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Original Transforming growth factor beta (TGF-p) initiates epithelial-mesenchymal transition (EMT) in tubular

Article and glomerular epithelial cells, resulting in excessive production and deposition of extracellular matrix
through its interaction with TGF-p receptors, which play a crucial role in TGF-f signaling involving two
receptor types, namely TGF-B type I (TBRI) and type II (TBRII). EMT contributes to the pathogenesis of
interstitial renal fibrosis, a marker of end-stage kidney disease. This study aimed to identify the bioactive
compounds in the active fraction of P. angulata and evaluate their ability to inhibit the TGF-p activity and
their potential as drug candidates. The active components in the active fraction of P. angulata were
analyzed using gas chromatography-mass spectrometry (GC-MS). The bioactive compound structures
were obtained from the PubChem database, while the protein targets, TBRI and TPRII, were retrieved from
the Protein Data Bank (PDB). The molecular docking analyses were performed using PyRx 0.8 and
Discovery Studio. SwissADME was used to evaluate ligand properties and druglikeness. Three dominant
active compounds were identified, namely palmitic acid, campesterol, and stigmasterol. In silico studies
demonstrated strong energy bonds existed between TBRI and palmitic acid, campesterol, stigmasterol, and

Received: SB431542 with binding energy values of -5.7, -10, -9.4, and -10.9 kcal/mol, respectively. Similarly, they
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Introduction

Transforming growth factor beta (TGF-B) is a member of a large family of multifunctional proteins
involved in various cellular processes, including cell proliferation, apoptosis, migration, differentiation, and
extracellular matrix production (1). To date, five distinct variants of TGF-p (TGF-B1~5) have been
identified. Among these, TGF-B1, TGF-f2, and TGF-B3 are primarily found in mammals, with TGF-f being
the most prevalent, constituting over 90% of this isoform (2). TGF-p initiates epithelial-mesenchymal
transition (EMT) in both tubular and glomerular epithelial cells, resulting in excessive production and
deposition of extracellular matrix in the glomeruli and tubulointerstitium (3). EMT is a phenotypic
conversion involved in the pathogenesis of interstitial renal fibrosis (4), a marker of end-stage kidney
disease. Diabetic nephropathy or diabetic kidney disease is a microvascular complication due to prolonged
hyperglycemia characterized by fibrosis (5). This condition has led to the identification of the TGF-
signaling pathway as a promising target for therapeutic intervention.

When TGF-f binds to the serine/threonine kinase receptors known as TGF-f type I (TBRI) and type 1T
(TBRII), it initiates both SMAD-dependent and SMAD-independent signaling pathways (6). The initiation
of intracellular signals by TGF-f superfamily ligands occurs through their interaction with two categories
of transmembrane receptors: TPRI, also known as activin receptor-like kinase (ALK), and TBRII. These
receptors contains a serine/threonine kinase domain. Aberrant TGF-B signaling is associated with various
conditions, including fibrosis, cardiovascular diseases, and cancer. TGF-p has long been recognized as a
pivotal cytokine in the progression of kidney inflammation and fibrosis (7). The active form of TGF-f
engages with TBRII, activating TBRI and downstream receptor-associated SMADs (R-SMADs), specifically
SMAD2 and SMAD3. Following phosphorylation, SMAD2 and SMAD3 form a multiunit complex with
SMAD4 (8). This SMAD2/3/4 complex translocates to the cell nucleus to regulate the transcription of
specific genes. This regulatory process results in the expression of a-smooth muscle actin (a-SMA) and
collagens and inhibits SMAD7 (9). SMAD7 can counteract TGF-B-induced fibrosis, carcinogenesis, and
inflammation in various diseases (10, 11).

Various organic compounds have been deliberately designed and developed to inhibit the TGF-B
signaling pathway. These inhibitors function either by suppressing TGF- expression or by obstructing the
kinase activities of TGF-f receptors (6). Blocking the TGF-[3 signaling at the receptor kinase level can halt
the biological effects of TGF-R. Several small compounds have been synthesized to target the ATP binding
sites of TPRI or TPRII, thereby preventing the phosphorylation of substrates. Binding to the kinase domain
impedes the ability of ALKS5 receptor to activate SMAD2/3 (12).

The P. angulata herb exhibits significant antioxidant capacity and demonstrates vasoprotective,
renoprotective, anti-inflammatory, and antidiabetic properties. This herb has the potential to reduce blood
glucose levels, malondialdehyde (MDA), and advanced glycation end-products (AGESs) that are involved in
the development of diabetic kidney disease. Additionally, P. angulata shows potential for promoting
lymphocyte cell proliferation (13, 14, 15, 16).

Molecular docking is frequently employed in bioinformatics research for virtual screening and drug
design based on molecular structures. It predicts non-covalent interactions, primarily hydrogen bonding,
between a large molecule (receptor) and a smaller molecule (drug). AutoDock is a suitable software program
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for conducting docking and virtual screening, as it automatically calculates the necessary grid for atom types
(17,18). Binding interactions between receptors and ligands are analyzed using Discovery Studio by
BIOVIA. These interactions can identify target compounds related to in vitro and in vivo activities. In silico
research also relies heavily on ADMET and druglikeness to explore novel targets and compounds with
anticipated biological effects (19).

The active compounds and biological activities of P. angulata suggest its potential as a candidate for
inhibiting TGF- activity, which is associated with kidney fibrosis, a marker of diabetic nephropathy. This
study aimed to identify the bioactive compounds in the active fraction of P. angulata and evaluate their
ability to inhibit the TGF- activity and the potential as drug candidates.

Materials and methods

Sample

The active fraction of P. angulata herb extract was obtained from the Department of Pharmacology
and Therapeutics, Faculty of Medicine, Public Health, and Nursing, Universitas Gadjah Mada. The active
fraction was derived from the chloroform extract of P. angulata.
Phytochemical Analysis Using GC-MS

The active components in the active fraction of P. angulata were analyzed using gas chromatography-
mass spectrometry (GC-MS). An Agilent HP-5ms column (30 m x 0.25 mm, 0.25 um) was used, with helium
gas as the mobile phase at a total flow rate of 1 mL/min. The sample, consisting of 50 pL dissolved in 2 mL
of ethanol and homogenized using an ultrasonicator for 30 minutes, was injected in a volume of 1 uL. The
Willey Library software was employed during the screening process to identify the active substances within
the samples.
In silico analysis
Ligand preparation

Predictive models for the primary anti-target TBRI were developed using homology modeling.
Subsequently, molecular docking was conducted using the generated models. The molecular docking
analyses included all targets and were performed using AutoDock Vina within the PyRx 0.8 software suite.
Ligand configurations were obtained from PubChem. The 3D chemical structures of palmitic acid,
campesterol, stigmasterol, and SB31542 were acquired in a structured data file (SDF) format. SB31542 was
used as a control in this study due to its ability to inhibit the TGF-B-induced EMT (20). The ligand structures
underwent energy minimization for optimal stability and were subsequently converted into a Protein Data
Bank, Partial Charge, and Atom Type (PDBQT) format using Open Babel within PyRx 0.8.
Protein preparation

The 3D crystal structure of the type | TGF-$ receptor (TBRI; PDB ID: 3TZM) and type II TGF-$
receptor (TPRIL; PDB ID: 1M9Z) were retrieved in a PDB format from the Protein Data Bank
(http://www.rcsb.org). Before commencing the docking process, non-protein components, such as water or
solvent molecules, were eliminated from the molecular structures. Hydrogen atoms were subsequently
added to the protein configuration, and molecular docking was performed using PyRx 0.8.
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The active sites were determine using the Discovery Studio Visualizer (DSV) v21.1. For TBRI(3TZM),
the active site was found to consist of amino acid residues of 1le211, Gly214, Ala230, Lys232, Leu278,
Ser280, Asp281, Tyr282, His283, Lys337, Leu340, and Asp351. This finding was consistent with Ogunjimi
et al. (21), who found that the native ligand of the receptor interacted with these amino acid residues.
Therefore, these compounds were used to determine the active site. Based on the information provided by
DSV, the dimensions of TRRI receptor were configured as follows: X-axis of 30.2 A, Y-axis of 31.6 A, and
Z-axis of 20 A.

For TPRRII (1M9Z), which had no native ligand, the active site was defined manually using DSV. The
active site was found to consist of amino acid residues of Asp39, Asn40, GIn41, Trp65, Phelll, and Phel26.
Therefore, these compounds were used to determine the active site. Based on the information provided by
DSV, the dimensions of TPRII receptor were configured as follows: X-axis of 27.4 A, Y-axis of 16.8 A, and
Z-axis of 25.5 A.

Protein-ligand docking

Subsequently, ligand docking was performed using the specified dimensions. Grid boxes were set
within PyRx 0.8 to match these dimensions precisely, covering the entire active site of the protein to explore
potential interactions between proteins and ligands. The docking simulations were performed using PyRx
0.8, and the resulting complex structures were visualized using DSV.

Druglikeness prediction

Druglikeness prediction was carried out using the SwissADME online platform (http://www. Swiss-
adme. ch), adhering to the Lipinski’s rule of five. This rule specifies a molecular weight (MW) of no more
than 500 Da, H-bond donors of no more than five, a log P of no more than 5, and H-bond acceptors of no
more than 10 (22).

Results

Identified compounds

GC-MS was used to identify the bioactive compounds in the active fraction of P. angulata. This
powerful analytical method combines the features of gas chromatography and mass spectrometry to identify
different substances within the active fraction. Each compound generates a distinct mass spectrum,
facilitating its identification and characterization through comparison of retention times (RT) and percentage
areas. The resulting GC-MS chromatogram data were analyzed using the Willey Library software. Three
primary active compounds were identified: palmitic acid, campesterol, and stigmasterol. Table 1 provides a
list of all identified compounds in the active fraction of P. angulata. These three active compounds were
used for further analysis.
Molecular docking studies

Table 1. GC-MS phytochemical analysis results.

Identified compound  m/z Retention time (RT) % area Molecular formula
Palmitic acid 73; 60; 43 19.790 58.1 Ci6H3202
Campesterol 207; 43; 55 34.910 39.8 Ca2sH10
Stigmasterol 207; 55; 28 35.594 22.8 CooH130
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The interactions between the active compounds (ligands) and TGF-p receptors (TBRI and TPRII) were
analyzed by AutoDock Vina within Pyrx 0.8 and Discovery Studio. Table 2 presents the highest docking
scores obtained for 3TZM and 1M9Z with the ligands. The results suggested that campesterol exhibited the
strongest binding affinity with TBRI among the three ligands, approaching the affinity observed with the
TGF-B inhibitor, SB431542. Conversely, stigmasterol exhibited a strong affinity with TPRIL. The
interactions between the active compounds and TGF-p receptors are illustrated in Table 3 and Figure 1.

Table 2. The highest binding affinity scores of the active compounds and the target proteins.

Active compound TPRI (kcal/mol) TPRII (kcal/mol)
Palmitic acid -5.7 -5.2
Campesterol -10 -7.1
Stigmasterol -9.4 -7.5
SB431542 -10.9 -6.1

Hoﬂ/\/\/\/\/\/\/\/

(a) (b)

Fig. 1. Structures of the identified compounds and the standard. Palmitic acid (a); Campesterol (b); Stigmasterol (c); and
SB431542 (d).
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Table 3. Interaction between the active compounds and TGF-f3 receptors.

Active . Residues
Interaction
Compound TBRI THRII
Palmitic acid Van der Waals Glu245, Tyr249, Phe262, Lys101, 11e99, Asn40, GlIn41,
Val279, Val231, Asp351, Thr109, Asp39
lle211, Ser287, Lys337, Asn338
Conventional hydrogen  Leu278, Ser280, Ala230 Glul28, Met100
Carbon hydrogen - Serl27
Alkyl and pi-alkyl Lys232, Ala350, Val219, Phelll, Phel26, Trp65,
Leu260, Leu340 Lys67
Campesterol ~ Van der Waals Ala230, Leu340, Ser287, Ser127, Met100, Glu128,

Stigmasterol

SB431542

Alkyl and pi-alkyl

Pi-S

Pi-sigma
Unfavorable donor-
donor

Van der Waals

Carbon hydrogen
Pi-sigma

Alkyl

Van der Waals

Conventional hydrogen

Carbon hydrogen
Pi-donor hydrogen
Pi-sigma

Pi-pi stacked
P-alkyl

Pi-cation

Thr375, Val231, Ser280,

Val279, Leu278, Phe262,
Tyr249, Ala350, Glu245,

Asn338, Asp351, Lys213,
Gly214, Arg215

Leu260, Lys232, Val219,
Lys337

Lys335

Leu260, Ala350, Lys232,
Asp351, Lys213, Lys337,
Asn338, Arg215, Gly214,
Lys335, Ser287, Gly286,
Glu284, Tyr282, His282

Val219, Ala230, Leu340, lle211
Asp281, Asn338, Lys337,
Lys335, Arg215, Asp351,
Ala350, Gly214, Glu245,
Leu278, Val231, Leu260,
Gly286, lle211

His283

Ala230

Ser280

Leu340

Tyr282

Val219
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Thr109, Glu102, Asn40,
GIn41, Asp39

Lys101, Phel1l

Trp65, Phel26

Asp39, Asn40, GIn41l,
Ser127, Thrl0Q9, Lys42

Glul29
Phel26
Trp65, Phelll, Lys67

Lys101, Lys103, Glu91
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The ADME assessment

The assessment of absorption, distribution, metabolism, and excretion (ADME) indicated that almost
all compounds met the Lipinski's criteria (Table 4). The Lipinski's criteria for good drug absorption and
permeation in the body specifies H-bond donors of no more than five, molecular weight of no more than
500 Da, a log P of no more than five, and H-bond acceptors of no more than 10 (20). However, campesterol
and stigmasterol deviated slightly from these criteria, especially in their log P values (Table 3). The results
of SwissADME assessment suggested that all active compounds from P. angulata have the potential for
absorption in the human intestine (Table 4).

Table 4. Lipinski’s properties of the active compounds in P. angulata using SwisSADME.

Compound
Property . . -

Palmitic acid Campesterol Stigmasterol
MlogP 4.19 6.54 6.62
Log S -5.31 -5.79 -5.47
TPSA (A2) 37.30 20.23 20.23
Gl Abs High Low Low
MW (g/mol) 254.42 400.68 412.69
Lead-likeness 2 2 2
nHeavy Atoms 18 29 30
Pgp Substrate No No No
Nviolation 1 1 1
NRotB 14 5 5
Synthetic access 2.31 6.17 6.21
Druglikeliness score -0.54 0.59 0.62
Druglikeness Yes Yes Yes
nHBA 1 1 1
nHBD 1 1 1
Bioavailability score 0.85 0.55 0.55

The ADME assessment demonstrates that the majority of the identified bioactive compounds from Physalis angulata adhere to
Lipinski's rule of five criteriaz MW:Molecular weight, indicating the molecular weight of a compound with the recommended
range being no more than 500 DaLogP: Log of octanol/water partition coefficient, measuring the lipophilicity or hydrophobicity
of a compound with the recommended range being no more than 5.nHBA: Number of hydrogen bond acceptors, indicating the
number of hydrogen bond acceptor atoms in the molecule with the recommended range being no more than 10 .nHBD: Number
of hydrogen bond donors, indicating the number of hydrogen bond donor atoms in the molecule with the recommended range
between 0.0 to 6.0.nRotB: Number of rotatable bonds, indicating the number of bonds which allow free rotation around
themselves (any single bond, not in a ring, bound to a non-terminal heavy atom) with the recommended range of no more than
10.Log S: log of solubility, indicating the solubility of a compound in the water with the recommended value between -9 and
1.5.TPSA: Total polar surface area, indicating the polarity of molecules with the recommended range between 20 and 130 A..Pgp
substrate: P-glycoprotein substrate in relation to bioavailability and absorption

Discussion

GC-MS is an effective tool for analyzing various volatile and semi- volatile compounds, particularly
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those that can be vaporized without decomposition (23). The analysis of the active fraction of P. angulate
identified three active compounds, namely palmitic acid, campesterol, and stigmasterol.

Discussion

Palmitic acid belongs to the category of saturated fatty acids (24), which is notable for its antibacterial
properties (25) and its significant roles in both innate and adaptive immunity (26). It also exhibits
antioxidant, anti-inflammatory, hypocholesterolemic, and potential cancer-prevention properties (27).

Campesterol and stigmasterol are major phytosterols found in plants. Phytosterols are known to
positively influence human health by lowering plasma cholesterol levels and demonstrating anti-
inflammatory, antidiabetic, and anticancer effects (28). Specifically, stigmasterol is found to significantly
improve hyperglycemia and hyperlipidemia in mice. It is a promising therapeutic agent for type 2 diabetes
mellitus (T2DM) by enhancing the expression and translocation of GLUT4 both in vitro and in vivo (29).

Given the potential of the active fraction of P. angulata, this study conducted the molecular docking of
its active compounds against the target proteins, namely the TGF-B receptors. Molecular docking is a
computational modeling technique for investigating the interactions between protein targets and small
ligands (compounds) (30). The docking score or binding energy obtained from this process indicates the
binding affinity between the ligand and the target protein (31).

TGF-B is a marker for fibrosis in the development of diabetic nephropathy (2). Using active compounds
as TGF-pB inhibitors is a novel approach to counteracting TGF-B. This method specifically targets the
inhibition of latent TGF- activation at sites of excessive TGF-B activity (32). Since TGF-§ signaling is
mediated by cell-surface serine-threonine kinases, blocking TGF-f signaling at the receptor kinase level will
eliminate its biological functions (33). SB431542, a potent and recently developed TGF-f inhibitor, was
used as a control in this study due to its ability to inhibit the epithelial-mesenchymal transition (EMT),
transcription, gene expression, and apoptosis induced by TGF-B (34,20). The results of this study showed
that campesterol exhibited the highest affinity with TBRI, while stigmasterol exhibited a strong affinity with
TPRIIL These findings are comparable to the binding affinity of the TGF- inhibitor, SB431542 (Table 2).
Typically, inhibitors interact with target proteins through electrostatic, hydrogen-bonding, and hydrophobic
interactions with amino acid residues near the active site (32). The interactions between palmitic acid and
TPRI, as well as TPRIL, involve Van der Waals’ forces, conventional hydrogen bonds, carbon-hydrogen
bonds, alkyl interactions, and pi-Alkyl interactions. Similarly, the interactions between campesterol with
TBRI and TPRII involve Van der Waals® forces, alkyl interactions, pi- alkyl interactions, pi- sigma
interactions, and unfavorable donor- donor bonds. Conversely, the interactions between stigmasterol and
TPRI as well as stigmasterol and TPRII involve Van der Waals’ forces, carbon-hydrogen bonds, pi-sigma
interactions, and alkyl interactions (Table 3, Figure 2).

Hydrogen bonds are crucial in inhibiting complex molecules, providing essential stability to their
structures and functions. Analyzing hydrogen bonds is the most effective way to understand the binding
mechanism of a compound within the active site (35). Among the three compounds, only palmitic acid
formed conventional hydrogen bonds with TBRI and TPBRII. Palmitic acid bound to the amino acid residues
of TPRI, namely Leu278, Ser280, and Ala230, and TPRIIL, namely Glul28 and Met100 (Table 3, Figure 2).
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Fig. 2. Results of TGF-B receptors docking with P. angulata active compounds. A(i) TPRI-hexadecanoic acid, (ii) TPRII-

hexadecanoic acid; B(i) TBRI-campesterol, (ii) TBRII-campesterol; C(i) TBRI-stigmasterol, (ii) TPRII-stigmasterol; D(i) TBRI-

SB431542, (ii) TBRII-SB31542
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Both palmitic acid and stigmasterol exhibited carbon-hydrogen interactions with amino acid residues of
TPRIIL. Palmitic acid bound to Ser127, while stigmasterol bound to Glul29. Hydrogen bond interactions
influence the affinity strength between ligands and amino acid residues. The greater the number of hydrogen
bonds formed, the more robust and stable the bond becomes (35, 36).

Although less potent than hydrogen bonds, Van der Waals’ forces play a significant role in inhibiting
the activity of target receptors and forming stable complexes between ligands and receptors (36). All
compounds in this study exhibited Van der Waals’ forces. Hydrophobic interactions arising from pi-sigma,
alkyl, and pi-alkyl interactions were also present. All compounds exhibited hydrophobic interactions with
the receptors. Palmitic acid and campesterol bound to five amino acid residues of TPRI and four amino acid
residues of TPRII through alkyl and pi-alkyl interactions (Table 3, Figure 2). Conversely, stigmasterol bound
to four amino acid residues of TPRI and three amino acid residues of TBRII through alkyl interactions.

Furthermore, stigmasterol bound to one amino acid residue of TPRII through pi-sigma interactions
(Table 3, Figure 2). These interactions could potentially inhibit receptor activity, suggesting their potential
utility in designing specific inhibitors (36). Hydrogen bonds and hydrophobic interactions are essential for
stabilizing ligands at the target site. Hydrophobic interactions play a central role in the interactions between
drugs and receptors (37). Meanwhile, hydrogen bonds are crucial in molecular recognition processes, protein
folding stabilization, and the formation and stability of complexes between proteins and ligands (38). These
interactions affect both the binding affinity and the effectiveness of the drug.

The aim of predicting druglikeness is to determine if a compound meets the criteria for being considered
a drug molecule. The Lipinski’s rule of five is a widely adopted method for evaluating the solubility and
permeability of a compound, thereby predicting its potential as a drug candidate by assessing its oral
effectiveness (35). The Lipinski’s rule sets specific thresholds for molecular weight (MW), the number of
hydrogen bond acceptors and donors (HBA and HBD), and the water/octanol partition coefficient (log P).
Compounds that fail two or more of these criteria are typically excluded from further development. In this
study, nearly all compounds met the criteria (Table 4).

Therefore, these three compounds have the potential to qualify as drug candidates with favorable
absorption and permeation properties. The Lipinski's rule of five was formulated to establish criteria for the
suitability of new molecular entities (NMESs) as drugs. In the context of drug discovery, this rule posits that
compounds with more than five hydrogen bond donors, ten hydrogen bond acceptors, a molecular weight
exceeding 500, and a calculated log P (clog P) higher than five are likely to exhibit poor absorption or
permeation (39).

The ADMET (absorption, distribution, metabolism, excretion, and toxicity) characteristics of the active
compounds in P. angulata were assessed using the SwissADME. The results indicated that all active
compounds could be absorbed in the human intestine (Table 4). The absorption capacity of human intestines
is higher for palmitic acid than campesterol and stigmasterol, suggesting that palmitic acid may be more
effectively absorbed from the gastrointestinal tract when administered orally (18). SwissADME calculates
the clog P (logarithm of the partition coefficient of the compound between water and n-octanol), which
determines the hydrophilicity of the compound. The log p- value of palmitic acid is lower than that of
campesterol and stigmasterol, although all three compounds fall into the category of moderate solubility
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based on their log S values. This finding is supported by the Topological Polar Surface Area (TPSA) values.
For optimal polarity, the TPSA should be between 20 and 130 A (40). TPSA measures the surface area
occupied by polar atoms and molecules within the compound. A higher TPSA value is associated with
decreased membrane permeability (41). Compounds with elevated TPSA values are more likely to be
substrates for P-glycoprotein (Pgp), which expels drugs from cells. Therefore, reduced TPSA values are
advantageous for drug-like properties (42). The results of this study indicated that the three active
compounds fall within the range of TPSA values and are on the lower end. Furthermore, none of the active
compounds were identified as substrates for Pgp, suggesting they are not prone to being expelled from cells
by this transporter. This enhances the absorption and bioavailability of the compounds as they are less likely
to be actively removed from the cells.

One of the limitations of this study is that it relied on in silico methods to computationally predict the
capabilities of the three active compounds in P. angulata. This study was focused on evaluating the binding
affinities of the compounds to TBRI and TPRII, as well as their ADMET properties. While in silico methods
are valuable, they cannot fully replace the essential in vitro and in vivo experiments. Therefore, further in
vitro and in vivo studies are needed to assess the potential of these active compounds in modulating the
TGF-B signaling pathway and to gain deeper insights into their mechanisms as anti-fibrotic agents. Fibrosis
can be modeled in vitro by inducing fibroblast cells with TGF-B. Another method involves treating TGF-§3-
induced fibroblast cells with active compounds derived from the active fraction of P. angulata. This research
focuses on examining changes in fibrosis markers, such as a-SMA and PDGFR-B, as well as the production
of extracellular matrix. In vivo studies involve inducing fibrosis in animal models, specifically using
techniques like Unilateral Ureteral Obstruction (UUO) and Subtotal Nephrectomy in rats or mice. These
models effectively induce fibrosis in the animals. Subsequently, the animals are treated with active
compounds from the active fraction of P. angulata, and the study evaluates differences in fibrosis markers
(such as a-SMA and PDGFR-pB), along with the production of extracellular matrix. Additionally, toxicity
testing of the active compounds is essential to establish. It is also crucial to recognize that the safety and
toxicity profiles of these compounds are significantly influenced by the dosage, method of administration,
and overall exposure levels. Comprehensive toxicological studies are required to thoroughly assess the
safety of using these active compounds from P. angulata as potential drug candidates.

The active fraction of P. angulata contains three essential compounds: palmitic acid, campesterol, and
stigmasterol. Among these, campesterol exhibited the highest affinity with TBRI, comparable to the TGF-f
inhibitor SB31542. On the other hand, stigmasterol exhibited a strong affinity with TBRII compared to other
ligands. These three compounds have the potential as drug candidates due to their favorable absorption and
permeation properties. Additionally, all compounds met the Lipinski’s criteria and can be absorbed in the
human intestine.
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