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INTRODUCTION

ABSTRACT

INTRODUCTION: Non-alcoholic fatty liver disease (NAFLD) incidence is
rising globally without effective treatment available. Serum retinoic acid
level was found to be low in NAFLD patients. Thus, this study investigated
the effects of retinoic acid administration on liver triglyceride levels and
Diacylglycerol acyltransferase 2 (DGATZ) gene expression in high-cholesterol
diet-induced steatosis rats. MATERIALS AND METHODS: Forty male Sprague-
Dawley rats were divided into five groups (n=8/group). Groups A and B
received a normal diet, while groups C, D, and E were fed a high cholesterol
diet (HCD) for four weeks to induce steatosis (Phase 1) and continued with
the same diet for the next four weeks (Phase 2). In Phase 2, Group D received
vehicle (Olive oil), while Groups B and E received tetinoic acid (7.5mg/kg
subcutaneously) twice weekly with their respective diet. Liver triglyceride
levels were measured using the Bligh and Dyer’s method, and hepatic
DGAT2 gene expression was quantified using Real-Time qPCR. Data was
analysed using the One-Way Analysis of Variance (ANOVA) test. RESULTS:
Retinoic acid-treated groups showed a reduced pattern in liver triglyceride
levels, in which Group E level is 3.6£0.88 mg/g compared with Group C
412+1.5 mg/g, but statistically insignificant (p>0.05). The DGATZ2
expression was significantly reduced in Group E by 0.63-fold (63%) when
compared to Group C. CONCLUSION: These findings suggest that retinoic
acid administration might reduce the liver triglyceride level by down-regulating
DGAT2 gene expression. However, further studies are required to confirm

retinoic acid as a potential candidate for improving NAFLD.

Non-alcoholic fatty liver disease (NAFLD) is the hepatic
manifestation of metabolic syndrome, characterised by
the presence of more than 5% of macrovesicular steatosis
in the liver cells, with the absence of secondary triggering
factors.! The incidence and prevalence of the disease are
rapidly growing? It affects more than a quarter of the
wotld's population,3* with the highest 42% in Southeast
Asian countries and specifically 37.4% in Malaysia.>6
NAFLD manifestations range from simple steatosis to

non-alcoholic steatohepatitis (NASH). Then it progresses
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to cirrhosis and hepatocellular carcinoma (HCC), which is

the leading cause of liver-related death.™10

The liver processes a large number of fatty acids, but only
a tiny quantity is stored as triglycerides in cytoplasmic lipid
droplets, which account for less than 5% of liver weight.!!
Insulin resistance, metabolic syndrome, and type Il
diabetes disrupt fat metabolism, creating a build-up of
free fatty acids in hepatocytes, resulting in lipotoxicity,

inflammation, and fibrosis.12 Many factors, like accelerated
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modernisation, increased Western diet, aged population,
physical inactivity, and genetics, are ascribed to be the
contributing factors involved in the dramatic escalation
of NAFLD worldwide.13-1> However, to date, no Food
and Drug Administration (FDA) approved prescription is
available for NAFLD therapy.!31¢ Studies showed that
liver storage ability was reduced in NAFLD, affecting
vitamin A metabolism!%!% and serum retinol level was

negatively associated with the severity of NAFLD.?

Carotenoids and retinyl esters are the dietary sources
of vitamin A. Retinoids are vital transcriptional factors
that regulate the expression of over 500 genes.?’ The
hepatic stellate cells (HSCs) store retinoic acid (RA) in
the form of retinyl ester-filled lipid droplets.?! Lacking
RA in both clinical and animal studies showed the
development of NAFLD and NASH.” In mammals,
structurally two unrelated diacylglycerol acyltransferases
(DGAT) enzymes, DGAT1 and DGAT?2, catalyse the
terminal step of triglyceride (T'G) biosynthesis.22 DGAT1
is abundant and expressed in the intestine, while DGAT?2
is found in the liver and adipose tissues. Many studies
suggest that inhibition of DGAT?2 led to the suppression
of de novo lipogenesis.232+ However, the role of DGAT2
in causing lipid aggregation and the benefit of its
inhibition in NAFLD is still unclear. While these studies
highlight the roles of RA and DGAT?2 in hepatic lipid
metabolism, further research is necessary to directly
establish RA's impact on DGATZ2 gene expression and its
subsequent effects on lipolysis and lipogenesis. Therefore,
this research aimed to evaluate the effects of RA on liver
triglyceride levels and DGAT2 gene expression in high

cholesterol-induced steatosis rats.

MATERIALS AND METHODS
Animal model

Ethical approval for this study was obtained from
Institutional Animal Care and Use Committee IACUC of
the International Islamic University Malaysia (IITUM/
TACUC/2019(14)). All the rats were treated following the
institutional Guidelines for the Care and Use of

Laboratory Animals.
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This experimental study was conducted on adult male
healthy Sprague-Dawley rats with an average body weight
of 200 to 300 grams. They were individually housed
with appropriate facilities in standard plastic cages and
fed on a standard dry pellet diet and water ad lZbitum.
They were kept under closely controlled environmental
conditions with a 12:12-hour light-dark cycle. They were
kept in a room at 21-22 °C temperature and 50-55%
humidity. The animals were acclimatised for 2 weeks.
The rats were randomly divided into 5 groups, with n=38
rats per group. The total sample size of 40 rats was
determined using G*Power version 3.1 with a power
of 95%. The calculation was performed using the mean
and standard deviation of serum triglyceride levels in
the control and treated animal groups, as reported by
Geng et al. (2017).

For the first four weeks (Phase 1), rats in Groups A
(control) and B received a normal diet (ND). While rats in
Groups C to E received 12% cholesterol daily as a high
cholesterol diet (HCD) to induce steatosis, based on the
established method.?5 For the second 4 wecks (Phase 2),
the rats in the control group continued receiving a normal
diet. The rats in group B (ND+RA) were injected with
RA (7.5mg/kg subcutaneous) twice weekly. The rats in
group C received HCD throughout the experiment as a
positive control. The rats in group D received HCD with
vehicle (olive oil), and rats in group E received HCD and
RA (7.5mg/kg subcutaneous) twice weekly to evaluate the
effects of RA on the steatotic liver. The dose and
duration of drug administration were determined based

on the previous reports.26:27

At the end of the experimental study, all animals were
fasted overnight and euthanised with an overdose mixture
of anaesthesia. The abdomen was opened with a midline
incision, and the liver tissues were removed 77 fofo. Part of
the central lobe of the liver was cut gently, directly to
avoid 7z vivo lipolysis. The liver tissue was collected,
washed with cold saline, and stored at -80°C for further
analysis of liver triglyceride (TG) estimation and DGATZ2

gene expression.



Liver Triglyceride Measurement

Bligh and Dyer’s method was used to measure liver
triglyceride levels, with some minor changes.28 Firstly,
75% ice-cold methanol (32ul/mg methanol and 10.6
ul/mg HPLC-graded water) was added to the samples
and homogenised using SilentCrusher M homogenizer
(Germany) for 5x60s at 7500 rpm. Each homogenate
was transferred into 10 ml glass vials, and 16 ul/mg of
chloroform was added. Samples were mixed using a
vortex mixer for 3 minutes at 2000 rpm and then
centrifuged at 18°C for 10 minutes at 2420xg using a
refrigerated centrifuge (Eppendorf, Germany) to pellet
the protein and tissue particles. The whole supernatant
layer (5ml) was transferred to another clean 10ml glass
vial. A total of 16 ul/mg of chloroform and 18.2 pl/mg
of HPLC-graded water were added to induce phase
separation. Samples were then mixed again on the
vortex mixer for 1 minute at 2000 rpm and incubated at
18°C for 10 minutes to allow the partitioning of the
solvent system, and then centrifuged at 18°C for 10
minutes at 2420xg. The non-polar parts of each tube were
aliquoted into a clean 5ml glass tube and then dried down
using a nitrogen blow-down evaporator (Mini-Vap 6-port
evaporator). The dried lipid was resuspended in 250 pl of
2-propanol and measured by using an AUG80 Beckman
Coulter Chemistry analyzer. All samples were run in

triplicate.

DGAT2 gene expression by reverse transcription

mixture consisted of 6.5 uL. of GoTaq® qPCR Master
Mix, 2X (Promega, USA), 0.4 pL of the forward primer,
0.4 uL of the reverse primer, and 0.25 uL of the TagMan
probe. The reaction was completed with 2.45 uL of
RNase-free water and 3 uL of the cDNA template, which
was diluted 1:16 prior to use. All samples were run in
triplicate and analysed on a 96-well plate. RNase-free
water was used as a non-template control (NTC). The
qPCR reaction was accomplished on a Bio-Rad CFX96
Maestro Real-time system. The thermal profile consisted
of an initial single cycle for Taq DNA activation at 95°C
for 2 minutes. This was followed by 38 cycles of three
steps: denaturation at 94°C for 30 seconds, annealing at
53°C, and extension at 72°C, both for 30 seconds. The
entire cycling program concluded with a single cycle of
final extension at 72°C for 1 minute.

Data was relative

analysed wusing the quantitative

expression method. The data were normalised to
(GAPDH)

and presented relative to the control. The Cr value for the

glyceraldehyde-3-phosphate  dehydrogenase

target gene (DGATZ) was normalized to the endogenous
control (GAPDH) to obtain the ACr value using this

formula:

ACr = Cr (DGAT2) - Cr (GAPDH)

The relative fold change in gene expression was then
calculated using the comparative cycle threshold (Cr)

method, also known as the 2-2A CT method.

Table I: Sequences of primers and probes for Quantitative RT-PCR

quantitative polymerase chain reaction (RT-qPCR)

Gene Forward Reverse Probe

Reverse transcription quantitative polymerase chain

reaction (RT-qPCR) was conducted to measure the

GCTGATGCTGCTCTC
TACTTCACC

TGTGATCTCCTGC
CACCTTTCT

TGGCATTTGACTGGA
DGAT2 ACACGCCCA
GAACATCATCCCTGC
ATCCA

CCAGTGAGCTTCC
CGTTCA

CTTGCCCACAGCC

GAPDH TTGGCAGC

relative DGAT2 gene expression. Total RNA was
extracted from the rat’s liver tissue using the SV Total
RNA Isolation System kit (Promega, U.S.). Complementary
DNA (cDNA) was synthesized from 100ng of RNA
using the PROMEGA GoScript™ Reverse Transcription
system according to the manufacturer's protocols. The
cDNA samples were stored at -30°C before qPCR
amplification. The synthesized cDNA was then subjected
to qPCR using gene-specific primers and a TagqMan
probe (as shown in Table I) and GoTaq® qPCR Master
Mix, 2X (Promega, USA). Each PCR reaction was

performed at a total volume of 13 pL per reaction. The
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Statistical analysis

Data was analysed using IBM SPSS Statistics version 23.
Comparison of liver triglycerides and DGAT2 gene
expression among the control and the high cholesterol
diet-induced steatosis rats was analysed by conducting the
One-Way Analysis of Variance (ANOVA) test. Post Hoc
multiple testing was amended by using LSD correction to

find out the significant differences among different
J’_

treatment groups. The data were expressed as means
standard deviation (SD) with a 95% confidence interval
(95% CI). The P-value of <0.05 was

statistically significant.

considered
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RESULTS
Liver triglyceride level

Results for the liver triglyceride levels are shown in Figure
1. The positive control group, Group C (HCD only), had
the highest liver triglyceride (TG) level with a mean of
4.1211.50 mg/g, demonstrating an increased pattern
compared to Group A (ND), which had 2.42+1.78 mg/g,
but not statistically significant. In the retinoic acid
(RA)-treated groups, a reduced pattern in liver TG levels
was observed. Group B (ND+RA) had the lowest TG
level overall at 0.98+0.16 mg/g. Meanwhile, Group E
(HCD+RA) had a mean TG level of 3.60+0.88 mg/g,
which showed a reduced pattern in comparison to Group
C (4.12£1.50 mg/g) and Group D (4.05£0.76 mg/g), but
statistically insignificant (p>0.05).

Liver Triglyceride Level
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Figure 1: Liver Triglyceride levels in Normal Diet & HCD groups: Group A- Normal diet;
Group B -Normal diet & Retinoic acid, Group C -High cholesterol diet, Group D -High
cholesterol diet & Vehicle, Group E -High cholesterol diet & Retinoic acid. Data is
expressed as mean T standard deviation (n=8).

Gene Expression Analysis of Hepatic DGAT2 by
TagMan qPCR

GAPDH was used as the reference gene for the analysis
of DGATZ2 gene expression. The relative expression
values were calculated using the 2-44CT method and are
represented in Figure 2. In Group C, hepatic DGAT2
gene expression was upregulated compared to Group A,
but not statistically significant. DGAT2 gene expression
was downregulated in the RA-treated groups (B and E)
compared to their respective control groups (A and C).
In Group B (ND+RA), DGAT?2 expression was reduced
by 0.15-fold (15% decrease) compared to Group A (ND),
but not statistically significant. In Group E (HCD+RA),
DGAT2 gene expression was significantly (p<<0.05)
reduced when compared to the positive control group.

Specifically, DGATZ2 expression was significantly reduced
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by 0.63-fold (63% decrease) when compared to Group
C (HCD). The reduction was also 0.54-fold (54%
decrease) when compared to Group D (HCD+vehicle),

but statistically insignificant.

Hepatic DGAT2 Gene Expression
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Figure 2: Hepatic DGAT2 gene expression in normal diet and HCD groups. Group
A-Normal diet; Group B- Normal diet & Retinoic acid; Group C- High cholesterol diet;
Group D- High cholesterol diet & Vehicle; Group E- High cholesterol diet & Retinoic
acid. Data is expressed as mean * standard deviation (n=8). *P <0.05.

DISCUSSION

This study explored the effects of retinoic acid (RA)
on liver triglyceride levels and the expression of the
Diacylglycerol Acyltransferase 2 (DGATZ2) gene in a
high-cholesterol diet (HCD) induced steatosis rat model.

Liver triglyceride levels

This study revealed a trend toward reduced liver TG
levels in RA-treated groups, both under normal dietary
conditions and following HCD induction. However, these
reductions did not reach statistical significance. The
downward trend in TG levels suggests that RA may play
a protective role in hepatic lipid homeostasis, particularly
under lipotoxic dietary challenges. This observation is
in agreement with recent reports indicating that RA
can attenuate hepatic steatosis by modulating lipid
metabolism pathways.2-31 A study by Zarei L, et al.
showed that rabbits lacking retinoic acid receptors
(RARs) developed microvesicular hepatic steatosis and
had poorer fatty acid oxidation capability. The study
discovered that RA considerably reduces liver steatosis,
comparable to atorvastatin. It also reported a decrease in
liver oxidative stress marker-protein carbonyl, serum
total antioxidant capacity, and serum lipid in high-fat
It is stated that RA's

antioxidant and anti-inflammatory characteristics might

diet-induced steatosis rabbits.

be the primary effective mechanisms for it.3! Moreover,

RA is known to influence hepatic lipid partitioning, not
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only by suppressing lipogenesis but also by enhancing

mitochondrial $-oxidation.3233

The lowest TG levels were observed in Group B, which
was fed a normal diet with RA, indicating that RA might
have a triglyceride-lowering effect even under baseline
conditions. This aligns with a previous report showing
treatment of male mice with all-trans retinoic acid (AtRA)
significantly reduced body weight, body fat content, and
hepatic TG levels.3*

Hepatic DGAT2 gene expression

In this study, hepatic DGATZ gene expression was found
to be upregulated in rats fed a high-cholesterol diet
(HCD; Group C) compared to those on a normal diet
(Group A). DGAT2 encodes a key enzyme responsible
for the final step in triglyceride (T'G) synthesis, and its
the
pathogenesis of nonalcoholic fatty liver disease (NAFLD)

elevated expression has been implicated in

through promotion of hepatic lipid accumulation.2435

Notably, administration of retinoic acid (RA) in HCD
-fed rats (Group E) led to a statistically significant
downregulation of DGAT2 expression compared to
Group C. This suggests that RA may suppress hepatic
by modulating DGAT2
transcription. These findings support the hypothesis that

triglyceride  synthesis
RA influences hepatic lipid metabolism by targeting key
enzymatic regulators of lipogenesis. Supporting this, a
study demonstrated that knockout of DGAT2 in
C57BL/6] and ob/ob mice for six weeks resulted in
significant reductions in liver triglyceride content and

overall body weight, underscoring the central role of
DGAT? in lipid homeostasis.30

reduced DGAT?
expression in rats on a normal diet (Group B), showing
a 0.15-fold (15%) decrease relative to Group A.
Furthermore, in Group E, DGATZ expression was
significantly reduced by 0.63-fold (63%) and 0.54-fold
(54%) when compared to Group C (HCD) and Group
D (HCD+vehicle), respectively. These transcriptional

Interestingly, RA treatment also

findings are consistent with immunohistochemical data,

which showed a pronounced decrease in hepatic DGAT2
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protein  expression following subcutaneous RA
administration in HCD-fed rats.?
Overall, the significant suppression of DGAT2

expression in RA-treated HCD rats (Group E) suggests
a protective role for RA in ameliorating diet-induced
hepatic lipid accumulation. While the precise molecular
mechanisms remain to be fully elucidated, these results
highlight that RA has a potential role as a modulator
of liver triglyceride metabolism and a candidate for

therapeutic intervention in NAFLD.

CONCLUSION

The administration of RA in this study led to a
reduced pattern of liver TG levels and a significant
downregulation of DGATZ2 gene expression in HCD-
induced steatosis rats. This suggests that RA could be a
potential therapeutic approach for treating fatty liver
disease and preventing conditions like NAFLD and
NASH. However, there are several limitations, primarily
related to its scope and duration of the study. Specifically,
while a beneficial trend toward reduced liver triglyceride
levels was observed in the RA-treated groups, this
reduction did not reach statistical significance, suggesting
a lack of sufficient statistical power or treatment
duration. Therefore, further investigation into a larger
sample size and longer study durations, i.e., more than 4
weeks of RA treatment, would achieve a statistically
significant reduction in liver TG levels. Furthermore,
more rigorous molecular and mechanistic studies
beyond DGAT2 gene expression are necessary to fully
elucidate the pathway through which RA modulates
hepatic lipid metabolism. Such studies should target
downstream factors like fatty acid oxidation (e.g., CPT-1),
inflaimmatory markers, and the specific retinoic acid
receptor (RAR) mediating the effect to confirm the exact

beneficial mechanism of RA in NAFLD.
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