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Abstract: Liver inflammation is associated with an increased risk of liver fibrosis that substantially
progresses to cirrhosis. Recently, usage of the herbal supplement has been increased because of
its emerging role to dominate oxidative stress in hepatic injury. Orientin is one of the bioactive
flavonoids that possesses a diversity of curative activities. Therefore, the present study was conducted
to evaluate the anti-inflammatory role of orientin (1 mg/kg) in vitro in lipopolysaccharide (LPS)-
induced inflammation in hepatic stellate cells (HSCs) and in vivo in carbon tetrachloride (CCl4)-
induced liver fibrosis in mice. Moreover, the current study was supported by in silico investigation.
Orientin demonstrated protection against LPS-induced HSC inflammation as evidenced by a decrease
in iNOS, NO, and TNF-α and inhibition of the fibrotic markers ZEB-2 and PTEN. In addition, orientin
afforded protection against CCl4-induced liver fibrosis in mice as shown from decreased AST/ALT
ratio, inhibition of the pro-inflammatory mediators TNF-α, IL-6, IL-8, and IFN-γ, reduction of fibrotic
markers ZEB-2 and PTEN, and improvement of the histopathological changes. Furthermore, the
docking study demonstrated virtual interactions of orientin with ZEB-2 and PTEN. Taken together,
the current study suggested that the protective effects of orientin against LPS- and CCl4-induced liver
inflammation are via inhibition of fibrotic markers and reduction of pro-inflammatory mediators.

Keywords: orientin; ZEB-2; PTEN; TNF-α; iNOS; hepatic stellate cells

1. Introduction

Liver inflammation is one common initiator of liver illness and is considered as the
main contributor of hepatic tissue damage [1]. Consequently, inflammation leads to tissue
modifications with the developing of fibrosis, cirrhosis, and finally, in many cases ending
in primary liver cancer, and death [2,3]. Worldwide, more than 1 million deaths each
year are due to the chronic liver inflammation associated with fibrosis and cirrhosis [4].
Inflammation of injured hepatocytes activates immune processes in liver. Inflammatory
signaling of the liver is regulated by the action of immune cells, including Kupffer cells
and inflammatory cells, such as infiltrating macrophages, T lymphocytes, neutrophils, and
dendritic cells [5]. Consequently, such processes initiate and maintain the hepatic inflam-
mation through the release of cytokines, such as zinc finger e-box binding protein 2 (ZEB-2),
phosphatase and tensin homolog (PTEN), tumor necrosis factor (TNF-α), interleukins (IL-1
and IL-6), as well as interferon gamma (IFN-γ) [6–10]. These inflammatory mediators
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activate hepatic stellate cells (HSCs), which are the major source of the development of
fibrosis in liver after interaction with HSCs via transforming growth factor (TGF-β) [1].

Flavonoids are a group of natural products which are important for human health [11].
Flavonoids exhibit broad therapeutic potential in cardiovascular, gastric, and liver diseases.
Furthermore, flavonoids exhibited anti-inflammatory properties through regulation of
inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and other inflammatory-
related factors [12–18]. Among these flavonoids, the C-glycosylated type including orientin,
isoorientin, vitexin, and isovitexin are reported to possess anxiolytic, antioxidative activi-
ties [19,20]. Orientin is one in this bioactive category isolable from many medicinal plants
such as basil, bamboo, passion flower, golden queen, flax, dayflower, and lavender. Orientin
exhibits a diversity of medicinal properties, which comprise anti-inflammation, antioxidant,
antimicrobial, neuroprotective, vasodilation, and cardio-protective effects [19,21]. Carbon
tetrachloride (CCl4) is commonly used in industries as a solvent and in medicine as an
anthelmintic. CCl4 is a well-known hepatotoxic in both humans and experimental animals.
Previous studies reported its wide application in scientific research including flavonoids,
as a model of hepatotoxicity associated with the release of TNF-α from activated hepatic
macrophages [22–24]. Lipopolysaccharide (LPS) is an endotoxin made up of a polysaccha-
ride and induces inflammation in various organs, including the liver, kidney, and brain, as
well as murine macrophages and HSCs. Most of the toxicities observed in LPS-induced
injury have been attributed to toxic mediators produced by activated cells, including
TNF-α, iNOS, IL-1β, IL-6, ZEB-2, PTEN, and other pro-inflammatory molecules [25–29].
However, to the best of our knowledge, there was no previous detailed information about
the effects of orientin on LPS-mediated pro-inflammatory responses on HSCs, as well as its
anti-inflammatory activity towards CCl4-induced liver inflammation on experimental mice.
Hence, the current study was designed to assess the effect of orientin on anti-inflammatory
activity and its molecular mechanisms towards a CCl4-induced in vivo model and inflamed
in vitro model including an in silico docking approach.

2. Materials and Methods
2.1. Animals and Experimental Design

Male C57Bl6j mice (at age of 6–8 weeks and weight range 20–25 g) were maintained
in the College of Science, King Faisal University and accommodated in animal ethical
conditions with a 12/12 h light/dark cycle and unrestricted access to nutrition conditions.
Animal protocols were approved by the Deanship of Scientific Research (KFU-REC-2022-
JAN-EA000401), King Faisal University, Saudi Arabia, and all animal experiments con-
formed to the appropriate standards. CCl4 was used to induce liver injury models. Mice
were divided into four groups as follows: control group (corn oil was administered via oral
gavage); inflammatory group (15% CCl4 (Merck-Sigma, Darmstadt, Germany) was used
at a concentration of 5 mL/kg twice a week); inflammatory and orientin group (1 mg/Kg
body weight of orientin (Carbosynth, Rietlistrasse, Staad, St. Gallen, Switzerland) was
injected via intra peritoneal); and orientin alone group (1 mg/Kg was injected via intra
peritoneal). HCSs were extracted in naïve mice and extracted cells used for ex vivo inflam-
matory studies. To assess the effect of orientin on liver protection and anti-inflammatory
properties, the mice were sacrificed 3 weeks after injection.

2.2. Isolation and Culture of Primary Hepatic Stellate Cells

HSCs were isolated from male C57Bl6j mice as described previously [30]. Briefly, after
in situ perfusion of the liver with 2-step proteinase–collagenase digestion, and HSCs were
maintained in RPMI (Sigma-Aldrich, Taufkirchen, Germany) supplemented with 10% fetal
bovine serum (Applied Biosystems, Waltham, MA, USA) and 1% anti-mycotic/antibacterial
solution (Gibco, Waltham, MA, USA) at 37 ◦C in humidified conditions with 5% CO2. The
purity of cells was quantified by a Bio-Rad cell counter. The media were changed after
the 5th day of culture. The cultured cells were regarded to be HSCs and used to carry
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out experiments after 3 passages. Orientin- and CCl4-supplemented cell treatments were
initiated 12 h after isolation.

2.3. Estimation of Cytokines for Liver Inflammation

HSCs were plated into 6-well plates, and when the cells were 80% confluent, 10 ng/mL
LPS was added for 12 h. The cytokines from HSCs derived from liver tissue of naïve mice
were quantified. Cayman scientific kits (Cayman Chemical Co., Ann Arbor, MI, USA) were
used to quantify the TNF-α, IL-6, IL-8, and IFN-γ according to manufacturer instructions.

2.4. Nitrate Detection Assay

HSCs were cultured into 6-well plates, and at 80% of cells confluent, 10 ng/mL of
LPS was inserted for 12 h. After that, 1 mL of fresh serum-free media was inserted into
the culturing plate. Adjusted experimental media were cropped after 24 h. Nitric oxide in
experimentally adjusted medium was evaluated by Griess assay (Beyotime Biotechnology,
Shanghai, China) according to the manufacturer’s protocol [31].

2.5. RNA Extraction and RT-PCR Analysis

In brief, the cell culture dish was embedded on ice, TRIzol (Thermo Fisher, San Jose,
California, USA) was added to lyse the cells for 5–10 min, and then followed by the method
described in Khalil et al. [30]. Then, total cellular RNA was extracted according to the
manufacturer’s protocol. One microgram of total RNA was reverse transcribed using the
Prime Script TM RT-reagent kit (Takara, RR047A, Kusatsu, Shiga, Japan) [32].

The primer sequences used for amplification were as follows: GAPDH forward, 5′-
GCAAGGATACTGAGAGCAAGAG-3′ and reverse, 5′-GGATGGAATTGTGAGGGAGATG-
3′; ZEB-2 forward, 5′-AGCGACACGGCCATTATTTAC-3′ reverse, 5′-GTTGGGCAAAAGC
ATCTGGAG-3′; PTEN forward, 5′-TGTGGTCTGCCAGCTAAAGG-3′ and reverse, 5′-
ACACACAGGTAACGGCTGAG-3′.

2.6. Western Blot

An overnight incubation of cells was performed prior to exposure to the specified
treatments. The lysates of cultured cells were prepared using RIPA lysis buffer, then
separated on an SDS-PAGE gel and transferred to a PVDF membrane. Western blot assays
were performed with the aid of specified primary antibodies: ZEB-2 (mouse monoclonal
antibody 1:1500) (Invitrogen, Waltham, MA, USA), PTEN (rabbit polyclonal antibody
1:1000) (Invitrogen, Waltham, MA, USA), iNOS (rabbit polyclonal antibody 1:1000) (Biorbyt,
Cambridge, UK), β-actin (rabbit polyclonal antibody 1:2000) (Cell Signaling Technology,
Beverly, MA, USA) and its HRP-labeled secondary antibodies [33], followed by detection
with an enhanced chemiluminescence reagent. Chemiluminescence of expressed bands
were examined to confirm the linear range of the chemiluminescence signals, and the
quantifications were performed using the densitometry tool in ImageJ software v1.8.

2.7. Molecular Docking
2.7.1. Protein Preparation

Three-dimensional structures of proposed anti-apoptotic proteins, such as PTEN (PDB-
ID-1D5R) and ZEB-2 (PDB-ID-2D8V), were retrieved from the RCSB PDB Protein Data Bank
(https://www.rcsb.org/, accessed on 2 January 2022) to perform docking. To simulate,
removal of confusing parameters such as water residue and free hydrogen atoms was
undertaken. In addition, polar molecules were inserted to all protein structures applying
the pymol tool and automated AutoDock tool. Autogrid was used to fit the protein
molecule in gpf format and ligand protein complex in the center of the macromolecule with
arrangement of 66% in each directional complex. Further active sites were examined in
protein receptors using the web-based online tool Q-Site Finder. All ions, except for the
binding site, and non-relevant crystallographic materials were detached. These active sites
were chosen as the most favorable binding residues for the current docking simulation.

https://www.rcsb.org/
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2.7.2. Ligand Preparation

The structure of orientin was retrieved from the PubChem compound database of the
National Center for Biotechnology Information (PubChem ID: 5281675). The downloaded
structure was converted into PDB format using a freely available open-source tool, using
pymol and AutoDock docking tools. In the edit tool, the orientin structure in PDB format
was converted to pdbqt and selected the root of the ligand using AutoDock followed by
Autogrid tools [34].

2.8. Statistical Analysis

Data are expressed as mean ± SD. The significant difference was analyzed by the
Student’s t-test. The multiple analyses were performed by one-way ANOVA using MS
Office Excel. Comparisons between the means of various treatment groups were analyzed
using the post hoc analysis of the Excel worksheet. A value of p < 0.05 was considered to be
statistically significant. Data are represented from at least three independent experiments.

3. Results
3.1. Effect of Orientin on CCl4-Induced Liver Inflammation and Immune Dysfunction

In this study, the protective effect of orientin on CCl4-induced liver inflammation in
a mice model was investigated. As shown in Figure 1, induced liver inflammation was
observed in disease groups, including the cirrhosis and inflammatory cellular infiltrations
in the right lobe, and widespread hepatic fibrosis was observed as well. Moreover, the score
of the liver injury was significantly higher in the CCl4 group compared to orientin alone and
orientin with CCl4-treated groups. These orientin-treated disease mice distinctly alleviated
the CCl4-induced liver damage and reduced infiltration of inflamed cells (Figure 2A). The
serum liver functional markers ALT and AST of orientin-treated mice were quantified
using the BioVision ELISA method [35]. Fibrosis and cirrhosis increased the aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) marker in mice (Figure 2B).
Orientin attenuated the liver damage in CCl4-treated mice and evidently the ALT and AST
markers were increased 1.91-fold in CCl4-treated mice, whereas the orientin-treated mice
showed ALT/AST at a 1.23-fold ratio level compared to the control group (Figure 2B).

3.2. Effect of Orientin on Expression of Inflammatory Markers in CCl4-Induced Liver Tissues

Natural molecules play a major role in anti-inflammatory mechanisms in mice. As
shown in Figure 3, orientin reduced pro-inflammatory markers such as TNF-α, IL-6,
IL-8, and IFN-γ, which were quantified in CCl4-induced mice. The CCl4-treated mice
showed an elevated level of these markers compared to the control group and orientin-
treated group. Accordingly, the tissue lysate of orientin-treated mice showed significant
reduction of TNF-α (from 421 to 241 pg/mL), IL-6 (from 214 to 133 pg/mL), IL-8 (from
800 to 580 pg/mL), and IFN-γ (from 228 to 175 pg/mL) compared to the CCl4 inflamma-
tory group (Figure 3A–D). However, the orientin alone and orientin with CCl4-treated mice
groups had strongly reduced inflammatory markers (p < 0.05). The fibrotic markers were
potentially regulated by orientin, as it was regulated significantly in CCl4-induced liver
tissues. The ZEB-2 mRNA was downregulated from 4.1-fold of the CCl4-induced condition
to 2.2-fold of the orientin-treated condition. Similar findings were observed for PTEN
mRNA and reduced from 9-fold to 4-fold (Figure 3E). The protein expression of ZEB-2 and
PTEN were quantified in orientin-treated CCl4-induced mice and were downregulated
from 2.7- and 2.5-fold of CCl4-induced inflammatory group to 1.6- and 1.9-fold in orientin-
treated groups. respectively (Figure 3F,G). The orientin alone group showed insignificant
expression of ZEB-2 and PTEN compared to the untreated control group. These results
indicated that orientin significantly controlled the inflammatory and fibrotic markers in
CCl4-induced mouse liver tissues.
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Orientin-treated liver tissues were excised after the 7th day of ip injection and homogenate using ice
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control. # Represents the significant comparison with control and CCl4-induced groups.

3.3. Docking of Orientin with Mouse PTEN and ZEB-2

The docking study demonstrated the virtual interactions of orientin with phosphate
membrane domains of mouse PTEN and stem cell membrane protein of mouse ZEB-2 using
molecular docking software tools. The binding energy, ligand bonds, bond distance, and
amino acid residue interaction were recorded in Tables 1 and 2 and Figure 4A,B. Orientin
interacted with PTEN (−6.44) amino acid residue of the chain A domain (Figure 4A), such
as asparagine, threonine, glycine, and arginine forming a hydrogen bond. Interestingly,
the strong binding interactions were observed as a carbon hydrogen bond in asparagine
and arginine residue of the PTEN protein. The cation and hydrophobic bonds were
observed at tyrosine, proline, and arginine positions of 163 to 170 amino acid residues.
Totally, ten different bonds were formed between orientin with mouse PTEN protein. The
ZEB-2 protein interacted with orientin with a binding energy of (−6.17) and, in total,
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six different amino acid residues in a position from 19 to 51 interacted with orientin chain
B and C. Orientin formed a sigma bond between ZEB-2 at a position of arginine 166 and
confirmed the formation of an overlapped covalent bond (Figure 4B). These interactions
demonstrated the involvement of orientin in signaling of hepatic cellular fibrosis and
inflammatory markers.
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Figure 3. Effect of orientin on liver inflammatory markers. The CCl4-induced mice were administered
for orientin 1 mg/kg body weight of mice for 7 days and liver tissues were excised. Liver homogenate
was prepared using ice cold cell lysis buffer with 0.1% DTT. (A) The TNF-α was estimated using a
Cayman ELISA kit. (B) IL-6 was estimated in liver lysate using a mouse Cayman ELISA kit. (C) IFN-γ
was estimated in liver lysate using a mouse Cayman ELISA kit. (D) IL-8 was estimated in liver
lysate using a mouse Cayman ELISA kit. (E) mRNA expression of ZEB-2 and PTEN using real
time PCR. (F,G) Protein quantification of ZEB-2 and PTEN in CCl4-induced and CCl4 with orientin
treatment using immunoblot-based techniques. (The data are represented as the mean ± SD.) p < 0.05.
* Represents the significant comparison with control and CCl4-induced groups.

Table 1. Interactions of orientin and ZEB2 receptor residues of target protein.

Binding
Energy

Ligand
Efficiency

Intermole
Energy

Ligand Atoms
(Ring)

Docked Amino Acid Residue
(Bond Length)

−6.17 −0.19 −6.38

Conventional Hydrogen Bond:
Chain B—C3′-O Chain A: ARG′36 ′HN′ (2.80 Å)
Chain B—C3′-OH Chain A: ALA′32 ′O′ (1.80 Å)
Chain B—C4′-OH Chain A: ALA′32 ′O′ (1.80 Å)
Chain C—C4-O Chain A: THR′49 ′HG1′ (1.88 Å)
Chain A—C5-OH Chain A: THR′49 ′OG1′ (1.93 Å)
C2-OH Chain A: THR′19 ′O′ (2.20 Å)
C3-OH Chain A: THR′19 ′OG1′ (2.18 Å)
C3-OH Chain A: THR′19 ′O′ (2.61 Å)
Pi-Alkyl Hydrophobic bond:
O Chain A: ALA′32′ (4.36 Å)
O Chain A: LEU′20′ (5.00 Å)
O Chain A: LEU′20′ (5.41 Å)
O Chain A: PRO′51′ (5.18 Å)
Pi-sigma bond:
O Chain A: LEU′20′ CD2′ (3.44 Å)
O Chain A: ARG′166′ (4.77 Å)

ALA, alanine; ARG, arginine; LEU, leucine; ASN, asparagine; PRO, proline; THR, threonine.
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Table 2. Interactions of orientin and PTEN receptor residues of target protein.

Binding
Energy

Ligand
Efficiency

Intermole
Energy

Ligand Atoms
(Ring)

Docked Amino Acid Residue
(Bond Length)

−6.44 −0.2 −6.44

-Conventional Hydrogen Bond:
Chain B—C4′-O Chain A: ASN′323 ′HD22′ (1.92 Å)
Chain B—C4′-OH Chain A: THR′161 ′O′ (1.83 Å)
Chain B—C3′-OH Chain A: THR′161 ′O′ (2.24 Å)
Chain C—C4′-O Chain A: GLN′143 ′HE22′ (1.90 Å)
Chain C—C4′-O Chain A: GLN′143 ′HE21′ (2.44 Å)
C4-OH Chain A: ARG′167 ′HH12′ (2.35 Å)
-Carbon Hydrogen Bond
C Chain A: ASP′318′OD2′ (3.19 Å)
C Chain A: ARG′167′CD′ (2.90 Å)
-Pi-Alkyl Hydrophobic bond:
O Chain A: TRY′170′ (5.65 Å)
O Chain A: TRY′170′ (4.81 Å)
-Pi-Pi T-shaped bond:
O Chain A: PRO′163′ (4.56 Å)
O Chain A: ARG′166′ (4.77 Å)
-Pi-cation bond:
O Chain A: ARG′166′ NH2′ (4.35 Å)

ARG, arginine; ASN, asparagine; ASP, aspartic acid; GLN, glutamine; PRO, proline; TRY, tyrosine.

3.4. Effect of Orientin on LPS-Induced Inflammation in Hepatic Stellate Cells

Orientin controlled cell proliferation, nitric oxide, iNOS, and inflammatory structural
stress in LPS-induced inflammatory mouse-derived HSCs (Figure 5A–D). As shown in
Figure 5A, orientin significantly inhibited the LPS 10 ng/mL-induced proliferation in
mice-derived HSCs. The LPS-challenged cells were exposed to orientin in concentration
(10 to 80 µM) for 24 h and cell proliferation was quantified. The cell proliferation was
inhibited gradually based on the dose of orientin concentration and it was found that
20 and 40 µM significantly controlled the proliferation and was non-toxic to murine hepatic
cells. Thus, we selected an orientin concentration of 30 µM for our further ex vivo studies
to evaluate the effect of orientin on LPS-induced HSC inflammation. LPS statistically
stimulated HSC proliferation (Figure 5A), indicating that LPS could increase the functional
metabolic and inflammatory markers of HSCs. The treatment of orientin reduces LPS-
related cell functioning markers. The effect of orientin on anti-inflammatory markers in
LPS-activated HSCs was evaluated; we treated murine HSCs with either LPS alone, or LPS
with orientin concentrations of 30 µM. Nitric oxide (nitrate µM) was used to determine pro-
inflammatory activity of the host cells. Orientin significantly decreased LPS-induced nitric
oxide from 35 to 27 µM, whereas orientin alone showed a similar nitric oxide concentration
compared to untreated control HSCs (Figure 5B). LPS-stimulated expression of iNOS was
determined by immunoblot. Orientin alleviated iNOS expression in the LPS-induced group
(2.2-fold) comparatively to the LPS alone group (4.3-fold) (p < 0.05) (Figure 5C,D). These
results were co-related with HSC differentiation and maturation in LPS-induced conditions
(Figure 6).

3.5. Effect of Orientin on Hepatic Fibrotic Signaling Markers ZEB-2, PTEN, and TNF-α

Orientin regulated the fibrotic markers in HSCs. The mRNA and protein expression
of ZEB-2, PTEN, and TNF-α were quantified in orientin-treated LPS-challenged HSCs
(Figure 7). The ZEB-2 mRNA was downregulated from 4.4-fold of the LPS-induced condi-
tion to 3.1-fold of the orientin-treated condition (Figure 7A). Similar findings were observed
in protein expression of ZEB-2 and reduced from 6.2-fold to 2.4-fold (Figure 7B,C). This
indicates orientin controlled the mesenchymal modification of HSCs and inhibited the hep-
atic inflammation. HSC activator PTEN was inhibited by orientin treatment. The mRNA
and protein expression of PTEN was significantly downregulated in orientin-treated HSCs.
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Orientin inhibited the LPS-induced PTEN 3.4-fold of mRNA and 2.5-fold of protein ex-
pression into 2.6-fold and 1.9-fold of mRNA and protein, respectively (Figure 7A–C).
The inflammatory marker TNF-α was significantly inhibited by orientin treatment and it
was downregulated from 4.9-fold of LPS-induced mRNA to 3.1-fold of mRNA. Orientin
treatment of LPS-treated HSC led to a decrease of TNFα protein levels (2.8-fold), when
compared to HSCs treated only with LPS (4.5-fold) (Figure 7A–C). The ZEB-2 expression
was increased in the orientin alone treated group compared to the untreated control group
(Figure 7B,C).
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Figure 4. In silico docking of orientin (CID: 5281675) and (A) mouse PTEN (PDB-ID-1D5R) and
(B) ZEB-2 (PDB-ID-2D8V) proteins binding analysis. Computational binding was performed using
AutoDock software to demonstrate the illustration of interactions in the hydrophobic bond and other
polar bonds of PTEN and ZEB-2. It shows the amino acid residue analysis of the interacted bond and
its length, together with the binding pocket of ligand–receptor interactions.
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Figure 5. Effect of orientin on LPS-induced inflammatory HSCs. Naïve mouse-derived HSCs were
isolated and cultured in an adherent-coated 12-well plate. Cultured cells were stimulated with LPS
10 ng for 2 h and orientin was treated for 12 h. Treated cells were evaluated for cell proliferation,
nitrate quantification, and iNOS protein. (A) Cell proliferation of LPS-stimulated HSCs and LPS
with orientin-treated cells were quantified using SRB assay. (B) Nitric oxide level as nitrate (µM) in
LPS-stimulated and orientin-treated HSCs. (C,D) iNOS protein quantification using immunoblot.
Values are expressed as three independent experiments and all values are expressed as mean ± SD.
* Represents the significant comparison with control and LPS-induced groups.
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Figure 6. Effect of orientin on LPS-induced inflammatory HSCs. Naïve mouse-derived HSCs were
isolated and cultured in an adherent-coated 12-well plate. Cultured cells were stimulated with LPS
10 ng for 2 h and treated with orientin (30 µM) for 12 h. (A) Control group, (B) LPS-treated group,
(C) orientin (30 µM)-treated group, and (D) LPS and orientin (30 µM)-treated group.
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Figure 7. Effect of orientin on hepatic fibrotic signaling markers ZEB-2 and PTEN. Naïve mouse-
derived HSCs were stimulated with LPS 10 ng for 2 h and treated for 12 h with orientin (30 µM).
Treated cells were evaluated for ZEB-2, PTEN, and TNF-α mRNA and protein were quantified.
(A) mRNA quantification of ZEB-2, PTEN, and TNF-α in LPS-stimulated HSCs and LPS with orientin-
treated cells was undertaken using SYBR green-based real time PCR assay. (B,C) Protein quantification
of ZEB-2, PTEN, and TNF-α in LPS-stimulated HSCs and LPS with orientin (30 µM)-treated cells
using immunoblot-based techniques. Values are expressed as three independent experiments and all
values are expressed as mean ± SD. * Represents the significant comparison with the control and
LPS-induced groups.

4. Discussion

The need of for herbal supplements has been increased because of their merits to
control oxidative hepatic damage [36]. Hepatotoxicity induced by CCl4 leads to liver injury,
hepatic cell death, and activation of cell necrotic pathways [37]. The long-term exposure of
CCl4 leads to chronic liver damage and hepatic carcinoma. Recent strategies focused on
usage of plant-derived flavonoids, such as luteolin, as hepato-protective, anti-oxidative, and
anti-inflammatory agents [38]. In this study, the effect of orientin on liver protection and
anti-inflammatory mechanisms in liver tissues in mice were examined. The pathological
score and disease index were significantly reduced by orientin treatment in a concentration
of 1 mg/kg bw of mouse. The pathophysiology of liver tissue showed that orientin
significantly reduced cirrhosis, necrotic cellular morphology, and inflamed infiltration in
hepatic tissue (Figure 1). Some studies showed that the flavonoids improve the hepatic
cellular architecture from CCl4-induced hepatic damage [39,40]. Liver metabolic enzymes
play a major role in detoxification, fibrotic steatosis, and inflammatory modifications of the
host. Several studies showed plant flavonoids potentially augmented the AST/ALT level
in a CCl4-induced mouse model [41–43]. In this present study, AST/ALT was potentially
reduced by orientin 1 mg/kg bw compared to the CCl4-induced mice group. The orientin
alone treated mice showed similar levels compared to untreated groups (Figure 2A,B).
These data are concurrent with the reported modulatory action of extracts of orientin using
acetaminophen-induced liver damage in a mice model showing boosted ALT/AST levels,
maintaining a normal liver structure, and moderate activity against the iNOS. The current
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study demonstrated detailed mechanisms of orientin towards reduction of TNF-α, IL-6,
IL-8, and IFN-γ in a CCl4-induced mice model and downregulation of ZEB-2 and PTEN
fibrotic markers in LPS-induced murine HSCs [44–46].

The inflammatory cytokines are key players of fibrotic mediators and are associated
with worse prognosis of the inflammatory liver disease [26]. The CCl4 administration
led to a rise in the level of pro-inflammatory mediators such as TNF-α, IL-6, IL-8, and
IFN-γ (Figure 3A–D). However, the orientin treatment showed marked reduction in the
inflammatory cytokines compared to the CCl4 control group. Some previous reports
showed the similar ameliorative effect of naringenin and orientin on TNF-α, IL-6, and iNOS
in mice models [15,44–47]. The liver fibrotic markers, ZEB-2 and PTEN, were upregulated
in the CCl4-treated group, whereas orientin potentially reduced the expression of ZEB-
2 and reached 1.7-fold from a 2.8-fold expression (Figure 3E–G). The PTEN expression
was downregulated in the orientin treatment compared to the CCl4 treatment. Protein
expression was reduced to 13% compared to the CCl4 group (Figure 3G). The virtual
binding of orientin with ZEB-2 and PTEN was achieved and potent binding was observed
(Figure 4A,B). The formation of pi-Alkyl hydrophobic bonds between orientin and PTEN
changed the structural confirmation and led to less potent receptor molecules. The amino
acid residues interacting with orientin from residue 160 to 167 played a major role in
coupled complex regulations (Table 1). Regarding the ZEB-2 interaction with orientin, it
formed a sigma bond between ZEB-2 at the position of residue 166 and confirmed the
formation of an overlapped covalent bond. The coupled complex formations demonstrated
the involvement of orientin, with ZEB-2 downregulating the signaling process of protein
and controlling the fibrotic formation in intracellular regulatory elements (Table 2).

HSCs play major role in liver cirrhosis and lipid metabolism [48]. Previous stud-
ies evidenced that inhibition of HSC proliferation led to prevention of liver injury and
fibrosis [49–51]. Therefore, natural molecules are focused on liver protection and host
health. In this study, we first examined the effect of orientin on LPS-induced murine HSCs
and estimated the ZEB-2 and PTEN fibrotic markers. The results indicated that orientin
treatment caused cell protection from LPS-induced hepatotoxicity (Figures 5 and 6A). The
inflammatory nitric oxide marker was potentially reduced (from 36 to 27 µM) by orientin
in LPS-induced HSCs (Figure 6B), indicating the negative progression of fibrosis in LPS-
induced inflamed HSCs. The induced nitric oxide synthase is a key regulator of nitric
oxide production and its signaling pathways [52]. The orientin treatment reduced the
LPS-induced iNOS expression in HSCs and consequently confirmed the reduction of nitric
oxide release (Figure 6C,D).

Fibrotic markers such as ZEB-2, PTEN, and TNF-α played a key role in hepatic fibrosis
and mesenchymal transition of liver tissues [53–55]. In this study, transcripts and protein
expressions of these markers were significantly reduced by orientin, which consequently
control the transition of HSCs from mesenchymal to fibroblastic architecture. Significant
downregulation of ZEB-2, PTEN, and TNF-α in the orientin treatment group confirmed
that this phytochemical is able to inhibit the LPS-induced fibrotic process (Figure 7A–C).

5. Conclusions

The present study demonstrated that orientin significantly diminished liver cirrhosis,
inflamed infiltration, and boosted AST/ALT levels in CCl4-induced mice. In addition, the
levels of inflammatory markers (TNF-α, IL-6, IL-8, and IFN-γ) and fibrotic markers (ZEB-2
and PTEN) were decreased by orientin treatment in CCl4-induced liver toxicity. On the
other hand, significant downregulation of ZEB-2, PTEN, and TNF-α was demonstrated
in orientin treatment against LPS-induced HSC fibrotic processes. Orientin also showed
reduction of iNOS expression and nitric oxide release in HSCs of the LPS-induced fibrotic
cells. The results were supported with virtual binding studies. In conclusion, transcripts
and protein expression of inflammatory, as well as fibrotic, markers were significantly
attenuated by orientin in HSCs and subsequently control the transition of HSCs from
mesenchymal to fibroblastic fashion.
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