, No. 1, Juni 2024- Cut Indriputri
DOI 10.20473/jbp.v26i1.2024.38-51

Micaelo, N. M., Abuin, N. G., Pinent, M.,
Ardevol, A., & Blay, M. (2016). Dietary
fatty acid composition is sensed by the
NLRP3 inflammasome: omega-3 fatty
acid (DHA) prevents NLRP3 activation
in human macrophages. Royal Society of
Chemistry, 7(8), 3480-3487.
https://doi.org/10.1039/c6fo00477f

Moreira, A. P. B., Texeira, T. F. S., Ferreira, A.
B., Peluzio, M. do C. G., & Alfenas, R.
de C. G. (2012). Influence of a high-fat
diet on gut microbiota, intestinal

permeability and metabolic
endotoxaemia.  British  Journal  of
Nutrition, 108, 801-809.
https://doi.org/10.1017/S0007114512001
213

Moreno-fern, S., Garc, M., Vera, G., Astier, J.,
Landrier, J. F., &amp; Miguel, M.
(2018). High Fat / High Glucose Diet
Induces Metabolic Syndrome in an
Experimental Rat Model. Nutrients,
10(1502), 1-15.
https://doi.org/10.3390/nu10101502

Morin, S., Poggi, M., Alessi, M., Nunes, J.,
Morin, S., Poggi, M., ... Nunes, J.
(2017). Modulation of T Cell Activation
in Obesity. Antioxidant and Redox
Signaling, 26(10), 1-20

Murakami, Y., Tanabe, S., & Suzuki, T. (2016).
High-fat Diet-induced Intestinal
Hyperpermeability is Associated with
Increased Bile Acids in the Large
Intestine of Mice. Journal of Food
Science, 81(1), 216-222.
https://doi.org/10.1111/1750-3841.13166

Nagata, S., & Nakano, H. (2017). Apoptotic and
Non- apoptotic Cell Death (403rd ed.).
Japan: Springer International Publishing

Netzer, N., Gatterer, H., Faulhaber, M.,
Burtscher, M., Pramsohler, S., & Pesta,
D. (2015). Hypoxia, Oxidative Stress and
Fat. Biomolecules, 5(2), 1143-1150.
https://doi.org/10.3390/biom5021143

Nurmasitoh, T., Utami, S. Y., &
Kusumawardani, E. (2018). Intermittent
fasting decreases oxidative stress
parameters in Wistar rats ( Rattus
norvegicus ). Universa Medicina, 37(1),
31-38.
https://doi.org/10.18051/UnivMed.2018.v
37.31-38

Parasuraman, S., Kumar, E., Kumar, A., &
Emerson, S. (2010). ANTI -
HYPERLIPIDEMIC EFFECT OF
TRIGLIZE , A POLYHERBAL

49


https://doi.org/10.3233/NUA-150058
https://doi.org/10.3233/NUA-150058
https://doi.org/10.3390/nu10101502

Jurnal Biosains Pascasarjana Vol. 26 (2024) pp

© (2024) Sekolah Pascasarjana Universitas Airlangga, Indonesia

FORMULATION. International Journal
of Pharmacy and Pharmaceutical
Sciences, 2(3), 118-122

Patterson, R. E., Laughlin, G. A., Sears, D. D.,
Lacroix, A. Z., Marinac, C., Gallo, L. C.,

. Villasefior, A. (2015). Intermittent

Fasting and Human Metabolic Health.
Journal of the Academy of Nutrition and

Dietetics, 115(8), 1-10.
https://doi.org/10.1016/j.jand.2015.02.01
8

Poletto, A. C., David-silva, A., Pedro, A.,
Yamamoto, D. M., Machado, U. F.,
&amp; Furuya, D. T. (2015). Reduced
Slc2a4 / GLUT4  expression in

subcutaneous  adipose  tissue  of
monosodium glutamate obese mice is

recovered after atorvastatin treatment.

Diabetology &amp; Metabolic
Syndrome, 7(18), 1-6.
https://doi.org/10.1186/s13098-015-0015-

6
Poret, J. M., Souza-Smith, F., Marcell, S. J.,
Gaudet, D. A, Tzeng, T. H., Braymer, D.

H., ... Primeaux, S. D. (2018). High fat
diet consumption differentially affects

adipose  tissue  inflammation  and
adipocyte size in obesity-prone and
obesity-resistant  rats. International
Journal of Obesity, 42(3), 535-541.
https://doi.org/10.1038/ij0.2017.280.High

Pugia, M. (2015). Inflammatory Pathways in
Diabetes. (M. J. Parnham, Ed.).
Switzerland: Springer Cham Heidelberg
Publishing

Rajan, M. R. (2016). Unraveling Mechanisms of

Insulin Resistance in Type 2 Diabetes in
Human Adipocytes. Sweden: Linkoping
Rani, V., Deep, G., Singh, R. K., Palle, K.,

&amp; Yadav, U. C. S. (2016). Oxidative

stress and metabolic disorders :

Pathogenesis and therapeutic strategies

¥. Life Sciences, 148(2016), 183-193.
https://doi.org/10.1016/j.1fs.2016.02.002

Ridlon, J. M., Kang, D. J., Hylemon, P. B., &

Bajaj, J. S. (2015). Bile Acids and the
Gut Microbiome. Curr Opin

Gastroenterol, 30(3), 332-338.
https://doi.org/10.1097/MOG.000000000
0000057.Bile

Rini, S., & Wahyuni, A. S. (2012). The Effect
of Giving High-Fat Diet on Levels of
Triglycerides in  Rats.  Universitas

Muhammadiyah Surakarta

Saponaro, C., Gaggini, M., Carli, F., &

Gastaldelli, A. (2015). The Subtle

JBP Vol. 26, No. 1, Juni 2024- Cut Indriputri
DOI 10.20473/jbp.v26i1.2024.38-51

Balance  between  Lipolysis  and
Lipogenesis: A  Critical Point in
Metabolic Homeostasis. Nutrients, 7(11),
9453-9474.
https://doi.org/10.3390/nu7115475

Satoh, M., & Iwabuchi, K. (2018). Role of
natural Killer T Cells in the Development
of Obesity and insulin Resistance:
insights From Recent Progress. Frontiers
in Immunology, 9(1314), 1-8.
https://doi.org/10.3389/fimmu.2018.0131
4

Shen, J., Obin, M. S., &amp; Zhao, L. (2013).
Molecular Aspects of Medicine The gut

microbiota , obesity and insulin
resistance.  Molecular ~ Aspects  of
Medicine, 34(1), 39-58.
https://doi.org/10.1016/j.mam.2012.11.00
1

Shirato, K., Imaizumi, K., Sakurai, T.,
Ogasawara, J., Ohno, H., & Kizaki, T.
(2017). Regular Voluntary Exercise
Potentiates Interleukin-1 ? and
Interleukin-18 Secretion by Increasing
Caspase-1  Expression in  Murine
Macrophages. Mediators of
Inflammation, 2017(9290416), 1-12

Siriwardhana, N., Kalupahana, N. S., Cekanova,
M., Lemieux, M., Greer, B., &amp;
Moustaid-moussa, N. (2013). Modulation
of adipose tissue inflammation by
bioactive food compounds. The Journal
of Nutritional Biochemistry, 24(4), 613—
623.
https://doi.org/10.1016/j.jnutbio.2012.12.
013

Tan, H., Wang, N., Li, S., Hong, M., Wang, X.,
& Feng, Y. (2016). The Reactive Oxygen
Species in Macrophage Polarization:
Reflecting Its Dual Role in Progression
and Treatment of Human Disease.
Oxidative ~ Medicine and  Cellular
Longevity, 2016(4), 1-16.
https://doi.org/10.1155/2016/2795090

Telle-hansen, V. H., Christensen, J. J., Ulven, S.
M., &amp; Holven, K. B. (2017). Does
dietary fat affect inflammatory markers in
overweight and obese individuals ? — a
review of randomized controlled trials
from 2010 to 2016. Genes and Nutrition,

12(26), 1-18.
https://doi.org/10.1186/512263-017-0580-
4

Tomas_, J., Mulet, C., Saffarian, A., Cavin, J,,
Ducroc, R., Regnault, B., ... Pedron, T.
(2016). High-fat diet modifies the PPAR-

50


https://doi.org/10.1016/j.jand.2015.02.018
https://doi.org/10.1016/j.jand.2015.02.018
https://doi.org/10.1016/j.lfs.2016.02.002
https://doi.org/10.1016/j.mam.2012.11.001
https://doi.org/10.1016/j.mam.2012.11.001
https://doi.org/10.1016/j.jnutbio.2012.12.013
https://doi.org/10.1016/j.jnutbio.2012.12.013
https://doi.org/10.1186/s12263-017-0580-4
https://doi.org/10.1186/s12263-017-0580-4

Jurnal Biosains Pascasarjana Vol. 26 (2024) pp

© (2024) Sekolah Pascasarjana Universitas Airlangga, Indonesia

v pathway leading to disruption of
microbial and physiological ecosystem in
murine small intestine. PNAS, 113(40),
5934-5943.
https://doi.org/10.1073/pnas.1612559113

Torres, J., Palmela, C., Brito, H., Bao, X,
Ruiqi, H., Silva, J. P., ... Hu, J. (2018).
The gut microbiota , bile acids and their
correlation in  primary  sclerosing
cholangitis associated with inflammatory
bowel disease.  United European
Gastroenterology Journal, 6(1), 122-122.
https://doi.org/10.1177/20506406177089
53

Turner, P. V, Vaughn, E., Sunohara-Neilson, J.,
Ovari, J., & Leri, F. (2012). Oral Gavage
in Rats: Animal Welfare Evaluation.
Journal of the American Association Fo
Laboratory Animal Science, 51(1), 25-30

van den Brand, A. D. (2014). On intestinal
alkaline phosphatase and its role in high-
fat  diet-induced  obesity.  Utrecht
University

Velasquez, M. T. (2015). Management of
Hypertention in Chronic Kidney Disease.
Elsevier Inc. Elsevier Inc.
https://doi.org/10.1016/B978-0-12-
411602-3.00052-4

Walther, T. C., & Farese Jr, R. V. (2012). Lipid
Droplets and Cellular Lipid Metabolism.
Annual Review of Biochemistry, 81,
687-714.
https://doi.org/10.1146/annurev-biochem-
061009-102430

Welty, F. K., Alfaddagh, A., & Elajami, T. K.
(2016). Targeting inflammation in
metabolic ~ syndrome.  Translational
Research, 167(2), 257-280.
https://doi.org/10.1016/j.trsl.2015.06.017

Wu, L. E., Hocking, S. L., & James, D. E.
(2010). Macrophage infiltration and
cytokine release in adipose tissue:
angiogenesis or inflammation ?
Diabetology International, 1(1), 26-34.
https://doi.org/10.1007/s13340-010-0003-
X

Xiao, S., & Zhao, L. (2014). Gut microbiota-
based translational biomarkers to prevent
metabolic syndrome via nutritional
modulation. FEMS Microbiology
Ecology, 87(2), 303-314.
https://doi.org/10.1111/1574-6941.12250

Yadav, U. C. S., Rani, V., Deep, G., Singh, R.
K., & Palle, K. (2016). Oxidative Stress
in Metabolic Disorders: Pathogenesis ,
Prevention , and Therapeutics. Oxidative

JBP Vol. 26, No. 1, Juni 2024- Cut Indriputri
DOI 10.20473/jbp.v26i1.2024.38-51

Medicine and Cellular Longevity, 2016,
10-13

Zubiria, M. G., Alzamendi, A., Ongaro, L.,
Spinedi, E., & Giovambattista, A. (2017).
Dietary and Hormonal Factors Involved
in  Healthy or Unhealthy Visceral
Adipose Tissue Expansion. In Adiposity -
Epidemiology and Treatment Modalities
(pp. 165-187). INTECH.
https://doi.org/10.5772/65927

51



