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Objective  To investigate the therapeutic potential and underlying mechanism of Lantana ca-
mara ethanolic extract (LCEE) in ulcerative colitis (UC).
Methods  Phytochemical  analysis  of  LCEE  was  conducted  using  qualitative  analysis,  liquid
chromatography-mass  spectrometry  (LC-MS),  and  high-performance  thin-layer  chromatog-
raphy (HPTLC). The active constituents of LCEE were identified through network pharmacol-
ogy analysis,  followed by molecular docking. The therapeutic mechanism was validated in a
UC rat model using 42 male Wistar rats (200 – 250 g) induced by 2,4,6-trinitrobenzene sulfon-
ic acid (TNBS). Rats were randomly divided into seven groups (n = 6 per group): normal con-
trol (NC), ethanol control (EC), disease control (DC), three doses of LCEE treatment [low dose
LCEE (100 mg/kg), medium dose LCEE (200 mg/kg), and high dose LCEE (400 mg/kg), p.o.],
and  dexamethasone  (DEX,  2  mg/kg,  p.o.)  groups.  Following  TNBS-induced  UC  (120  mg/kg,
intrarectally),  rats  were  treated  orally  for  28  d.  Disease  severity  was  assessed  through  body
weight changes, disease activity index (DAI),  colon weight,  colon length, and morphological
scores.  Haematological  parameters,  enzymatic antioxidants,  nitric oxide (NO), myeloperoxi-
dase  (MPO),  and  inflammatory  cytokines  were  measured  in  the  serum  and  colon  tissues.
Gene expressions of tumor necrosis factor (TNF)-α, epidermal growth factor receptor (EGFR),
signal  transducer  and  activator  of  transcription  3  (STAT3),  and  B-cell  lymphoma  2  (Bcl-2)
were  analyzed  by  quantitative  reverse  transcription  polymerase  chain  reaction  (qRT-PCR).
Histopathological alterations in the colon tissues were evaluated using hematoxylin and eosin
(HE), Giemsa, and periodic acid-schiff staining (PAS).
Results  LC-MS  analysis  identified  13  phytoconstituents  in  LCEE,  and  HPTLC  analysis  con-
firmed the presence of ursolic acid, geniposide, and chlorogenic acid. Network pharmacologi-
cal  analysis  identified  152  potential  therapeutic  targets  with  TNF,  STAT3,  Bcl-2,  albumin
(ALB), and EGFR as the top 5 hub targets. Molecular docking revealed strong binding affini-
ties  of  LCEE phytoconstituents  with key inflammatory and apoptotic  targets:  linaroside with
TNF-α (– 6.1  kcal/mol),  ursolic  acid with STAT3 (– 6.8  kcal/mol)  and Bcl-2  (– 8.7  kcal/mol),
and cirsiliol with EGFR (– 8.2 kcal/mol), comparable to DEX. LCEE treatment significantly in-
creased  body  weights  and  thymus  weight,  while  significantly  reducing  colon  weight,  spleen
weight,  and  DAI  scores.  Haematological  parameters  showed  significant  improvements  with
increased haemoglobin, red blood cells, and platelet count, and decreased white blood cells
counts.  Antioxidants  markers  were  significantly  improved  with  increased  glutathione,
superoxide  dismutase,  and  catalase  levels,  and  decreased  malondialdehyde  levels.  LCEE
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significantly reduced NO and MPO levels and inflammatory cytokines including TNF-α, inter-
leukin (IL)-1β, nuclear factor kappa-B (NF-κB), IL-6, and IL-12 compared with TNBS treated
rats. LCEE downregulated the gene expression levels of TNF-α,  EGFR, and STAT3, while up-
regulating Bcl-2 expression level, indicating modulation of inflammation and apoptosis path-
ways.  Histological  evaluation  confirmed  that  after  LECC  treatment,  mucosal  ulcers  and  in-
flammatory cell infiltration decreased.
Conclusion  The findings suggest that Lantana camara may serve as a medicinal plant to alle-
viate UC and offer an investigational basis for the clinical utilization of Lantana camara.

 

 

1 Introduction

Inflammatory bowel disease (IBD) is a chronic, immune-
mediated  disorder  of  the  gastrointestinal  tract,  primarily
driven  by  an  abnormal  immune  response  to  gut  micro-
biota [1],  with  two  major  forms  of  ulcerative  colitis  (UC)
and  Crohn’s  disease  (CD),  which  differ  in  location  and
depth of  inflammation [2].  UC is  confined to  mucosa and
submucosa  of  colon  and  rectum,  whereas  CD  can  affect
any  part  of  the  gastrointestinal  tract  with  transmural  in-
volvement.  UC  symptoms  include  diarrhoea,  abdominal
pain, rectal bleeding, and weight loss [3].  Although its eti-
ology  remains  unclear,  genetic,  environmental,  and  im-
mune  factors  are  implicated.  Oxidative  stress,  cytokine
dysregulation, and immune cell activation (e.g., CD8+ IL-
17+ T cells) are central to UC pathophysiology [4]. Effective
management  involves  modulating  inflammatory  media-
tors such as cytokines and myeloperoxidase (MPO) [5].

The goals of pharmacological treatment for UC are to
minimize  flare-up  symptoms  and  stop  them  from  recur-
ring.  Oral  5-aminosalicylic  acid  is  presently  the  main
treatment  for  patients  with  mild  to  severe  UC [6].  Addi-
tional  treatment  options  include  corticosteroids  like
prednisolone,  immunosuppressive  medications  like  aza-
thioprine and methotrexate, monoclonal antibodies, and
tumour  necrosis  factor  (TNF)  inhibitors  like  infliximab
and  adalimumab.  However,  the  existing  treatments  for
UC  are  connected  with  side  effects,  patient  variability  in
effectiveness,  and  possible  long-term  harm  including
nephrotoxicity,  myelosuppression,  and  cardiovascular
problems [7].  The  advancement  of  novel  botanical  reme-
dies,  conventional  herbal  formulations,  as  well  as  medi-
cations  derived  from  herbal  flora  to  improve  the  treat-
ment  of  UC  is  gaining  interest [8].  As  a  result,  identifying
novel  compounds  and  preparing  medications  derived
from  medicinal  plants  may  offer  a  valuable  method  for
uncovering  phytomedicine  strategies  aimed  at  treating
UC [9].

Lantana camara (L. camara), a widely distributed or-
namental plant, has a long-standing history in traditional
medicine for treating various ailments. Its therapeutic ap-
plications  include  antimicrobial,  anti-inflammatory,
analgesic,  antioxidant,  antipyretic,  gastrointestinal  relief,
respiratory conditions, and wound healing properties [10].

The  plant’s  medicinal  efficacy  is  largely  attributed  to  its
rich  phytochemical  composition,  encompassing  flavo-
noids,  saponins,  tannins,  and  alkaloids.  These  bioactive
compounds  have  been  shown  to  mitigate  inflammatory
responses  and  neutralize  free  radicals,  thereby  reducing
oxidative stress [11]. Notably, oleanolic acid, a triterpenoid
extracted from the roots of L. camara,  has demonstrated
significant anti-inflammatory and hepatoprotective activ-
ities. The current investigation tries to evaluate the bene-
ficial advantages of L. camara in the therapy of UC in light
of  its  ethnomedical  usage  in  several  gastrointestinal  ill-
nesses [12]. L. camara, commonly known as “Red Sage” or
“Spanish Flag”, is an ornamental plant with colorful flow-
ers and aromatic leaves, often regarded as an “ornamen-
tal weed” [13]. Additionally, it is acknowledged as an orna-
mental plant species and is extensively used to treat vari-
ous illnesses. According to previous studies, extracts from
L.  camara are  used  in  old-style  medicine  for  the  treat-
ment  of  a  diversity  of  conditions,  including  eczema,
measles,  cancer,  rheumatism,  malaria,  ulcers,  asthma,
swellings, tumours, catarrhal infections, high blood pres-
sure  and  tetanus [14-16].  Leaves  are  used  to  cure  rheuma-
tism, ulcers and cuts in Asian nations.

The  plant’s  traditional  use  in  treating  inflammatory
diseases  is  further  supported  by  research  that  has  found
more  bioactive  triterpenoids  inside  with  anti-inflamma-
tory properties [17]. L. camara has long been used to treat
digestive  issues  in  relation  to  gastrointestinal  health.
Methanolic extracts of L. camara leaves have been shown
to have anti-ulcerogenic properties, which lends scientif-
ic support to its application in the treatment of duodenal
and  stomach  ulcers [18].  Moreover, L.  camara’s antioxi-
dant  properties  are  important  for  shielding  the  digestive
system from oxidative  stress,  which is  a  cause  of  inflam-
matory  bowel  disorders.  The  components  of  the  plant
may  preserve  mucosal  integrity  and  support  general  gut
health  by  scavenging  dangerous  free  radicals.  Including
L.  camara in  treatment  plans  provides  a  natural  way  to
treat inflammatory diseases, especially those that impact
the  digestive  tract.  Its  complex  pharmacological  effects
are consistent with traditional  medicine’s  holistic  tenets,
which place an emphasis  on equilibrium and the body’s
natural capacity for healing.

Although L. camara has long been used in traditional
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medicine  for  gastrointestinal  disorders,  its  anti-ulcera-
tive  mechanisms  remain  poorly  understood.  This  study
aims to evaluate the anti-inflammatory effects of L. cama-
ra ethanolic extract (LCEE) in UC using both in vivo and
in silico approaches. 

2 Materials and methods
 

2.1 Network pharmacological analysis of L. camara
 

2.1.1 Data  mining  and  screening  of  phytoconstituents  of
L.  camara　 The  phytoconstituents  of L.  camara were
searched  with  IMPPAT  2.0  database  (https://cb.imsc.
res.in/imppat/).  PubChem  database  (https://pubchem.
ncbi.nlm.nih.gov/)  was  searched  for  baseline  on  each
phytoconstituent,  including  Canonical  SMILES  and
three-dimensional  (3D)  conformer  structures,  which
were  saved  in  structure  data  format  (SDF)  format.  The
study utilized screening filters with oral bioavailability ≥
30% and drug-likeness ≥ 0.18 to enhance drug develop-
ment. L.  camara active  phytoconstituents  were  used
for  target  prediction  using  online  tools  like  BindingDB
(https://www.bindingdb.org/rwd/bind/chemsearch/
marvin/FMCT.jsp)  with  the  similarity  threshold  of  0.85
and Swiss target prediction (https://www.swisstargetpre-
diction.ch/)  with  the  species  set  to “homo  sapiens” and
“probability > 1”. 

2.1.2 ADMET  analysis　 Furthermore,  to  evaluate  the
pharmacokinetic  properties  and  drug-likeness  of  the
screened  active  compounds,  absorption,  distribution,
metabolism,  excretion,  and  toxicity  (ADMET)  analysis
was  performed.  This  step  ensured  that  only  compounds
with favorable pharmacological profiles were considered
for  subsequent  molecular  docking  studies.  The  ADMET
predictions were conducted using SwissADME. 

2.1.3 Acquisition  of  UC  targets　 The  investigation  was
carried  out  with “ulcerative  colitis” in  DisGeNET
(https://www.disgenet.org/)  and  GeneCards  (https://
www.genecards.org/)  databases  for  disease-related  tar-
gets. Integrating the identified targets and eliminating re-
dundant targeted to focus on the ones that  are pertinent
to UC. 

2.1.4 Target prediction and validation　To enhance un-
derstanding of UC, target prediction was performed. The
target proteins of active phytoconstituents were modified
to  their  standard  gene  names  utilizing  UniProt  Knowl-
edge  database  (https://www.uniprot.org/).  Official  gene
symbols  were  found  by  looking  up  the  target  protein
names in UniProtKB, with “homo sapiens” as the organ-
ism’s designation. 

2.1.5 Intersection of phytoconstituent targets and UC tar-
gets　 The  Venny  2.1  web-based  tool  (https://bioinfogp.
cnb.csic.es/tools/venny/)  was  used  to  combine  the L.
camara phytoconstituents  and  UC  targets,  identifying

common  targets.  To  see  the  connection  between  these
targets,  a  Venn  diagram  was  made.  These  intersecting
targets were potential for the therapeutic effects of L. ca-
mara on UC. 

2.1.6 Protein-protein interaction (PPI) network construc-
tion　 The  PPI  network  was  created  by  importing  the
overlapping  targets  into  Search  Tool  for  the  Retrieval  of
Interacting  Genes/Proteins  (STRING)  11.0  (https://str-
ingdb.org/cgi/input?sessionId=bdx7uARsfd8Y&input_
page_show_search=on)  database,  evaluating  the  protein
interaction, imagining the obtained PPI network by Cyto-
scape  3.9.1,  and  filter  the  primary  targets  by  network
topological investigation. To identify genes in Cytoscape,
three  topological  measures  were  computed  for  each
node: degree, betweenness centrality, and closeness cen-
trality. A node’s degree indicated how many neighbours it
has.  Betweenness  centrality  measured  the  frequency  of
node-link to the shortest path between two nodes. By cal-
culating  the  distance  between  each  node  in  the  PPI  net-
work,  closeness  centrality  evaluated  a  node’s  signifi-
cance. 

2.1.7 Enrichment  analysis  by  Gene  Ontology  (GO)  and
Kyoto  Encyclopedia  of  Genes  and  Genomes  (KEGG)　
GO  is  a  widely  used  tool  for  annotating  genes  and  their
expression products. It is mostly separated into three cat-
egories:  biological  process  (BP),  cellular  components
(CC),  molecular  functions  (MF).  KEGG  pathway  enrich-
ment  analysis  was  also  conducted.  ShinyGO  v0.741
(http://bioinformatics.sdstate.edu/go74/)  was  used  for
GO  and  KEGG  analysis.  From  a  macro  viewpoint,  KEGG
enrichment analysis may provide the functional details of
a  large  number  of  genes  and  forecast  the  underlying
drug-disease signaling pathway. 

2.2 Molecular docking analysis

As  per  the  liquid  chromatography-mass  spectrometry
(LC-MS)  and  enrichment  analysis  results  and  the  com-
prehensive  analysis  of  the  current  research  status,  we
designated  the  most  important  phytoconstituents  of
LCEE.  The  3D  structure  of  these  phytoconstituents  was
downloaded  in  SDF  from  the  PubChem  database
(https://pubchem.ncbi.nlm.nih.gov/).  The  3D  structures
were  retrieved  from  PDB  Database  (https://www.rcsb.
org/). The docking simulation was performed with select-
ed  key  proteins  by  AutoDock  Vina  v1.2.5  (https://vina.
scripps.edu).  The  docking  minimum  free  energy  was
used  to  predict  the  binding  affinity  between  chemicals
and proteins. The higher the affinity, the smaller the free
energy.  Dexamethasone  (DEX),  a  standard  anti-inflam-
matory  drug,  was  used  as  a  reference  compound  to
benchmark  the  binding  affinities  of  LCEE  phytocon-
stituents.  The  docking  results  were  visualized  using
BIOVIA Discovery Studios (https://discover.3ds.com/dis-
covery-studio-visualizer-download)  and  PyMOL  3.1
(https://www.pymol.org/). 
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2.3 In vitro cytotoxicity assay of LCEE

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide  (MTT)  reduction  test  was  employed  to  assess
the  Caco-2  cell  viability.  The  countess  automated  cell
counter (Invitrogen, USA) was utilized to count the Caco-
2 cells. These cells were then plated in a 96-well plate at a
density  of  2  ×  104 cells/well.  The  cells  were  seeded,  al-
lowed  to  incubate  for  24  h,  and  then  exposed  to  varying
doses  of  LCEE  (0,  100,  200,  300,  400,  500,  600,  700,  800,
900,  and 1 000 µg/mL).  Each well  received 10 µL of  MTT
solution [5 mg/mL in phosphate buffer saline (PBS)] after
24  h  incubation.  Following  that,  the  plate  was  main-
tained in a humidified incubator with 5% CO2 at 37 °C for
3 h. The liquid removal from the wells, 100 µL of dimethyl
sulfoxide (DMSO) was included to dissolve the formazan
salt that had formed. The optical density was measured at
517 nm using a  microplate reader (Synergy HTX,  Biotek,
USA). To confirm the studies’ repeatability, three distinct
biological replications were conducted. 

2.4 In vivo experimental validation
 

2.4.1 Botanical material and extract preparation　The L.
camara leaves  were  collected,  washed  with  distilled  wa-
ter thrice, and dried for 4 d in a shade. The plant was rec-
ognized  and  verified  (authentication  certificate  No.
BSI/WRC/Tech./2023/09)  by  the  Botanical  Survey  of  In-
dia,  Ministry of  Environment and Forest,  Government of
India, Pune. Briefly, the shade-dried leaves were crushed
and 100 g powder was extracted with 1 000 mL of ethanol:
water (90∶10 v/v) by maceration method. After 72 h, the
liquid  extract  was  filtered  and  concentrated  using  a  ro-
tary evaporator at 20 °C under a vacuum to get LCEE. The
yield of LCEE was found to be 15.47%. The LCEE was pre-
served for further research at − 10 °C [19]. 

2.4.2 Preliminary  phytochemical  screening  of  LCEE　
Preliminary phytochemical analysis of the LCEE was test-
ed using tannins and phenolics (5% ferric chloride, dilut-
ed  nitric  acid,  and  lead  acetate),  alkaloids  (tannic  acid,
Hager’s test and Wagner’s test), glycosides (Baljeet’s test,
Legal’s  test,  and Killer-killani  test),  flavonoids (sulphuric
acid test) and carbohydrates (Molisch’s test) [20]. 

2.4.3 LC-MS  analysis  of  LCEE　 LC-MS  was  utilized  to
detect active constituents in the LCEE. Liquid chromatog-
raphy-electrospray  ionization-mass  spectrometry  (LC-
ESI-MS) tests were carried out at the sophisticated analyt-
ical instrument facility,  in Pune. The acetonitrile extracts
were centrifuged for 5 min at 10 000 rpm before analysis.
The  equipment  used  for  high-performance  liquid  chro-
matography  (HPLC)  consisted  of  an  automated  injector
and  two  pumps.  An  Agilent  SyncronisTM  C18  silica  col-
umn  (100  mm  ×  4.6  mm,  5  µm)  was  used  for  the  chro-
matographic splitting, and it was heated to 30 °C. A – 0.1%
formic acid in water and B-90% acetonitrile in water were

mobile phases,  and the flow rates were 0.8 mL/min. The
mass  range  of  mass  spectrometry  was  50 – 1 000 atomic
mass units, and it was operated in both positive and neg-
ative ESI modes. Specific configurations comprised a gas
temperature  of  250  °C,  a  fragment  voltage  of  135  V,  a
nebulizer  pressure  of  55  psi,  a  drying  gas  flow  rate  of
10  L/min,  and  a  sheath  gas  temperature  of  250  °C.  The
capillary voltage (VCap) was set at 3 500 V for both posi-
tive  and  negative  ESI  modes.  With  a  5  µL  injection  vol-
ume, the entire run took 15 min. The data acquisition was
processed  by  Agilent  MassHunter  Workstation  Software
LC/MS  Data  Acquisition  for 6 400 Series  Triple  Quadru-
pole  vB.07.01,  and  the  acquired  data  was  processed  by
Agilent  MassHunter  Workstation  Software  Qualitative
Analysis vB.07.00. 

2.4.4 High-performance  thin  layer  chromatography
(HPTLC) analysis  of  LCEE　Pre-activated (100 °C) sili-
ca  gel  F254 HPTLC plates  (10  cm × 10  cm;  0.25  mm layer
thickness;  Merck)  were  used  for  chromatography.  The
analysis was carried out using thin layer chromatography
(TLC)  visualizer  3  and  reflectance  spectrometer  TLC
scanner  3  (CAMAG),  which  had  a  monitoring  range  of
190 – 700 nm.  The data  processing and acquisition were
done with the software Win CATS 3.2.2. A total of 10 µL of
samples  were  applied  to  plates  using  a  Linomat  5  auto-
mated  TLC  applicator  (CAMAG)  with  nitrogen  flow,
forming 8 mm broad bands positioned 8 mm at the plate
bottom.  The  delivery  rate  from  the  syringe  was  kept  at
10 µL/s. For 25 min, TLC plates were developed in a Cam-
ag twin trough glass tank that was pre-saturated with the
mobile phase. This allowed the solvent to rise to a height
of eight centimetres at ambient temperature. The mobile
phase  for  the  ursolic  acid  detection  was  toluene∶ace-
tone∶formic  acid  (7.8∶2.2∶0.15).  After  dipping  the
plates  in  anisaldehyde  sulfuric  acid  reagent  for  5  s,  they
were heated to 110 °C for 10 − 15 min, or until spots were
visible.  For  geniposide,  the  mobile  phase  was  ethyl  ac-
etate∶methanol∶water  (7∶3∶0.3),  whereas  toluene∶
ethyl  acetate∶methanol∶water∶formic  acid  (3∶6∶
0.5∶0.5∶1) was the mobile phase for chlorogenic acid. 

2.4.5 Animals　 Global  Bioresearch  Solutions  Pvt.  Ltd.
provided the 42 specific pathogen-free (SPF) male Wistar
albino rats (weighing 200 – 250 g). Throughout the experi-
mental period, they were kept in a controlled setting with
a 12-h light/dark cycle with unlimited access to food and
water.  The  surrounding  air  was  maintained  at  20  ±  2  °C
with  a  relative  humidity  of  30% – 70%.  The  institutional
animal  ethics  committee  of  Poona  College  of  Pharmacy
approved  the  experimental  protocol  (PCP/IAEC/2023/
4-1) with  the  registration  number  1703/PO/Re/S/13/
CPCSEA. 

2.4.6 Drugs and reagents　The colorectal adenocarcino-
ma  cell  line  (Caco-2  cells)  (HTB-37  ATCC)  was  pur-
chased  from  the  American-type  culture  collection,  USA.
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Trypsin, minimum essential medium eagle’s (MEM), and
antibiotic-antimycotic  solution  were  bought  from  Hime-
dia  Laboratories,  Mumbai.  TNBS  (TCI,  India),  ethanol
(Labnol,  India),  O-dianisidine  hydrochloride,  DTNB,
DEX,  thiobarbituric  acid,  hexadecyltrimethylammonium
bromide  (HTAB),  Griess  reagent,  DMSO  and  MTT  (Sig-
ma  Aldrich,  USA),  fetal  bovine  serum  (NextGen  life  sci-
ences  private  limited,  Delhi),  adrenaline  bitartrate,  thio-
barbituric acid, and trichloroacetic acid (LOBA Chem Pvt.
Ltd.) were purchased. The kits for hemospot (Biolab diag-
nostics, India), interleukin (IL)-6, IL-1β, TNF-α, IL-12, nu-
clear  factor  kappa-B  (NF-κB),  EGFR,  STAT3,  and  Bcl-2
(Krishgen  Biosystem,  Mumbai),  and  complete  blood
count (Span Diagnostics, India) were obtained. The ana-
lytical-grade  reagents  and  chemicals  were  bought  from
local suppliers. 

2.4.7 Induction of UC and LCEE treatment　UC was in-
duced in rats using a well-established TNBS-induced col-
itis model with slight modifications [21]. Prior to induction,
animals were fasted for 24 h with free access to water. Un-
der light anesthesia with thiopentone sodium (40 mg/kg,
i.p.),  a  flexible  catheter  (external  diameter  2  mm)  was
gently  inserted  8  cm  into  the  rectum.  A  single  dose  of
TNBS  (120  mg/kg)  dissolved  in  50%  ethanol  (total  vol-
ume 0.25 mL) was slowly instilled intrarectally  to induce
colitis.  Following  administration,  animals  were  held  in  a
head-down position for 2 – 3 min to ensure uniform dis-
tribution of the TNBS solution throughout the colon.

At  24  h  post-induction  (day  1),  oral  treatment  began
and  continued  once  daily  for  28  d.  Rats  were  randomly
assigned  to  seven  groups  (n =  6  per  group):  (i)  normal
control  (NC)  group:  received  0.2  mL  of  distilled  water
intrarectally  on  day  0,  with  no  further  treatment;
(ii)  ethanol  control  (EC)  group:  received  0.25 mL  of  50%

ethanol  intrarectally  on  day  0;  (iii)  disease  control  (DC)
group:  received  a  single  intrarectal  dose  of  TNBS
(120 mg/kg in 50% ethanol) on day 0 without subsequent
treatment;  (iv)  low-dose  LCEE  group:  received  TNBS  on
day  0,  followed  by  LCEE  100 mg/kg  orally  once  daily  for
28  d;  (v)  medium-dose  LCEE  group:  received  TNBS  on
day  0,  followed  by  LCEE  200 mg/kg  orally  once  daily  for
28 d; (vi) high-dose LCEE group: received TNBS on day 0,
followed  by  LCEE  400  mg/kg  orally  once  daily  for  28  d;
(vii)  DEX  group:  received  TNBS  on  day  0,  followed  by
dexamethasone 2 mg/kg orally once daily for 28 d.

On day 29, animals were anesthetized using thiopen-
tone sodium (40 mg/kg, i.p.)  for blood sample collection
via  retro-orbital  puncture.  Serum  was  separated  by  cen-
trifugation and stored at – 80 °C for biochemical analyses.
Subsequently,  the  animals  were  sacrificed  with  an  over-
dose of  thiopentone sodium (70 mg/kg,  i.p.),  and organs
including the colon, spleen, and thymus were harvested,
cleaned, and weighed. Colon tissues were divided for his-
tological,  biochemical,  and  gene  expression  studies,  and
stored  accordingly.  The  overall  experimental  design  and
treatment timeline are illustrated in Figure 1. 

2.4.8 Determination  of  body  weight,  relative  organ
weight,  colon  weight,  and  colon  length　 Rats’ body
weight was measured for 28 d. The weights of spleen and
thymus gland were recorded at the end of the experiment
(day  29).  Finally,  colon  length  and  colon  weight  were
measured to assess the severity of UC. 

2.4.9 Disease activity index (DAI) and macroscopic evalu-
ation of colon　The rats were weighed and tested for be-
havioral  changes,  bloody  stool,  and  stool  consistency
every  day [22].  The  scoring  for  DAI  calculation  is  given  in
Table 1. The severity of UC was evaluated by an unbiased
evaluator  who  was  unaware.  Each  animal  had  its  distal

 

Measurement of
body weight

Extract preparation Acclimatization UC induction

Day 1 Day 28

Day 0

Treatment Euthanasia

Treatment with LCEE
(100, 200, 400 mg/kg) and DEX

(2 mg/kg)

Maceration
method TNBS (120 mg/kg) in

50% ethanol intrarectally
for DC, LCEE (100, 200, 400 mg/kg), 

and DEX groups

Measurement of DAI
score on alternate days

Parameters:
1. Colon weight and colon length
2. Spleen and thymus weight
3. Macroscopic and adhesion score
4. Haematological (Hb, RBC, 
WBC, and PLT)
5. Antioxidant (SOD, GSH, 
MDA, and CAT)
6. NO and MPO
7. Inflammatory cytokines
(IL-1β, IL-6, IL-12, TNF-α, and
NF-κB)
8. Gene expression (TNF-α
EGFR, STAT 3, and BCI-2)
9. Histopathology of colon
(HE, PAS, and Giemsa)

 
Figure 1   Experimental procedure of UC and treatment protocol with LCEE and DEX
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8  cm  of  colon  dissected,  cut  longitudinally,  and  cleaned
in physiological saline to get rid of any faeces, and it was
then evaluated.  Using a microscope,  the colons were ex-
amined,  and  any  visible  injury  was  graded  on  a  scale  of
0 – 4  by  predetermined  standards [21].  A  scale  of  0:  no
damage;  1:  central  hyperaemia without  ulcers;  2:  ulcera-
tion without hyperaemia or thickening of  the gut wall;  3:
ulceration with worsening at one site; and 4: two or more
significant  areas  of  inflammation  and  ulceration,  or  one
significant  area  of  inflammation  and  ulceration  extend-
ing > 1  cm along the colon was used to assign scores for
macroscopic  inflammation.  The  criteria  set  by  BOBIN-
DUBIGEON et al. [23] were used to evaluate occurrence of
adhesions score (score 0 – 2): 0 (no adhesion), 1 (moder-
ate adhesion), and 2 (major adhesion).

  
Table 1   Criteria for scoring DAI

Score Weight
loss (%)

Stool
consistency

Occult blood or
gross bleeding

0 None Normal Negative

1 1 – 5 Loose Negative

2 5 – 10 Loose Hemoccult positive

3 10 – 15 Diarrhea Hemoccult positive

4 > 15 Diarrhea Gross bleeding
  

2.4.10 Determination  of  blood  parameters　 Complete
blood cell kits (Span Diagnostics, India) were used to an-
alyze  the  blood  parameters.  Haemoglobin  (Hb),  white
blood  cells  (WBC),  red  blood  cells  (RBC),  and  platelet
counts (PLTs) were measured from blood samples by us-
ing an automated haematological analyser. 

2.4.11 Determination of in vivo antioxidant activity　The
Marklund and Marklund method was employed to ascer-
tain  superoxide  dismutase  (SOD)  activity [24].  The  Sedlak
and  Lindsay  procedure  determined  colon  homogenate’s
malondialdehyde  (MDA)  levels [25].  EBRAHIMPOUR
et al. [26] method was used to measure glutathione (GSH)
levels.  Catalase  (CAT)  activity  was  assessed  by  the
method of SADAR et al. [27]. 

2.4.12 Determination of myeloperoxidase　The MPO lev-
el  was  assessed in  colon samples  using a  technique out-
lined  by  KRAWISZ  et  al. [28].  Colonic  segments  were  ho-
mogenized  in  a  solution  comprising  50  mmol/L  sodium
phosphate  (pH  6.0),  and  0.5%  HTAB.  This  substance
works  as  a  detergent  to  break  up  MPO-containing  neu-
trophil  granules.  After  homogenization,  the  mixture  was
centrifuged  for  10  min  at  4  °C.  The  samples  were  then
frozen  and  thawed  three  times  to  encourage  the  disrup-
tion of cellular structures and the release of enzymes. Af-
ter  extracting  a  volume  of  50  μL  from  the  supernatant,
150  μL  of  reaction  buffer-which  includes  hydrogen  per-
oxide,  o-dianisidine  hydrochloride,  and  50  mmol/L
phosphate buffer was added. The results  were expressed
as MPO units per gram of tissue and the absorbance was
determined at 450 nm. 

2.4.13 Determination  of  nitric  oxide  (NO)　 Using  the
Griess reagent, tissue NO levels were determined as total
nitrite/nitrate [29].  Following  a  10%  homogenate  produ-
ced by homogenizing colon tissue in 50 mmol/L potassi-
um  phosphate  buffer  (pH  7.8),  the  samples  were  cen-
trifuged at 11 000 × g for 15 min at 4 °C. 100 μL of the su-
pernatant  and  100  μL  of  Griess  reagent  were  combined
for  experiment.  The  sample  was  incubated  for  10  min,
and the absorbance was determined at 540 nm. 

2.4.14 Determination  of  pro-inflammatory  cytokines　
Enzyme-linked  immunosorbent  assay  (ELISA)  kits  (Kr-
ishgen  Biosystem,  Mumbai)  were  used  to  quantify  the
serum levels  of  IL-6,  TNF-α,  IL-1β,  IL-12,  and NF-κB fol-
lowing the manufacturer’s instructions. 

2.4.15 Gene  expression  analysis  by  quantitative  reverse
transcription  polymerase  chain  reaction  (qRT-PCR)　
qRT-PCR was  used  to  assess  the  impact  of  LCEE  on the
mRNA expression levels of TNF-α, EGFR, STAT3, and Bcl-
2 in the colon tissue of rats given TNBS. In summary, TRI-
zol  reagent  was  used  to  isolate  RNA,  which  was  subse-
quently processed with RNase-free DNase and measured.
(Supplementary Table S1) Using the primer set and SYBR
Green  master  mix,  2  µg  of  pure  RNA  were  reverse  tran-
scribed into cDNA for amplification. The resulting ampli-
fication data were normalized to GAPDH as a housekeep-
ing gene. 

2.4.16 Histopathological  analysis　 The  tissues  from  the
colon had embedded in paraffin, and treated with forma-
lin. The processed colon tissues were sectioned into 5 μm
slices,  stained  for  histological  observations  using  hema-
toxylin  and  eosin  (HE),  periodic  acid-schiff,  and  Geimsa
staining, and examined under 40 × magnification under a
microscope [30]. 

2.5 Statistical analysis

The  data  were  represented  as  mean  ±  standard  error  of
the  mean  (SEM).  Using  GraphPad  Prism  v5.0,  statistical
analysis  was  carried  out  using  two-way  analysis  of  vari-
ance (ANOVA) followed by Bonferroni’s post hoc test for
recurrent  measures  and  one-way  ANOVA  followed  by
Tukey’s multiple comparison test for the last-day param-
eters. P < 0.05 was considered statistically significant. 

3 Results
 

3.1 Network pharmacology of L. camara
 

3.1.1 Identification and screening of L. camara phytocon-
stituents　A total of 13 active phytoconstituents were se-
lected  from  LC-MS/MS  analysis  of  LCEE:  ursolic  acid,
oleanolic  acid,  geniposide,  theveside,  verbascoside,
icterogenin, lantic acid, cirsiliol, chlorogenic acid, linaro-
side,  catechin  gallate,  narcissin,  and  betulinic  acid  with
oral  bioavailability ≥ 30%  and  drug-likeness ≥ 0.18  as
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screening parameters based on the ADMET profile by us-
ing  SwissADME  database  (http://www.swissadme.ch/
index.php). These 13 phytoconstituents were selected for
further investigation. 

3.1.2 Screening of potentially therapeutic targets of L. ca-
mara for UC　After merging and eliminating duplicates,
13  phytoconstituents  of  152  targets  were  gathered  from
BindingDB and Swiss target prediction database, and 3 713
UC-associated  genes  were  collected  from  the  DisGeNET
and GeneCards databases to find possible treatment tar-
gets  for  UC  by L.  camara screening.  After  comparing
these disease-related targets with L. camara putative tar-
gets, 100 genes were found to overlap. These overlapping
genes  were  thought  to  be  possible  targets  for L.  camara
for the treatment of UC (Figure 2A). 

3.1.3 Phytoconstituent-target  network  analysis　 Using
Cytoscape  3.9.1,  152  possible  targets  and  13  active  com-
ponents  of L.  camara for  the  management  of  UC  were
imported  to  create  a  Phytoconstituent-Target  network.
The  resulting  network  represented  medications  through

dark green and hexagon shape nodes, active components
through light  green and oval  shape nodes,  and common
targets  through  light  green  and  rectangle  shape  nodes
(Figure 2B). 

3.1.4 Construction  of  PPI  network  and  drug  phytocon-
stituents-targets-disease  network　 By  entering  100  tar-
gets into the STRING database, a PPI network was creat-
ed  (Figure  2C).  The  data  was  then  imported  into  Cyto-
scape 3.9.1 for network visualization and topology analy-
sis.  The  PPI  network  contained  99  nodes  and  857  edges.
Using Cytoscape, the interactions between these 100 tar-
gets were examined. These targets were identified as cru-
cial L.  camara targets  against  UC.  Supplementary  Table
S2  displays  a  list  of  100  important  targets  together  with
comprehensive  information.  The  top  five  important  tar-
gets  of  PPI  network  with  the  highest  degree  value  were
determined  to  be  TNF,  STAT3,  Bcl-2,  ALB,  and  EGFR,
which were the main targets of L. camara in the manage-
ment  of  UC.  Further,  GO  enrichment  analysis  revealed
that the overlapping targets were significantly involved in
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Figure 2   Network pharmacology analysis of LCEE against UC
A,  Venn  diagram  showing  common  targets  between  LCEE  phytoconstituents  and  UC-related  genes.  B,  phytoconstituent-target  net-
work showing interactions between active compounds of LCEE and predicted protein targets.  C, PPI network of overlapping targets.
D, GO enrichment analysis of key targets (biological process, cellular component, molecular function). E, KEGG pathway enrichment
analysis of common targets. F, compound-target-pathway network linking LCEE components to UC pathways via predicted targets.
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key  biological  processes  such  as  cellular  response  to
chemical stimulus, response to organic substances, regu-
lation of cell communication, response to stress, and cell
population  proliferation.  Molecular  function  analysis  in-
dicated significant enrichment in nuclear receptor activi-
ty,  ligand-activated  transcription  factor  activity,  tran-
scription  coactivator  binding,  and  zinc  ion  binding.  The
KEGG  pathway  enrichment  analysis  demonstrated  that
the  targets  were  mainly  associated  with  pathways  rele-
vant  to  ulcerative  colitis  pathology,  including  PI3K-Akt
signaling pathway, Estrogen signaling pathway, Th17 cell
differentiation,  AGE-RAGE  signaling  pathway,  and  path-
ways in cancer, indicating potential mechanisms through
which L.  camara may  exert  its  therapeutic  effects  in  UC
(Figure  2D and 2E).  As  shown  in Figure  2F,  red  colour
rectangle shapes were the common targets of disease and
phytoconstituents and the green colour octagon and oval
shape are L. camara and its phytoconstituents. 

3.2 Molecular docking of LCEE phytoconstituents

AutoDock Vina was used to confirm the molecular dock-
ing  (Figure  3).  The  findings  demonstrated  that  ursolic
acid, oleanolic acid, cirsiliol, linaroside, and DEX exhibit-
ed the lowest binding free energies. The key targets EGFR,

Bcl-2, TNF, and STAT3 were used to identify the binding
affinities of the compounds (Supplementary Table S3). In
docking,  the  binding  energy  was  used  to  compare  the
docked  conformation  to  reference  or  other  docked  con-
formations.  The  chemical  structure,  binding  energies,
inhibitory  constants,  and  bond  lengths  of  these  phyto-
constituents  with  each  of  the  proteins  are  listed  in  Sup-
plementary Table S4.
 

3.3 Effects of LCEE on cell viability of Caco-2 cells

Caco-2 cells were treated with several doses of LCEE (100
to 1 000 μg/mL)  for  24  h  to  check  the  cytotoxicity.  Cell
viability in the control cell (without LCEE treatment) was
considered 100%. Then, percentage viability at other con-
centrations  was  calculated.  Based  on  the  MTT  assay  re-
sults  shown  in Figure  4A,  Caco-2  cells  maintained  over
85% – 90% viability at LCEE concentrations ranging from
100  to  800  μg/mL.  However,  at  900  μg/mL  and  above,  a
marked decrease  in  viability  was  observed,  with  viability
dropping to approximately 65% at 900 μg/mL and around
50% at  1  000 μg/mL.  The IC₅₀  value was found to  be ap-
proximately 980 μg/mL, indicating that LCEE is relatively
non-toxic up to moderate concentrations.
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Figure  3   Molecular  docking interactions  of  active  LCEE phytoconstituents  and DEX with key  inflammatory/apoptotic
targets
A, structures of active phytoconstituents of LCEE: ursolic acid, oleanolic acid, linaroside, and cirsiliol. B, 2D and 3D docking interac-
tion of LCEE constituents with TNF, EGFR, STAT3, and Bcl-2, respectively. C, 2D and 3D interaction of DEX with TNF, EGFR, STAT3,
and Bcl-2 for comparison with LCEE. Docking energies indicate strong binding affinity of LCEE compounds, comparable to standard
DEX. Color codes represent different bond types.
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3.4 LC-MS analysis of LCEE

The  LCEE  was  analyzed  by  LC-MS,  which  demonstrated
the existence of numerous bioactive constituents with di-
verse retention times. Figure 4B chromatograms showed
that  cirsiliol,  oleanolic  acid,  theveside,  betulinic  acid,
geniposide, ursolic acid, and linaroside were identified in
LCEE in positive ESI mode based on their retention time
and  m/z  ratio. Figure  4C chromatograms  showed  that
icterogenin, catechin gallate, verbascoside, narcissin, lan-
tic acid,  and chlorogenic acid were identified in LCEE in
negative ESI mode based on their retention time and m/z
ratio. A total of 13 compounds were found in LCEE by us-
ing LC-MS analysis (Supplementary Table S5). 

3.5 HPTLC analysis of LCEE

The  LCEE  was  standardized  by  HPTLC  fingerprinting,
and  the  standard  ursolic  acid,  geniposide,  and  chloro-
genic acid spots were matched with LC spots by TLC visu-
alizer  3,  respectively  (Figure  4D and 4E),  and  scanned
with TLC scanner  3  at  366,  242,  and 254 nm. The Rf  val-
ues  were  found  to  be  ursolic  acid  (0.52),  geniposide
(0.53), and chlorogenic acid (0.16). The compounds were
found in the LCEE. The spectral analysis for standard and
LCEE revealed the identity of standard in the LCEE, quali-
tatively  alike  HPTLC  fingerprinting  was  conquered  for
LCEE. 

3.6 Preliminary phytochemical screening of LCEE

The  phytochemical  analysis  of  LCEE  exhibited  the  pres-
ence  of  tannins,  phenolics,  alkaloids,  glycosides,  flavo-
noids,  and  carbohydrates.  The  outcomes  of  preliminary
phytochemical screening of LCEE are shown in Table 2. 

3.7 Effects  of  LCEE on colon morphology,  colon macro-
scopic  score,  and  adhesion  score  in  TNBS-induced  UC
rats

The rats in NC and EC groups showed no signs of necrosis,
haemorrhage, or inflammation when compared with DC

group  rats  (Figures  5A – 5C).  Following  the  intra-rectal
administration of TNBS, the DC rats exhibited symptoms
indicative of  UC, including mucosal  necrosis,  ulceration,
erosion,  bleeding,  and  inflammation  (Figure  5D).  Com-
paring the oral administration of LCEE at different doses
of  100,  200,  and  400  mg/kg  with  DC  group  rats,  erosion,
necrosis,  ulceration,  and  inflammation  were  consider-
ably inhibited (Figures 5E – 5I). Furthermore, in compari-
son  with  DC  rats,  oral  administration  of  DEX  (2  mg/kg)
substantially  prevented  the  TNBS-induced,  bleeding,  in-
flammation, and ulcer (Figure 5J).

The colon macroscopic and adhesion score of DC rat
was  considerably  enlarged  when  related  to  NC  rats  (P <
0.001). However, in comparison with the DC rats, the ad-
ministration of LCEE (100, 200, and 400 mg/kg) and DEX
(2  mg/kg)  displayed  a  substantial  decrease  in  the  colon
macroscopic and adhesion score (P < 0.05, P < 0.01, or P <
0.001) (Figure 5B and 5C). 

3.8 Effects  of  LCEE on body weight,  spleen weight,  thy-
mus  weight,  colon  weight,  colon  length,  and  DAI  in
TNBS-induced UC rats

At  day  0,  there  was  no  noticeable  change  observed  be-
tween  the  body  weights  of  the  DC  and  NC  rats.  The  rats
treated  with  DEX  (2  mg/kg)  and  LCEE  (100,  200,  and
400 mg/kg) showed no substantial change in body weight
at day 0.  When TNBS was administered intrarectally,  the
body weight of  DC rats reduced considerably (P < 0.001)
from  day  7  in  comparison  with  NC  rats.  In  contrast,  rats
treated with LCEE at doses of 100, 200, and 400 mg/kg ex-
hibited a substantial increase in body weight after 14 d as
compared with DC rats (P <  0.05, P <  0.01,  or P <  0.001).
From day 14, the rats treated with DEX (2 mg/kg) exhibit-
ed  a  noteworthy  rise  in  body  weight  in  comparison  with
DC rats (P < 0.01 or P < 0.001) (Figure 5D).

The spleen and thymus weights of  DC rats were con-
siderably  increased  (P <  0.001),  compared  with  those  of
NC  rats  after  intra-rectal  treatment  of  TNBS.  Neverthe-
less, spleen and thymus weights were considerably decr-
eased in rats treated with LCEE (100, 200, and 400 mg/kg)

 

Table 2   Preliminary phytochemical screening of LCEE

No. Class Test Result Color

1 Tannins and phenolics

5% ferric chloride Positive Black

Diluted nitric acid Positive Yellow

Lead acetate Positive White precipitate

2 Alkaloids

Tannic acid Positive Buff

Hager’s test Positive Yellow precipitate

Wagner’s test Positive Reddish brown

3 Glycosides

Baljeet’s test Positive Yellow

Legal’s test Positive Red ring

Killer-killani test Positive Greenish bluish

4 Flavanoids Sulfuric acid test Positive Yellow

5 Carbohydrates Molisch’s test Positive Violet ring
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than  in  DC  group  (P <  0.01  or P  < 0.001).  Rats  adminis-
tered with DEX (2 mg/kg) had a significantly lower spleen
and  thymus  weight  (P <  0.001)  in  comparison  with  DC
group rats (Figure 5E and 5F).

The  colon  weight  of  the  DC  rats  was  substantially
increased  and  colon  length  was  significantly  decreased
than that of the NC rats following intra-rectal TNBS treat-
ment (P < 0.001). And colon weight was significantly low-
ered (P < 0.01 or P < 0.001) and colon length was signifi-
cantly increased (P < 0.05 or P < 0.001) in rats treated with
LCEE treatment (100, 200, and 400 mg/kg) than in the DC
rats.  Moreover,  the  rats  treated  with  DEX  (2  mg/kg)  ex-
hibited  a  substantial  reduction  in  colon  weight  and  a
rise  in  colon  length  than  in  DC  group  rats  (P <  0.001)
(Figure 5G and 5H).

Figure  5I exhibited  a  weekly  representation  of  faecal
occult  blood  in  TNBS-induced  UC  in  rats.  When  TNBS
was administered intra-rectally to rats, the DAI score de-
creased considerably  (P <  0.001)  in comparison with NC
rats.  However,  rats  administered  with  LCEE  (100,  200,

and  400  mg/kg)  and  DEX  (2  mg/kg)  had  considerably
lower  DAI  from  day  14  when  compared  with  DC  group
rats (P < 0.01 or P < 0.001) (Figure 5J). 

3.9 Effects  of  LCEE  on  haematological  parameters,  an-
tioxidant  markers,  MPO,  and  NO in  TNBS-induced  UC
rats

PLT,  RBC,  and  Hb  count  in  DC  rats  were  considerably
decreased as related to those in NC rats after intra-rectal
administration  of  TNBS  (P  < 0.001).  Nevertheless,  com-
pared  with  DC  rats,  those  treated  with  LCEE  (100,  200,
and  400  mg/kg)  and  DEX  (2  mg/kg)  showed  a  notice-
able  increase  in  PLT,  Hb,  and  RBC  counts  (P <  0.01  or
P <  0.001).  The  WBC  count  of  DC  group  rats,  i.e.  TNBS
control was significantly improved as matched to NC rats
(P <  0.001).  However,  the  treatment  of  rats  with  LCEE
(100,  200,  and  400  mg/kg)  and  DEX  (2  mg/kg)  consider-
ably  increased  the  WBC  count  as  linked  to  DC  rats  (P <
0.05, P < 0.01 or P < 0.001) (Figures 6A – 6D).
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Figure 5   Protective effects of LCEE on gross morphology and clinical indicators in TNBS-induced UC rats
A, representative colon images on day 29 across experimental groups. From left to right: NC, EC, DC, LCEE 100, LCEE 200, LCEE 400,
and DEX groups.  B,  colon macroscopic  score.  C,  adhesion score.  D,  changes in body weight.  E,  spleen weight.  F,  thymus weight.  G,
colon weight. H, colon length. I, weekly fecal occult blood test (from left to right: NC, EC, DC, LCEE 100, LCEE 200, LCEE 400, and DEX
groups). J, DAI scores. Data were represented as mean  ±  SEM (n = 6). Data were analysed by two-way ANOVA, followed by Bonferroni’s
test for body weight and one-way ANOVA, and followed by Tukey’s multiple comparison test. ###P<0.001, compared with NC group. *P <
0.05, **P < 0.01, and ***P < 0.001, compared with DC group.
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Colitis  induction  brought  about  a  substantial  reduc-
tion  in  SOD,  GSH,  and  CAT  concentration  in  the  colon
tissue  and  a  significant  increase  in  the  MDA  level  of  DC
rats as compared with NC rats (P < 0.001). The LCEE (100,
200,  and  400  mg/kg)  treatment  in  rats  considerably  in-
creased the levels of colonic SOD, GSH, and CAT concen-
tration  and  considerably  lowered  the  MDA  concentra-
tion in comparison with DC rats (P < 0.05, P < 0.01, or P <
0.001,  respectively).  However,  the  treatment  of  rats  with
DEX  (2  mg/kg)  exhibited  a  substantial  restoration  of
colonic  antioxidant  stress  markers  in  comparison  with
the DC group rats (P < 0.001) (Figure 6E – 6H).

The  rats  treated  with  TNBS  demonstrated  a  substan-
tial (P < 0.001) rise in MPO and NO levels in comparison
with  NC  rats.  However,  the  treatment  of  rats  with  LCEE
(100,  200,  and  400  mg/kg)  and  DEX  (2  mg/kg)  consider-
ably  decreased  the  MPO  and  NO  levels  in  comparison
with NC rats (P < 0.01 or P < 0.001) (Figure 6I and 6J). 

3.10 Effects  of  LCEE  on  inflammatory  cytokines  in
TNBS-induced UC rats

As  shown  in Figure  6K – 6O,  the  UC  induced  by  intra-
rectal administration of TNBS in rats, caused a substantial
(P <  0.001)  increase  of  TNF-α,  IL-1β,  IL-6,  IL-12,  and

NF-κB  levels  as  compared  with  NC  rats.  Whereas,  the
treatment  of  rats  with  LCEE  (100,  200,  and  400  mg/kg)
displayed substantial (P < 0.05, P < 0.01, or P < 0.001) re-
duction  in  TNF-α,  IL-1β,  IL-6,  IL-12,  and  NF-κB  levels
while  DEX  (2  mg/kg)  treated  to  rats  also  displayed  sub-
stantial (P < 0.001) reduction in TNF-α,  IL-1β,  IL-6 IL-12,
and NF-κB when compared with DC rats. 

3.11 Effects  of  LCEE on gene  expression  levels  by  qRT-
PCR in TNBS-induced UC rats

The expression levels  of  TNF-α,  EGFR,  STAT3,  and Bcl-2
was  determined  by  qRT-PCR  technique.  The  expression
levels  of  TNF-α,  EGFR,  and  STAT3  was  considerably  im-
proved and Bcl-2 gene was decreased in rats treated with
TNBS  as  compared  with  the  NC  group  rats  (P  < 0.001).
After  the  treatment  of  rats  with  LCEE  (100,  200,  and
400  mg/kg),  the  expression  levels  of  TNF-α,  EGFR,  and
STAT3  was  significantly  decreased  and  Bcl-2  genes  were
significantly  increased  as  related  to  the  TNBS  group  rats
(P  < 0.05, P  < 0.01,  or P  < 0.001).  Likewise,  the  DEX-
treated  rats  also  exhibited  a  substantial  reduction  in  the
TNF-α, EGFR, and STAT3 gene level and a substantial rise
in  the  Bcl-2  expression  level  when  linked  with  TNBS-
treated rats (P < 0.001) (Figure 7A – 7D). 
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Figure 6   Effects of LCEE on haematological, antioxidant, inflammatory, and oxidative stress markers in TNBS-induced
UC rats
A, Hb. B, RBC. C, WBC. D, PLT. E, SOD. F, GSH. G, CAT. H, MDA. I, MPO. J, NO. K, TNF-α. L, IL-1β. M, IL-6. N, IL-12. O, NF-κB. Data
were represented as mean  ±  SEM (n = 6), and one-way ANOVA was used for analysis followed by Tukey’s multiple comparison test.
###P < 0.001, compared with NC group. *P < 0.01, **P < 0.01, and ***P < 0.001, compared with DC group.
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3.12 Effects  of  LCEE on  HE,  Giemsa,  and  PAS staining
in TNBS-induced UC rats
 

3.12.1 HE  staining　 The  colon  tissue  from  NC  and  EC
rats  showed  a  normal  microscopic  architecture  upon
histological  analysis.  There  was no inflammatory  cell  in-
filtration,  the  intestinal  cytoarchitecture  seemed normal,
and  the  epithelial  cell  layer  was  intact.  Whereas,  signifi-
cant disruption of the normal architecture of colon, infil-
tration of inflammatory cells, and necrosis of the mucos-
al  layer  were  seen  in  TNBS-treated  rats.  In  comparison
with  DC  (TNBS-treated)  rats,  the  rats  treated  with  LCEE
(100  mg/kg)  exhibited  restoration  of  mucosal  architec-
ture  but  inflammatory  cell  infiltration  was  observed.
However, in rats treated with LCEE (200 and 400 mg/kg),
and  DEX  (2  mg/kg)  exhibited  significant  inhibition  of
TNBS-induced  colonic  damage  in  the  colon  samples
(Figure 7E). 

3.12.2 Geimsa staining　The histological  examination of
colon  tissue  samples  of  NC  and  EC  group  rats  exhibited
no  architectural  disturbances  and  absence  of  inflamma-
tory  cells.  Whereas,  DC  rats  revealed  a  significant  pres-
ence  of  inflammatory  cells.  However,  rats  treated  with

LCEE (100, 200, and 400 mg/kg) displayed a dose-depen-
dent  reduction  of  inflammatory  cells.  DEX  (2  mg/kg)
treatment  in  rats  showed  a  considerable  decrease  in  the
accumulation of inflammatory cells (Figure 7F). 

3.12.3 PAS  staining　 The  structural  architecture  of  the
colon tissue epithelium layer appears to be normal in the
rats  in  NC  and  EC  groups.  However,  damage  to  the  ep-
ithelium  layer  and  loss/absence/injury  of  goblet  cells
were seen in DC rats.  Dose-dependent restoration of the
epithelium layer and goblet cells was seen in rats treated
with  LCEE  (100,  200,  and  400  mg/kg).  However,  the  rats
treated with DEX (2 mg/kg) exhibited epithelium integri-
ty  with  a  normal  appearance  of  goblet  cells  (orange  ar-
row) (Figure 7G). 

4 Discussion
 

4.1 Therapeutic relevance of LCEE in UC management

The current pharmaceutical management of IBD primar-
ily  makes  use  of  corticosteroids,  immunosuppressants,
biologics,  and  aminosalicylates.  However,  these  treat-
ments are linked to several  adverse outcomes, especially
when  long-term  administration  of  drugs  is  necessary.
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Figure 7   Gene expression and histopathological effects of LCEE in TNBS-induced UC rats
A – D,  RT-PCR  analysis  of  TNF-α,  EGFR,  STAT3,  and  Bcl-2  mRNA  expression  in  colon  tissue,  respectively.  E,  HE  staining  showing
colonic  architecture  LCEE  restored  mucosal  integrity.  F,  Giemsa  staining  depicting  inflammatory  cell  infiltration  in  colon  tissue.
G, PAS staining revealing goblet cell damage and epithelial restoration after LCEE treatment. Data were represented as mean  ±  SEM (n =
6) and analyzed utilizing one-way ANOVA followed by Tukey’s multiple comparison test. ###P < 0.001, compared with NC group. *P <
0.01, **P < 0.01, and ***P < 0.001, compared with DC group. HE staining: infiltration of inflammatory cells (red arrow), necrosis of the
mucosal layer (black arrow). Giemsa staining: presence of inflammatory cells (orange arrow). PAS staining: damage to the epithelium
layer and loss/ absence/ injury of goblet cells (green arrow), and restoration of the epithelium layer and goblet cells (orange arrow).
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Additionally,  there  are  cases  where  patients  disregard
conventional  therapy  protocols [31].  As  a  result,  there’s
been an increase in interest in investigating complemen-
tary  and  alternative  medicine  as  a  way  to  treat  UC  with
better  efficacy,  safety,  and  patient  adherence [32].  For  the
treatment  of  intestinal  inflammatory  conditions,  natural
products particular to medicinal plants are widely used as
complementary  and  alternative  therapies.  Medicinal
herbs  include  a  variety  of  active  phytoconstituents  that
can target different parts of inflammatory pathway simul-
taneously [33].  Safety-wise, in  vitro experiments  conduct-
ed  on  the  Caco-2  cell  line  demonstrated  that  LCEE  did
not result in cytotoxicity to Caco-2 cells. Furthermore, 13
compounds  were  detected  by  LC-MS/MS  analysis  of
LCEE among which ursolic acid, geniposide, chlorogenic
acid,  and  oleanolic  acid  are  the  most  commonly  found
phytoconstituents  and  all  of  them  are  reported  for  anti-
ulcer  properties [34-37].  LC-MS has  been employed to  per-
form  a  preliminary  phytochemical  screening  on  various
leaf  extracts.  The  results  identified  multiple  classes  of
phytoconstituents in L. camara leaves, including steroids,
terpenoids,  flavonoids,  quinones,  carbohydrates,  alka-
loids,  and  phenols.  These  compounds  were  present  in
varying proportions, indicating a complex chemical com-
position within the leaves of L. camara. The study’s find-
ings  suggest  that  these  identified  chemicals  may  con-
tribute  to  the  plant’s  pharmacological  properties  and
hold significant potential for innovative medical applica-
tions.

Integrating traditional  Chinese medicine (TCM) con-
cepts  into the discussion enhances the understanding of
LCEE’s  therapeutic  mechanisms  in  UC.  TCM  attributes
UC to factors like “spleen deficiency” and “damp-heat ac-
cumulation”,  which  disrupt  gastrointestinal  harmony.
LCEE, derived from L. camara, is traditionally recognized
for “tonifying the spleen and stomach” and “clearing heat
and  detoxifying”,  aligning  with  its  observed  pharmaco-
logical  effects [38].  Modern  study  has  shown  that  many
Chinese  herbal  medicines,  including  LCEE,  exert  thera-
peutic effects in UC by modulating gut microbiota, signal-
ing pathways, and cytokines. This aligns with TCM princi-
ple  of  restoring  balance  and  eliminating  pathogenic  fac-
tors [39].  Furthermore,  existed  research  has  been  indicat-
ed that TCM formulations focusing on “clearing heat and
removing  toxins” are  commonly  employed  in  UC  treat-
ment,  supporting  the  integration  of  these  concepts  into
our  discussion [40].  By  bridging  TCM  theories  with  con-
temporary scientific findings, we may provide a compre-
hensive  understanding  of  LCEE’s  role  in  UC  manage-
ment,  highlighting  its  potential  as  a  therapeutic  agent
that  harmonizes  traditional  wisdom  with  modern  medi-
cal approaches. 

4.2 Target  prediction  and  validation  through  network
pharmacology and molecular docking

Molecular docking tools in this study in conjunction with
network  pharmacology  can  significantly  improve  the

LCEE  effect  on  intestinal  inflammation  in  UC [41].  Net-
work  pharmacology  is  a  promising  method  that  can  be
used  to  uncover  the  mechanisms  of  action  of  herbal  ex-
tracts.  The  network  pharmacology  analysis  identified
TNF-α,  STAT3,  EGFR,  and  Bcl-2  as  hub  targets  with  the
highest  degree  centrality  values  within  the  PPI  network
constructed  from  100  overlapping  genes  between  UC-
related  and  LCEE-related  targets.  High-degree  nodes  in
such  networks  represent  proteins  with  a  significant
number of direct interactions and are often central regu-
lators  of  biological  processes,  particularly  those involved
in complex diseases like ulcerative colitis. The identifica-
tion of these hub nodes supports the multi-target mode of
LCEE  action  in  UC.  For  instance,  TNF-α is  a  key  up-
stream  pro-inflammatory  cytokine  that  drives  down-
stream  signaling  cascades,  including  NF-κB  and  STAT3
activation.  EGFR  and  STAT3  are  central  to  cell  survival,
epithelial  integrity,  and  inflammatory  gene  expression,
while  Bcl-2  regulates  mitochondrial  apoptosis.  The
presence  of  these  high-degree  targets  indicates  that
LCEE acts not via a single mechanism but through modu-
lation  of  multiple  interconnected  inflammatory  and
apoptotic  pathways.  From  the  ADMET  analysis,  four
compounds  namely  ursolic  acid,  oleanolic  acid,  cirsiliol,
and linaroside were found to follow Lipinski Rule of Five,
and  these  compounds  are  for  molecular  docking  study.
High binding affinity was demonstrated via molecular in-
teractions  of L.  camara for  TNF  protein  with  linaroside
(– 6.1  kcal/mol),  for  STAT3  protein  with  ursolic  acid
(– 6.8  kcal/mol),  for  EGFR  with  cirsiliol  (– 8.2  kcal/mol),
and Bcl-2 with ursolic acid (– 8.7 kcal/mol) with low doc-
king energies, these outcomes were equal to those of DEX,
TNF  protein  (– 7.18  kcal/mol),  STAT3  (– 7.98  kcal/mol),
EGFR  (– 8.41  kcal/mol),  and  Bcl-2  (– 6.85  kcal/mol).
Compounds  with  low  docking  energy  and  high  binding
affinity for target proteins have been shown in several in-
vestigations to potentially therapeutic activity [42]. Further-
more,  several  phytoconstituents  in  LCEE  (e.g.,  ursolic
acid,  linaroside,  and  cirsiliol)  showed  high-affinity  bind-
ing  to  these  targets  in  molecular  docking  studies,  rein-
forcing  the  biological  relevance  of  network  findings  and
highlighting the compound-target-disease interactions in
a holistic manner.

LCEE’s  modulation  of  the  TNF-α/EGFR/STAT3/Bcl-2
axis, we have explicitly distinguished between direct and
indirect effects based on the molecular docking data and
in  vivo findings.  Specifically,  molecular  docking  analysis
revealed that key phytoconstituents within LCEE—name-
ly  linaroside,  ursolic  acid,  and  cirsiliol —exhibited  high
binding  affinities  to  TNF-α,  Bcl-2,  STAT3,  and  EGFR,  re-
spectively.  These  results  suggest  direct  interactions  be-
tween  the  compounds  and  their  target  proteins,  indica-
tive  of  potential  binding  inhibition  mechanisms.  For  ex-
ample, linaroside showed direct binding to TNF-α with a
docking  energy  of – 6.1  kcal/mol,  while  ursolic  acid
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bound  directly  to  Bcl-2  (– 8.7  kcal/mol)  and  STAT3
(– 6.8  kcal/mol),  and  cirsiliol  to  EGFR  (– 8.2  kcal/mol).
These  binding  interactions  are  comparable  to  those  of
standard  drug  DEX.  In  contrast,  the  indirect  effects  of
LCEE  are  observed in  vivo via  downregulation  of  mRNA
expression  levels  of  TNF-α,  STAT3,  and  EGFR,  and  the
upregulation  of  Bcl-2  expression  level.  These  transcrip-
tional  modulations  suggest  that  beyond  direct  protein
binding, LCEE also exerts downstream signaling suppres-
sion likely mediated via its antioxidant, anti-inflammato-
ry,  and  anti-apoptotic  actions.  This  includes  attenuation
of oxidative stress markers (MDA, MPO, and NO), reduc-
tion  in  pro-inflammatory  cytokines  (IL-1β,  IL-6,  IL-12,
and NF-κB), and histological recovery of colonic architec-
ture. 

4.3 Amelioration of clinical and gross inflammatory man-
ifestations

In  current  investigation,  rats’ colons  were  given  TNBS
(120  mg/kg)  in  an  ethanol  solution  by  the  rectal  route,
which  resulted  in  the  induction  of  experimental  colitis.
The intestinal barriers, such as the mucosa, were broken
down using ethanol, exposing the colon’s innermost lay-
ers to TNBS haptenization [43]. TNBS not only damages in-
testinal  mucosa  and  induces  necrotic  cell  death  through
pro-oxidant  pathways,  but  it  also  hinders  mucosal  heal-
ing  and  induces  aberrant  immune  activation,  which  in
turn  drives  inflammatory  processes [44].  Due  to  TNBS’s
disruption of intestinal epithelial cell layers, dehydration,
and inadequate nutrition absorption may have contribut-
ed to the study’s findings of a drop in body weight [45]. The
considerable drop in body weight observed in colitis rats
was effectively improved by treatment with LCEE. An en-
larged spleen is a reliable marker of intestinal inflamma-
tion  in  animal  models  of  UC [46].  The  rats  treated  with
TNBS  showed  a  smaller  thymus  than  the  NC  group  rats,
which is a crucial immune system regulatory organ. Rats
treated  with  LCEE  showed  suppressive  effects  on  spleen
weight gain in addition to an increase in thymus weight [47].

As  previously  stated,  faecal  occult  blood,  stomach
pain, diarrhoea, tenesmus, weight loss, and bloody stools
are common clinical  symptoms in UC patients [48].  Using
this  well-established  model,  we  measured  the  colon
length,  DAI,  colon  macroscopic  score,  and  colon  histo-
logical  alterations  in  rats  treated  with  TNBS.  DAI  and
macroscopic  scores  indicate  the  severity  of  UC  brought
on  by  TNBS  administration.  Rats  with  high  DAI  scores
have  discomfort  problems  such  as  diarrhoea,  faecal
bleeding, and weight loss [49]. The UC colonic mucosa ex-
hibits macroscopic alterations that are ascribed to severe
necrosis,  oedema,  goblet  cell  hyperplasia,  and  infiltra-
tion  of  inflammatory  cells [50].  The  increase  in  colon
weight/colon length ratio is frequently correlated with in-
creases  in  cell  infiltration  and  oedema [51].  An  indirect
measure that has an inverse relationship with the degree

of  UC  caused  by  TNBS  is  colon  length.  In  comparison
with  NC  rats,  the  present  study  found  that  rats  treated
with  TNBS  lost  more  colon  weight,  had  higher  DAI,  and
macroscopic scores, and shorter colon length. Rats treat-
ed with LCEE and DEX showed significant improvements
in  colon  length  after  UC  induction,  as  well  as  significant
reductions  in  DAI  and  macroscopic  scores,  in  compari-
son with DC rats.  This  may have been due to a  decrease
in  extreme  oedema  and  inflammatory  cell  infiltration  by
the LCEE. 

4.4 Haematological stabilization

The  most  frequent  extraintestinal  consequence  in  pa-
tients  with  UC  is  anaemia [52].  The  main  causes  of  ana-
emia in  UC include deficiencies  in  iron and vitamin B12
brought  on  by  bleeding,  poor  absorption,  shortened
absorption  times,  and  low  serum  protein/albumin
levels [53].  Rats  are  administered  with  TNBS  intra-rectally
exhibited  decreased  Hb,  RBC,  and  PLT  counts  and  in-
creased WBC counts, according to haematological analy-
sis. An elevated WBC count indicates a persistent inflam-
mation and oedema state in the large intestine [54]. In this
study, the oral administration of LCEE to rats resulted in a
significant increase in the levels of RBC, Hb, and PLT and
a reduced number of WBC in rats given TNBS treatment. 

4.5 Restoration of antioxidant defense and suppression of
oxidative stress markers

One  of  the  most  prevalent  pathogenic  variables  causing
inflammatory  illnesses  is  oxidative  stress,  which  is  also
linked to the aetiology of  IBD [55].  It  has been shown that
an excess of reactive oxygen species in intestinal mucosa
triggers  an  immune  response  that  leads  to  intestinal  in-
flammation, damages intestinal epithelial cells, and jeop-
ardizes  the  integrity  of  intestinal  barrier.  Enzymatic  an-
tioxidants,  such  as  SOD,  may  help  to  convert  O2¯  to  O2,
which  is  then  converted  to  H2O2,  whereas  CAT,  an  en-
zyme found in peroxisomes, helps convert H2O2 into H2O
and  O2 molecules.  Furthermore,  GSH,  an  intracellular
non-enzymatic  antioxidant,  functions as  a  biomarker  for
oxidative  damage  and  inflammation [56].  Administration
of  LCEE  significantly  elevated  levels  of  SOD,  CAT,  and
GSH  in  comparison  to  TNBS-treated  rats,  verifying  the
positive effects  of  LCEE treatment and demonstrating its
anti-inflammatory potential.  One widely  recognized sign
of oxidative stress and lipid peroxidation is MDA, a result
of  the  oxidation of  polyunsaturated fatty  acids [57].  More-
over,  higher  levels  have  been  seen  in  the  intestinal  tis-
sues of TNBS-treated rats [58]. Administration of LCEE sig-
nificantly  decreased  the  levels  of  MDA  in  comparison
with TNBS-treated rats by preventing the process of lipid
peroxidation, which is the primary factors that initiate the
inflammatory  pathway  from  producing  free  radicals.
Therefore,  the  results  of  experiment  propose  that  the
TNBS-induced  UC  inflammatory  signalling  cascade  is
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disrupted  by  LCEE  treatment  in  rats.  Further,  we  ob-
served a significant reduction in colonic levels of MPO—a
neutrophil-derived  enzyme  that  contributes  to  oxidative
stress  and  tissue  damage [59].  NO,  another  inflammatory
mediator  contributing to  nitrosative  stress  and epithelial
dysfunction,  was  also  significantly  decreased  in  LCEE-
treated  rats [60].  These  findings  highlight  the  dual  role  of
LCEE in both suppressing oxidative damage and limiting
neutrophil-driven inflammation. 

4.6 Downregulation  of  pro-inflammatory  cytokines  and
NF-κB pathway inhibition

The  gut  immune  system  is  significantly  regulated  by  cy-
tokines.  An  essential  component  of  the  pathogenesis  of
IBD is  pro-inflammatory  cytokines [61].  Pro-inflammatory
cytokines are produced in excess as a result of leukocytes,
including  granulocytes,  moving  to  the  irritated  mucosa
and surface ulcers.  These cytokines signal  the severity of
the  disease [62].  TNF-α,  IL-1β,  IL-6,  IL-12,  and  NF-κB  are
cytokines that promote inflammation [63]. IL-1β can cause
a rise in neutrophil counts and encourage neutrophil mi-
gration, T cell activation, and survival [64]. In our investiga-
tion, TNBS-treated rats has higher serum levels of TNF-α,
IL-1β, IL-6, IL-12, and NF-κB, which suggested severe in-
flammation.  Rats  treated  with  the  LCEE  showed  a  sub-
stantial decrease in the levels of TNF-α, IL-1β, IL-6, IL-12,
and NF-κB when compared with TNBS-treated rats. This
suggests  that  the  LCEE  may  inhibit  the  recruitment  of
leukocytes  and  macrophages,  which  in  turn  may  lower
the release of pro-inflammatory cytokines and eventually
attenuated  inflammation,  reducing  neutrophil  produc-
tion. 

4.7 Transcriptional  modulation  of  target  genes  support-
ing multi-modal action

Gene expression studies further substantiated the in sili-
co findings. TNBS exposure led to upregulation of TNF-α,
EGFR [65, 66],  and  STAT3 [67],  mRNA  levels,  while  LCEE
treatment  significantly  downregulated  their  expression
levels.  Conversely,  Bcl-2 [68]—a  key  anti -apoptotic
gene —was  upregulated  by  LCEE,  indicating  a  potential
protective  effect  on  epithelial  cell  survival  and  mucosal
healing.  Dysregulation of  these  genes  has  been associat-
ed  with  disease  chronicity  and  therapeutic  resistance  in
UC, and their normalization further underscores the effi-
cacy of  LCEE.  Anti-TNF agents  like infliximab and adali-
mumab act primarily by neutralizing TNF-α, a key pro-in-
flammatory  cytokine.  Our  network  pharmacology  analy-
sis similarly identified TNF-α as a top hub target of LCEE,
indicating an overlapping anti-inflammatory mechanism.
However, LCEE also targets additional high-degree nodes
such as STAT3, EGFR, and Bcl-2, which are not directly mo-
dulated by anti-TNF drugs.  These targets are involved in
regulating epithelial repair, inflammation, and apoptosis,
suggesting  that  LCEE  may  exert  broader,  multi-target

effects  beyond  cytokine  neutralization.  This  comparison
highlights  that  while  LCEE  shares  common  pathways
with  existing  biologics,  it  also  modulates  unique  targets,
potentially offering added therapeutic benefits in UC. 

4.8 Histological restoration

Histopathological  analysis  further  confirmed  the  protec-
tive role of LCEE in maintaining mucosal integrity. TNBS-
treated  colons  showed  extensive  epithelial  disruption,
crypt  architectural  loss,  mucosal  ulceration,  and  infiltra-
tion  of  inflammatory  cells,  particularly  neutrophils  and
lymphocytes.  These  pathological  changes  closely  mimic
the mucosal damage observed in human (Figure 8).
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Figure 8   Proposed mechanistic pathway of LCEE in UC:
inhibition  of  TNF-α/STAT3/EGFR  axis  and  upregulation
of Bcl-2 

4.9 Advantages,  limitations,  and  future  research  direc-
tions

A major advantage of LCEE lies in its multi-targeted me-
chanism—simultaneously  attenuating inflammation,  ox-
idative stress, and apoptosis. Unlike monoclonal antibod-
ies  targeting  a  single  cytokine,  LCEE  exhibits  a  broader
therapeutic spectrum with fewer anticipated side effects.
Additionally,  the  presence  of  natural  antioxidants  and
safety  in  Caco-2  cells  positions  it  as  a  promising  candi-
date for nutraceutical development or adjunctive therapy
in IBD.  However,  there  are  limitations  that  warrant  con-
sideration.  First,  long-term  safety,  toxicity,  and  pharma-
cokinetic  profiles  of  LCEE  were  not  evaluated  in  this
study. Second, we failed to assess the impact of LCEE on
the gut microbiota, which plays a crucial role in UC path-
ogenesis  and treatment response.  Third,  the study relied
on a single acute colitis model, and findings may differ in
chronic or relapsing models. Future directions should in-
clude: (i) evaluation of chronic and relapsing UC models;
(ii)  investigation  of  gut  microbiota  modulation  by  LCEE;
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(iii)  use of gene knockout and transgenic models to con-
firm target-specific actions; (iv) testing in human-derived
intestinal organoids and clinical samples; (v) comprehen-
sive safety and pharmacokinetic profiling. 

5 Conclusion

Our research shows that  LCEE may exhibite  a  protective
effect against TNBS-induced UC in rats, indicating that it
may  serve  as  a  potentially  effective  candidate  for  UC
treatment.  The treatment of  rats  with LCEE inhibited di-
arrhoea,  lessened  weight  loss,  enhanced  the  colon
weight/colon length ratio of colon, restored haematologi-
cal  and  antioxidant  markers,  lowered  MPO  and  NO  lev-
els, improved cytokine levels, gene expression levels, and
colon  tissue  histological  alterations.  These  findings
demonstrate LCEE's potential as a plant-based treatment
for  UC.  However,  it  is  imperative  to  assess  the  effective-
ness  of  LCEE  in  alternative  animal  models  of  UC  before
starting clinical trials. The clinical translation of these dis-
coveries  would  be  a  viable  avenue  for  future  research.
Furthermore,  more  research is  necessary  to  evaluate  the
long-term  positive  impacts  of  LCEE  because  the  current
evidence focuses on the short-term animal model of UC. 
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调控 TNF-α/EGFR/STAT3/Bcl-2 信号通路

Manoj S. Magre, Pooja A. Bhalerao, Satish K. Mandlik, Deepa S. Mandlik*

Bharati Vidyapeeth (Deemed to be University), Poona College of Pharmacy, Pune, Maharashtra 411038, India

 
【摘要】目的  探究马缨丹乙醇提取物（LCEE）对溃疡性结肠炎（UC）的治疗潜力及作用机制。 方法  通过

定性分析、液相色谱-质谱联用技术（LC-MS）及高效薄层色谱法（HPTLC）对 LCEE 进行植物化学成分分

析。结合网络药理学分析筛选活性成分并预测靶点，随后进行分子对接。采用 2,4,6-三硝基苯磺酸（TNBS）

诱导的 UC 大鼠模型（42 只雄性 Wistar 大鼠，200 – 250 g）验证其治疗机制。大鼠随机分为 7 组（每组 6 只）：

正常对照组（NC）、乙醇对照组（EC）、疾病对照组（DC）、LCEE 低（100 mg/kg）、中（200 mg/kg）、

高（400 mg/kg）剂量治疗组（口服）及地塞米松组（DEX，2 mg/kg，口服）。在 TNBS 诱导 UC（120 mg/kg，

直肠给药）后，大鼠连续 28 天进行口服治疗。通过测量体重变化、疾病活动指数（DAI）、结肠重量/长度

比及形态学评分评估疾病严重程度。检测血清及结肠组织中血液学参数、抗氧化酶（谷胱甘肽、超氧化物歧

化酶、过氧化氢酶）、一氧化氮（NO）、髓过氧化物酶（MPO）及炎症细胞因子（TNF-α、IL-1β、NF-κB、

IL-6、IL-12）水平。通过定量实时逆转录聚合酶链式反应（qRT-PCR）分析肿瘤坏死因子（TNF-α）、表皮

生长因子受体（EGFR）、信号转导和转录激活因子（STAT3）及 B 细胞淋巴瘤（Bcl-2）的基因表达，并通

过苏木素-伊红（HE）、吉萨姆染色、过碳酸-雪夫（PAS）染色评估结肠组织病理学变化。 结果  LC-MS 分

析在 LCEE 中鉴定出 13 种植物化学成分，HPTLC 分析证实熊果酸、京尼平苷及绿原酸的存在。网络药理学

筛选出 152 个潜在治疗靶点，其中 TNF、STAT3、Bcl-2、ALB 及 EGFR 为前 5 个核心靶点。分子对接显

示，LCEE 成分与关键炎症及凋亡靶点具有较强的结合亲和力：苷类化合物与 TNF-α（– 6.1 kcal/mol）、熊

果酸与 STAT3（– 6.8 kcal/mol）及 Bcl-2（– 8.7 kcal/mol）、线蓟素与 EGFR（– 8.2 kcal/mol），与 DEX 组

相当。结果显示，LCEE 治疗可显著增加体重及胸腺重量，降低结肠重量、脾脏重量及 DAI 评分。血液学参

数显示血红蛋白、红细胞及血小板计数显著升高，白细胞计数降低。抗氧化指标改善，谷胱甘肽、超氧化物

歧化酶及过氧化氢酶水平升高，丙二醛水平下降。与 TNBS 组相比，LCEE 可显著降低 NO 和 MPO 水平及

TNF-α、 IL-1β、NF-κB、 IL-6、 IL-12 等炎症因子水平。基因表达分析显示 LCEE 下调 TNF-α、EGFR 及

STAT3 表达，上调 Bcl-2 表达，表明其对炎症与凋亡通路的调控作用。组织病理学证实 LCEE 治疗后黏膜溃

疡及炎性细胞浸润减少。 结论  本研究结果表明，马缨丹可通过靶向 TNF-α/EGFR/STAT3/Bcl-2 信号通路缓

解溃疡性结肠炎，为其临床应用提供了研究依据。

【关键词】溃疡性结肠炎；马缨丹；三硝基苯磺酸；网络药理学；分子对接；炎症细胞因子
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