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Abstract

Context: Oxidative stress contributes to hepatic fibrosis by promoting hepatic stellate cell activation and extracellular matrix deposition. Uncaria gambir
(Hunter) Roxb. (UG) contains catechin-rich polyphenols with antioxidant potential, but its effect on matrix-remodeling markers in liver fibrosis requires further
clarification.

Aims: To evaluate the hepatoprotective and antifibrotic effects of an ethanolic extract of U. gambir wilted leaf (EDW) material in a CCl,-induced rat model of
liver fibrosis.

Methods: The extract was prepared from dried wilted leaf material using ethanol. Total phenolic and catechin contents were determined using the Folin-
Ciocalteu assay and HPLC, respectively. Male Sprague-Dawley rats were assigned to normal control, CCl, control, comparator, and EDW-treated groups. EDW
was administered at 65, 131, or 262 mg/kg BW. Serum liver biomarkers, hepatic MDA, histopathological changes, fibrosis area, pseudolobule formation,
steatosis area, TIMP-1 expression, and type | collagen deposition were evaluated.

Results: CCl, administration increased serum liver biomarkers and hepatic MDA and caused marked histological liver injury. EDW treatment reduced hepatic
MDA and improved histological architecture. The highest EDW dose was associated with reduced serum bilirubin, fibrosis area, pseudolobule number, steatosis
area, TIMP-1immunoreactivity, and type | collagen deposition compared with the CCl, control.

Conclusions: EDW was associated with hepatoprotective and antifibrotic effects in CCl,-treated rats, possibly through attenuation of oxidative stress and
reduced extracellular matrix accumulation. Direct measurement of MMP activity and fibrogenic signaling is required to confirm modulation of the MMP-TIMP
axis.

Keywords: catechin; CCls-induced liver fibrosis; hepatoprotection; TIMP-1; type | collagen; Uncaria gambir (Hunter) Roxb.

Resumen

Contexto: El estrés oxidativo contribuye a la fibrosis hepatica mediante la activacién de las células estrelladas hepaticas y laacumulacién de matriz extracelular.
Uncaria gambir (Hunter) Roxb. contiene polifenoles ricos en catequinas con potencial antioxidante.

Objetivos: Evaluar los efectos hepatoprotectores y antifibréticos de un extracto etandlico de hojas marchitas de U. gambir (EDW) en un modelo de fibrosis
hepética inducida por CCl, en ratas.

Métodos: Se determinaron los contenidos de fenoles totales y catequinas mediante los métodos de Folin-Ciocalteu y HPLC, respectivamente. Ratas Sprague-
Dawley macho fueron distribuidas en grupos control normal, control CCl,, comparador y grupos tratados con EDW (65, 131 y 262 mg/kg). Se evaluaron
biomarcadores hepaticos séricos, MDA hepatico, cambios histopatoldgicos, area de fibrosis, pseudolébulos, esteatosis, expresion de TIMP-1 y depdsito de
colageno tipo I.

Resultados: La administracién de CCl, aumentd los biomarcadores hepéticos y el MDA hepatico, ademés de inducir dafio histoldgico. El tratamiento con EDW
redujo el MDA hepatico y mejoré la arquitectura hepatica. La dosis mas alta disminuyd la bilirrubina sérica, el area de fibrosis, el niimero de pseudolébulos, la
esteatosis, lainmunorreactividad de TIMP-1y el depésito de colageno tipo | en comparacién con el grupo control CCL.

Conclusiones: El EDW mostré efectos hepatoprotectores y antifibréticos en ratas tratadas con CCl,, posiblemente mediante la reduccién del estrés oxidativo y
de la acumulacién de matriz extracelular. Se requieren estudios adicionales para confirmar la participacion del eje MMP-TIMP.

Palabras Clave: catequina; fibrosis hepatica inducida por CCl,; hepatoproteccién; TIMP-1; coldgeno tipo |; Uncaria gambir (Hunter) Roxb.
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Hepatoprotective effect of Uncaria gambir

Abbreviations: ALP: alkaline phosphatase; ALT: alanine aminotransferase; ANOV A: analysis of variance; AST: aspartate
aminotransferase; BNF: buffered neutral formalin; BW: body weight; CCls*: trichloromethyl; CCl30;°: trichloromethyl
peroxyl; CCly: carbon tetrachloride; CMC: carboxymethyl cellulose; D1: dose 1; D2: dose 2; D3: dose 3; DAB: 3,3'-dia-
minobenzidine; DW: dry wilted leaf mass of UG; ECM: extracellular matrix; EDW: ethanolic extract of UG wilted leaf;
H&E: hematoxylin and eosin; HPLC: high-performance liquid chromatography; HSCs: hepatic stellate cells; Indonesian
FDA: Indonesian Food and Drug Administration; MDA: malondialdehyde; MMPs: matrix metalloproteinases; NC: neg-
ative control; NorC: normal control; PC: phytochemical comparator; PP60: polyphenon60; ROS/RNS: oxygen/nitrogen
species; RPC-18: reversed-phase chromatography with an octadecylsilane; SD: standard deviation; TIMP-1: tissue inhib-
itor of metalloproteinases-1; TMP: 1,1,3,3-tetramethoxypropane; UG: Uncaria gambir (Hunter) Roxb.; UV: ultraviolet; VG:

Van Gieson.

INTRODUCTION

Liver fibrosis is a major global health problem and
an important cause of liver-related mortality (De-
varbhavi et al., 2023). It represents a wound-healing re-
sponse to chronic liver injury characterized by the ac-
tivation of hepatic stellate cells (HSCs) and excessive
deposition of extracellular matrix (ECM) components,
including collagens and proteoglycans (Roehlen et al.,
2020). ECM remodeling is controlled by the balance be-
tween matrix metalloproteinases (MMPs) and tissue
inhibitors of metalloproteinases (TIMPs). Excessive
TIMP expression suppresses MMP-mediated ECM
degradation and promotes fibrosis progression,
whereas restoration of the MMP-TIMP balance facili-
tates fibrosis resolution (Iredale et al., 2013). Therefore,
modulation of ECM remodeling pathways represents
a potential therapeutic strategy for hepatic fibrosis
(Wang et al., 2022).

Oxidative stress plays a central role in hepatic fibro-
genesis by disrupting redox homeostasis and impair-
ing endogenous antioxidant defenses, including super-
oxide dismutase, catalase, glutathione peroxidase, and
glutathione reductase (Bocca et al., 2022). The resulting
accumulation of reactive oxygen and nitrogen species
(ROS/RNS) promotes lipid peroxidation, cellular
damage, and hepatic stellate cell (HSC) activation,
leading to excessive extracellular matrix deposition
(Mooli et al., 2022). Oxidative stress also stimulates
Kupffer cells to release pro-inflammatory cytokines,
further worsening hepatic inflammation and fibrosis
(Mooli et al., 2022). Therefore, antioxidants, particu-
larly plant-derived polyphenols, have attracted con-
siderable attention as potential therapeutic agents for
attenuating oxidative injury and inhibiting HSC acti-
vation in liver fibrosis (Li et al., 2018).

Uncaria gambir (Hunter) Roxb. (UG) is a polyphe-
nol-rich medicinal plant widely cultivated in Southeast
Asia. UG contains high levels of catechins and other
polyphenolic compounds and exhibits antioxidant,
anti-inflammatory, antidiabetic, and cytoprotective ac-
tivities (Anggraini et al., 2011; Munggari et al., 2022).
Previous studies have demonstrated its hepatoprotec-
tive potential. UG extract inhibited lipid peroxidation
in liver homogenates in vitro (Ningsih et al., 2014) and
improved serum liver biomarkers and histological al-
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terations in paracetamol-induced liver injury in rats
(Suparni et al., 2020). In addition, antifibrotic effects of
UG have been reported in experimental pulmonary fi-
brosis models (Desdiani et al., 2022), suggesting that its
antifibrotic activity may extend across different fibrotic
conditions.

Although UG has demonstrated hepatoprotective
activity in experimental liver injury models, its effects
on hepatic fibrosis remain poorly understood. The in-
volvement of extracellular matrix remodeling markers,
including TIMP-1 and type I collagen, has not been
comprehensively investigated. Therefore, this study
was designed to evaluate the effect of ethanolic UG
wilted-leaf extract (EDW) on CCl,-induced hepatic fi-
brosis in rats, with an emphasis on TIMP-1 and type I
collagen expression.

MATERIAL AND METHODS

Plant material

Fresh leaves of Uncaria gambir (Hunter) Roxb. (Ru-
biaceae) were collected from a local farmer in Lima
Puluh Kota Regency, West Sumatra Province, Indone-
sia (00°25'S 100°56'E) in February 2022. The plant ma-
terial was authenticated by Dr. Joeni Setijo Rahajoe at
Herbarium Bogoriense, Indonesian Institute of Sci-
ences, under authentication reference  No.
1085/1PH.1.02/1£.8/V1/2013, by comparison with the
authenticated reference specimen (BO-1851323).

Chemicals

Polyphenon60 (PP60), dimethyl sulfoxide (DMSO),
Folin-Ciocalteu reagent, (+)-catechin, sodium car-
bonate, n-methyl-2-phenylindole (n-MPI), phosphate-
buffered saline (PBS) tablet, 1,1,3,3-tetramethoxypro-
pane (Sigma), butyl hydroxy toluene (BHT), and bo-
vine serum albumin (BSA) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Gallic acid, meth-
anol (HPLC grade), acetonitrile, trifluoroacetic acid
(TCA), carbon tetrachloride (CCls), sodium chloride
(NaCl), HCl (36%), sodium phosphate dibasic
(NaHPOy4),  potassium  phosphate  monobasic
(KH2POy), paraffin, hematoxylin and eosin (H&E) so-
lution, calcium chloride (CaCl,), and Tween 20 were
from Merck (St. Louis, MO, USA). Hydranal Compo-
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site 5 and Hydranal Methanol Dry were from Fluka
Chemie GmbH (Switzerland). Trypsin was from Difco
(Becton, Dickinson and Co., USA). The Dako Real En-
vision (Dako®) kit was from Agilent Technologies, Inc.
(Santa Clara, USA). Primary antibody COL1A1 (D-13;
sc-25974), a goat polyclonal antibody, was obtained
from Santa Cruz Biotechnology, Inc. (USA), and the
primary rat TIMP-1 antibody (antigen affinity-purified
polyclonal goat IgG, AF580) was purchased from R&D
Systems, Inc. (USA). Chemicals from local suppliers
were ethanol (pharmaceutical grade), coconut oil (food
grade), carboxymethyl cellulose (CMC, food grade),
and isoflurane (generic). Reagent kits Diasys, such as
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP), and biliru-
bin, were purchased from Diagnostic Systems GmbH,
Germany.

Extract preparation

EDW was prepared from fresh UG leaves (1000 g),
which were wilted for 30 min, squeezed, and decanted
for 10-12 h. The resulting sediment was dried at 50°C
to obtain dry wilted leaf material (DW). DW (250 g)
was extracted with ethanol (1000 mL) for 12 h at room
temperature, filtered, and concentrated under reduced
pressure at 50°C to obtain EDW, which was stored in a
sealed container at 4°C until further analysis. DW yield
was calculated relative to fresh leaf weight, whereas
EDW yield was calculated relative to DW weight. Pol-
yphenon60 (PP60, Sigma) was used as a phytochemical
comparator. A schematic extraction process is shown
in Fig. 1.

[ Fresh UG leaves ]

Walted (30 min)
Squeezed

l Decantated

¥

Owven drying (50°C)
Dry mass (DW)

Extraction using EtOH
Evaporation

[ Dry extract (EDW) ]

Figure 1. Scheme of sample preparation.

Extract characterization
Total phenolic content was determined using the
Folin-Ciocalteu method (Martinez et al., 2022). Briefly,
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an extract solution in DMSO (20,000 pg/mL, 20 pL)
was reacted with Folin-Ciocalteu reagent (100 uL) and
sodium carbonate (300 pL), incubated for 60 min, and
the absorbance was measured at 765 nm. Total phe-
nolic content was calculated from a gallic acid calibra-
tion curve (1-10 pg/mL) and expressed as mg GAE/g
sample. As the Folin-Ciocalteu assay measures total
reducing capacity, the obtained values represent an es-
timate of total phenolic content rather than a phenolic-
specific determination. Catechin content was deter-
mined using HPLC. Extracts (15 mg/mL in methanol)
and catechin standard solutions (125-2000 pg/mL)
were analyzed using an ODS-3 RP-18 column (150 x 4.6
mm in diameter, 5 pm, 100 A) at room temperature
with UV detection at 278 nm. The mobile phases con-
sisted of acetonitrile (A) and 0.1% TCA (B) at a flow
rate of 1.0 mL/min. The gradient program was 1% A
(0-11 min), 54% A (12-14 min), and 1% A (15-20 min).
The injection volume was 10 pL. Water content was de-
termined using a Karl Fischer apparatus. Ethanol con-
tent was measured by gas chromatography equipped
with a TG-5 MS column and a flame ionization detec-
tor, using N as the carrier gas.

Animals

Male Sprague-Dawley rats at the age of 8-10 weeks
(weight 100-120 g) were acclimated in conventional
cages with free access to water and rodent chow at 22-
25°C with a 12-h light-dark cycle and 50-70% room hu-
midity for 7 days. All procedures involving laboratory
animal use were conducted following the ARRIVE
guidelines and approved by the Institutional Animal
Care and Use Committee of the Faculty of Medicine,
University of Indonesia (Approval No. 614).

sacrifice; blood biochemical
assay; histology and
immunochemistry analysis

blood
biochemical assay
ccl, induction

d )
4 4 } 4 4 4 4 4 » (w)
0 1 2 3 4 5 6 7
¥

sample administration

Figure 2. Experimental design for the antifibrotic evaluation in vivo.

Antifibrotic test

The timeline of the antifibrotic experiment was
shown in Fig. 2. After acclimatization, each rat was as-
signed an identification number and randomly allo-
cated to one of six groups (n = 5 per group): normal
control, CCl, control, comparator control, and three
EDW-treated groups using a simple lottery method.
The sample size was determined using the following
Federer’s formula: (N-1)(k-1) > 15, where N = number
of rats and k = number of treatment groups. Hepatic
fibrosis was induced by intraperitoneal administration
of CCl, diluted in coconut oil (10%, 1 mL/kg BW)
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twice weekly (Fahrudin et al., 2020). Rats were treated
with CCly for 2 weeks before the treatment and then
continued for an additional 4 weeks concomitantly
with oral administration of EDW/phytochemical com-
parator/vehicle. EDW and the phytochemical compar-
ator were suspended in 0.5% CMC and administered
orally once daily. EDW was administered at doses of
65, 131, or 262 mg/kg BW. The control group was
given the carrier without CCly in the same manner
(group details and treatments were provided in Sup-
plementary Data 1). Following overnight fasting,
blood samples were collected from the orbital sinus be-
fore CCl, induction and 24 h after the final CCl, ad-
ministration by a trained operator. Serum was sepa-
rated for biochemical analyses. Animals were then
anesthetized with isoflurane, euthanized according to
the approved protocol, and liver tissue samples were
collected for biochemical, histological, and immuno-
histochemical analyses. The animals were monitored
daily for signs of distress, abnormal behavior, reduced
food intake, or severe illness, and no premature eutha-
nasia was required. No animals died during the study.

Serum biochemical assay

Liver function was evaluated by measuring serum
liver biomarkers (ALT, AST, ALP, and bilirubin) using
a Diasys® diagnostic kit (Diagnostic Systems GmbH,
Alte Strasse, Germany).

MDA liver assay

Hepatic MDA levels were determined according to
Inoue et al. (1998). Liver tissue (1 g) was homogenized
in 0.9% NaCl, and the supernatant (200 uL) was reacted
with 8.6 mM n-MPI (in acetonitrile:methanol = 3:1; 650
uL), 0.5% BHT (20 pL), and 36% HCI (150 pL). After
incubation at 45°C for 60 min and centrifugation, ab-
sorbance was measured at 586 nm. MDA levels were
quantified using a TMP calibration curve (0.05-0.6 uM)
and expressed as uM MDA /g wet liver.

Liver histology

Liver tissues were fixed in 10% BNF, embedded in
paraffin, sectioned at 5 pm, and stained with H&E
(Bancroft & Stevens, 1982) or van Gieson (VG) (Mal-
lory, 1942). Histological images were captured using a
light microscope (Axio Zoom V16, ZEISS) at 100x mag-
nification for H&E-stained slides and 20x magnifica-
tion for VG-stained slides, respectively. Quantitative
analysis was performed using Image] on 10 randomly
selected, non-overlapping fields per section. Measure-
ments were averaged for each animal, which served as
the experimental unit for statistical analysis. Fat area
was determined from Hé&E-stained sections, whereas
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fibrosis area and pseudolobule number, defined as
clusters of hepatocytes delineated by fibrous septa,
were quantified from VG-stained sections. All assess-
ments were performed on coded samples under
blinded conditions.

Immunohistochemistry analysis

Type I collagen and TIMP-1 expression were evalu-
ated by immunohistochemistry using the Dako Real
EnVision system (Dako®, Agilent Technologies Inc.,
Santa Clara, USA). Liver sections (3-5 pm) were depar-
affinized, subjected to antigen retrieval with 0.1% tryp-
sinin 0.1% CaCl; at 37°C for 20 min. After blocking en-
dogenous peroxidase activity, sections were incubated
with primary antibodies overnight at 4°C, followed by
secondary antibodies at room temperature for 45 min.
Staining was visualized using DAB and counterstained
with hematoxylin. Images were acquired using a light
microscope (Axio Zoom V16, ZEISS). Type I collagen
and TIMP-1 expression were quantified using Image]
software from 10 microscopic fields per slide at 100x
magnification (Kuskunovi¢ et al., 2009). The mean
value from 10 fields was calculated for each animal and
used for statistical analysis, with the animal as the ex-
perimental unit. All evaluations were performed on
coded samples under blinded conditions.

Statistical analysis

Data are presented as mean * SD. Normality and
homogeneity of variance were evaluated using
Shapiro-Wilk and Levene’s tests, respectively. Para-
metric data were analyzed using repeated-measures
ANOVA (for pre- and post-treatment measurements),
whereas one-way ANOVA was used for endpoint
data, followed by Bonferroni’s post hoc test. Non-par-
ametric data were analyzed using the Kruskal-Wallis
test followed by Dunn’s post hoc test. Statistical anal-
yses were performed using GraphPad Prism, and
p<0.05 was considered statistically significant.

RESULTS

Extract preparation and characterization

The physicochemical characteristics of the samples
are presented in Table 1. EDW exhibited a higher ex-
traction yield than DW and met the maximum water
content requirement of the Indonesian Herbal Pharma-
copeia (Ministry of Health of the Republic of Indone-
sia, 2017). Both samples contained high levels of poly-
phenols and catechins. HPLC confirmed catechin (re-
tention time 6.8-6.9 min) and quantified it using an ex-
ternal calibration curve (125-2000 pg/mL; y = 4195.8x
+ 699482, R? = 0.9975).

J Pharm Pharmacogn Res (2026) 14(4): 4
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Table 1. Physicochemical characterization of DW, EDW, and PP60.

Hepatoprotective effect of Uncaria gambir

Extract Extraction Water content :::‘{::te?r:l GAE/ Catechin Ethanol
yield (%) (%) g g content (%) content (%)
sample)
Dry wilted extract (DW) 8 8.6 866.7+20.8 17 -
Ethanolic extract of dry 76 7.5 976.7+25.2 18 <1%
wilted extract (EDW)
Polyphenon60 (PP60) n.a. n.a. 946.7+15.3 >60 -

n.a.: not available. Values are expressed as mean + SD for polyphenol content (n = 3). GAE, gallic acid equivalent. The catechin content of PP60 was
obtained from the manufacturer's Certificate of Analysis (CoA) as a total catechin. DW yield (%) was calculated from the fresh leaf weight, whereas
EDW yield (%) was calculated from the DW weight. HPLC chromatograms and catechin quantification data of DW and EDW were provided in

Supplementary Data 2.
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Figure 3. Serum biochemical level and liver
MDA.

(A) Alanine aminotransferase (ALT); (B)
Aspartate aminotransferase (AST); (C)
Alkaline phosphatase (ALP); (D) Serum
bilirubin; (E) liver MDA.
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Data represent mean + SD (n = 5). *p<0.05 significantly different from the NC group at post-treatment using repeated-measures ANOVA followed by Bonferroni’s
multiple-comparison test. NS: not significant. D1: CCls induction and EDW 65 mg/kg BW; D2: CClsinduction and EDW 131 mg/kg BW; D3: CCls induction and EDW 262
mg/kg BW; NC: negative control, CCls induction and CMC; PC: phytochemical comparator, CCls induction and PP60 125 mg/kg BW; NorC: vehicle control, coconut oil
and CMC. Detailed statistical results (exact p-values, effect sizes, and confidence intervals) were provided in Supplementary Data 3.

In vivo antifibrotic test

The antifibrotic effects of EDW were evaluated in a
CCls-induced rat model of hepatic fibrosis. Compared
with the NorC group, CCl, administration markedly
increased serum ALT, AST, ALP, bilirubin, and hepatic
MDA levels (Fig. 3). EDW treatment improved liver
function, as evidenced by significantly lower ALT,
AST, and ALP levels in the D1 and D3 groups than in
the NC group (p<0.05). PP60 similarly reduced serum
liver biomarkers, although ALP levels were not signif-
icantly affected. Among the EDW-treated groups, only
the highest dose (D3) significantly reduced serum bili-
rubin levels, whereas all doses attenuated the CCl,-in-
duced increase in hepatic MDA.

Macroscopic examination revealed marked differ-
ences between the NorC and NC groups. Livers from
the NorC group exhibited a smooth surface, bright red
color, and soft texture, whereas those from the NC
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group appeared pale, rough, and spongy, indicating
severe CCly-induced liver injury. Consistent with these
gross findings, microscopic examination showed
marked hepatocellular ballooning, steatosis, fibrosis,
and pseudolobule formation in the NC group com-
pared with the NorC group (Fig. 4). EDW treatment at-
tenuated these pathological changes, particularly in
the D1 and D3 groups. Quantitative analysis con-
firmed significant reductions in the fibrosis area, pseu-
dolobule number, and fat area in the EDW-treated
groups compared with the NC group. Among the
tested doses, D3 showed the most pronounced antifi-
brotic effect, resulting in the greatest reduction in all
three parameters relative to the NC group.

To determine whether fibrosis attenuation was as-
sociated with extracellular matrix remodeling, type I
collagen and TIMP-1 expression were evaluated by im-
munohistochemistry (Fig. 5).
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https://jppres.com/

Ningsih et al. Hepatoprotective effect of Uncaria gambir

-
ga

Ev

E ns ns

2

= .

g .
-9

F

21

E

#  MNorG NC PC D1 D2 D3

Fibrosis area (%a)
g o e
H

MerC NC PC D1 D2 D3

Figure 4. Gross observation, histological evaluation, and quantitative analysis of liver changes after sample administration.

Gross observation (upper left panel), its corresponding histological analysis (lower panel), and quantitative analysis of the fat area (upper right panel) from H&E-stained
liver sections after sample administration (A). Quantitative analysis of the number of pseudolobules/mm?and fibrosis area from VG-stained liver sections after sample
administration (B). Data represent mean + SD (n = 5). H&E and VG liver sections were imaged at 100x and 20x magnification, respectively. The arrows in the histological
images indicated hepatocellular ballooning and steatosis. Quantitative analysis was performed via the ImageJ program with 10 images per stained liver tissue sample.
VC: central vein. D1: CCl, induction and EDW 65 mg/kg BW; D2: CCl, induction and EDW 131 mg/kg BW; D3: CCl, induction and EDW 262 mg/kg BW; NC: negative control,
CClsinduction and CMC; PC: phytochemical comparator, CCls induction and PP60 125 mg/kg BW; NorC: vehicle control, coconut oil and CMC. *p<0.05 significantly
different from NC using one-way ANOVA followed by Bonferroni’s multiple-comparison test. NS: not significant. Detailed statistical results, including exact p-values,
effect sizes, and confidence intervals, were provided in Supplementary Data 3.
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Figure 5. The immunohistochemical staining of extracellular type | collagen (upper panel) and TIMP-1 (lower panel) with their quantification
(right side of each, A, collagen expression area, and B, TIMP-1 expression area).

Data correspond to mean + SD (n =5). The arrows in (a) and (b) indicated the brown area of type I collagen deposition around the portal triads and liver cells
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304
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expressing type | collagen, respectively. Images were captured at 100x magnification. D1: CCl. induction and EDW 65 mg/kg BW; D2: CCls induction and EDW 131
mg/kg BW; D3: CCl, induction and EDW 262 mg/kg BW; NC: negative control, CCl, induction and CMC; PC: phytochemical comparator, CCls induction and PP60 125
mg/kg BW. *p<0.05 significantly different from NC using one-way ANOVA followed by Bonferroni’s multiple-comparison test. NS: not significant. Corresponding

statistical details, including exact p-values, effect sizes, and confidence intervals, were provided in Supplementary Data 3.

Compared with the NorC group, the NC group
showed markedly increased type I collagen and TIMP-
1 expression. EDW treatment reduced the expression
of both markers in a dose-dependent manner. Quanti-
tative image analysis confirmed that all EDW doses
significantly reduced type 1 collagen deposition,
whereas only the highest dose significantly decreased
TIMP-1 expression compared with the NC group. In
contrast, PP60 did not significantly affect fat and fibro-
sis area, pseudolobule number, and TIMP-1 expression
(p>0.05).

Overall, EDW attenuated CCl,-induced liver in-
jury, as evidenced by improvements in serum bi-
omarkers, hepatic oxidative stress, histopathological
alterations, and extracellular matrix accumulation.
These effects were most evident at 262 mg/kg BW,
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which produced the greatest reductions in fibrosis, ste-
atosis, type I collagen deposition, and TIMP-1 expres-
sion.

DISCUSSION

In this study, UG dry extract prepared by wilting
leaves followed by the extraction process exhibited
high polyphenol content, particularly catechins. Etha-
nol extraction maintained or enhanced the polyphenol
content of UG extract. Because catechins and related
polyphenols are semipolar, ethanol may be an effective
extraction medium for extracting polyphenols com-
pared with a hydroethanolic eluent, which has higher
polarity. This result was in accordance with a previous
study showing that the ethanolic extract of UG con-
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tained more polyphenols and catechins than the water-
containing extract, following the principle of ‘like dis-
solves like” (Rismana et al., 2017).

This study was designed to evaluate the liver-pro-
tective activity of UG ethanolic extract, which might
work through the antioxidative pathway. Lipid perox-
idation is considered an important factor that causes
membrane and cell destruction in various organs, in-
cluding the brain, kidney, liver, and lung (Irondi et al.,
2016). Therefore, lipid peroxidation inhibition may be
an important screening parameter to predict the hepa-
toprotective activity of the extract. The superior scav-
enging activity of the EDW sample was mainly at-
tributed to its high content of polyphenols and cate-
chin, the major bioactive compounds in UG. Hatano et
al. (2008) successfully isolated five new flavonoids
from UG, including dimeric flavans D1-D4, which ex-
hibited potent antioxidant potential. This result was
also in agreement with the study by Widiyarti et al.
(2012), who elucidated the effects of UG extract and
catechin content on radical scavenging activity via 2,2-
diphenyl-1-picrylhydrazyl (DPPH) analysis; the ICso
values of lipid peroxidation of two different UG ex-
tracts containing 41% and 7% catechin were 10 and 50
pg/mL, respectively. EDW demonstrated lipid peroxi-
dation inhibitory activity with low toxicity in vitro
(Ningsih et al., 2014).

CCls was used to induce hepatic fibrosis because it
has been extensively studied as a liver toxicant and
shares many characteristics with human fibrosis (Boll
et al., 2001). Because ROS are involved in protein oxi-
dation, collagen accumulation, and TIMP-1 levels, oxi-
dative stress and free radicals are the principal causes
of CClg-induced hepatic injury (Mooli et al., 2022). The
liver damage triggered by the intraperitoneal injection
of CCly and its metabolites (trichloromethyl (CCls*)
and trichloromethyl peroxyl (CCl30.°) free radicals)
was confirmed by alterations in several biochemical
parameters in the blood and liver tissue (Boll et al.,
2001).

EDW administration improved serum liver bi-
omarkers (ALT, AST, and ALP), preserved liver histo-
logical architecture, and significantly reduced hepatic
MDA levels, indicating attenuation of lipid peroxida-
tion and oxidative stress. Because oxidative stress is a
key driver of CCls-induced hepatocellular injury and
fibrogenesis, these antioxidant effects may have con-
tributed to the attenuation of fibrosis progression dur-
ing ongoing CCl, injury rather than the reversal of es-
tablished fibrosis. Similar hepatoprotective effects of
UG extract have been reported in paracetamol- and
monosodium glutamate-induced liver injury models
(Pane et al., 2021; Suparni et al., 2020). Fibrosis attenu-
ation following EDW treatment was accompanied by
reduced TIMP-1 expression and lower type I collagen
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deposition in liver tissue, which could influence ECM
remodeling. However, the underlying mechanisms re-
main unclear, and a direct assessment of MMP expres-
sion or activity is required to determine whether MMP-
mediated pathways are involved. The observed effects
may be related to the catechin and polyphenol contents
of EDW, consistent with previous reports demonstrat-
ing that polyphenol-rich botanical extracts can attenu-
ate hepatic fibrosis and collagen deposition in experi-
mental models (Huang et al., 2020; Li et al., 2018).

PP60, a standardized catechin-rich green tea ex-
tract, has been reported to attenuate CCl,-induced
liver fibrosis by reducing oxidative stress (Tsai et al.,
2013). Because both PP60 and EDW are catechin-rich
extracts, PP60 was used as a catechin-rich phytochem-
ical comparator and should not be interpreted as a con-
ventional antifibrotic reference drug. In the present
study, PP60 significantly reduced hepatic ALT, AST,
MDA, and type I collagen expression but did not sig-
nificantly improve ALP, fibrosis area, pseudolobule
formation, steatosis, or TIMP-1 expression. The reduc-
tion in hepatic MDA observed in both the PP60- and
EDW-treated groups supported the role of catechins in
suppressing lipid peroxidation, consistent with previ-
ous reports on green tea extracts (Skrzydlewska et al.,
2002; Tsai et al., 2013). In contrast, EDW, particularly at
262 mg/kg BW, significantly improved all these pa-
rameters under the present experimental conditions.
This difference in the biological activity of EDW may
not be attributable to catechins alone but also to the
combined effects of other polyphenolic constituents.

This study had several limitations. First, fibrosis at-
tenuation was inferred from histological and immuno-
histochemical findings; however, hepatic hydroxypro-
line content and direct MMP activity were not meas-
ured. Second, TIMP-1 and type I collagen were as-
sessed only by immunohistochemistry, and confirma-
tion by qPCR, western blotting, ELISA, or zymography
would strengthen the mechanistic interpretation.
Third, because the sample size was determined using
the Federer formula rather than a priori power analy-
sis, larger studies are needed to confirm these findings.
In addition, a standard antifibrotic reference drug (e.g.,
silymarin) was not included. Finally, the active com-
pounds responsible for the observed effects were not
isolated or individually tested. Future studies should
incorporate additional fibrosis-related assessments, in-
cluding hydroxyproline quantification, Sirius Red or
Masson’s trichrome staining, a-SMA immunostaining,
and evaluation of fibrosis-associated genes and pro-
teins to further clarify the underlying mechanisms.

CONCLUSION

EDW attenuated CCly-induced liver injury and fi-
brosis-associated changes in rats, as indicated by im-
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provements in biochemical, histological, and immuno-
histochemical parameters. The reduced TIMP-1 and
type I collagen immunoreactivity suggests a possible
influence on extracellular matrix accumulation; how-
ever, the underlying mechanisms and the involvement
of MMP-mediated pathways require further investiga-
tion.
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Supplementary Data 1. Details of the animal groups and different treatments used.

Weeks
Groups Sample treatment
1 3 4 5 6
Coconut oil v v v v v
Normal control (NorC)
CMC - v v v v
CCls v v v v v
Negative control (NC)
CMC - v v v v
Phytochemical CCle v v v v v
comparator (PC) PP60, 125 mg/kg BW - v v v v
CCls v v v v v
Dose 1 (D1)
EDW, 65 mg/kg BW - v v v v
CCls v v v v v
Dose 2 (D2)
EDW, 131 mg/kg BW - v v v v
CCls v v v v v
Dose 3 (D3)
v v v v

EDW, 262 mg/kg BW

CMC: Carboxymethyl cellulose 0.5%, PP60: Polyphenon60. BW: body weight.

Supplementary Data 2. HPLC chromatograms and catechin quantification data of DW and EDW.

http://data.brin.go.id/privateurl.xhtm(?token=bb16d2dd-b538-4954-930a-4b137f5¢3370

Supplementary Data 3. Exact p-values, effect sizes, and confidence intervals for serum biochemical parameters, hepatic
MDA, histopathological parameters, and TIMP-1 and type | collagen expression.

http://data.brin.go.id/privateurl.xhtm|?token=3deefe15-1f57-4e33-841c-e5848fdc5bc0
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