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AIM: The purpose of the research was to determine the hepatoprotective activities of bioactive compounds pirdot by
in vivo and in silico study.

METHODS: In this study, the completely randomized design non-factorial was experimentally to assess the value of
serum glutamic pyruvic transaminase (SGPT) and serum glutamic oxaloacetic transaminase (SGOT) and 24 adult
male rats were divided into four groups: Group G, control group; group G,, a treated group received 0.1 ml sheep red
blood cell (SRBC); group G,, a treated group received 500 mg ethanol extract pirdot; and group G,, a group treated
received 500 mg ethanol extract pirdot and 0.1 ml SRBC. On 31 days of treatment, the blood of all rats group was
taken to value SGPT and SGOT using DialLab kit. Furthermore, the molecular docking study was done to analyze
molecular interaction of cyclooxygenase 2 (COX-2) and tumor necrosis factor alpha (TNF-a).

RESULTS: The results show SGOT and SGPT value significantly (p < 0.05) decreased on group G, and G,. Moreover,
the bioactive compounds of pirdot, such as pomolic acid and ursolic acid, tend to be the potential compound on liver
protection. Moreover, pomolic acid has a good binding affinity —14.6 kcal mol™ with COX-2 protein and the binding
affinity of cis-3-O-p-hydroxycinnamoyl ursolic acid was —15.1 kcal mol” associated with TNF-c. protein.

CONLUSION: Pirdot leaves (Saurauia vulcani Korth) ethanol extract showed hepatoprotective activity in rats (Rattus
norvegicus). Molecular docking approach showed that pomolic acid has a good binding affinity with COX-2 protein
and TNF-a protein.

under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

The liver has a very importantrole in the process
of detoxification and excretion of various compounds
in the circulatory system [1]. Liver interaction with
these compounds induces an adaptive immune
response that produces inflammatory cytokines such
as interferon-y and tumor necrosis factor (TNF)-a [2].
Liver damage is also caused by the use of drugs and
chemical compounds that are toxic [3]. In the process
of metabolic decompensation, liver function is related
to the immune system [4]. Furthermore, hepatocytes
and kupffer cells have an important role in antigen
metabolism in the liver [5]. Serum glutamic oxaloacetic
transaminase (SGOT) and serum glutamic pyruvic
transaminase (SGPT) values are used as indicators
in evaluating liver damage. SGOT is an enzyme found
in the cytoplasm and mitochondria of liver cells. SGOT
levels can be used to assess the extent of liver damage.
Meanwhile, SGPT is an enzyme that is produced when

there is damage to liver cells by seeing an increase in
SGOT levels in blood serum [6]. The increase in SGPT
or aspartate aminotransferase is due to changes in
permeability or damage to the liver cell walls. Thus, it is
used as a marker for impaired hepatocellular liver cell
integrity. Secondary metabolites produced by plants
are currently one of the alternatives in the treatment
of liver damage [7]. Saurauia vulcani Korth is a family
Actinidiaceae that has secondary metabolites of
polyphenols, flavonoids, steroids, saponins, tannins [8],
and triterpenoid [9]. According to a previous study, pirdot
leaf flavonoid compounds are genistein isoflavones that
function to reduce glucose levels and glucose tolerance
in the body, heal wounds, and increase insulin levels
in the body [10]. High flavonoids in pirdot leaves tend
to be hepatoprotective. This study aims to determine
the levels of SGOT, SGPT, and liver morphology
from ethanol extract of pardon leaves and to predict
molecularly the interaction of Saurauia secondary
metabolites with proteins involved in oxidative stress
and inflammation in the liver.
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Materials and Methods

Preparation of test animals

Twenty-four laboratory rats (Rattus norvegicus)
aged 3 months, weighing 150-200 g, were obtained
from the Pharmacy Laboratory, Institut Teknologi
Bandung. They were then acclimatized at a temperature
of 24 + 27°C for a week in the Pharmacy Laboratory,
Universitas Padjajaran, Bandung. Then, the mice were
treated for 30 days and given food and ad libitum water.

Preparation of pirdot leaf ethanol extract
Saurauia leaf ethanol extract (EES)

Six km of pirdot leaves, obtained from North
Tapanuli (North Sumatra, Indonesia), were dried and
mashed to produce pirdot leaf flour. A 500 g of pirdot
leaf flour were put into two places, 250 g each, and
added with distilled ethanol (1.875 mL/place). Pirdot
flour was then soaked for 5 s and was stirred twice a
day. The filtrate obtained was separated using filter
paper to obtain 2.1 | with the addition of ethanol further
to get 3 | of solution. After that, the filter results were
concentrated using a rotary-evaporator and left to stand
in a water bath for 4 days. Fifty-one g of ethanol extract
of pirdot were given orally to laboratory rats 500 mg/kg
for 30 days [11].

Preparation of sheep red blood cells
(SRBC)

Sheep blood as antigen was obtained from the
Lembang Veterinary Laboratory, Bandung, Indonesia.
Sheep blood was taken from the blood vessels in the neck
as much as 5 mL and washed using phosphate buffered
saline with a pH of 7.4 then centrifuged at 200 rpm for
15 min. Centrifugation was carried out 3 times. Blood
specimens were stored in the freezer at —4°C.

Effect of pirdot leaf ethanol extract on
SGPT and SGOT values

The laboratory rats were anesthetized after
30 days of treatment. Blood was collected from the
treated group of laboratory rats through a vein from the
neck of the laboratory rats. The serum was separated by
centrifugation at 2500 rpm for 10 min. SGOT and SGPT
were analyzed by spectrophotometric measurements
(Dialab, 2006, Liquid Reagents of GOT, Austria: DIALAB
Production von chemish-technishen.) [12].

Liver histopathology examination and
degree of hepatocyte damage

Liver pieces were washed with 0.9% saline
solution and preserved with 10% formalin solution at

the fixation stage which was continued at the paraffin
stage with hematoxylin and eosin staining [13], [14]. The
histopathological assessment was carried out under a
microscope with a magnification of 400 times. Then, the
mean weight of the liver histopathological change score
was calculated in five fields of each mouse using the
Manja Roenigk Histopathology Scoring model [15]. The
hepatic structures observed were normal hepatocytes
and hepatocytes that have both necrosis, parenchymal
degeneration, and hydropic degeneration. Then,
recorded and counted the percentage of damage that
occurred.

Molecular docking study

A research conducted by Pasaribu in 2020
reported the results of the phytochemical analysis
of Saurauia having bioactive compounds, namely,
3.19-Dihydroxyurs-12-en-28-oic acid; cis-3-O-p-
hydroxycinnamoyl ursolic acid; corosolic acid; maslinic
acid; and genistein. These compounds were evaluated for
molecular interactions between target proteins involved
in the inflammatory process and oxidative stress. This
was done to further analyze the molecular mechanism of
the hepatoprotective activity of pirdot leaves [16].

The target proteins involved in the production
of reactive oxygen species were TNF-o. (PDB: 2AZ5),
cyclooxygenase 2 (COX-2) with ibuprofen as an anti-
inflammatory drug (PDB: 4PH9) [17], [18]. The ligand,
a bioactive compound of pirdot leaves, was obtained
from the PubChem database. Energy minimization was
carried out in it using the mmff94, and docking with
AutoDock Vina. Visualization of molecular interactions
was carried out with the Chimera and Protein Plus
database.

Data analysis

The experimental design used in this study was
a completely randomized design. Twenty-four laboratory
rats were grouped into four groups: The control group
was given distilled water (G,), the treatment group was
given SRBC (G,), the treatment group was given pirdot
lead ethanol extract (EEP) (G,), and the treatment group
was given pirdot leaf extract (EEP) + SRBC (G,). The
obtained data were analyzed using Duncan’s post-hoc
test (p < 0.05), using Statistical Package for the Social
Sciences version 24 software at an error rate of 5%.

Results

Analysis of SGOT and SGPT levels

The measurement of the SGOT and SGPT
values is presented in Table 1. In this study, the SGOT

1266

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Sinaga et al. Hepatoprotective Activity of Pirdot Leaves (Saurauia vulcani Korth)

levels in the G,, G,, and G, treatments were lower
than the control. SGOT levels in the control treatment
laboratory rats were at 248.27 + 58.75 with the
administration of SRBC decreased to 189.77 + 77.59,
and in the G, and G, treatments were 191.55 + 35.55
and 196.60 * 24.37, respectively. In this study, SGPT
levels decreased significantly. SGPT in the control
treatment was 121.74 £ 7.62, and SGPT in the G, and
G, treatments was 76.44 + 11.38 and 55.50 + 15.75. In
the laboratory rats of the G1 treatment alone, the SGPT
level increased to 214.00 + 15.34.

Table 1: Effect of pirdot leaf ethanol extract on SGOT and SGPT
values

Group SGOT SGPT

Control (G,) 248.27 +58.75 121.74 £7.62*
SDMD (G,) 189.77 £ 77.59 214.00 + 15.34
EES (G,) 196.60 + 24.37 76.44 + 11.38*
EES+SDMD (G,) 191.55 + 35.25 55.50 + 15.75**

*Significantly different to G1 group (p<0.05), *Significantly different to G2 group (p < 0.05), SGPT: Serum
glutamic pyruvic transaminase, SGOT: Serum glutamic oxaloacetic transaminase, EES: Ethanolic extract of
pirdot leaves (S. vulcani Korth).

Effect of EES on liver histology and level
of hepatocyte damage

According to the Kleiner research in 2018, the
liver has a special pattern in indicating the condition of
the liver tissue [19]. The pattern in the tissue indicates
whether the degree of damage to the liver tissue was
caused by the drug or not. Figure 1 visualizes that the
histological observations of the liver of male laboratory
rats found cell changes. The percentage of normal
hepatocytes in the G1 group was the most compared
to other treatments with a large number of cells
experiencing swelling, hydropic, and necrosis.
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Figure 1: Histopathology of the liver of the test animal; GO: As a
control (NA CMC), G1: Sheep red blood cells (SRBC), G2: Saurauia
leaf ethanol extract (EES), and G3: EES + SRBC. (Magnification of
10 % 40) Description: (A) Normal, (B) parenchymptous degeneration,
(C) hydropic degeneration, (D) necrosis, and (E) central vein

The results of observations made on the
microscopic image of the liver given SRBC and EES
found normal hepatocytes and hepatocytes that had
changes in the form of parenchymal degeneration,
hydropic degeneration, and necrosis.

In silico docking study

The results of molecular docking of bioactive
compounds of pirdot on COX-2 protein (PDB: 4PH9)
and TNF-o protein (PDB: 2AZ5) are shown in
Figures 2 and 3. Table 2 shows the binding affinity of
the molecular interactions of the compounds (ligand)
on the target protein. The lowest and highest binding
energies on the target protein of COX-2 (PDB: 4PH9)
were found in pomolic acid (-14.6 kcal mol”) and
genistein (-9.7 kcal mol”), respectively. Furthermore,
the TNF-a protein target (PDB: 2AZ5) can be seen that
the lowest binding energy was found in the cis-3-O-p-
hydroxycinnamoy! ursolic acid (-15.1 kcal mol™) and
the highest was in genistein (-8.6 kcal mol”). These
findings were supporting previous studies [21], which
stated that ursolic acid has significant potential in
alcohol-induced liver protection as well as pomolic acid
which is used as an anti-inflammatory [22].

Discussion

The data analysis presented in Table 1 shows
that the decrease in SGOT levels was significant
compared to the control group. The tendency of
SGOT decreases in EES treatment showed the
hepatoprotective properties of pirdot leaves. This is in
line with a previous study conducted by Suryaningsih in
2017, where the administration of sambiloto extract did
not affect hepatocyte function in laboratory rats [23]. This
hepatoprotective property is shown by the decrease in
SGOT in serum after administration of EES in serum.

SGPT levels in the G, Gs, and G, treated
laboratory rats in this study decreased significantly
compared to the SGPT levels of the G, treated rats.
The lowest SGPT was found in the G, and G, treatment
rats. The least significant difference test showed that
the SGPT level of the rats in the G, treatment was
significantly lower than the SGPT level in the EES
treatment and control rats. The SGPT level of the G,
treatment rats was almost double the SGPT level of the
control rats (Table 1).

The decrease in SGPT levels in the G, and G,
treatments in this study showed the hepatoprotective
properties of pirdot leaves. Thus, the liver function is well
maintained and the immune system that is carried out
by the liver runs well. The hepatoprotective properties
of pirdot leaves are due to the presence of ursolic acid,
which is closely related to liver protection. According to
the research by Ma in 2020, administration of ursolic
acid 20-80 mg kg'/day can reduce liver damage due
to alcohol use [21].

The liver has an important function in innate and
adaptive immunity. According to the research by Cai et al.
in 2018, the liver contributes to the innate (non-specific)
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Figure 2: Molecular docking interaction between cyclooxygenase-2 protein (PDB: PDB: 4PH9) and bioactive compounds of pirdot leaf; (a) cis-
3-O-p-hydroxycinnamoy! ursolic acid; (b) corosolic acid; (c) genistein; (d) maslinic acid; and (e) pomolic acid, visualized using Chimera 1.14
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Figure 3: Molecular docking interaction between cyclooxygenase-2 protein (PDB: PDB: 4PH9) and bioactive compounds of pirdot leaf; (a) cis-
3-O-p-hydroxycinnamoyl ursolic acid; (b) corosolic acid; (c) genistein; (d) maslinic acid; and (e) pomolic acid, visualized using Chimera 1.14

immune system including the acute protein phase, non-
specific particle phagocytosis, non-specific molecular
pinocytosis, and non-specific cell-killing [24].

Histological observation of the liver can be used
to diagnose the level of damage to the liver, especially
the level of damage to the hepatocytes [20]. The results

Table 2: The interaction of the protein bonds between COX-2 (PDB: 4PH 9) and TNF-o. (PDB: 2AZ5) with bioactive compounds of
pirdot

Bioactive compound COX-2 (PDB: 4PH 9) Bioactive compound TNF-o (PDB: 2AZ5)

Binding Hydrophobic interaction Hydrogen bond Binding Hydrophobic Hydrogen
affinity affinity interaction bond
(kcal/mol) [kcal/mol]
cis-3-0- -14.1 Pro84A, Val89A, Leu93A, Lys83A, Arg121A, cis-3-O-p-hydroxycinnamoy! -15.1 Leu57A, Tyr59A, Leu120B
p-hydroxycinnamoyl lle113A, Tyr116, and Phe471A, and Glu525A ursolic acid and Tyr119B
ursolic acid Leu124A
Corosolic acid -13.6 Val350A, Leu353A, His90A, Leu353A, Corosolic acid -13.6 Tyr59B, Tyr119A, Tyr119B,
Tyr356A, Phe519A, Phe519A, and Ser531A and Tyr119B Gly121A,
Val524A, and Ala528A and Tyr151B
Genistein -9.7 Leu353A, Phe519A, and Tyr386A, Gly527A, and Genistein -8.6 Tyr59D Tyr119C
Val524A Ser531A
Maslinic acid -14.0 Val350A, Tyr356A, Arg121A, Tyr356A, Maslinic acid -13.7 Tyr59B, Tyr119A, Ser60A and
Leu360A, Trp388A, Tyr386A, and Ser531A and Tyr151B Leu120B
Val524A, Ala528A, and
Leu532A
Pomolic acid -14.6 Val117A, Val350A, Tyr356A, Tyr386A, and Pomolic acid -14.6 Tyr119C and Ser60D,
Tyr356A, Trp388A, Ser531A Tyr119D Leu120D,
Phe519A, and Ala528A and Tyr151C

COX-2: Cyclooxygenase 2, TNF-o:: Tumor necrosis factor alpha.

1268

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Sinaga et al. Hepatoprotective Activity of Pirdot Leaves (Saurauia vulcani Korth)

of observations on the level of hepatocyte damage
in each treatment with SRBC and pirdot leaf extract
were statistically presented in Table 3. The increase in
cell death (necrosis) in the G, group with SRBC was
5.8%, followed by the G, group of 2.3%. According
to the research by Vinken in 2021, hepatocytes are
the type of cells that make up most of the liver [25].
Hepatocytes are responsible for the central role of the
liver in metabolic processes. These cells are located
between the sinusoids that fill with blood and the bile
ducts. Furthermore, another study argues that liver cell
damage is rarely caused by a substance but often by
a metabolic toxic substance [26]. The cell contained in
the liver might be deposited and might also change [27].

Table 3: Cross tabulation results in the liver treatment of
laboratory rats (Rattus norvegicus)

Parameters Group (%) Total (%)

GO G1 G2 G3
Normal 213 7.0 20.8 19.0 68.0
Degeneration of parenchymatose 1.8 5.8 15 1.8 10.8
Degeneration of hydropic 1.5 6.5 1.8 2.0 11.8
Necrosis 0.5 58 1.0 23 9.5

Total 25.0 25.0 25.0 25.0 100.0

According to the research by Kleiner in 2018,
if the liver cells are damaged due to various factors,
there will be a series of morphological changes in the
liver cells. Some changes in the structure of the liver
due to chemical compounds that can be seen under
microscopic observation include inflammation, fibrosis,
degeneration, and necrosis [28]. These changes can
be sublethal, namely, degenerative or lethal in the form
of necrotic [29]. After damaging the cell membrane, the
toxic effects can also reach the nucleus and damage
it, resulting in abnormal cell structure and eventually
leading to necrosis [30]. Hepatocyte swelling only
occurs in the mitochondria and endoplasmic reticulum
due to stimulation that results in oxidation. In the
treatment groups, the hepatocyte damage occurred
possibly due to the influence of the treatment causing
impairment of cell membrane permeability. The
disruption of cell membrane permeability was due to the
effect of the administration of pirdot leaf ethanol extract
and SRBC where high content of pirdot leaf extract with
triterpenoids [9] and flavonoids that interfere with free
radicals [8] (Figure 1).

This is following the results of the in silico
study using the molecular docking approach. Bioactive
compounds from pirdot leaves which are triterpenoids
such as ursolic acid, maslinic acid, and pomolic acid
as well as genistein compounds which are included in
the flavonoid class, have great potential in protecting
the liver. These bioactive compounds have significant
interactions on the target protein, namely, COX-2 and
TNF- o. Pomolic acid compounds in pirdot leaves
have the lowest binding energy of —14.6 kcal mol” in
the bonding interaction with COX-2 protein (Table 2)
which is shown in Figure 3. These compounds form
hydrophobic interactions and hydrogen bonds in
Tyr356A. Furthermore, the ursolic acid compounds
in pirdot leaves also have a significantly low binding

energy of —14.1 kcal mol™ by interacting with Arg121A
on COX-2 protein. This is supporting the interaction of
ibuprofen as a drug that interacts with the active site of
the binding of Tyr356A and Arg121A COX-2 [17].

TNF-o is a cytokine released by kupffer cells
in the liver in response to toxic agents that enter the
body [31]. In this study, bioactive compounds from pirdot
leaves (Figure 3 and Table 2) had a significant interaction
on the active side of TNF-o protein [32]. Ursolic acid in
pirdot leaves has a significantly lower binding affinity of
15.1 kcal mol™ by forming the hydrophobic interaction of
Tyr59A and hydrogen bonding Leu120B on the binding
site of TNF-a. protein, which is following the finding of a
previous study reported by Kumar et al. [33].

Conclusion

The potential hepatoprotective activity of pirdot
leaf extract gave significant results both in vivo and in
silico. A significant decrease in SGOT and SGPT values
can be seen in the group given pirdot leaf ethanol
extract. This is also supported by the in silico approach
through molecular docking. Bioactive compounds from
pirdot leaves such as pomolic acid and ursolic acid
can inhibit the binding active side of COX-2 and TNF-a
protein with significant binding affinity and molecular
interactions, namely, hydrophobic interactions and
hydrogen bonds formed on the binding active site of the
target protein.
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