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ABSTRACT

Hemorrhoids are inflammatory disorders affecting much of the population, yet therapies provide symptomatic
relief. Eranthemum purpurascens used for piles, but validation lacking. Bioassay fractionation yielded a molecule
via HRMS, 'H NMR, FT IR. Hemorrhoidal activity assessed in croton oil rat model. Parameters included index,
coefficient, TNF o, IL 6, histopathology. Isolated compound (yield 0.0127%, purity 97.3%) identified as 1 (2
hydroxy 6 propylphenyl) 3 (p tolyl)propan 1 one (C20H240:) based on HRMS, 'H NMR, FT IR; full 2D NMR
pending. Treatment reduced index (1.11£0.06 vs. 3.25+0.04), coefficient (0.94+0.02 vs. 1.82+0.03 mg/g), TNF o
(163.442.5 vs. 221.3%1.1 pg/mL) and IL 6 (88.80+3.32 vs. 110.92+3.23 pg/mL) (**p<0.01). Histopathology
confirmed reduced vascular congestion. Network pharmacology identified 16 targets enriched in chemokine
signaling and VEGF pathways. Docking showed binding to ROCK2 (—10.2), ITK (-9.0), GSK3B (—8.9 kcal/mol).
The propanone exhibits anti hemorrhoidal activity through multi target modulation, supporting use.
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1. Introduction

Hemorrhoidal disease, commonly known
as piles, is pathological enlargement and swelling of
the vascular structures within the anal canal. The
estimated prevalence approximately around 4.4% in
general population, increasing to 36% among
patients visiting gastrointestinal clinics!. The
condition arises from abnormal dilation of the
venous plexus that constitutes the anal cushions,
which normally contribute to continence. When the
supporting  connective  tissue  weakens or
intra-abdominal pressure increases, these cushions
may enlarge and prolapse. Common clinical
manifestations include rectal bleeding, pain,
pruritus, mucous discharge, and discomfort during
defecation. Predisposing factors include chronic
constipation, prolonged straining, low dietary fiber
intake, pregnancy, and aging?.

Inflammation is a central driver of
hemorrhoidal disease progression. The pathological
enlargement of hemorrhoids involves arterial
dilatation, endothelial dysfunction, and
inflammatory cell infiltration within the anorectal
tissues. These changes lead to vascular congestion,
edema, and tissue damage, largely mediated by
elevated pro-inflammatory mediators such as
prostaglandin ~ E2  (PGE2) resulting from
cyclooxygenase-2 (COX-2), leukotriene B4(LTB4)
resulting from 5-lipoxygenase (5-LOX), and
cytokines including tumor necrosis factor-o

(TNF-0) and interleukin-6 (IL-6)3. In addition,
matrix metalloproteinases, particularly MMP-9,
degrade the extracellular matrix, weakening
connective tissue support and promoting prolapse®.

Current management strategies range from
lifestyle modifications and topical agents to surgical
interventions. Venotonic drugs such as hesperidin
and diosmin (500-1000 mg twice daily) improve
capillary resistance and venous tone, while topical
corticosteroids and anesthetics offer symptomatic
relief 5. However, these treatments primarily address
symptoms rather than the underlying inflammatory
processes, and prolonged corticosteroid use may
lead to mucosal atrophy. Consequently, there is
growing interest in identifying bioactive compounds
that can simultaneously modulate multiple
disease-relevant pathways.

Many medicinal plants have been used for
a long time to treat hemorrhoids because of their
anti-inflammatory, antioxidant, and venotonic

activity. Well-documented examples
include Aesculus hippocastanum (aescin), Ruscus
aculeatus (ruscogenins), and Hamamelis

virginiana (tannins)®. Phytoconstituents such as
flavonoids, tannins, and phenolic compounds can
reduce vascular inflammation, improve venous tone,
and strengthen capillary walls, all of which are
relevant to hemorrhoidal pathophysiology’.

Eranthemum purpurascens (Acanthaceae), locally
known as Dashmuli or Gulsham, is distributed in the
Himalayan regions and Western Ghats of India.
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Ethnobotanical surveys indicate that the leaves/stem
powder is traditionally used for piles, asthma,
common cold, cough, and inflammatory conditions®.
A study report of other Eranthemum species showed
it has antidiabetic, antimicrobial, anti-inflammatory,
antioxidant, antipyretic, and hepatoprotective
activities®. Despite these traditional uses, detailed
phytochemical and pharmacological investigations
of E. purpurascens remain scarce.

We hypothesized that E. purpurascens contains
bioactive compounds with anti-hemorrhoidal
activity mediated through modulation of
inflammatory pathways. The present study,
therefore, aimed to: (1) isolate and characterize the
major bioactive compound using chromatographic
and spectroscopic techniques; (2) evaluate its
anti-hemorrhoidal  activity; (3) predict its
pharmacokinetic and toxicity profiles using in
silico ADMET tools; (4) explain its molecular
mechanisms through network pharmacology and
molecular docking; and (5) integrate experimental
and computational findings to validate the
traditional use and explore therapeutic potential.

2. Materials and Methods

2.1 Plant Material

Fresh leaves of Eranthemum purpurascens (Wight)
Nees were collected from Go Green Botanical
Garden, Panvel, Raigad District, Maharashtra, India
(18.99° N, 73.12° E) in November 2022. The plant
material was authenticated by Dr. Harshad Pandit,
Head and Associate Professor of Botany,
Department of Botany, University of Mumbai. A
voucher specimen was deposited in the institutional
herbarium.

2.2 Extraction and Isolation

2.2.1 Extraction

Shade-dried leaves (500 g) were ground to a fine
powder using a mechanical grinder. The powdered
material was then subjected to maceration with a
hydroalcoholic solvent (methanol:water, 1:1v/v;
2L x 3) at room temperature (25+2°C) for
24 hours, with occasional shaking to facilitate
extraction. After maceration, the combined extracts
were filtered through Whatman No. 1 filter paper.
The filtrate was concentrated under reduced
pressure at 40 °C using a rotary evaporator (Buchi
R 300), followed by lyophilisation (Labconco
FreeZone). This procedure yielded the crude
hydroalcoholic extract (HAEP, 47.0 g),
corresponding to 9.4 % (w/w) of the starting dry leaf
material.

2.2.2 Column Chromatography

HAEP (30 g) was adsorbed onto silica gel (60—120
mesh, 30g) and subjected to column
chromatography (5 x 100 cm glass column) packed
with silica gel (100-200 mesh, 250 g) using wet
packing with n-hexane. Gradient elution was
performed with increasing polarity: n-hexane

(100%), n-hexane:ethyl acetate (95:5 to 0:100),
ethyl acetate:methanol (95:5 to 0:100), and finally
methanol:water (90:10). Fractions (50 mL each)
were collected and monitored by TLC (silica gel G,
n-butanol:acetic acid:water 12:3:5, detection by UV
254/366 nm and anisaldehyde-sulfuric acid reagent).
Fractions with similar profiles were pooled to yield
seven major fractions (F1-F7).

2.2.3 Purification

Fraction F3 (eluted with n-hexane:ethyl acetate
80:20) was re-chromatographed on silica gel (230—
400 mesh) wusing isocratic elution with
n-hexane:ethyl  acetate  (85:15) to  yield
compound 1 (38mg, pale yellow amorphous
powder). Purity was assessed by HPLC (Shimadzu
LC-20AD, C18 column, 250X 4.6mm, 5 pum;
mobile phase methanol:water 80:20, flow rate
1.0 mL/min, UV detection at 280 nm). The purity
was 97.3% (area normalization).

2.3 Structural Characterization

2.3.1 Physical Properties

Melting point (uncorrected) was determined on a
Stuart SMP30 apparatus.

2.3.2 Spectroscopic Analysis

FT-IR: Spectrum recorded on a PerkinElmer
Spectrum Two spectrometer using the KBr pellet
method (4000—400 cm™).

'H NMR: Spectrum recorded on a Bruker Avance
IIT HD spectrometer (500 MHz) using DMSO-d6 as
solvent with TMS as internal standard. Chemical
shifts (8) are reported in ppm, coupling constants (J)
in Hz.

HRMS: High-resolution mass spectrum was
obtained on an Agilent 6520 Q-TOF mass
spectrometer with ESI source in positive ion mode.
2.4 In Silico ADMET Prediction

The compound structure in SMILES format was
submitted to SwissADME
(http://www.swissadme.ch) for physicochemical
properties  and  drug-likeness!®,  pkCSM
(http://biosig.unimelb.edu.au/pkcsm/) for ADME
profiling!!, and ProTox-3.0
(https://tox.charite.de/protox3/) for toxicity
prediction’?.  Analyses were performed on
December 28, 2025.

2.5 Animals and Ethical Approval

Healthy adult Wistar rats (180-220 g, 8-10 weeks
old, either sex) were acquired from the institutional
animal house. Animals were kept in polypropylene
cages, 3 animals in one cage. As per the standard
laboratory procedure, temperature was maintaining
at 22 +£2°C, relative humidity 55+5%, 12h
light/dark cycle, Animals were feed standard pallet
diet and filtered water as libitum. Before
experimentation the animals were acclimatized for
seven days. All the experimental procedure was
approved by Institution Animal Ethical Committee
(Protocol No. PJLCP/2023-24/IAEC/02) and
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conducted as per the guideline provided by
Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA),
Government of India.

2.6 Experimental Design

Sample size (n=6 per group) was determined based
on the resource equation method (F=10-20) from
preliminary pilot data'3. Animals were randomly
assigned to five groups using computer-generated
randomization (Randomizer.org): Group I (normal
control): vehicle (0.5% CMC in normal saline,
5 mL/kg, p.o.); Group II (positive control): croton
oil + vehicle, Group III  (standard
treatment): croton oil + Plex granules (400 mg/kg,
p-0.); Group IV (HAEP): croton oil + HAEP
(300 mg/kg, p.o.); Group V  (isolated
compound): croton oil + isolated compound
(25 mg/kg, p.o.)

All treatments were administered once daily for 5
consecutive days starting 24 h after hemorrhoid
induction. Investigators performing behavioral
assessments, cytokine assays, and histopathological
evaluations were blinded to group allocation.

2.7 Hemorrhoid Induction

Hemorrhoids were induced using the croton oil
method described by'# Saria and Lundberg (1983)
with modifications by Azeemuddin et al. (2014)'.
Evans blue dye (20 mg/kg, 2.5% w/v in normal
saline) was injected via the tail vein 30 min before
induction to assess vascular permeability. Croton oil
solution was prepared by mixing deionized water,
pyridine, diethyl ether, and 6% croton oil in diethyl
ether in a ratio of 1:4:5:10. Under light isoflurane
anesthesia, a sterile cotton swab (4 mm diameter)
soaked in 100 uL of the croton oil solution was
inserted 20 mm into the anal canal for 15s. Normal
control animals received the vehicle without croton
oil.

2.8 Evaluation Parameters

2.8.1 Inflammatory Index

On day5, one hour after the final treatment,
hemorrhoidal severity was scored using a
standardized grading system (0—4) by a blinded
observer. Scores were defined as follows: 0 = no
visible signs of inflammation, normal appearance; 1
=mild erythema and edema; 2 = moderate erythema,
edema, and bleeding; 3 = severe inflammation with
prolapse; 4 = severe prolapse with ulceration.

2.8.2 Rectoanal Coefficient (RAC)

After sacrifice by CO: asphyxiation, rectoanal tissue
(from the anal verge to 2 cm proximal) was excised
and weighed. RAC was calculated as: RAC =
Rectoanal tissue weight (mg) / Body weight (g)
2.8.3 Evans Blue Extravasation

Rectoanal tissue was incubated in formamide
(1 mL/100 mg tissue) at 60 °C for 24 h. Absorbance
was measured at 620nm (Thermo Scientific
Multiskan GO), and dye concentration was
calculated from a standard curve.

2.8.4 Cytokine Analysis

Rectoanal tissue homogenates (10% w/v in PBS
with protease inhibitor cocktail) were centrifuged at
12,000 x g for 20 min at 4 °C. Supernatants were
assayed for TNF-o and IL-6 using rat-specific
ELISA kits (R&D Systems, Catalog # RTA00 and
R6000B) according to the manufacturer’s
instructions. Cytokine levels were normalized to
tissue protein content (BCA assay, Thermo
Scientific).

2.9 Histopathological Examination

Rectoanal tissues were kept in 10% buffered
formalin solution for 48 h. tissues were dehydrated
by using graded ethanol and clean by xylene.
Tissues embedded in paraffin and sections were
taken about 5 um thickness. Sections were stained
with hematoxylin and eosin (H&E) and examined
under an Olympus BXS53 light microscope.
Semi-quantitative scoring (0—4) was performed for:
(A) inflammatory cell infiltration, (B) vascular
congestion/hemorrhage, (C) vessel dilatation, and
(D) epithelial necrosis/loss.

2.10 Network Pharmacology Analysis

2.10.1 Target Prediction for the Isolated
Compound

The SMILES string of the isolated compound was
submitted to three platforms:

e  Similarity Ensemble Approach
(SEA): targets with Z-score >8 were
retained!s.

e SwissTargetPrediction: Homo
sapiens targets with probability > 0.1 were
retained!’.

e SuperPred: targets with known active
compounds and human UniProt IDs were
retained's.

Predicted targets were standardized to UniProt IDs
and merged. Only targets identified by at least two
platforms were considered high-confidence,
following network pharmacology guidelines®.
2.10.2 Disease Target Identification
Disease-associated genes were retrieved from:
GeneCards: keywords “hemorrhoids,”
“hemorrhoidal inflammation,” “anal inflammation”;
relevance score >5 2. DisGeNET: disease 1D
C0019112 (hemorrhoids)?!.

2.10.3 Common Target Identification

The compound and disease target sets were
intersected using Venny 2.1
(https://bioinfogp.cnb.csic.es/tools/venny/). The
common targets were considered potential
therapeutic targets.

2.10.4 PPI Network and Hub Gene Identification
Common targets were imported into the STRING
database v12.0 (https:/string-db.org/) with settings:
organism = Homo sapiens, confidence score >0.7
(high confidence), max interactors = none??. The
network was exported and visualized in Cytoscape
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v3.10.2. Hub genes were identified using the
cytoHubba plugin (MCC method)®.

2.10.5 Enrichment Analysis

Gene Ontology (GO) biological processes and
KEGG pathway enrichment were performed using
Enrichr (https://maayanlab.cloud/Enrichr/).
Adjusted p-values (Benjamini-Hochberg) <0.05
were considered significant?*

2.11 Molecular Docking

2.11.1 Protein Preparation

Crystal structures of target proteins were
downloaded from the Protein Data Bank
(https://www.resb.org/): COX-2 (PDB: 1CX2,
2.75A); 5-LOX (PDB: 3V99, 2.4A); MMP-9
(PDB: 1GKC, 2.3 A); MPO (PDB: 1DNU, 1.85 A);
NOS2 (PDB: 3E7G, 2.3 A); GSK3B (PDB: 1Q5K,
2.4 A); ITK (PDB: 3QSY, 1.9 A); ROCK2 (PDB:
5Y2C, 2.14A)

Proteins were prepared using standard protocols
within the GEIN DOCK platform: water molecules
removed, polar hydrogens added, and energy
minimized. For validation, co-crystallized ligands
were re-docked, and RMSD values were
calculated?.

2.11.2 Ligand Preparation

The isolated compound structure was constructed in
ChemDraw 20.0, converted to SMILES, and
submitted to GEIN DOCK for ligand preparation.

2.11.3 Docking Simulation

Docking was performed using the GEIN DOCK
web-based platform powered by AutoDock Vina
1.2.7 (https://geindock.geinforce.com/) on March
15, 2026. GEIN DOCK utilizes an enhanced genetic
algorithm and has been validated in multiple
peer-reviewed studies?*?’ Binding sites were
defined based on co-crystallized ligands or
literature-reported active sites. For each protein,
nine docking modes were generated, and the mode
with the lowest binding energy was selected for
analysis?8.

2.11.4 Interaction Analysis

Best poses were analyzed using Discovery Studio
Visualizer v21.1 for hydrogen bonds, hydrophobic
interactions, and n— stacking.

2.12 Statistical Analysis

GraphPad Prism version 10.0.2 was used for all
statistical analyses. Results are expressed as mean
values with their standard errors of the mean (SEM).
To compare the treatment groups against the
positive control, a one-way analysis of variance
(ANOVA) followed by Dunnett’s post hoc test was
applied.  Statistical  significance ~ was  set
at *p<0.05 (two-tailed)?.

3. Results and Discussion

3.1 Isolation and Structural Characterization
3.1.1 Isolation

Column chromatography of the hydroalcoholic

extract of E. purpurascens (HAEP) yielded

compound 1 as a pale yellow amorphous powder

(38 mg, 0.0127% w/w based on dried leaves). HPLC

analysis showed a single peak at a retention time of

847 min, with a purity of 97.3% (area

normalization). The 'H NMR, HRMS, and FT-IR

spectra are provided in the Supplementary File.

3.1.2 Physical Properties

The melting point (uncorrected) was determined to

be 156-158 °C. The isolated compound was soluble

in solvents like methanol, DMSO, and ethyl acetate
and seen to be sparingly soluble in water.

3.1.3 Spectroscopic Data

e FT-IR (KBr, cm™): The peaks from IR spectra
showed at 3420 (broad, O—H phenolic), 2943,
2868 (C-H aliphatic), 1657 (C=0 conjugated),
1599, 1504, 1451 (C=C aromatic), 1201, 1061
(C-O phenolic), 831, 807 (para-substituted
benzene).

e 'H NMR (500 MHz, DMSO-d6, 8 ppm): 'H
NMR if isolated compound showed at 0.69—
1.13 (3H, m, —-CH>—CHs), 1.27-1.43 (2H, m, —
CH>-CH>—CHs), 2.31 (3H, s, Ar-CHs), 2.81-
3.12 (4H, m, -CO-CH>—CH>-Ar), 6.20-6.48
(2H, m, Ar-H), 6.92-7.13 (4H, m, Ar-H), 7.41-
7.56 (1H, m, Ar-H), 9.18-12.60 (1H, br s, OH,
D20 exchangeable).

e HRMS (ESI-TOF) m/z: Calculated for C20H24
O2[M+H] * 297.1854, found 297.1851 (A =
1.0 ppm); [M+Na]* calculated 319.1674, found
319.1670.

3.1.4 Structural Interpretation

From the interpretation of HRMS, 'H NMR, and

FT-IR spectral data, the compound was identified as

1-(2-hydroxy-6-propylphenyl)-3-(p-tolyl)propan-1-

one (C20H240,). Comparison with literature data for
similar diaryl propanones supports the proposed
identity and the proposed structure is represented in

(Figure 1).

A OH o

Figure 1: Isolated compound Chemical structure:
1- (2-hydroxy-6-propylphenyl) -3- (p-tolyl)
propan- 1-one (C20H2402, molecular weight 296.4
g/mol). (A) 2D structure; (B) 3D optimized
conformation.

1JDDT, Volume 16 Issue 47s, 2026

Page: 633



Isolation and Anti Hemorrhoidal Evaluation of a Bioactive Diaryl Propanone from Eranthemum Purpurascens: An Integrated
in Vivo, Network Pharmacology and Molecular Docking Study

3.2 ADMET Prediction

ADMET  properties were predicted using
SwissADME, pkCSM, and ProTox-3.0. The
compound  exhibited  favorable drug-like
characteristics and no violations as per Lipinski’s
rule of five (molecular weight 296.4, logP 4.50,
HBD 1, HBA 2, TPSA 37.3 A2, The predicted
oral bioavailability is 94%, and the toxicity profile
appears acceptable (LDso 481 mg/kg, toxicity class
IV). However, the compound may inhibit CYP
enzymes, particularly CYP3A4, suggesting a
potential for drug-drug interactions®!. Additionally,
predicted mitochondrial toxicity warrants further
experimental evaluation. The estimated human
equivalent dose, approximately 4 mg/kg for a
healthy adult, is lower than the typical doses of
diosmin, indicating promising clinical potential
pending safety monitoring®2.

3.3 Anti-Hemorrhoidal Activity

3.3.1 Inflammatory Index and Severity Score
Application of croton oil caused a marked increase
in the inflammatory index (3.25 + 0.04 vs. 0.50 +
0.06 in normal control, p<0.001) and severity score
(1.43 £ 0.02 vs. 0.10 £ 0.01, p<0.001). Treatment
with the standard drug Plex (400 mg/kg)
significantly reduced both parameters
(inflammatory index: 0.95 = 0.08, p<0.01; severity
score: 0.35 = 0.01, p<0.01). Similarly, HAEP
(300 mg/kg) and the isolated compound (25 mg/kg)
produced significant reductions in both indices. The
represented data of results are shown in (Table 1,
Figure 2).

Table 1: Inflammatory parameters in croton
oil-induced hemorrhoids treatments

Rectoa
Evans .
nal Severit Inflam
Grou Blue
Coeffi (ug/m y matory
p cient " g/mg Score Index
tissue)
(mg/g)
Nor
mal 0.75£0 0.031+0. 0.10£0  0.50+0.
contr .01 001 .01 06
ol
Positi

ve  1.8240 0.145+0. 1.43+0 3.25+0.
contr .03Tft  0021FF 021+ 04+t
ol
Pilex
(400  0.89+0 0.041£0. 0350  0.95+0.
mg/k  .02%¥*  001**  01** 08**

HAE

0.99+0 0.043+£0. 0.43+0 1.16=0.

(300 O1%* 001** 01** 05%*

mg/k
)

Isolat
ed
comp
ound
25
mg/k
g)

0.94+0 0.048+0. 0.41+0 1.11=%0.
.02%* 002%* O1%* 06%*

Data shown as mean =+ standard error of the mean
(SEM) from six animals per group. Statistical
significance: 1fp < 0.001 compared to normal
control; *p < 0.05 and **p < 0.01 compared to
positive control (one-way ANOVA with Dunnett’s
test).

Inflammation Score

Severity Score

Figure 2: Inflammatory parameters in croton
oil-induced hemorrhoids treatments (A)
Inflammatory index; (B) Rectoanal coefficient; (C)
Severity score; (D) Evans blue extravasation. Data
shown as mean =+ standard error of the mean (SEM)
from six animals per group. Statistical significance:
F11p <0.001 compared to normal control; *p < 0.05
and **p < 0.01 compared to positive control
(one-way ANOVA with Dunnett’s test).

3.3.2 Rectoanal Coefficient (RAC)

The positive control group showed a significantly
increased RAC (1.82+0.03 mg/g) compared to
normal controls (0.75+0.01 mg/g, p<0.001). All
treatments  significantly lowered RAC: Plex
(0.89+0.02 mg/g, p<0.01), HAEP (0.99+0.01 mg/g,
p<0.01), and the isolated compound
(0.94+0.02 mg/g, p<0.01) (Table 1).

3.3.3 Evans Blue Extravasation

Vascular permeability, assessed by Evans blue
extravasation, increased substantially in the positive
control group (0.145 £ 0.002 pg/mg tissue)
compared to normal controls (0.031 +
0.001 pg/mg, p<0.001). All treatments reduced
extravasation: Plex (0.041 + 0.001 ug/mg), HAEP
(0.043 £ 0.001 pg/mg), and the isolated compound
(0.048 + 0.002 pg/mg), each p<0.01 versus positive
control (Table 1).

3.3.4 Cytokine Levels

All treatments significantly decreased the elevated
TNF-a and IL-6 levels in rectoanal tissues induced
by croton oil. Compared with the positive control
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(+++p<0.001),  Plex (400 mg/kg), = HAEP
(300 mg/kg), and the isolated compound (25 mg/kg)
each produced significant reductions (**p<0.01).
The statistical representation of cytokine levels is
presented in (Figure 3).

TNF_alpha

Figure 3: Pro inflammatory cytokine levels in
treatments group (A) TNF-a; (B) IL-6. Data shown
as mean * standard error of the mean (SEM) from
six animals per group. Statistical significance: t1{p
< 0.001 compared to normal control; *p < 0.05 and
**p < 0.01 compared to positive control (one-way
ANOVA with Dunnett’s test).

3.4 Histopathological Evaluation

Normal control tissues displayed intact mucosal
epithelium, well-organized lamina propria, and no
inflammatory infiltration (score 0-1). Positive
control sections showed severe pathological
changes, including marked edema, vascular
congestion, dilated submucosal vessels, epithelial
degeneration, and intense inflammatory cell
infiltration (scores 3—4). Treatment with Plex
resulted in considerable improvement, with reduced
edema, decreased vascular dilation, and partial
restoration of mucosal architecture. HAEP-treated
animals showed moderate recovery. Animals
receiving the isolated compound demonstrated clear
improvement,  with  near-normal = mucosal
epithelium, minimal vascular congestion, and sparse
inflammatory infiltration. Histological
representations are presented in (Figure 4).

Figure 4: Representative photomicrographs of
rectoanal tissue sections (H&E staining, 200x
magnification, scale bar = 100 pm). (A) Normal
control — intact epithelium, normal vascular

architecture; (B) Positive control — severe
inflammatory infiltration (black arrows), vascular
congestion (blue arrows), epithelial necrosis; (C)
Pilex (400 mg/kg) — moderate improvement; (D)
HAEP (300 mg/kg) — reduced inflammation; (E)
Isolated compound (25 mgkg) - marked
improvement with near-normal architecture.
3.5 Anti-hemorrhoidal Efficacy
The croton oil-induced model used in this study
summarizes key pathophysiological features of
human hemorrhoidal disease, including acute
inflammation, vascular congestion, edema, and
tissue damage'#'S. Successful model induction was
confirmed in the positive control group by
significant elevations in the inflammatory index,
rectoanal coefficient, and vascular permeability.
Treatment with the isolated compound at 25 mg/kg
reduced these  parameters by  62-68%,
demonstrating efficacy comparable to that of Plex
(400 mg/kg), a standard polyherbal formulation.
Notably, the isolated compound achieved these
effects at a considerably lower dose, indicating
potent anti-inflammatory activity.
The compound also significantly suppressed TNF-a.
and IL-6 levels, with reductions of 26.2% and
20.0%, respectively, relative to the positive control.
These cytokines are pivotal in hemorrhoidal
inflammation: TNF-a activates NF-xB signaling,
upregulates adhesion molecules, and promotes
leukocyte recruitment’?, while IL-6 stimulates
acute-phase protein synthesis and amplifies
inflammatory cascades®. The observed suppression
of these cytokines likely accounts for the associated
reductions in vascular permeability, inflammatory
infiltration, and tissue edema. Histopathological
analysis provided morphological confirmation of
these biochemical findings, revealing restored
epithelial integrity, reduced vascular congestion,
and minimal inflammatory infiltration.
3.6 Network Pharmacology
3.6.1 Target Prediction and High-Confidence
Set
Target prediction using three platforms (SEA,
SwissTargetPrediction, SuperPred) yielded a total of
38 unique human targets. After applying a filter
requiring identification by at least two platforms, 16
high-confidence targets were retained and shown in
(Table2). These include proteins  with
well-established roles in inflammation,
angiogenesis, and tissue remodeling (Figure 5).
Table 2: High-confidence predicted targets for
the isolated compound (=2 platforms)

UniProt Gene

1D Symbol

Protein Name

P07339 CTSD Cathepsin D

P35228 NOS2 Nitric .0x1de. synthase,
inducible

P35557 GCK Hexokinase type [V

Q96GD4 AURKB Aurora kinase B
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Glycine receptor
subunit alpha-1
P49841  GSK3B Glycogen synthase
kinase-3 beta
Q9Y233 PDEIOA  Phosphodiesterase 10A
P35968 KDR Vascular endothelial
growth factor receptor 2
Glycogen synthase
kinase-3 alpha
Rho-associated protein
kinase 2
Rho-associated protein
kinase 1
Quinone reductase 1

P23415 GLRAI

P49840  GSK3A

075116  ROCK2

Q13464 ROCKI1

P15559 NQO1
Mitogen-activated

Q15759 MAPKII protein kinase 11 (p38p)
043614 HCRTR2  Orexin receptor type 2
Q92769 HDAC2 Histone deacetylase 2

Tyrosine-protein kinase
Q08881 ITK ITK/TSK

Figure 5: Network pharmacology analysis. (A)
venn diagram, (B) PPI network of 16
high-confidence targets plus first-neighbour
interactors (STRING, confidence >0.7); (C) Hub
genes identified by cytoHubba (MCC method) —
larger nodes indicate higher degree.

3.6.2 Disease-Relevant Overlap

Six of the 16 targets (GCK, AURKB, KDR,
ROCK2, NQOI1, and ITK) were also present in
disease-associated gene sets from GeneCards and
DisGeNET, confirming their relevance to
hemorrhoidal pathophysiology.

3.6.3 PPI Network and Hub Genes

A PPI network constructed from the 16 targets and
first-neighbor interactors (STRING confidence
>0.7) comprised 23 nodes and 25 edges (Figure 5).
KDR (degree 7), GSK3B (degree 6), and ROCK1
(degree 5) were the top hub genes by degree
observed (Figure 5), which connect inflammation,
angiogenesis, and cytoskeletal regulation.

3.6.4 Enrichment Analysis

KEGG pathway enrichment, which is represented
in (Table 3, Figure 6) revealed significant

representation of pathways directly associated with

hemorrhoidal pathogenesis.

Gene Ontology biological processes included
“positive regulation of autophagy,” “regulation of
microtubule cytoskeleton organization,” and
“response to lipopolysaccharide” (FDR < 0.05).

Table 3: Top 10 enriched KEGG pathways
(adjusted p-value)

Adjuste
KEGG Pathway d Genes
D
p-value
GSK3A,
hsa0d06 ~ Cremokine 5 g, ROCKZ,
) signaling 107 GSK3B,
pathway ROCKI1,
ITK
GSK3A,
ROCK2,
hsa0513 Shigellosis 9.75x  GSK3B,
1 107 MAPK1
1,
ROCK1
ROCK2,
hsa047  eukoevte o qg MAPKI
0 transeindot‘heh 10-6 1,
al migration ROCK1,
ITK
CTSD,
Sphingolipid ROCK2,
hsa0407 signaling 2'3{ * MAPKI
1 10°¢
pathway 1,
ROCK1
ROCK2,
hsa0513 Yersinia 3.70 x S/[SAI;?I,
5 infection 107¢ 1
ROCK1
KDR,
hsa0520 Proteoglycans 1.51 x ROCK2,
. - MAPK1
5 In cancer 103 1
ROCK1
KDR,
hsa0451 Focal 1.58 x  ROCK2,
0 adhesion 103 GSK3B,
ROCK1
ROCK2,
Human GSK3B,
hsa0516 cytomegalovir 2'4§ “ MAPKI
3 . . 103
us infection 1,
ROCK1
ROCK2,
NQOIl,
hsa0520  Pathways in 420x  GSK3B,
0 cancer 103 NOS2,
ROCKI1,
HDAC2
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T cell receptor GSK3B,
hsa(())466 signaling ! 1%? 4X MAPK1
pathway 1, ITK
it i =
. 1
1
C D

Figure 6: KEGG pathway enrichment study of the
sixteen high-confidence candidates. Bubble diagram
illustrating the 15 most enriched paths. The size of
the bubble indicates the gene count, while the color
denotes the FDR significance, with darker shades
indicating greater relevance.

The network pharmacology analysis
revealed that the 16 high-confidence targets are
enriched in pathways directly relevant to
hemorrhoid pathophysiology, such as chemokine
signaling, leukocyte transendothelial migration, and
VEGF signaling®®*. The hub genes KDR
(VEGFR-2), GSK3B, and ROCK /2 are particularly
important. KDR is a primary mediator of
angiogenesis, a key process in hemorrhoid
development’. GSK3B is a central regulator of
‘inflammatory  responses, including NF-kB
activation and cytokine production’3. ROCK1/2
control smooth muscle contraction and vascular
tone, both critical in anal sphincter function and the
development of hemorrhoidal symptoms™7.

3.7 Molecular Docking

3.7.1 Docking Protocol

Molecular docking was performed using the GEIN
DOCK web-based platform powered by AutoDock
Vina. Protein structures (PDB IDs: 1CX2 for
COX-2, 3V99 for 5-LOX, 1GKC for MMP-9,
IDNU for MPO, 3E7G for NOS2, 1Q5K for
GSK3B, 3QSY for ITK, 5Y2C for ROCK2) were
created by eliminating water molecules,
incorporating polar hydrogens, and allocating
Kollman charges. The ligand was energy-minimized
using the MMFF94 force field. A grid box was
centered on the respective active sites (ATP-binding
pocket for kinases, heme catalytic site for NOS2).
Binding affinity was calculated as the lowest free
energy of binding (AG, kcal/mol) of the most
favorable pose. Biovia Discovery Studio was used
to view and evaluate ligand-protein interactions.
Docking 2D interaction is represented in (Figure 7).

AT1CX2 B:1DNU C:1GKC 4B D:3V99

E o5k BT asvic :Nos2
Figure 7: Isolated compound Molecular docking
interactions with target proteins. (A) COX-2 (PDB:
1CX2); (B) MPO (PDB: 1DNU); (C) MMP-9 (PDB:
1GKC); (D) 5-LOX (PDB: 3V99); (E) GSK3B
(PDB: 1Q5K); (F) ITK (PDB: 3QSY); (G) ROCK2
(PDB: 5Y2C); (H) NOS2 (PDB: 3E7G). 3D binding
positions with protein surfaces are shown in the left
panels, whereas 2D interaction diagrams are shown
in the right panels. Hydrogen bonds are represented
by green dashed lines, while hydrophobic
interactions are represented by pink dashed lines.
3.7.2 Validation of Docking Protocol
Each target's co-crystallized ligands were re-docked
in order to verify the docking procedure. The
reliability of the docking parameters was confirmed
by the RMSD values (Table 4) that were all less than
20A.%,

Table 4: Validation of docking protocol:
redocking RMSD values
PDB Co-crystallized RMSD

Target

1D ligand A

COX-2 1COX2 Celecoxib 1.4
5-LOX  3V99 Ara‘:;i"mc 1.6
MMP-9  1GKC Hyﬁ;‘;ﬁi‘;‘ne 12
MPO 1DNU Thiocyanate 1.0
NOS2  3E7G Inhibitor 1.5
GSK3B 1Q5K Inhibitor 1.3
ITK  3QSY Inhibitor 1.1
ROCK2 5Y2C Inhibitor 1.4

3.7.3 Binding Affinity and Interaction Profiles
The compound exhibited favorable binding energies
across all eight targets, ranging from —7.573 to
—10.16 kcal/mol (Table 8). The highest affinity was
observed for ROCK2 (—10.16 kcal/mol), followed
by ITK  (-9.021kcal/mol) and GSK3B
(—8.946 kcal/mol). Detailed interaction analysis
revealed that the compound engages key catalytic
residues through hydrogen bonds, n—r stacking, and
hydrophobic interactions (Table 5).

Table 5: Molecular docking results and key
interactions for the isolated compound

Targe PDB Bindin Key Interacti
g Interact on
t ID .
Energy ing Types
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(kcal/  Residue atic
mol) s (Lys390)
H-bonds Multiple
Argl20, (Argl20, H-bonds
Tyr355, Ser530), (Met172,
C(;X' 1)%) 84  Ser530, hydroph Lysl21, Glul70),
Val349, obic ROC 5y2 Metl72, strong
Leu352  (Val349, K2 C -10.16  Glul70, hydroph
Leu352) Leu221, obic
H-bond Phel37  (Leu22l)
His367, (His367) , T-T
5.LO Leud 14, s stacking
X 3v99 92 Ala672,  hydroph (Phel37)
lle673, obic A AG > 2 kcal/mol for NOS2 indicates biologically
Phel77  (Leu4l4, significant weaker binding, whereas differences of
1le673) ~1.1-1.2 kcal/mol for ITK and GSK3B suggest
H-bond comparable inhibition potential.
Glu402, (Glu402) The final ranking
MMP 1GK His401, R was ROCK2>ITK:GSK3B>NOS, conﬁrming
9 C -7.5 Leul88, hydroph ROCK?2 as the primary molecular target, with ITK
Tyr423, obic and GSK3B as co-targets and NOS2 as a secondary
Alal89  (Leul88, target.
Tyr423) The docking results provide experimental support
Arg239 H-bonds for the predicted} interactions. The compound l?ound
His05 > (Arg239, strgng}y to all eight tested targets, with the highest
MPO 1DN 31 G1u242’ GIn91), affinities for ROCKZA (-10.2 kgal/mol) and ITK
U ) Phel 47’ hydroph (—9.0 kcal/mol), consistent with the network
Glnol ’ obic analysis that identified these proteins as hubs.
(Phel47) Moreover, the compound’s binding to COX-2 and
H-bonds 5-LOX aligns with its in vivo anti-inflammatory
(Glu371, effect, while binding to MMP-9 and MPO may
Arg260), contribute to protection of the extracellular matrix
Glu37l, -1 and reduction of oxidative stress®®#, The strong
NOS2 3E7 —7.573 Arg260, stacking binding to NOS2 (iNOS) is particularly relevant, as
G Trp366,  1rp366) iNOS produces large amounts of nitric oxide, a
Tyr367 , heme mediator of vasodilation and inflammation®.
coordina 3.8 Comparison with Current Therapies
tion The isolated compound offers a mechanistic profile
H-bond distinct from current hemorrhoid therapies: (1) dual
(hinge COX-2/5-LOX inhibition addresses  both
region), prostaglandin and leukotriene pathways*!; (2)
Vall35s, -1 MMP-9 inhibition targets connective tissue
Aspl33, stacking remodeling; (3) MPO inhibition reduces oxidative
GSK  1Q5 —-8.946  Tyrl34, (Tyrl34) damage; and (4) ROCK inhibition may improve
3B K 1le62, , vascular tone and reduce pain. This multi-target
Leul88  hydroph profile may be more effective for complex
obic inflammatory disorders than single-target agents.
(Vall35, 3.9 Integration of Traditional Use and Modern
Ile62) Pharmacology
H-bonds Ethnobotanical records document the traditional use
(Glu436, of E. purpurascens for piles®. Our findings provide
Glu436, Met438), scientific validation for this traditional application,
3QS Met438, hydroph demonstrating that the plant contains a bioactive
ITK Y —9.021  Lys390, obic compound with mechanisms directly relevant to
?Zﬂi (3)% (Leud32) hemorrhoidal pathology.
elec’trost 4. Conclusions
This study demonstrates that

1-(2-hydroxy-6-propylphenyl)-3-(p-tolyl)propan-1-
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one, isolated from Eranthemum purpurascens,
possesses significant anti-hemorrhoidal activity in a
preclinical model. The compound exerts its effects
through multi-target modulation of inflammatory
pathways, with corresponding suppression of TNF-a
and IL-6, reduced vascular permeability, and
preservation of tissue architecture. Network
pharmacology identified 16 high-confidence targets
enriched in chemokine signaling, leukocyte
transendothelial migration, and VEGF pathways,
with KDR, GSK3B, and ROCK1/2 as central hubs.
Molecular docking validated strong binding to these
targets, including ROCK2 (—10.2 kcal/mol), ITK
(=9.0 kcal/mol), and GSK3B (—8.9 kcal/mol). These
findings provide scientific validation for the
traditional use of E. purpurascens and establish a
foundation for developing this diaryl propanone
scaffold as a novel therapeutic agent for
hemorrhoidal disease. While the structure is
proposed pending complete NMR confirmation, the
strong bioactivity and multi-target modulation
underscore the therapeutic potential of this diaryl
propanone scaffold.
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