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Abstract: Used cooking oil is unhealthy fat that caused damage to various organs in the body. Consumption of used cooking oil
increases the synthesis and decreases triglyceride oxidation, resulting in its accumulation in the liver, which is a trigger of liver
steatosis. Galangal (Kaempferia galanga) contains flavonoids, polyphenols, and tannins, and it has an anti- hyperlipidemic effect. The
study aims to prove that the ethanol extract of galangal inhibits the elevation of liver steatosis cells number, Gamma Glutamyl
Transferase (GGT), and triglycerides concentration in male Wistar rats (Rattus Norvegicus) fed with used cooking oil. A post-test-only
control group design was conducted. The samples were 36 healthy male Wistar rats, 3-4 months old, weighed 200-210 gram, divided
randomly into two groups. The control group was administrated with 1.5 ml of used cooking oil and 1 ml of aquadest placebo, while the
intervention group was supplemented with 1.5 ml of used cooking oil and 100 mg of galangal ethanol extract that dissolved in 1 ml
aquadest, once daily orally, for 28 days. The number of the liver steatosis cell, the plasma GGT, and TG concentration were measured
after the intervention. The number of steatosis cells in the intervention group was found significantly lower than the control group (4.79
+ 2.40 fg/5 HPF vs. 25.55 * 7.43 fg/5 HPF; p<0.001). The GGT concentration in the intervention group was also significantly lower
than the GGT in the control group (5.00 (3.53 — 5.35) ng/ml vs. 5.83 (4.22-10.15)) ng/ml ; p<0.001 ). The TG concentration in the
intervention group was significantly lower than the mean TG in the control group (78.12 mg/dL + 21.86 vs. 142 mg/dL + 27.18;
P=<0.001). In conclusion, the ethanol extract of galangal inhibited the elevation of liver’s steatosis number, plasma’s GGT, and
triglycerides concentration in male Wistar rats fed with used cooking oil.
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD) represents a
spectrum of diseases from simple steatosis to non-alcoholic
steatohepatitis (NASH), fibrosis, cirrhosis, and
hepatocellular carcinoma®. Simple steatosis can be detected
and cured early; however, the treatment of late-stage is not
effective and  will lead to  progressive disease,
hepatocyte cells lose their regeneration ability, and
accelerate the aging process®. The prevalence of NAFLD in
Indonesia is estimated at 30.6%, higher than other countries
in Asia, such as India (24.6%) and China (20%)° The
prevalence of NAFLD increases with age, 1 to 3% in
children, 5% in adolescents, 18% between 20 and 40
years, 39% in 40 to 50 years, and more than 40% in the
population aged 70 years and over”.

One of the risk factors for NAFLD is an unhealthy diet.
Indonesian people from lower-middle economies tend to use
cooking oil repeatedly (used cooking oil)°. A study on rats

reported that administration of oxidized soybean oil caused
hepatocyte hypertrophy, fat deposition, inflammatory cell
infiltration in the liver, and hepatocyte degeneration in the
form of swelling and cell necrosis®. Free radicals from used
cooking oil also trigger damage to various organs, including
liver damage characterized by the swelling of the liver,
damage to cell membranes, endoplasmic reticulum, and
destruction of the oxidation process’.

Although cases of NAFLD continue increasing, there has
not been any approved specific therapy for NAFLD. It is
essential to treat NAFLD in the reversible stage to prevent
disease progression®. Galangal (Kaempferia galanga) is a
famous medicinal plant easily found in Indonesia9, usually
used as cooking spices. It contains phytochemicals as an
antioxidant with an antioxidant capacity of 108.41 mg/L
with an IC50 of 928.13 ppm. Galangal extract also contains
phenols (279.82 mg/100 grams), flavonoids (1559.69
mg/100 grams), and tannins (295.34 mg/100 grams). Ethyl-
p- methoxycinnamate (EPMC) is the main compound from
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the galangal rhizome that protects oxidative damage from
chemotherapy side effects'®. Previous studies on rats have
shown that galangal has anti-hyperglycemic and anti-
hyperlipidemic effects** *2. The role of galangal in inhibiting
NAFLD has not been investigated; therefore, it is essential
to provide scientific evidence regarding its effect in
inhibiting the increase in steatosis, GGT levels, and
triglycerides due to exposure to used cooking oil.

2. Materials and Methods

The post-test-only control group study design was conducted
in 36 male Wistar rats aged 3-4 months with a weight of
200-210 grams. The ethanol extract of galangal was made at
the Postharvest Engineering Laboratory, Faculty of
Agricultural Technology, Udayana University. Used
cooking oil was prepared using palm oil that has been heated
180°C for 8 minutes repeatedly six times with 15 minutes
for frying tofu.

The rats were randomly divided into two groups: the control
and intervention groups. The control group was
administrated 1.5 ml of used cooking oil and 1 ml of
aquadest placebo. The intervention group was exposed with
1.5 ml and supplemented with used cooking oil and 100 mg
of galangal ethanol extract dissolved in 1 ml aquadest, once
per day orally. Both groups were administrated for 28 days.

On the last day of the intervention, all group subjects were
anesthetized with 16 mg of ketamine/200 gram BW and 2
mg of xylazine/200 gram BW before drawing the blood.
One cc of blood was taken per rat and waited for 1 hour
before centrifuging at 3000 rpm for 10 minutes. The blood
serum was then taken using a micropipette and inserted into
a 1.5 ml microtube for measuring GGT and TG levels. GGT
was measured using GGT Elisa Assay Kit from BT Lab in
ng/ml. TG was measured using TG Colorimetric kit from
Elabscience.

Liver tissues were fixed in 10% buffered formaldehyde for
24 hours. Section of 3-5 mm thickness were cut and proceed
using a tissue processor. The tissue was then embedded in
paraffin. After that, the paraffin block was cut using
microtome at 4-5 pm. Paraffin ribbon was placed in the
water bath before putting in the object glass and then placed
on a hot plate for few hours. Liver preparations were with
Haematoxylin-eosin. The observation was carried out using
microscope Olympus CX21 with a 400x lens magnification
and documented. The calculation of steatosis number using
Image Raster software. The data was calculated from the
average steatosis number in 5 HPF (high power field) of the
hot spot area.

Statistical analysis was conducted using SPSS, with a
significance level of 0=0.05. The data with the normal
distribution was analyzed using compare means
(independent t-test), while data with non-normal distribution
was analyzed using a non-parametric test (Man-Whitney
test).

The study protocol was approved by the animal ethics
committee of the Veterinary Faculty of Udayana University,
with ethical clearance number: B/49/UN14.2.9/ PT.01.04/

2021

3. Results

One rat from the control group died during the intervention,
and one from the intervention group has extreme data (out
layer) and was excluded for analysis, so the total number of
each group to 17 subjects. The mean of steatosis number for
the intervention group was significantly lower than the
control group (4.79 + 2.40 fg/5 HPF vs. 25.55 + 7.43 fg/5
HPF; p<0.001). The median GGT value in the intervention
group was significantly lower than the median GGT in the
control group (5.00 (3.53 — 5.35) ng/ml vs. 5.83 (4.22-10.15)
ng/ml ; p<0.001). The mean TG in the intervention group
was significantly lower than the mean TG in the control
group (78.12 mg/dL + 21.86 vs. 142 mg/dL * 27.18;
p<0.001).

Table 1: The Comparison of Steatosis Number, GGT, and
TG concentration between Group Post-Intervention

Parameter| Group |n Mean = SE p
Steatosis | Control |17 25.55 mg/dL +7.43 <0.001
(fg/5 HPF) | Intervention|17 | 4.79 mg/dL + 2.40 '
GGT*) Control |17 5.83 (4.22 - 10.15) |<0.001
(ng/mL) [Intervention|17| 5.00 (3.53 —5.35)
Triglyceride] Control (17| 142 mg/dL + 27.18 <0.001
(mg/dL) |Intervention|17 |78.12 mg/dL +21.86|

Steatosis and triglyceride were tested using an independent
t-test, presented in meantSD*) GGT was tested using Man-
Whitney, presented in median (min-max).

Figure 1: Histopathologic Examination of Steatosis
(Haematoxylin Eosin, 400x)

(A) The liver steatosis in the control group with the
administration of aquadest and used cooking oil. (B) The
liver steatosis in the intervention group with ethanol extract
of galangal and used cooking oil.
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4. Discussion

Effect of the Ethanol Extract of Galangal on
Steatosis Number

Repeated heating of the oil will increase the level of
transfat'. Diets high in trans fats increase the synthesis of
free fatty acids and reduce lipid oxidation, thereby causing
triglyceride accumulation in the liver, triggering hepatic
steatosis and lipotoxicity™. Supplementation with 2: 1 ratio
of N-6: N-3 polyunsaturated fatty acid improves liver
steatosis with OR = 0.064 (p=0.001) *°. It shows that PUFA
supplementation or good fat can inhibit steatosis, while the
administration of used cooking oil in this study resulted in
steatosis.

The effect of galangal extract in inhibiting steatosis is
influenced by its anti- hyperlipidemic and anti-
inflammatory effects'’ (Subbaian and Ragavan, 2020).
Galangal extract can inhibit various inflammatory
mediators, such as TNF-a, IL- 1, TGF beta, and Nitric
Oxide (NO) Y. In addition, the role of galangal in
inhibiting steatosis is also influenced by its compound
content, such as flavonoids, polyphenols, and tannins.

Flavonoids stimulate Peroxisome Proliferator-Activated
Receptor (PPAR)-a thereby reducing steatosis by
promoting beta-oxidation and reducing inflammation®.
Peroxisome  proliferator-activated  receptor gamma
(PPARg) is activated partially by flavonoids, triggering
adipocyte differentiation and insulin sensitization. This
causes the redistribution of visceral fat to the subcutaneous
fat depot and reduces free fatty acids to the liver®.
Flavonoids can inhibit (Sterol regulatory-element binding
proteins) SREBP-1c, therefore decreasing the rate of de
novo lipogenesis®™ **. Flavonoids have the role as the
antioxidant by reducing the free radical productions, inhibit
pro-oxidant enzymes, and enhance endogenous antioxidant
defenses®. The anti-inflammatory effect of flavonoids is
mainly influenced by their ability to inhibit the NF-B
pathway. In addition, flavonoids also inhibit the activity of
regulatory enzymes involved in inducing inflammatory
responses, such as protein tyrosine Kkinase, PKC,
phosphodiesterase, phospholipase A2, lipoxygenases, and
cox®.

Polyphenols show their hepatoprotective effects by
increasing fatty acid oxidation, modulating insulin
resistance, and inhibiting oxidative stress and
inflammation. Polyphenols have also been reported to
decrease NF-kB activity on peripheral blood mononuclear
cells. Polyphenols can donate hydrogen to free radicals
and produce unreactive radicals that can suppress lipid
peroxidation?2. Tannins can decrease the expression of
messenger RNA (mRNA) genes related to lipogenesis and
lipid accumulation?.

Effect of the Ethanol Extract of Galangal on GGT

GGT is the main enzyme of extracellular glutathione
catabolism®. GGT release indicates oxidative stress and is
closely associated with body fat, especially visceral fat,
contributing to accelerated NAFLD progression'®.

Decreased intracellular glutathione triggers GGT secretion®.

Flavonoids increase intracellular glutathione concentrations
by about 50% through transactivation of the gamma subunit
promoter glutamylcysteine synthetase®.

Galangal inhibited the increase of GGT because of its
flavonoid compounds that can increase the concentration of
intracellular glutathione, its hypolipidemic and anti-
hyperglycemic effects. Administration of extracts with
hypolipidemic and anti-hyperglycemic effects, such as the
hydroalcoholic extract of Peganum harmala and extract of
Curculigo latifolia, can reduce the level of GGT. Anti-
hyperglycemic and hypolipidemic effects are thought to
ameliorate hepatotoxicity complications of diabetes mellitus.
The reduction of hepatocyte damage in the treatment group
decreases the GGT enzyme that entered into circulation®” %,

Effect of the Ethanol
Triglyceride

The ability of galangal extract in inhibiting the increase of
triglycerides in this study is in line with the previous studies.
The effect of the ethanolic extract of Kaempferia galanga
with doses of 500 mg/kg BW and 1000 mg/kg BW for 30
days in female rats that underwent ovariectomy showed a
significant decrease in total cholesterol and LDL levels, but
there was no significant difference in triglyceride levels'.
The study that administers ethanol extract of Kaempferia
galangal with 250 mg/kg BW and 500 mg/kg BW for 28
days in diabetic rats showed a significant decrease in
triglyceride, LDL, VLDL, and an increase in HDL levels®.

Extract of Galangal on

The mechanism of galangal extract in reducing triglyceride
levels is due to the content of flavonoids, tannins, and
polyphenols. Flavonoids can increase lipoprotein lipase
activity; therefore, they could reduce triglyceride?.

Flavonoids and tannins can inhibit cholesterol absorption
in the intestine and increase the formation of bile acids
from cholesterol®. In addition, flavonoids and tannins can
inhibit the HMG-COA reductase enzyme, resulting in the
reduction of Apo-B synthesis and the increase of LDL
receptors on the liver surface®.

Polyphenols can reduce LDL by inhibiting cholesterol
absorption in the small intestine, preventing LDL
biosynthesis and microsomal transfer of protein in the
liver, decreasing apolipoprotein B-100 secretion, and
increasing LDL receptors in the liver liver®. An increase in
LDL receptors will redistribute the blood cholesterol to the
liver, thereby reducing LDL and VLDL levels, reducing
blood triglycerides. A decrease in Apo-B levels will
interfere with the formation of chylomicrons, VLDL, IDL,
and LDL, resulting in reduced triglyceride levels®.

5. Conclusion
Supplementation of Ethanol extract of galangal
(Kaempferia galanga) inhibited the elevation of liver

steatosis cell number, GGT, and TG concentration in male
Wistar rats (Rattus norvegicus) fed with used cooking oil.
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