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Research Article
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Abstract: Inflammation is a key driver of immune responses; however, its dysregulation can lead to chronic diseases such
as inflammatory bowel disease (IBD). This study investigates the anti-inflammatory and antioxidant effects of Jiang-Huang-
Qing-Yan-Yin  (JHQYY),  a  multi-component  herbal  formula,  using  network  pharmacology,  molecular  docking  and  cellular
verification.  Network  pharmacology  identified  the  main  active  ingredients:  Tea  polyphenols,  vitamin  E,  vitamin  C  and
caffeine, as well as their associated targets in JHQYY, revealing 44 compounds and 850 potential targets. Among these, 64
common targets were identified between JHQYY and IBD. Protein-protein interaction (PPI) network analysis highlighted key
targets, including IL-6, TNF, ALB, and IL1B, which are critical in the pathogenesis of IBD. Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analyses identified significant inflammatory and immune regulatory
pathways,  particularly  the  NF-κB  and  IL-17  signaling  pathways.  Molecular  docking  further  confirmed  that  key  active
components, such as tea polyphenols and caffeine, exhibit strong interactions with inflammatory targets like TNF and ALB.
JHQYY displayed strong antioxidant activity, with the aqueous extract showing superior ABTS radical scavenging capacity,
while  the  alcohol  extract  demonstrated  higher  ferric-reducing  antioxidant  power  (FRAP).  Additionally,  the  cellular
experiments demonstrated that JHQYY exhibited low cytotoxicity in RAW264.7 macrophages, significantly inhibited lactate
dehydrogenase  (LDH)  release,  and  reduced  the  expression  levels  of  pro-inflammatory  cytokines  (IL-1β,  IL-6,  TNF-α)
induced  by  lipopolysaccharide  (LPS).  This  research  emphasizes  that  JHQYY  has  the  potential  to  act  as  a  natural  anti-
inflammatory substance and provides preliminary in vitro evidence supporting its anti-inflammatory potential relevant to IBD.
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 1    Introduction

Inflammation is a defense mechanism against infection, injury,
or  foreign  insults[1, 2],  primarily  mediated  by  immune  system
activation[3].  Key immune cells  (e.g.,  macrophages,  neutrophils,  T
cells)  drive  this  process  by  secreting  pro-inflammatory  cytokines
(TNF-α,  IL-1β,  IL-6),  which  clear  pathogens  and  initiate  tissue
repair[4].  However,  dysregulated  inflammation  may  cause  tissue
damage, contributing to diseases like inflammatory bowel disease
(IBD),  rheumatoid  arthritis,  and  sepsis[5].  As  pivotal  innate
immune  cells,  macrophages  detect  pathogens via pattern
recognition  receptors  (PRRs)[6].  For  instance,  TLR4  binding  by
lipopolysaccharide  (LPS)  activates  NF-κB  signaling,  amplifying
cytokine  production[7].  Thus,  modulating  this  axis  could  mitigate
inflammatory damage.

Traditional  nonsteroidal  anti-inflammatory  drugs  (NSAIDs)
and  corticosteroids,  while  demonstrating  significant  anti-
inflammatory  effects,  are  often  associated  with  severe  side  effects
such  as  gastrointestinal  damage,  immune  suppression,  and
metabolic disorders when used long-term[8, 9].  Traditional Chinese
medicine (TCM) herbal  formulations are  increasingly  recognized
for  their  anti-inflammatory  potential,  attributed  to  multi-
component  synergism[10].  Curcumin,  the  primary  bioactive
compound  in Curcuma  longa,  suppresses  pro-inflammatory
cytokine release via dual inhibition of NF-κB nuclear translocation
and  MAPK  phosphorylation[11-13].  Epigallocatechin  gallate
(EGCG), found in green tea, effectively reduces the production of
inflammatory  mediators  by  inhibiting  NF-κB  activation[14].
Glycyrrhizin,  a  compound  in  licorice,  exerts  anti-inflammatory
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effects by modulating the expression of cytokines such as TNF-α,
IL-6, and IL-1β[15]. Other studies have shown that Poria cocos can
reduce  the  production  of  inflammatory  factors  and  alleviate
inflammation-induced damage by inhibiting the NF-κB signaling
pathway,  as  well  as  repair  the  intestinal  barrier[16].
Cinnamaldehyde,  found  in  cinnamon,  reduces  IL-1β  release  by
inhibiting NLRP3 inflammasome activation[17, 18]. However, single-
herb  interventions  often  face  significant  clinical  limitations,  such
as  poor  oral  bioavailability  or  narrow  target  specificity,  which
limits  their  efficacy  in  complex  systemic  diseases  like  IBD.  In
contrast,  the  Jiang-Huang-Qing-Yan-Yin  (JHQYY)  formula
integrates  these  distinct  mechanisms—combining  the  metabolic
regulation  of  flavonoids  with  the  immune-suppressive  power  of
polyphenols—to create a "multi-target, multi-pathway" therapeutic
network. These natural active ingredients, through their combined
action,  may  offer  a  complementary  approach  for  modulating
inflammation.  However,  the specific  contribution and interaction
of  individual  components  within  this  formulation  remain  to  be
experimentally elucidated.

The  complexity  of  natural  bioactive  compounds  makes  it
challenging to fully elucidate their anti-inflammatory mechanisms
through  traditional  pharmacological  methods.  Network
pharmacology  integrates  systems  biology,  bioinformatics,  and
multi-omics approaches to map "drug-target-disease" interactions,
thereby deciphering the polypharmacology of natural compounds.
Studies  have  revealed  that Pueraria  lobata suppresses
inflammation via HSP90AA1-mediated  MAPK/mTOR/NF-κB
inhibition,  as  confirmed  by  network  analysis  and  wet-lab
validation[19].  Similarly,  allocryptopine  demonstrates  anti-
inflammatory  effects  in  a  dextran  sulfate  sodium-induced  mouse
model  by  targeting  the  CX3CL1-CX3CR1  axis/GNB5/AKT/NF-
κB/apoptosis  pathway[20].  Moreover,  network  pharmacology  can
be  employed  to  optimize  the  formulation  of  TCM  compounds,
analyzing  the  synergistic  effects  of  different  ingredients  to  screen
the  best  combinations  for  enhancing  anti-inflammatory  effects.
The integration of network pharmacology and molecular docking
can identify potential drug targets. For example, bipyridyl ketone,
through  network  pharmacology  and  molecular  docking  analysis,
may  regulate  multiple  signaling  pathways  to  treat  IBD[21].
Similarly,  the  lipophilic  fraction  of Liriope  platyphylla seeds  has
demonstrated  antioxidant  and  anti-inflammatory  potential  by
modulating  targets  such  as  NFKB1,  PTGS1,  and  PTGS2[22].  The
combination  of  network  pharmacology  and  molecular  docking
also  shows  great  potential  in  TCM  anti-inflammatory  research.
For  instance,  the  Juanbi  formula  has  been  shown to  alleviate  the
inflammatory  response  in  rheumatoid  arthritis  by  inhibiting  the
AP-1 and NF-κB signaling pathways[23]. Therefore, the integration
of  network  pharmacology  and  molecular  docking  techniques
holds significant application value in anti-inflammatory research.

This  study  employed  network  pharmacology  and  molecular
docking  to  construct  a  component-target-disease  network  for
herbal  compounds  containing Curcuma  longa L.  (Jianghuang),
Camellia sinensis (L.) Kuntze (Lücha), Glycyrrhiza uralensis Fisch.
ex  DC.  (Gancao), Wolfiporia  cocos (Fuling), and  Cinnamomum
cassia (L.)  J.Presl  (Rougui).  This  approach  aimed  to  identify  key
anti-inflammatory  targets  and  pathways,  elucidating  the  anti-
inflammatory mechanism of the active compounds. Additionally,
cytotoxicity  effects  of  the  JHQYY  compound  on  RAW264.7
macrophages  were  assessed,  along  with  lactate  dehydrogenase
(LDH)  release  levels.  The  anti-inflammatory  effect  of  the
compound  was  evaluated  by  measuring  the  release  of
inflammatory  cytokines  in  LPS-induced  RAW264.7  cells.  This

study  provides  a  new  research  direction  for  the  development  of
natural  anti-inflammatory  compounds  to  alleviate  inflammatory
responses.

 2    Materials and methods

 2.1    Identification  of  active  chemical  composition  and
molecular targets of JHQYY

The JHQYY, including Jianghuang, Lücha, Rougui, Fuling and
Gancao  (used  as  search  keywords  here),  was  imported  into  the
Traditional  Chinese  Medicine  Systems  Pharmacology  Database
and  Analysis  Platform  (TCMSP)  (https://tcmspw.com/tcmsp.
php)[24] and  HERB  (http://herb.ac.cn/).  To  identify  compounds
with high oral bioavailability and drug similarity, compounds with
an oral bioavailability (OB) ≥ 30% and drug-likeness (DL) ≥ 0.18
were  selected[25].  Given  the  considerable  number  of  Gancao
compounds  that  met  these  criteria  and  the  limited  number  for
Rougui,  the  screening  parameters  for  these  two  herbs  were
modified.  Targets  corresponding  to  these  compounds  were
obtained from the TCMSP and HERB databases.

 2.2    Prediction of targets for IBD
Using  IBD  as  the  search  term,  relevant  targets  were  retrieved

from  the  human  gene  databases,  GeneCards,  (https://www.
genecards.org/)[26] and MalaCards (https://www.malacards.org/)[27].
Following  this,  the  common  targets  with  JHQYY  and  IBD  were
determined using Venny 2.1.0.

 2.3    Construction of PPI network
A  protein–protein  interaction  (PPI)  network  of  potential

accommodative targets was generated and initially analyzed using
STRING 12.0 (https://cn.string-db.org/)[28]. Species were limited to
"Homo sapiens"  with  a  minimum interaction  score  exceeding  0.4
(highest  confidence  level).  Upon  the  establishment  of  the  PPI
network,  the  results  were  imported  into  Cytoscape  for  further
visualization.

 2.4    Enrichment analysis
To explore the key signaling pathways and biological processes

of  JHQYY  in  the  regulation  of  IBD,  Gene  Ontology  (GO)  and
Kyoto  Encyclopedia  of  Genes  and  Genomes  (KEGG)  pathway
enrichment  analyses  were  performed  using  STRING  12.0
(https://cn.string-db.org/)[28].  GO  functional  annotation  analysis
was  conducted  to  categorize  the  genes  into  biological  processes,
molecular  functions,  and  cellular  components  (CCs).  KEGG
pathway  enrichment  analysis  was  subsequently  performed  to
identify  the  primary  pathways  associated  with  these  genes.  The
integration  of  GO  and  KEGG  enrichment  analyses  offers
functional  insights  into  a  large  number  of  genes  from  a  broader
perspective, facilitating the identification of drug-disease signaling
pathways and potential therapeutic targets for IBD.

 2.5    Molecular docking
Molecular  docking  was  adopted via AutoDock  Vina[29] to

further clarify the link between active components and key genes
and to access  the intensity  and mode of  interaction.  The top few
JHQYY compounds with the most potential  to regulate IBD and
predicted  targets  were  selected  for  molecular  docking.  The
proteins were discarded off water and added with polar hydrogens
and demanded charges via AutoDock Tools. Then the minimum
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binding  energy  was  searched via Autodock  Vina.  Generally,  a
negative value of binding energy represents a stable level of ligand
binding to the receptor. The binding effect is better when the score
is higher.

 2.6    Molecular dynamics (MD) simulation
To validate  the  dynamic  stability  of  the  caffeine-ALB complex

predicted by molecular docking, a 100 ns all-atom MD simulation
was  performed  using  GROMACS  2023.3.  The  ALB  crystal
structure (PDB: 1AO6, Chain A) was prepared by removing water
molecules and heteroatoms. Protein topology was generated with
the AMBER99SB-ILDN force field,  and caffeine parameters were
assigned  using  GAFF2/ACPYPE with  AM1-BCC partial  charges.
The system was solvated in a TIP3P water box (1.0 nm padding)
and  neutralized  with  0.15  mol/L  NaCl.  Energy  minimization
(steepest descent) was followed by NVT (100 ps, 300 K, V-rescale)
and  NPT  (100  ps,  1  bar,  Parrinello-Rahman)  equilibration  with
positional  restraints  on heavy atoms.  The 100 ns  production run
used  a  2  fs  time  step,  PME  electrostatics,  and  a  1.0  nm  van  der
Waals  cutoff.  Backbone  RMSD,  per-residue  RMSF,  number  of
intermolecular  contacts,  and  minimum  ligand-protein  distance
were  calculated  using  built-in  GROMACS  tools.  The  final  50  ns
were used for equilibrium analysis.

 2.7    In silico metabolic profiling
To  assess  the  metabolic  fate  of  key  JHQYY  bioactive

compounds, in  silico metabolic  profiling  was  performed  using
BioTransformer  3.0  (https://biotransformer.ca),  which  predicts
human  Phase  I  and  Phase  II  metabolic  reactions  based  on
experimentally  validated  enzyme  knowledge  bases.  Three
representative  compounds,  including  caffeine,  cinnamaldehyde,
and  curcumin  were  submitted  as  SMILES  strings,  and  the
predicted metabolites, metabolic enzymes, and reaction types were
exported for analysis.

 2.8    Extraction of JHQYY bioactives
Based on the TCM principle of "Jun-Chen-Zuo-Shi" (Monarch-

Minister-Assistant-Guide)  to  optimize  synergistic  efficacy,  the
JHQYY, including Jianghuang, Lücha, Rougui, Fuling and Gancao
was  mixed  in  a  weight  ratio  of  3:2:2:2:1.  The  formulation  was
ground  into  a  fine  powder  and  soaked  in  either  70%  ethanol  or
distilled water at ambient temperature for 12 h. Ultrasonic-assisted
extraction (UAE) was conducted based on the protocol reported by
Liu et  al.[30].  To ensure  the  preservation of  thermolabile  bioactive
components  identified in  silico and  the  reproducibility  of  the
chemical  profile,  a  standardized  UAE  protocol  was  employed[31].
Extraction was performed at 40 °C for 80 min using an ultrasonic
cleaner  working  at  a  frequency  of  40  kHz  and  power  of  300  W
with a solid-to-liquid ratio of 1:15. These specific parameters were
selected  based  on  optimized  yields  for  heat-sensitive  polyphenols
and  polysaccharides  reported  in  the  literature,  ensuring  efficient
mass  transfer  while  preventing  the  thermal  degradation  of  active
constituents.  The resulting solution was filtered and subsequently
subjected to vacuum freeze-drying at −50 °C for 72 h to obtain the
final powder.

 2.9    Determination of antioxidant capacity

 2.9.1    ABTS assay

In  the  ABTS  assays,  the  samples  were  evaluated  at  five
concentration  levels:  0.01,  0.1,  1,  2.5,  5,  and  10  mg/mL.  For  data
analysis,  all  concentrations  were  logarithmically  transformed  and

applied to plot dose-response curves to assess antioxidant activity
trends.  The  ABTS+ (2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulfonic  acid)  radical  scavenging  activity  was  assessed  following
the  protocol  established  by  Binsan et  al.[32] A  stock  solution
comprising  7  mmol/L  ABTS  and  2.45  mmol/L  potassium
persulfate (K2S2O8) was prepared by combining equal amounts of
both  reagents.  The  mixture  was  kept  in  the  dark  at  ambient
temperature for 12–16 h to generate ABTS+ radicals. The solution
was  then  diluted  with  anhydrous  ethanol  until  its  absorbance
reached 1.4 ± 0.02 at 405 nm. For the assay, 10 μL of the sample
was  mixed  with  200  μL  of  the  diluted  ABTS+ working  solution.
The  reaction  mixture  was  incubated  in  the  dark  at  room
temperature  for  2–6  min.  The  ABTS+ scavenging  rate  (%)  was
determined using the following formula:

ABTS radical scavenging rate (%) =

(
1− A1−A2

A0

)
× 100%

In  the  formula, A1 represents  the  absorbance  of  10  μL  of  the
extraction sample mixed with 200 μL of  ABTS working solution,
followed by a 20-min reaction at room temperature in the dark. A0
is the absorbance of 10 μL of distilled water mixed with 200 μL of
ABTS  solution. A2 is  the  absorbance  of  200  μL  of  distilled  water
mixed with 10 μL of the sample.

 2.9.2    DPPH assay
In  the  1,1-diphenyl-2-picrylhydrazyl  (DPPH)  assays,  the

samples  were  tested  at  five  concentration gradients:  0.1,  1,  2.5,  5,
10,  and  20  mg/mL.  The  IC50 (half-maximal  inhibitory
concentration)  values  were  calculated  using  nonlinear  regression
analysis. The DPPH radical scavenging activity was determined as
described  in  Alzagameem et  al[33].  A  0.2  mmol/L  DPPH solution
was prepared in anhydrous ethanol.  For  the assay,  2.9  mL of  the
DPPH solution was mixed with 0.1 mL of the test sample in a 10
mL test tube. The mixture was vortexed thoroughly and incubated
at  room  temperature  for  30  min.  The  absorbance  (A1)  was
measured  at  517  nm  using  a  spectrophotometer.  A  control
experiment was conducted by replacing the sample solution with
0.1 mL distilled water to obtain the absorbance (A0). Additionally,
the  absorbance  of  0.1  mL  of  the  sample  solution  mixed  with
2.9  mL  anhydrous  ethanol  was  measured  at  517  nm  as A2.  The
DPPH  radical  scavenging  rate  (%)  was  calculated  using  the
following formula:

DPPH radical scavenging rate (%) =

(
1− A1−A2

A0

)
× 100%

 2.9.3    FRAP assay

To  determine  the  antioxidant  index  using  the  ferric-reducing
antioxidant  power  (FRAP)  assay,  the  samples  were  tested  at
concentrations  of  1,  2,  5,  8,  and  10  mg/mL.  The  assay  was
conducted following the method described by Yang et al[34].  First,
the  following  solutions  were  prepared:  Trolox  standard,
300 mmol/L acetate buffer (24.6 g of  sodium acetate dissolved in
700  mL  ultrapure  water,  pH  adjusted  to  3.6  with  acetic  acid),
10  mmol/L  TPTZ,  and  20  mmol/L  ferric  chloride.  The  working
solution was made by mixing these solutions in a 10:1:1 ratio just
before  use.  For  total  antioxidant  capacity  determination,  FeSO4
was  used  as  the  standard,  and  a  calibration  curve  was  generated
using FeSO4 solutions in distilled water at six concentrations (0.15,
0.3,  0.6,  0.9,  1.2,  and  1.5  mmol/L).  The  assay  was  performed  in
96-well  microplates,  with  each  well  receiving  180  µL  of  freshly
prepared FRAP working solution. Then, 5 µL aliquots were added
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according to  the experimental  design:  (a)  blank controls  received
distilled water, (b) standard curve wells contained FeSO4 solutions,
and  (c)  sample  wells  contained  test  samples  or  0.15–1.5  mmol/L
Trolox as the positive control. The mixture was incubated at 37 °C
for 3–5 min, and the absorbance was measured at 593 nm. Total
antioxidant  capacity  was  calculated  using  the  standard  curve.
Samples  outside  the  standard  curve  range  were  diluted  before
measurement. The actual absorbance was obtained by subtracting
the blank value from the measured absorbance.

 2.10    Cell culture
RAW264.7 macrophages were purchased from American Type

Culture Collection (ATCC, Cat# TIB-71). The cells were cultured
in DMEM medium (Gibco,  California,  USA) supplemented with
10%  fetal  bovine  serum  (FBS)  and  maintained  in  a  humidified
incubator  at  37  °C  with  5%  CO2.  When  cell  confluence  reached
80%–90%, subculturing was performed.

 2.11    Cytotoxicity assay
To  evaluate  the  cytotoxicity  of  the  compound  formula  on

RAW264.7  cells,  the  3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium  bromide  (MTT)  assay  was  performed.
RAW264.7 cells were seeded into 96-well plates at a density of 5 ×
104 cells/well and incubated overnight. The cells were then treated
with the anti-inflammatory compound at concentrations of 1, 2, 4,
and  8   mg/mL  for  3  h.  After  treatment,  the  supernatant  was
removed, and 10   μL of MTT solution along with 90   μL of fresh
medium  was  added  to  each  well,  followed  by  a  4-h  incubation.
Subsequently,  the  supernatant  was  discarded,  and  110   μL  of
formazan solvent  was added to each well.  The plates  were gently
shaken  at  low  speed  for  10  min  to  fully  dissolve  the  formazan
crystals. Absorbance was measured at 490   nm using a microplate
reader. All samples were tested in triplicate.

The concentration range used in the in vitro assays was selected
as a preliminary screening scope to evaluate the cytocompatibility
and  anti-inflammatory  activity  of  the  JHQYY  extract  in
RAW264.7  macrophages.  Based  on  the  MTT  results,  1  and
2 mg/mL, which showed no apparent cytotoxicity, were chosen as
the working concentrations for subsequent functional assays.

 2.12    LDH release assay
LDH  release  was  measured  using  an  LDH  Cytotoxicity  Assay

Kit  (Beyotime,  China).  RAW264.7  cells  were  seeded  into  24-well
plates at a density of 2 × 105 cells/well and incubated overnight at
37 °C in a humidified atmosphere with 5% CO2. The freeze-dried
JHQYY powder was dissolved in sterile distilled water to prepare a
stock  solution  and  filtered  through  a  0.22  μm  membrane.  This
stock  solution  was  subsequently  diluted  with  serum-free  DMEM
to  obtain  the  final  working  concentrations.  The  cells  were  then
treated  with  the  anti-inflammatory  compound  at  concentrations
of 1 and 2 mg/mL for 3 h. Following treatment, 10  μL of LPS was
added to each well to achieve a final concentration of 100  ng/mL,
and  the  cells  were  incubated  for  an  additional  3  h.  The  culture
supernatant was then transferred to a new 96-well plate, and 60 μL
of LDH detection working solution was added to each well. After
mixing,  the  plate  was  gently  shaken  at  low  speed  for  30  min  at
room temperature  in  the  dark.  The  absorbance  was  measured  at
495  nm, with 600  nm as the reference wavelength.

 2.13    RNA extraction and qRT-PCR analysis
RAW264.7  macrophages  (2  ×  105 cells/well)  were  seeded  in  a

96-well  plate  and  cultured  overnight.  The  cells  were  treated  with
different concentrations  (1,  2   mg/mL)  of  the  anti-inflammatory
compound  for  3  h.  Afterward,  the  cells  were  stimulated  with
LPS  (100   ng/mL)  for  an  additional  3  h.  Total  RNA  was
extracted using the FastPure® Cell/Tissue Total RNA Isolation Kit
(Vazyme,  Nanjing,  China)  according  to  the  manufacturer’s
instructions.  cDNA  was  synthesized  using  HiScript® III  RT
SuperMix  for  qPCR  reagents.  Quantitative  real-time  PCR
(qRT-PCR) was performed using the AceQ Universal SYBR qPCR
Master  Mix  (Vazyme)  on  a  Q1000  Real-Time  PCR  System
(LongGene,  Hangzhou,  China)  to  detect  the  mRNA  expression
levels  of  the  cytokines TNF-α, IL-1β, IL-6, p65, CAT,  and SOD1.
The 20  μL reaction mixture consisted of 10  μL 2 × SYBR Premix
Ex  Taq  II,  0.4   μL of  both  forward  and  reverse  primers,  6.7    μL
ddH2O, and 2.5  μL of  diluted cDNA. The PCR program was as
follows:  Initial  denaturation  at  95  °C  for  5  min,  followed  by
40  cycles  of  95  °C  for  10  s  and  60  °C  for  30  s.  The  primers  for
qRT-PCR  were  synthesized  by  GenScript  (Nanjing,  China),  and
the primer sequences are listed in Table 1.  Relative mRNA levels
were  normalized  to  the  internal  reference  gene GAPDH and
calculated using the 2−ΔΔCt method.

 2.14    Statistical analysis
The  experimental  data  in  this  study  are  presented  as  mean  ±

standard  deviation  (mean  ±  SD).  Statistical  analysis  was
performed  using  GraphPad  Prism  9.0  software.  Statistical
significance was determined based on the following criteria: *P <
0.05, **P < 0.01, ***P < 0.001, and the corresponding annotations
are provided in the relevant figures.

 3    Results and discussion

 3.1    Construction  of  the  compound-target  network  of
JHQYY in relation to IBD

A  total  of  44  compounds  and  850  potential  related  targets  in
JHQYY  were  identified  using  the  TCMSP  and  HERB  database.
The  compounds  included  3  types  in  Jianghuang,  10  types  in
Lücha,  10  types  in  Rougui,  6  types  in  Fuling,  and  15  types  in
Gancao. Then totally 292 genes associated with IBD were obtained
by  integrating  data  from  MalaCards  and  GeneCards.  Among
them, 195 targets were identified the genecards whose relevance is
greater  than  50.  From  malacards,  145  targets  with  score  greater
than or equal to 100 were selected. After constructing herb disease
intersection using  Venny 2.1.0,  64  intersection targets  of  JHQYY
and  IBD  were  obtained  (Fig. 1A).  The  active  compound-target
network  diagram  (Fig. 1B)  was  drawn  after  inputting  the  active
compounds  and  common  targets  into  Cytoscape  3.9.1.  The
network consists of 113 nodes and 186 edges,  with Lücha having
the largest number of edges (97), followed by Gancao and Rougui,
which  indicates  that  they  play  an  integral  role  in  the  whole
compound.  Preliminary  analysis  of  the  network  indicates  a  close
relationship between the active ingredients in the compounds and
their  targets,  and these  three  TCM raw materials  potentially  play
the most significant role in the polyherbal formulation.

 3.2    Effective compounds in JHQYY for IBD
Using the degree values from Cytoscape analysis of JHQYY, the

top four components linked to the disease targets were determined
(Table 2),  which were tea polyphenols,  vitamin C, vitamin E and
caffeine.
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Studies  have  shown  that  polyphenols  from  green  tea  have
potent antioxidant properties, it can also regulate the expression of
TLR4  through  certain  receptors,  inhibit  the  activation  of  NF-κB
signaling  pathway,  and  the  expression  of  cytokines  and  the
synthesis  of  COX-2,  thereby  inhibiting  LPS-mediated  TNF-α
production[35].  Wu et  al.  showed  in  animal  experiments  both  tea
polysaccharides  and  tea  polyphenols  are  promising  in  the
treatment  of  IBD.  Tea  polysaccharides  together  with  tea

polyphenols  had  greater  effects  on  alleviating  colitis  and
promoting  intestinal  barrier  function[36].  While  these  single-
component  studies  demonstrate  efficacy,  they  often  require  high
doses  to  achieve  therapeutic  levels.  JHQYY  features  a  multi-
component  antioxidant  system  that  combines  diverse  radical-
scavenging  mechanisms.  Unlike  single  supplementation  with
vitamin  C  or  E,  JHQYY  combines  the  hydrophilic  radical
scavenging  of  vitamin  C[37] with  the  lipophilic  protection  of
vitamin E[38] and Tea Polyphenols. Potential mechanisms by which
vitamin  E  plays  a  role  in  the  prevention  and  treatment  of  IBD
include  improving  oxidative  damage,  enhancing  immunity,
maintaining  intestinal  barrier  integrity,  inhibiting  inflammatory
cytokines,  regulating  gut  microbiota,  and  other  relevant  factors.
This  systematic  integration  suggests  that  JHQYY  functions  as  a
coordinated therapeutic formulation rather than a simple mixture,
offering  a  broader  spectrum  of  oxidative  protection  and
inflammatory  inhibition  than  previously  reported  single-herb
formulations.

 3.3    PPI  network  analysis  of  main  targets  in  JHQYY
related with IBD

To  identify  the  potential  mechanisms  of  JHQYY  against  IBD,
PPI  was  used  to  analyze  the  correlations  of  JHQYY  with  the
targets  of  inflammation.  Totally  64  potential  regulatory  targets
were identified (Fig. 1). The 64 shared targets between the JHQYY
and  IBD  were  input  into  STRING  12.0  to  construct  a  PPI
network.  The  resulting  PPI  data  were  imported  into  Cytoscape
3.9.1  to  generate  a  comprehensive  target  interaction  network
diagram (Fig. 2).  After MCODE analysis,  these intersecting genes
form  a  complete  cluster.  The  closeness  of  their  relationship  is
represented  by  color,  and  a  redder  color  reflects  a  higher
correlation.

TNF  inhibitors  have  been  increasingly  used  in  IBD
management[39], as TNF-α plays a central role in the inflammatory
process  by  promoting  the  production  of  cytokines  such  as  IL-1β
and  IL-6[40].  The  JHQYY  formula  is  characterized  by  a  multi-
component  composition  that  engages  multiple  targets  within  the
inflammatory  network,  as  demonstrated  by  our  network
pharmacology analysis.  Unlike  single-target  biological  agents  that

 

Table 1    Primer sequences used for the quantitative real-time PCR

Primers Sequence (5'-3') Product size (bp) Accession no.
GAPDH-F AACTTTGGCATTGTGGAAGG

223 NM_001289726.2
GAPDH-R ACACATTGGGGGTAGGAACA

IL-1β-F GCCCATCCTCTGTGACTCAT
230 NM_008361.4

IL-1β-R AGGCCACAGGTATTTTGTCG

TNF-α-F AGCCCCCAGTCTGTATCCTT
212 NM_013693.3

TNF-α-R CTCCCTTTGCAGAACTCAGG

IL-6-F AGTTGCCTTCTTGGGACTGA
159 NM_031168.2

IL-6-R TCCACGATTTCCCAGAGAAC

IL-10-F CCAAGCCTTATCGGAAATGA
162 NM_010548.2

IL-10-R TTTTCACAGGGGAGAAATCG

p65-F CACCGGATTGAAGAGAAGCG
194 NM_009045.5

p65-R AAGTTGATGGTGCTGAGGGA

CAT-F TGGGACCCAACTATCTGCAG
248 NM_009804.2

CAT-R TGTGTAGAATGTCCGCACCT

SOD1-F AACCATCCACTTCGAGCAGA
203 NM_011434.2

SOD1-R GGTCTCCAACATGCCTCTCT

 

Figure 1    The common targets between JHQYY and IBD, and their network of
active ingredients. (A) Possible targets of JHQYY and IBD were obtained from
the  database,  and  64  intersection  targets  were  obtained  from  Venny  (B)
Network of active ingredients of JHQYY and 64 intersection targets.
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block  a  specific  receptor,  the  formulation  contains  compounds
predicted  to  interact  with  distinct  nodes  in  the  PPI  network.  It
should be noted that while these interactions suggest the potential
for  coordinated  multi-target  regulation,  the  actual  synergistic  or
additive  nature  of  these  interactions  requires  future  experimental
validation  using  single-component  control  groups.  Regarding
ALB,  although  it  is  a  major  plasma  carrier  protein  synthesized
predominantly by hepatocytes[41], the present study did not include
dedicated  binding  assays  or  pharmacokinetic  experiments  to

validate  the  functional  significance  of  the  docking-predicted
caffeine–ALB  interaction.  Moreover,  our  additional  qRT-PCR
assessment  showed  that  ALB  expression  in  RAW264.7
macrophages  was  extremely  low,  with  Ct  values  generally  above
37,  indicating  that  this  cell  model  is  not  suitable  for  mechanistic
evaluation of ALB-related effects. Therefore, ALB is discussed only
as  a  network-associated  factor  and  a  docking-predicted  potential
binding-related  molecule,  rather  than  as  a  functionally  validated
mechanistic mediator.

 

Table 2    Compounds in the ingredient-target netwok of JHQYY (top 4)

Active compound MOL ID Molecular formula 2D structure Degree

Tea polyphenols HBIN045822 C22H18O11 49

Vitamin E HBIN048051 C29H50O2 11

Vitamin C HBIN048047 C6H8O6 11

Caffeine HBIN019307 C8H10N4O2 10

 

Figure 2    PPI  network  of  intersection  targets  of  JHQYY  and  IBD.  A  larger  area  represents  bigger  nodes,  while  a  red  hue  signifies  stronger  association,  whereas  a
lighter shade indicates weaker association. The core targets are located within the inner circle.
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 3.4    GO and KEGG pathway enrichment analyses
GO  enrichment  analysis  was  performed  using  the  STRING

database,  followed  by  the  analysis  of  target  proteins.  A  total  of
1,329  significant  GO  terms  were  identified,  comprising  1,224
biological  processes  (BPs),  56  CCs,  and  49  molecular  functions
(MFs). Additionally, 121 enriched KEGG signaling pathways were
identified, and the top 10 GO and KEGG terms for each category
were ranked by count value (Fig. 3).

GO  biological  process  (BP)  analysis  indicated  that  the
regulatory  effects  of  JHQYY  may  be  mediated  through
inflammatory response, response to mechanical stimulus, positive
regulation of cytokine production, and regulation of inflammatory
response, among other processes that influence the inflammatory
microenvironment  of  IBD  (Fig. 3A).  These  biological  processes

are  closely  associated  with  the  pathological  mechanisms  of  IBD,
suggesting  that  JHQYY  may  contribute  to  intestinal  immune
homeostasis  by modulating excessive inflammation or enhancing
anti-inflammatory  responses,  thereby  alleviating  IBD  symptoms.
GO  molecular  function  (MF)  enrichment  analysis  revealed  that
the  target  proteins  of  JHQYY  were  significantly  enriched  in
cytokine  receptor  binding,  cytokine  activity,  signaling  receptor
activator  activity,  receptor-ligand  activity,  signaling  receptor
binding,  and  tumor  necrosis  factor  receptor  superfamily  binding
(Fig. 3B).  The  enrichment  of  these  molecular  functions  suggests
that JHQYY may influence immune cell signaling and the release
of  inflammatory  mediators  by  regulating  cytokine  receptor
interactions,  thereby  modulating  the  inflammatory  cascade  in
IBD.  GO  cellular  component  (CC)  analysis  indicated  that  the

 

Figure 3    The GO and KEGG analyses reveal that JHQYY targets pathways involved in inflammation, immune response, and inflammatory bowel disease. (A) GO
BP  enrichment  analysis.  (B)  GO  MF  enrichment  analysis.  (C)  GO  CC  enrichment  analysis.  (D)  KEGG  pathway  enrichment  analysis.  (E)  Diagrams  of  the  IBD
signaling pathway. Emphasizing the target shared by both JHQYY and IBD, depicted in pink.
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targets of JHQYY were primarily localized in the membrane raft,
cell  surface,  external side of the plasma membrane, and secretory
granules,  among  other  CCs  (Fig. 3C).  GO  functional  analysis
suggests  that  these  target  proteins,  which  mediate  the  regulatory
effects of the JHQYY formula on IBD, are associated with multiple
biological processes and molecular functions.

Enrichment analysis of the KEGG signaling pathway indicated
that  JHQYY  targets  the  IBD  pathway,  IL-17  signaling  pathway,
AGE-RAGE  signaling  pathway  (associated  with  diabetic
complications), and multiple infection-related signaling pathways,
including  malaria,  leishmaniasis,  Chagas  disease,  toxoplasmosis,
measles, hepatitis B, and influenza A (Fig. 3D). The enrichment of
the  IBD  pathway  suggests  that  JHQYY  may  be  involved  in
IBD-related  inflammatory  and  immune  regulatory  mechanisms,
particularly in the modulation of pro-inflammatory factors such as
TNF-α,  IL-1β,  and  IL-6.  Given  the  critical  role  of  IL-17  in  the
immunopathological  processes  of  IBD,  the  enrichment  of  this
pathway  further  implies  that  JHQYY  may  influence  immune
dysregulation  in  IBD  by  modulating  the  inflammatory  response
mediated by Th17 cells[42].

The TCM formula JHQYY may regulate IBD through multiple
pathways,  primarily  by  modulating  key  inflammatory  targets.
Based  on  KEGG  pathway  analysis[43],  the  identified  targets
associated  with  this  formula  are  predominantly  involved  in
immune  signaling  cascades,  including  the  NF-κB  pathway,
Th1/Th17  cell  differentiation,  regulatory  T  cell  (Treg)  function,
and  intestinal  epithelial  integrity  (Fig. 3E).  While  the  NF-κB
signaling  pathway  is  a  shared  mechanism  among  many
anti-inflammatory  agents,  a  notable  feature  of  JHQYY  is  the
predicted dual-targeting interaction identified in our network and
docking analysis. The network and docking analysis suggests that
JHQYY may simultaneously engage targets related to the cytokine-
mediated  inflammatory  response  (TNF via tea  polyphenols)  and
systemic  homeostasis  markers  (ALB via caffeine).  Whether  this

predicted  multi-target  engagement  translates  into  a  genuine
therapeutic advantage over single-component treatments warrants
further  investigation with appropriate  experimental  controls.  The
NF-κB signaling pathway plays a pivotal role in IBD pathogenesis
by  promoting  the  transcription  of  pro-inflammatory  cytokines
such  as  TNF-α,  IL-6,  and  IL-1β[44].  Therefore,  the  therapeutic
advantage  of  JHQYY  is  not  merely  in  suppressing  a  common
pathway,  but  in  the  coordinated  contribution  of  specific  high-
affinity components to a broader regulatory network.

As a key inflammatory mediator in IBD, TNF-α contributes to
epithelial  barrier  dysfunction  and  immune  cell  infiltration[40].
Targeting  TNF-α  is  a  well-established  therapeutic  approach  for
IBD,  and  bioactive  compounds  in  JHQYY  may  mitigate
inflammation by reducing TNF-α levels.

 3.5    IBD core targets of JHQYY using molecular docking
models

In  order  to  investigate  the  regulatory  mechanism  of  JHQYY
against  IBD  and  investigate  the  potential  binding  pattern  and
degree of binding to key targets, we conducted molecular docking
of  key  compounds  in  JHQYY  and  core  targets  associated  with
IBD. It  is  widely recognized that  lower binding energy signifies  a
more  stable  ligand-receptor  interaction,  implying  a  higher
likelihood  of  the  chemical  engaging  with  the  protein.  To  ensure
reproducibility,  docking simulations were performed in triplicate.
The results demonstrated that the mean binding energies for Tea
Polyphenols-TNF  and  Caffeine-ALB  were −5.71  ±  0.13  kcal/mol
and −5.25 ± 0.12 kcal/mol, respectively (Fig. 4).

Caffeine  interacts  with  TYR-138  and  ARG-186 via hydrogen
bonding to  form a  stable  bond (Fig. 5A).  ALB is  a  major  plasma
carrier protein, and the predicted interaction between caffeine and
ALB in the docking analysis should currently be regarded only as
a  potential  binding  possibility  rather  than  evidence  of  altered

 

Figure 4    Molecular docking heat maps of the first four targets in the PPI network and the first four active components of JHQYY. The redder the color, the lower the
binding energy and the closer the binding degree.
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stability,  metabolism,  or  bioavailability.  Tea  polyphenols  form
multi-point  interaction  with  ARG-98,  GLN-102,  ASN-112,
PRO-100,  GLU-116  and  other  amino  acid  residues  through
hydrogen  bonding,  and  the  binding  pocket  is  deep,  indicating
strong  affinity  (Fig. 5B).  Although  caffeine  can  bind  to  TNF,  the
action site is limited, and the effect of inhibiting TNF may not be
as  significant  as  tea  polyphenols  (Fig. 5C).  Therefore,  from  the
perspective  of  molecular  docking,  tea  polyphenols  may  represent
an  active  component  with  greater  direct  anti-inflammatory
potential  in  JHQYY,  whereas  the  biological  significance  of  the
predicted  caffeine–ALB interaction  remains  unclear  and  requires
dedicated biochemical and pharmacokinetic validation.

 3.6    MD  simulation  confirms  stable  caffeine-ALB
binding

To evaluate whether the caffeine-ALB interaction predicted by
molecular docking is maintained under physiological conditions, a
100  ns  all-atom  MD  simulation  was  performed,  and  four

metrics—backbone  RMSD,  per-residue  RMSF,  intermolecular
contact  number,  and  minimum  ligand-protein  distance—were
monitored over the trajectory (Fig. 6).

The  system  reached  equilibrium  at  approximately  25–30  ns,
after  which  the  backbone  RMSD  of  ALB  plateaued  at  0.306  ±
0.025 nm for the remainder of the simulation (Fig. 6A), indicating
that  caffeine  binding  did  not  induce  large-scale  conformational
changes  in  the  protein.  RMSF  analysis  further  showed  that  the
binding  pocket  residues  TYR-138  and  ARG-186,  which  form
hydrogen  bonds  with  caffeine  in  the  docked  pose,  exhibited  low
positional  fluctuation  (~0.10  nm)  compared  to  the  flexible  loop
regions  (Fig. 6B),  suggesting  that  the  local  binding  environment
remained structurally rigid throughout the simulation. Consistent
with this, the number of intermolecular contacts between caffeine
and ALB was maintained at a stable average of approximately 140
with  no  prolonged  dissociation  events  (Fig. 6C),  and  the
minimum  ligand-protein  distance  remained  at  ~2.4  Å  (Fig. 6D),
well  within  the  range  of  direct  van  der  Waals  contact  and

 

Figure 5    Molecular docking models of JHQYY with IBD core targets. (A) ALB and caffeine. (B) TNF and tea polyphenols. (C) TNF and caffeine.
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hydrogen bonding.
Taken  together,  these  results  indicate  that  the  docking-

predicted  caffeine-ALB interaction  is  computationally  stable  over
the  100  ns  timescale.  It  should  be  noted,  however,  that
computational  binding  stability  does  not  directly  imply
pharmacokinetic consequences such as altered plasma half-life or
tissue  distribution.  Experimental  validation  through  binding
assays  or in  vivo pharmacokinetic  studies  would  be  necessary  to
determine the functional significance of this interaction.

 3.7    In  Silico  metabolic  profiling  supports  the
pharmacokinetic plausibility of JHQYY

To address the translational gap between in vitro concentrations
and in  vivo relevance,  BioTransformer  3.0  was  employed  to
predict the human metabolic fate of three key JHQYY compounds

(Table  3).  Caffeine  was  predicted  to  undergo N-demethylation
primarily via CYP1A2  and  CYP2D6,  generating  paraxanthine,
theobromine, and theophylline as major Phase I metabolites, all of
which  are  pharmacologically  active  methylxanthines  with
documented  anti-inflammatory  properties.  Cinnamaldehyde  was
predicted  to  be  rapidly  metabolized via aldehyde  oxidation  to
cinnamic acid and via reduction to cinnamyl alcohol, followed by
Phase  II  conjugation  including  GSH  conjugation  and  glycine
conjugation, consistent with its known electrophilic reactivity and
rapid  first-pass  metabolism.  Curcumin  exhibited  the  most
complex  metabolic  profile,  with  208  predicted  metabolites
encompassing  carbonyl  reduction, β-diketone  hydrolysis  to  yield
ferulic  acid  (a  bioactive  phenolic  acid), O-demethylation,  and
extensive  Phase  II  glucuronidation.  This  is  consistent  with  the
widely  reported  poor  oral  bioavailability  of  curcumin  and  its
dependence on metabolite-mediated bioactivity.

 

Figure 6    Molecular  dynamics  simulation  of  the  caffeine-ALB  complex  over  100  ns.  (A)  Backbone  RMSD;  the  red  dashed  line  indicates  the  equilibrium  average
(0.306  ±  0.025  nm,  50–100  ns).  (B)  Per-residue  RMSF;  red  arrows  mark  binding  pocket  residues  TYR-138  and  ARG-186  (RMSF  ≈  0.10  nm).  (C)  Number  of
intermolecular contacts (average: 140). (D) Minimum caffeine-ALB distance (average: 2.4 Å), confirming continuous binding throughout the simulation.

 

Table 3    Predicted major metabolites of key JHQYY bioactive compounds by BioTransformer 3.0

Parent compound Metabolite Molecular formula MW (Da) Metabolic enzyme (s) Reaction type Phase

Caffeine Paraxanthine C₇H₈N₄O2 180.06 CYP1A2, CYP2D6 N-Demethylation I

Caffeine Theobromine C₇H₈N₄O2 180.06 CYP1A2, CYP2D6 N-Demethylation I

Caffeine Theophylline C₇H₈N₄O2 180.06 CYP1A2, CYP2D6, CYP3A4 N-Demethylation I

Caffeine 1,3,7-Trimethyluric acid C₈H₁₀N₄O₃ 210.08 CYP1A2, CYP2D6, CYP3A4 C-8 Hydroxylation I

Cinnamaldehyde Cinnamic acid C₉H₈O2 148.05 EC 1.2.3.1 Aldehyde oxidation I

Cinnamaldehyde Cinnamyl alcohol C₉H₁₀O 134.07 EC 1.1.1.184 Aldehyde reduction I

Cinnamaldehyde GSH-cinnamaldehyde conjugate C₁₉H2₅N₃O₇S 439.14 EC 2.5.1.18 GSH conjugation II

Cinnamaldehyde Hippuric acid* C₉H₉NO₃ 179.06 — Glycine conjugation II

Curcumin Hexahydrocurcumin C22H2₄O₇ 400.15 EC 1.1.1.184 Carbonyl reduction I

Curcumin Ferulic acid C₁₀H₁₀O₄ 194.06 EC 3.7.1 β-Diketone hydrolysis I

Curcumin Curcumin glucuronide C2₈H₃₀O₁₃ 574.17 EC 2.4.1.17 O-Glucuronidation II

Curcumin Demethylcurcumin C2₁H2₀O₆ 384.12 CYP1A2, CYP2C9, CYP2D6 O-Demethylation I
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Collectively,  the  involvement  of  major  drug-metabolizing
CYP450 enzymes (CYP1A2, CYP2C9, CYP2D6, CYP3A4) across
all  three  compounds  confirms  that  these  bioactives  enter  well-
characterized  human  metabolic  pathways.  The  identification  of
pharmacologically  active  metabolites—particularly  paraxanthine
from  caffeine  and  ferulic  acid  from  curcumin—provides
computational  evidence  supporting  the  biological  plausibility  of
our in vitro findings.

 3.8    JHQYY enhances  the  free  radical  scavenging  ability
and shows the FRAP difference

In  this  study,  three  methods  (DPPH,  ABTS,  and  FRAP)  were

used to investigate and compare the antioxidant effects of JHQYY.
The  present  research  highlights  the  potential  of  JHQYY  in
ameliorating IBD, with a mechanistic emphasis on its antioxidant
properties as evidenced by ABTS, DPPH, and FRAP assays. IBD is
associated with alterations in inflammation and oxidative stress[45].
People with IBD have higher levels of oxidative stress, and excess
free  radicals  may  damage  the  intestinal  barrier  and  worsen
inflammation.  As  shown  in Fig. 7,  the  water  extract  exhibited
stronger ABTS radical scavenging activity than the alcohol extract,
with an IC50 of 0.533,9 mg/mL compared to 2.385 mg/mL for the
alcohol extract.  In the DPPH assay,  both extracts showed weaker
radical  scavenging  activity,  with  the  water  extract  exhibiting
slightly better performance (IC50 = 4.228 mg/mL) than the alcohol

 

Figure 7    Antioxidant capacity of JHQYY. The red line represents the water extract and the blue line represents the alcohol extract. (A) In ABTS RSA (%), the IC50

value of the water extract is  0.533,9 mg/mL, and the IC50 value of the alcohol extract is  2.385 mg/mL. (B) In DPPH RSA (%), the IC50 value of the water extract is
4.228 mg/mL, and the IC50 value of the alcohol extract is greater than 10 mg/mL. (C)The results of FRAP showed that the antioxidant capacity of alcohol extract of
JHQYY is higher than that of water extract.
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extract (IC50 > 20 mg/mL). This suggests that the water extract is
more  effective  in  neutralizing  ABTS+ and  DPPH  cation  radicals,
which  are  commonly  used  to  assess  both  hydrophilic  and
lipophilic  antioxidants.  The  FRAP  analysis  reveals  a  distinct
difference  between  the  two  extracts.  The  alcohol  extract
demonstrated a markedly greater  ferric-reducing capacity,  shown
by a more pronounced dose-dependent rise in FRAP values than
the  water  extract.  This  suggests  that  polyphenols  or  flavonoids
might  be  more  concentrated  in  the  alcohol  extract,  possibly
accounting for its elevated FRAP levels.

These  findings  collectively  demonstrate  distinct  antioxidant
profiles  between  the  extracts  from  JHQYY:  The  aqueous  extract
excels  in  scavenging  both  ABTS+ and  DPPH  radicals,  while  the
alcoholic  extract  demonstrates  potent  electron-donating  activity
(FRAP),  likely  attributed  to  its  enriched  content  of  lipid-soluble
reducing  agents  such  as  polyphenols  or  flavonoids.  The
antioxidant capacity measured by FRAP and ABTS is functionally
correlated  with  the  cytoprotective  effects  observed  in  our  cellular
model. Oxidative stress triggers lipid peroxidation, compromising
cell  membrane  integrity  and  causing  the  leakage  of  cytoplasmic
enzymes like LDH. Furthermore, since ROS serve as key upstream
signaling molecules that activate the NF-κB pathway, the extract’s
radical  scavenging  capability  provides  a  mechanistic  explanation
for  the  observed  downstream  suppression  of  pro-inflammatory
cytokines  (TNF-α,  IL-6)  in  macrophages.  These  findings  suggest
that  the  anti-inflammatory  activity  of  JHQYY  may  be  associated
with both NF-κB-related signaling and antioxidant defense.

 3.9    JHQYY compound has  no toxic  effect  on RAW264.7
cells

Cytotoxicity assays are widely used to assess the cytotoxic effects
of  medicinal  plants  on  cells  by  quantifying  cell  viability  through
enzymatic  reactions  that  produce  colored  substances[46].  In  this
study,  the  MTT  assay  was  used  to  evaluate  the  effect  of  the
JHQYY  compound  on  the  cell  viability.  RAW264.7  cells  were
exposed  to  different  concentrations  (0,  1,  2,  4,  8  mg/mL)  of  the
JHQYY  compound.  As  shown  in Fig. 8,  the  cell  viability  in  the
JHQYY  treatment  group  remained  stable  with  increasing
concentrations,  with  only  slight  fluctuations  in  cell  survival  rates,
which  consistently  remained  close  to  100%.  The  result  indicated

that JHQYY did not significantly affect the cell viability within the
tested  concentration  range.  Previous  studies  have  reported  that
flavonoids (fls) at concentrations ranging from 0 to 100 ng/mL did
not  significantly  alter  RAW264.7  macrophage  activity[47].
Additionally, a study evaluating a series of high uridine derivatives
across  17  target  compounds  found no cytotoxicity  in  RAW264.7
cells,  with  relative  cell  survival  rates  exceeding  85%  and  no  cell
death  observed[48].  The  results  of  this  study  are  consistent  with
these  findings,  further  confirming  the  low  cytotoxicity  of  the
JHQYY compound and demonstrating its good biocompatibility.

 3.10    JHQYY compound inhibited LDH release
LPS  induces  the  activation  of  immune  cells  such  as

macrophages,  which  not  only  enhances  the  inflammatory
response  but  also  promotes  the  excessive  release  of  cytokines,
ultimately  leading  to  cellular  structural  damage  and  functional
loss[49]. Studies have shown that LPS treatment can cause extensive
cellular damage and result in the leakage of endogenous enzymes
such as LDH, which is a characteristic feature of the inflammatory
response[50, 51].  The  inhibitory  effects  of  JHQYY  on  LDH  release
were evaluated. The results showed that the LDH release increased
significantly  following  LPS  stimulation.  Compared  to  the  LPS
group,  the  LDH  release  was  reduced  after  JHQYY  treatment
(1  mg/mL),  with  a  more  significant  reduction  observed  in  the
2  mg/mL  JHQYY  group  (Fig. 9),  suggesting  that  JHQYY
treatment  alleviated  LPS-induced  LDH  release  and  provided  a
certain  level  of  cellular  protection.  Previous  studies  have  found
that  galectin-1  (gal-1)  exerts  protective  effects  by  downregulating
the  release  of  pro-inflammatory  cytokines  in  LPS-treated
macrophages,  reducing  LDH  activity[52].  Additionally,  natural
compound  Obacunone  (OB)  pre-treatment  has  been  shown  to
dose-dependently  increase  cell  viability,  inhibit  LDH  release,  and
promote  cell  survival[53].  These  findings  provided  experimental
evidence supporting the potential of the JHQYY compound as an
anti-inflammatory agent.

 3.11    JHQYY  compound  inhibits  LPS-induced
production of inflammatory cytokines

When  macrophages  are  exposed  to  external  stimuli,  they
 

Figure 8    Effect  of  the  JHQYY  compound  on  RAW264.7  macrophage  viability.  RAW264.7  cells  were  incubated  with  different  concentrations  of  the  JHQYY
compound for 3 h, after which the supernatant was removed. MTT solution and medium were added to each well, and the cells were incubated for an additional 4 h at
37 °C. The cell viability was determined using the MTT cell proliferation and cytotoxicity assay kit.
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phagocytize  pathogens  and  release  pro-inflammatory  cytokines,
which  activate  other  inflammatory  cells  and  recruit  them  to  the
site of inflammation[54].  Pro-inflammatory cytokines are primarily
secreted by activated macrophages[55]. Through cluster analysis, we
found that IL-6, TNF, and IL-1β were identified as key regulators
of IBD (Fig. 2). Therefore, these pro-inflammatory cytokines serve
as  important  targets  for  inhibiting  inflammation[56].  After  LPS
stimulation,  the  expression  levels  of  IL-1β,  IL-6,  and  TNF-α
increased  significantly,  indicating  that  LPS effectively  induces  the
expression  of  inflammatory  cytokines.  However,  after  treatment
with  JHQYY  (1  mg/mL  and  2  mg/mL),  the  expression  levels  of
inflammatory  cytokines  decreased  in  a  dose-dependent  manner
(Fig. 10).  This  suggests  that  the  JHQYY  compound  has  an
inhibitory  effect  on  LPS-induced  inflammatory  cytokine
expression,  with  more  significant  suppression  at  higher

concentrations.  Studies  showed  that  compound  K,  the  main
metabolite  of  ginsenoside  Rb1  produced  by  human  gut  bacteria,
can  effectively  inhibit  the  release  and  expression  of  pro-
inflammatory cytokines  such as  IL-1β and IL-6[57].  Berberine also
inhibits LPS-induced macrophage inflammatory responses, and its
inhibitory  effect  on  inflammatory  cytokines  becomes  more
pronounced  with  increasing  berberine  concentration[58].  While
in  vivo models  provide  macroscopic  systemic  data,  they  often
introduce  complex  variables  that  can  obscure  direct  molecular
mechanisms.  In  strict  adherence  to  the  3Rs  principle
(Replacement, Reduction, Refinement) of ethical animal research,
this study utilized the LPS-induced RAW264.7 macrophage model
as  a  scientifically  validated  replacement  system.  This  model
faithfully  mimics  the  innate  immune  activation  and  cytokine
storm characteristic of active IBD.

Using  the  LPS-induced  RAW264.7  macrophage  model,  we
demonstrated  that  JHQYY  directly  attenuated  the  inflammatory
response at  the cellular  level,  as  evidenced by reduced expression
of IL-1β, IL-6, and TNF-α. In addition, the newly added p65, CAT,
and SOD1 gene expression data further support the possibility that
this  effect  is  associated  with  coordinated  regulation  of  NF-κB-
related inflammatory signaling and antioxidant defense. However,
we acknowledge that the lack of in vivo data is a limitation. Future
studies  will  evaluate  the  systemic  efficacy,  mucosal  healing,  and
microbiota-modulating  effects  of  JHQYY  in  DSS-induced  colitis
animal models.

 3.12    JHQYY  modulates  NF-κB-  and  antioxidant-related
gene  expression  in  LPS-stimulated  RAW264.7
macrophages

To further investigate whether the anti-inflammatory activity of
JHQYY was  associated  with  NF-κB-related  signaling  and cellular
antioxidant defense, the mRNA expression levels of p65, CAT, and
SOD1 were  determined  in  LPS-stimulated  RAW264.7
macrophages.  LPS  stimulation  markedly  increased p65 mRNA
expression  compared  with  the  control  group,  whereas  JHQYY
treatment  significantly  reduced p65 expression,  with  a  stronger
inhibitory effect observed at 2 mg/mL (Fig. 11A). In contrast, LPS
stimulation  suppressed  the  expression  of  antioxidant  defense-
related genes, while JHQYY treatment restored their expression to
varying  degrees.  Specifically, CAT mRNA  expression  was
significantly  elevated  after  JHQYY  treatment,  and  the  2  mg/mL
group  showed  a  more  pronounced  increase  than  the  1  mg/mL
group. A similar trend was observed for SOD1,  whose expression
was  markedly  upregulated  by  JHQYY  in  LPS-treated  cells

 

Figure 9    Effect  of  the JHQYY compound on LPS-induced LDH release (The
JHQYY stock solution was prepared in sterile water and diluted with DMEM).
RAW264.7 cells were treated with the JHQYY compound (1, 2 mg/mL) for 3 h.,
followed by stimulation with LPS at a final concentration of 100 ng/mL for 3 h.
The  culture  supernatant  was  collected,  and  the  LDH  levels  were  determined
using  the  LDH  cytotoxicity  assay  kit. *P <  0.05  and **P <  0.01  indicates
statistically significant differences.

 

Figure 10    Inhibitory effects of the JHQYY compound on LPS-induced IL-1β, IL-6, and TNF-α in RAW264.7 macrophages. RAW264.7 cells were seeded in 96-well
plates,  treated  with  the  JHQYY  compound  for  3  h,  and  then  stimulated  with  LPS  at  a  final  concentration  of  100  ng/mL  for  4  h.  Relative  mRNA  expression  was
analyzed by qRT-PCR. *P < 0.05 and **P < 0.01 indicates statistically significant differences.
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(Fig. 11B).  These  results  suggest  that  JHQYY not  only  attenuates
NF-κB-related inflammatory signaling at  the transcriptional level,
but also enhances the expression of antioxidant enzymes involved
in cellular redox homeostasis. The additional gene expression data
further  support  the  possibility  that  JHQYY  exerts  anti-
inflammatory  activity  through  coordinated  regulation  of
inflammatory  and  antioxidant  pathways.  p65  is  a  key

transcriptional  component  of  the  NF-κB  pathway,  which  drives
the  expression  of  multiple  pro-inflammatory  mediators  in  IBD
and  macrophage  activation[44].  Meanwhile,  CAT  and  SOD1  are
important first-line antioxidant enzymes involved in cellular ROS
detoxification,  and  restoration  of  their  expression  is  generally
associated  with  improved  redox  homeostasis  and  attenuation  of
inflammation-related oxidative stress[59, 60].

 
 

Figure 11    Effects  of  JHQYY  on  the  mRNA  expression  of p65, CAT,  and SOD1 in  LPS-stimulated  RAW264.7  macrophages.  RAW264.7  cells  were  treated  with
JHQYY (1 and 2 mg/mL) for 3 h and then stimulated with LPS (100 ng/mL). The relative mRNA expression levels of p65 (A), CAT and SOD1 (B) were analyzed by
qRT-PCR. *P < 0.05 and **P < 0.01 indicate statistically significant differences.
 

 4    Conclusion
In  summary,  this  study  integrated  network  pharmacology,

molecular  docking,  and  cellular  experiments  to  investigate  the
anti-inflammatory  potential  of  the  JHQYY  formula.  The  key
active  compounds,  particularly  tea  polyphenols,  caffeine,  vitamin
C, and vitamin E, may contribute to the anti-inflammatory activity
of JHQYY through multi-target interactions predicted by network
pharmacology  and  molecular  docking.  The  JHQYY  compound
exhibited  low  cytotoxicity,  notable  antioxidant  capacity,  and
effectively  reduced  LDH  release  and  the  expression  of  pro-
inflammatory cytokines in LPS-induced macrophages. In addition,
the  regulation  of  p65,  CAT,  and  SOD1  expression  further
supports  the  possibility  that  its  anti-inflammatory  activity  is
associated  with  coordinated  regulation  of  inflammatory  and
antioxidant pathways. These findings provide preliminary in vitro
evidence  supporting  the  anti-inflammatory  potential  of  JHQYY.
However,  the  docking-predicted  interaction  with  ALB  requires
further  validation  through  dedicated  binding  and
pharmacokinetic studies.
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