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[ABSTRACT] Chang-Kang-Fang (CKF) formula, a Traditional Chinese Medicine (TCM) prescription, has been widely used for the
treatment of irritable bowel syndrome (IBS). However, its potential material basis and underlying mechanism remain elusive. There-
fore,  this  study  employed  an  integrated  approach  that  combined  ultra-performance  liquid  chromatography-quadrupole  time-of-flight
mass spectrometry (UPLC-Q/TOF-MS) with network pharmacology to systematically characterize the phytochemical components and
metabolites of CKF, as well as elucidating its underlying mechanism. Through this comprehensive analysis, a total of 150 components
were  identified  or  tentatively  characterized  within  the  CKF  formula.  Notably,  six N-acetyldopamine  oligomers  from Cicadae Peri-
ostracum and eight resin glycosides from Cuscutae Semen were characterized in this formula for the first time. Meanwhile, 149 xeno-
biotics (58 prototypes and 91 metabolites) were detected in plasma, urine, feces, brain, and intestinal contents, and the in vivo metabol-
ic pathways  of  resin  glycosides  were  elaborated  for  the  first  time.  Furthermore,  network pharmacology and molecular  docking ana-
lyses  revealed  that  alkaloids,  flavonoids,  chromones,  monoterpenes, N-acetyldopamine  dimers, p-hydroxycinnamic  acid,  and  Cus-
3/isomer might be responsible for the beneficial effects of CKF in treating IBS, and CASP8, MARK14, PIK3C, PIK3R1, TLR4, and
TNF may be its potential targets. These discoveries offer a comprehensive understanding of the potential material basis and clarify the
underlying mechanism of the CKF formula in treating IBS, facilitating the broader application of CKF in the field of medicine.

[KEY WORDS] Chang-Kang-Fang; Chemical profile; Metabolites profile; UPLC-Q-TOF/MS; Network pharmacology; Molecular
docking
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 Introduction

Irritable  bowel  syndrome  (IBS)  is  a  functional  disorder
of  the  gastrointestinal  tract  with  a  global  prevalence  of
10%−15%. Its  cardinal  symptoms  encompass  chronic  or  re-

current abdominal pain, diarrhea, and altered bowel habits [1].
Despite  extensive  research,  the  precise  etiological  factors
contributing to IBS remain elusive. However, it is widely ac-
knowledged that the condition is multifactorial  in nature,  in-
volving various  mechanisms  such  as  altered  intestinal  per-
meability, disturbances  in  brain-gut  interactions,  inflamma-
tion,  and visceral  hypersensitivity [2-4].  Conventional  medical
treatments for IBS, such as loperamide, eluxadoline,  and tri-
mebutine  maleate,  primarily  target  specific  symptoms  or
pathways, resulting in moderate therapeutic outcomes [5].

Traditional Chinese Medicine (TCM) prescriptions, char-
acterized  by  their  multi-component  nature  and  multi-target
effects, have gained considerable attention as potential thera-
peutic approaches  for  complex  diseases.  One  such  prescrip-
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tion  is  the  Chang-Kang-Fang  (CKF)  formula,  derived  from
the  classical  TCM  prescriptions  “Tongxie  Yaofang ”  and
“Xinshen  Wan ”  documented  in  the  TCM  classic Jing  Yue
Quan  Shu.  Composed  of  seven  medical  herbs,  including
Paeoniae  Radix  Alba  (PRA),  Saposhnikoviae  Radix  (SR),
Coptidis  Rhizoma (CR),  Cuscutae Semen (CS),  Rehmanniae
Radix Praeparata (RRP), Fagopyri Dibotryis Rhizoma (FDR),
and Cicadae Periostracum (CP), the CKF formula has exhib-
ited notable clinical efficacy in the treatment of IBS. In fact,
its  effectiveness  in  alleviating  IBS  symptoms,  such  as
diarrhea  and  abdominal  pain,  has  been  demonstrated  to  be
comparable to or even surpassing that of trimebutine maleate,
a  clinical  first-line  medication,  with  an  effective  rate  of
85.2% [6].  Recent pharmacological studies have revealed that
the CKF formula can modulate the brain-gut axis by promot-
ing the production of calcitonin gene-related peptide (CGRP),
vasoactive  intestinal  peptide  (VIP),  5-HT,  and  substance  P
(SP), thereby exerting its therapeutic effects in IBS treatment.
Furthermore, CKF has also shown the capacity to regulate gut
microbiota [7, 8]. However,  the  specific  active  ingredients  re-
sponsible for  the  favorable  effects  of  CKF  and  the  underly-
ing mechanism remain to be elucidated.

Given the potential role of the constituents in TCM pre-
scriptions, particularly the prototypes and their in vivo meta-
bolites,  in  mediating  therapeutic  efficacy,  a  comprehensive
understanding of the chemical and metabolic profiles of CKF
extracts is of paramount importance for elucidating its under-
lying mechanisms  and  facilitating  clinical  applications.  Al-
though many studies have investigated the chemical compon-
ents  and  metabolic  behaviors  of  individual  herbal  medicines
within the  CKF  formula,  only  one  report  has  provided  in-
sights  into  the  chemical  profile  of  the  CKF  formula [8].
However,  this  previous  investigation  failed  to  identify  any
components from CP, and only two components were charac-
terized from FDR in the CKF extracts. Additionally, no study
has explored the in vivo metabolic profile and pathways asso-
ciated with the administration of the CKF formula.

This  study  employed  an  integrated  approach  combining
in  vitro chemical  profiling and  in  vivo metabolic  analysis  of
CKF extracts in rats, utilizing ultra-performance liquid chro-
matography-quadrupole  time-of-flight  mass  spectrometry
(UPLC-Q/TOF-MS)  coupled  with  network  pharmacology-
based signaling pathway enrichment. The aim was to determ-
ine  the  potential  active  components  of  the  CKF formula  for
treating  IBS  and  to  clarify  its  underlying  mechanism.  This
study encompassed  three  main  aspects:  (1)  systemic  charac-
terization of  the  holistic  chemical  composition  of  CKF  ex-
tracts,  laying  a  foundation  for  further in  vivo metabolic in-
vestigations; (2) characterization of the absorption and meta-
bolic profiles of CKF extracts in vivo to identify potential act-
ive components;  (3)  identification of  potentially  active  com-
ponents and their associated mechanisms using network phar-
macology  and  molecular  docking  analyses.  It  is  anticipated
that the  findings  of  this  study  will  contribute  to  a  better  un-
derstanding of  the  pharmacodynamic  mechanisms  underly-
ing the  CKF  formula  and  facilitate  subsequent  quality  con-
trol measures for its clinical application (Fig. 1).

 Materials and Methods

 Materials and reagents
The  Chang-Kang-Fang  extract  (Lot  No. 20201201)  was

provided  by  Tasly  Pharmaceutical  Group  Co.,  Ltd.  (Tianjin,
China).  Epiberberine,  epicatechin,  hyperoside,  quercetin,
kaempferol, jatrorrhizine, leonuride, isoquercitrin, palmatine,
berberine,  coptisine,  paeoniflorin,  5-O-methylvisammioside,
(+)-catechin,  and  astragalin  were  purchased  from  Shanghai
Yuanye Bio-Technology  Co.,  Ltd.  (Shanghai,  China).  Albi-
florin,  cimifugin,  prim-O-glucosylcimifugin,  and  catalpol
were purchased from Shanghai Acmec Biochemical Co., Ltd.
(Shanghai,  China).  Oxypaeoniflorin  and  sec-O-glucosyl-
hamaudol  were  purchased  from  Chengdu  Push  Bio-techno-
logy Co.,  Ltd.  (Chengdu,  China).  Echinacoside  and  ben-
zoylpaeoniflorin  were  purchased  from  Shanghai  Macklin
Biochemical  Co.,  Ltd.  (Shanghai,  China).  Each  reference
compound  exhibited  a  purity  exceeding  98%,  as  determined
by High-performance liquid chromatography (HPLC) analys-
is. Acetonitrile,  methanol,  and  water  of  liquid  chromato-
graphy-mass  spectrometry  (LC-MS)  grade  were  obtained
from  Fisher  Scientific  (Fair  Lawn,  New  Jersey,  USA),  and
formic acid of LC-MS grade was acquired from Sigma-Ald-
rich (St. Louis, USA). All other reagents used were of analyt-
ical grade.
 Reference standards and CKF sample preparation

A  precise  amount  of  Chang-Kang-Fang  (CKF)  extract
weighing  20  mg  was  meticulously  measured  and  suspended
in  1  mL of  methanol/water  solution  (7  :  3, V/V) in  an  ultra-
sonic water bath for 10 min. After that,  the resulting sample
solution was centrifuged at 13 000 r·min−1 for 10 min, and 2
μL of the supernatant aliquot was extracted for UPLC-Q/TOF-
MS  analysis.  To  qualitatively  identify  the  components  of
CKF,  all  reference  standards  were  individually  dissolved  in
methanol,  blended at  specific ratios,  and stored at  4 °C until
analysis. For  drug  administration,  the  CKF  extract  was  sus-
pended in  water  to  obtain  the  normal-  and high-dose  groups
with concentrations of 0.05 and 0.25 g·mL−1, respectively.
 Animals and drug administration

Ten male Sprague-Dawley (SD) rats weighing approxim-
ately  250  g  were  purchased  from  the  Experimental  Animal
Center of Guangdong Province (Guangzhou, China). Prior to
the experiment, the rats underwent a 12-day acclimation peri-
od,  during which they were provided with ad libitum access
to a standard laboratory diet and water. They were housed un-
der  controlled  conditions  with  an  ambient  temperature  of
23 ± 2 °C and a twelve-hour light/dark cycle.  Subsequently,
the  rats  were  individually  placed  in  metabolic  cages
overnight, allowing free access to water in preparation for the
experiment. Ethical  clearance  for  the  animal  study  was  ob-
tained from the  Institutional  Animal  Care  and  Use  Commit-
tee  (IACUC)  of  Jinan  University  (Approval  No.  IACUC-
20210830-24).  All  experimental  procedures  adhered  to
guidelines  outlined  in  the Guide  for  the  Care  and  Use  of
Laboratory  Animals  (National  Institutes  of  Health).  The  ten
rats  were  randomly  divided  into  three  groups,  namely  the
CKF high-dose group (n = 4),  CKF normal-dose group (n =
4), and blank group (n = 2). The CKF extract suspension was
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administered via the intragastric route to the high- and normal-
dose  groups  at  dosages  of  3.01  g·kg−1·day−1 (five  times  the
normal  dosage)  and  0.60  g·kg−1·day−1 (equivalent  to  the
dosage of  CKF  granules  employed  in  clinical  studies),  re-
spectively,  for  three  days.  In  the  meantime,  the  blank  group
was  given  drinking  water  using  the  same  administration
method.
 Bio-sample collection and pretreatment
 Plasma samples

Rats in the drug administration groups were anesthetized,
and hepatic portal vein blood samples were collected at des-
ignated time points (0.5 h, 1 h, 2 h, and 4 h) after the final ad-
ministration. A single rat was utilized for each time point, and
the  blood  samples  were  collected  into  separate  heparinized
tubes.  In  parallel,  plasma  samples  were  collected  from  the
blank group  following  the  last  water  administration.  Sub-
sequently,  the  plasma  samples  were  centrifugated  at 13  000
r·min−1 for  10  min  at  4  °C  to  achieve  protein  precipitation.
For  this  purpose,  1  mL aliquots  of  plasma  were  mixed  with
3 mL of acetonitrile, followed by vortex mixing and centrifu-
gation  at  14  000  r·min−1 for 10  min.  The  resulting  super-
natant was then dried under nitrogen gas at room temperature
and  dissolved  in  200  μL  of  methanol  before  UPLC-Q/TOF-
MS detection.
 Urine and feces samples

Urine and feces samples were collected over a period of
48 h following the initial administration. Urine samples were

pooled within their respective groups and subjected to centri-
fugation at 9960 r·min−1 for 10 min. Then the resulting super-
natant  was  loaded  onto  the  pre-treated  HLB  columns  (3  cc,
60  mg,  Waters  Oasis)  and  eluted  with  6  mL  of  5%
methanol/water  (V/V)  and  6  mL  of  methanol.  The  eluted
methanol fraction was collected and dried under nitrogen gas,
yielding a urine sample residue, which was dissolved in 1 mL
of  methanol  for  subsequent  UPLC/Q-TOF-MS  analysis.  For
feces samples, 1 g of dried feces from each group was pulver-
ized  to  a  powder  and  then  subjected  to  ultrasonic  extraction
with  10  mL  of  methanol  for  60  min.  The  resulting  mixture
was  centrifuged  at  9960  r·min−1 for 10  min,  and  the  super-
natant  was  collected.  After  drying  under  nitrogen  gas,  the
residue was suspended in 5 mL of deionized water and loaded
onto pre-activated  HLB columns for  purification.  The meth-
anol  fraction  was  collected  using  the  same  procedure  as  the
urine samples. Finally, the residue was obtained after drying
under nitrogen gas and dissolved in 1 mL of methanol before
UPLC/Q-TOF-MS analysis.
 Brain samples

After the collection of plasma samples, the brains of the
experimental  animals  were  immediately  dissected  and
washed  with  a  cold  saline  solution.  The  brain  tissues  were
then  homogenized  using  a  saline  solution  at  a  ratio  of  4  :  1
(volume). A portion of the homogenized brain sample (2 mL)
from  each  group  was  mixed  with  8  mL  of  acetonitrile  and
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Fig. 1    Systematic investigation strategy of this research.
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subjected to vortex mixing for 3 min to facilitate protein pre-
cipitation. The  resulting  supernatant  was  obtained  by  centri-
fugation at 14 000 r·min−1 for 10 min and dried under nitro-
gen gas  at  room temperature.  The  resulting  residue  was  dis-
solved in 200 μL of methanol prior to UPLC/Q-TOF-MS ana-
lysis.
 Intestinal content samples

After the hepatic portal vein blood collection, the intest-
inal tissues  with  their  luminal  contents  were  promptly  pro-
cured.  Subsequently,  the  luminal  contents  of  the  intestines
were  thoroughly  flushed  out  utilizing  a  saline  solution.  The
collected intestinal  content  samples  were  subjected  to  lyo-
philization, followed by pulverization into a fine powder. Pre-
cise measurements of  0.1 g of  the intestinal  content  samples
from  each  experimental  group  were  performed,  and  these
samples were then meticulously suspended in 1 mL of meth-
anol. Following a vortex mixing for 3 min, the samples were
extracted in an ultrasonic ice-water bath for 30 min. The res-
ulting supernatant was obtained by subjecting the samples to
additional  vortex  mixing  and  subsequent  centrifugation  at
14  000  r·min−1 for  10  min.  Finally,  the  samples  were  dried
under nitrogen gas at room temperature, and the residue was
dissolved in 200 μL of methanol in preparation for UPLC/Q-
TOF-MS analysis.
 UPLC-Q/TOF-MS analysis

UPLC analysis  was  performed  on  an  ACQUITYTM UP-
LC I-Class system equipped with a binary solvent system and
an automated sample manager. The chromatographic separa-
tion  was  achieved  on  an  Acquity  UPLC  BEH  C18 Column
(2.1  mm  ×  100  mm,  1.7  μm)  with  the  following  mobile
phases: eluent A (0.1 % formic acid in water, V/V) and eluent
B (0.1 % formic  acid  in  acetonitrile, V/V).  A linear  gradient
program  was  employed  as  follows:  2%–10% B  (0–3  min);
10%–20% B (3–7 min); 20%–30% B (7–12 min); 30%–35%
B  (12–14  min);  35%–50% B  (14–17  min);  50%–100% B
(17–20 min); 100% B (20–23 min); 2% B (23–24.5 min); 2%
B  (24.5–26  min).  The  flow  rate  was  maintained  at  0.4
mL·min−1, and the injection volume for analysis was 2 μL.

The  UPLC  system  was  coupled  to  a  SYNAPTTM  G2
HDMS Q-TOF  tandem  mass  spectrometer  with  an  electros-
pray ionization (ESI) source (Waters,  Manchester,  UK). The
ESI  source  was  operated  at  a  capillary  voltage  of  3  kV  for
positive  ion  mode  and  −2.5  kV  for  negative  ion  mode.  The
sample  cone  voltage  was  set  at  35  V  in  positive  mode  and
40 V  in  negative  mode.  The  source  temperature  was  main-
tained at 100 °C, while the desolvation temperature was set to
300 °C. The cone gas flow and desolvation gas flow were set
at 50 L·h−1 and 800 L·h−1, respectively. During data acquisi-
tion, the MSE mode was utilized, with a low-energy function
trap collision energy set  to  5  eV and a  high-energy function
ramp trap collision energy ranging from 20 to  50 eV.  Colli-
sion-induced dissociation (CID) experiments were carried out
using argon as the collision gas.  The mass spectrometer was
calibrated  across  a  range  of  50–1500  Da  using  a  sodium
formate solution to ensure mass accuracy and reproducibility.
For  lock  mass  correction,  leucine-enkephalin  was  employed
as an external reference compound and infused at a constant

flow of  5  L·min−1 using  LockSprayTM mode.  In  positive  ion
mode, the lock mass value was set to m/z 556.2771, while in
negative ion mode, it  was set to m/z 554.2615. The acquired
data were recorded in centroid mode. Subsequent data analys-
is  was  performed  using  Masslynx  software  (V4.1,  Waters,
Milford,  MA,  USA)  to  extract  meaningful  information  from
the spectra obtained in both positive and negative ion modes.
 Network pharmacology analysis

The  canonical  Simplified  Molecular-Input  Line-Entry
System (SMILES)  representations  of  69  candidate  com-
pounds  were  generated  using  ChemDraw  20.0  software.
These SMILES representations were then inputted into Simil-
arity  Ensemble  Approach  (SEA)  database  (http://sea.bkslab.
org/)  and  SwissTargetPrediction  database  (http://www.swis-
stargetprediction.ch/)  for  target  prediction.  To  identify  IBS-
related  targets,  we  conducted  searches  using  keywords,
“diarrhea  predominant ”  “irritable  bowel  syndrome ”  in  the
DisGeNET  (https://www.disgenet.org/) and  GenCards  data-
base  (https://www.genecards.org/).  The  overlapping  genes
between  the  targets  predicted  for  the  candidate  compounds
and the disease-related targets were determined using Venny
2.1  software  (https://bioinfogp.cnb.csic.es/tools/venny/),  and
the protein-protein interaction (PPI) data were obtained from
the String database (V11.0, https://cn.string-db.org/). The res-
ulting PPI network was visualized using Cytoscape 3.9.0, and
key  targets  were  identified  based  on  parameters  including
betweenness centrality  (BC),  closeness  centrality  (CC),  ei-
genvector centrality (EC), local average connectivity (LAC),
and  network  centrality  (NC).  The  Kyoto  Encyclopedia  of
Genes  and  Genomes  (KEGG)  enrichment  pathway  analysis
of significant targets was performed on the Database for An-
notation,  Visualization,  and  Integrated  Discovery  (DAVID,
V6.8, http://david.ncifcrf.gov)  to  predict  potential  signaling
pathways involved in CKF against IBS. Ultimately, potential
targets and  pathways,  together  with  their  corresponding  act-
ive ingredients of CKF for the treatment of IBS, were identi-
fied,  and  the  results  were  plotted  using  the  Bioinformatics
Web Server (http://www.bioinformatics.com.cn).
 Molecular docking verification

To validate  the  network  pharmacology  results,  we  per-
formed molecular  docking  to  investigate  the  interaction  pat-
tern  between  potential  targets  and  24  prototype  compounds.
Firstly,  the  crystallographic  structures  of  receptor  proteins
were obtained from Protein Data Bank (http://www.rcsb.org).
Concurrently, the molecular structures of the prototypes were
optimized  to  their  minimum  energy  conformation  using
Chem3D V20.0.  Subsequently,  the  ligand  molecules  and  re-
ceptor proteins were prepared and subjected to docking simu-
lations  using  AutoDock  Vina.  The  resulting  docking  scores
were used to  elucidate  the binding pattern between potential
targets and 24 prototype compounds. Finally, the results were
visualized  using  PyMOL  V2.3.4  and  PLIP  (https://plip-
tool.biotec.tu-dresden.de/plip-web/plip/index).

 Results

 Data analysis strategy
To  characterize  the  chemical  components  of  the  CKF
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formula,  we  performed  UPLC/Q-TOF-MS  analysis  in  the
MSE mode. This  involved  the  acquisition  of  data  for  refer-
ence standards,  individual  herbal  components,  and  CKF  ex-
tracts in both positive and negative ion modes. The obtained
data allowed  for  the  characterization  of  fragmentation  pat-
terns in the reference standards.  By comparing accurate mo-
lecular  weights,  fragmentation  pathways,  and  the  retention
time  of  peaks  in  the  CKF  extracts  with  those  of  reference
standards  and  previous  reports,  the  chemical  components  of
the CKF extracts  were identified and recorded in an in  vitro
component database (Table S1). Furthermore, the component
assignment was confirmed by comparing the chromatograms
of  the  CKF  extracts  with  those  of  individual  herbs.  On  the
basis of the in vitro chemical profile investigation, a two-step
strategy was applied to decipher the in vivo metabolic profile
of  the  CKF  extracts.  Initially,  a  high  dose  of  CKF  extracts
(3.01  g·kg−1·d−1, five  times  the  normal  dosage)  was  admin-
istered  to  SD rats  to  identify  the  xenobiotics  in  bio-samples
using  the in  vitro component  database  and  Metabolynx  XS
software  (V4.1,  Waters)  (Table  S2). The  identification  was
confirmed by comparing characteristic fragments and neutral

losses with those of reference standards and previous reports.
Subsequently, the metabolic profile of the CKF extracts at the
normal dosage (0.60 g·kg−1·d−1) was easily deciphered based
on the findings from the high-dose administration.
 Identification  and  characterization  of  chemical  components
in CKF

A  qualitative  analysis  of  chemical  components  in  CKF
extracts was conducted using UPLC/Q-TOF-MS. As a result,
a total of 150 compounds were identified in the CKF extracts,
including  20  alkaloids,  24  flavonoids,  23  phenolic  acids,  8
chromones, 5  coumarins,  7  iridoid  glycosides,  7  phenylpro-
panoid  glycosides,  6 N-acetyldopamine  oligomers,  33
monoterpenes, 8 resin glycosides, and 9 compounds of other
types.  Among  these,  23  compounds  were  unambiguously
identified by comparing their retention time and accurate mo-
lecular  weights  with  those  of  the  reference  standards.  The
base peak  intensity  (BPI)  chromatograms  of  the  CKF  ex-
tracts in positive and negative ion modes are shown in Fig. 2,
and detailed  information  regarding  their  chemical  compon-
ents is listed in Table S1.

 Identification of alkaloids in CKF
Alkaloids  are  prominent  components  in  CR  known  for

their  biological  function.  In  this  study,  20  alkaloids  were
identified from CKF extracts, including 18 protoberberine al-
kaloids, 1 tetrahydroprotoberberine alkaloid, and 1 aporphine
alkaloid. Among  them,  protoberberine  and  tetrahydroproto-
berberine alkaloids share the same tetracyclic skeleton that is
derived from a benzyltetrahydroisoquinoline system with the
incorporation of an extra carbon atom, supplied from S-aden-
osylmethionine (SAM). Aporphine alkaloid is the product of
an oxidative coupling of benzyltetrahydroisoquinoline [9].

Protoberberine  alkaloids  share  a  common core  structure
but  differ  in  the  substituents  at  C-2,  C-3,  C-9,  C-10,  and  C-
13, which can be differentiated by tandem mass spectrometry
(MS/MS)  experiments.  For  example,  the  presence  of  vicinal
dimethoxy groups at C-9 and C-10 can be easily identified by
the  release  of  methyl  and  H  radicals  (CH4),  resulting  in  the
formation  of  a  1,3-dioxypentacyclic  ring,  followed  by  the
neutral  loss  of  CO from the  newly formed ring.  In  the  CKF
extracts,  ten  compounds  (67, 79, 90, 94, 99, 114, 120, 121,
129,  and 144) had  the  same  fragmentation  pattern  as  men-
tioned above,  indicative  of  protoberberine  alkaloids  with  vi-
cinal dimethoxy  groups  at  C-9  and  C-10.  Compounds  pos-

sessing a single methoxy group at either C-9 or C-10 tended
to undergo the loss of a methyl radical (72 and 78). The dia-
gnostic ion [M − CO]+ is usually used to infer the presence of
a methylenedioxy group at C-9 and C-10 but not at C-2 and C-
3 due to the stability of methylenedioxy group at C-2 and C-
3. Therefore, compounds 84, 95, 96, 106, 111, and 116 in the
CKF extracts possessed a methylenedioxy group at C-9 and C-
10. The  molecular  weights  and  similar  fragmentation  pat-
terns mentioned  above  facilitated  the  determination  of  sub-
stituents  at  other  positions.  In  addition,  compounds 95, 96,
99, 120,  and 121 were  unequivocally  assigned  as  coptisine,
epiberberine, jatrorrhizine, berberine, and palmatine, respect-
ively, by comparison with reference standards.

Tetrahydroprotoberberine alkaloids exhibit a notable pre-
dilection for Retro Diels-Alder (RDA) cleavage at ring C, ac-
companied by the concomitant loss of side-chain substituents
observed  in  the  MS/MS spectrum.  Consequently,  compound
69 was  assigned  as N-methylcorydalmine. Aporphine  alkal-
oids are susceptible to ring B opening, leading to the loss of
the  nitrogenous  moiety,  followed  by  the  release  of  a  methyl
radical. For example, compound 51 (C20H24NO4) was identi-
fied as magnoflorine [10], displaying characteristic ions at m/z
297.1126 [M − (CH3)2NH]+ and 282.0898 [M − (CH3)2NH) −
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CH3]
−, corresponding to the cleavage of ring B.

 Identification of flavonoids in CKF
Flavonols and their glycosides represent the characterist-

ic  components  of  CS,  whereas  flavanols  are  the  distinctive
components of FDR. In this study, 24 flavonoids were identi-
fied  from  CKF  extracts,  including  2  flavanols,  2  flavonols,
and 20 flavonol glycosides.

Structurally,  flavonols  are  derivatives  of  2-phenylchro-
manone-3-ol and can be converted into flavanols by reducing
the carbonyl of C-4 and double bonds at C-2 and C-3, thereby
exhibiting discernible differences in the fragment ions result-
ing  from  Retro  Diels-Alder  (RDA)  cleavage  of  ring  C [11].
Specifically,  flavanols 38 and 49 demonstrated  distinctive
fragment  ions  at m/z 137.02 [C7H6O3 − H]−,  while  flavonols
122 and 131 displayed  characteristic  fragment  ions  at m/z
151.00 [C7H4O4 − H]−, owing to the RDA cleavage. By com-
parison with authentic standards, compounds 38, 49, 122, and
131 were accurately  assigned  as  catechin,  epicatechin,  quer-
cetin, and kaempferol, respectively.

Flavonol glycosides commonly exhibit sugar moieties at-
tached  to  C-3,  C-7,  or  both  positions.  Their  fragmentation
patterns  involve  successive  losses  of  sugar  units,  such  as
glucose,  rhamnose,  and  apiose.  Subsequently,  they  undergo
conversion into aglycones that can be classified as quercetin,
kaempferol,  or  isorhamnetin,  based  on  their  core  structures,
with  diagnostic  ions  observed  at m/z 285.04,  301.03,  and
315.05, respectively. In addition, the intensity of ions can be
used to determine the position of sugar substitutions [12]. Spe-
cifically,  the  intensity  of  [Aglycone  −  H]− ion  surpasses  that
of the [Aglycone]− ion when the sugar moiety is attached to C-
3 rather than C-7, and vice versa. Furthermore, the diagnost-
ic  ion  [Aglycone − 2H]− could  be  observed when two sugar
chains existed in different positions [11]. Based on rules men-
tioned  above  and  comparative  analysis  with  previous  studi-
es [11-12], compounds 41, 43, and 68 were identified as flavon-
ol glycosides  with  dual  sugar  chains  at  C-3  and  C-7;  com-
pounds 87, 102, and 125 were tentatively characterized to be
flavonol glycosides with one sugar chain at C-7; while com-
pounds 47, 60, 61, 63-65, 75, 77, 83, 85, 103, 108, 115,  and
123 were  tentatively  assigned  as  flavonol  glycosides  with  a
single sugar chain at C-3. Notably, compounds 64, 65, and 83
were  unambiguously  identified  as  hyperoside,  isoquercitrin,
and astragalin,  respectively,  through  comparison  with  refer-
ence standards.
 Identification of phenolic acids in CKF

In  the  present  study,  the  comprehensive  profiling  of
phenolic  acids  in  CKF  extracts  yielded  the  identification  of
23  distinct  compounds.  Among  these,  ten  were  classified  as
chlorogenic acids, six as gallic acids, and the remaining sev-
en as other phenolic acids.  The primary botanical sources of
these  compounds  were  CS,  FDR,  CR,  CP,  and  PRA.  Their
MS/MS spectra  exhibited  characteristic  fragmentation  pat-
terns characterized by neutral losses of H2O, CO, and CO2.

Chlorogenic acids, mainly derived from CS, are esterific-
ation products of quinic acid, usually in conjunction with cin-

namic acids. If cinnamic acids were substituted with glycosyl
units, the initial loss of sugar units is observed. For example,
compounds 22, 26, and 32 display a characteristic neutral loss
of  C6H10O5 (sugar  unit)  in  their  MS/MS  spectra,  indicating
the presence  of  glucose.  Subsequently,  they  exhibit  a  tend-
ency to lose cinnamic acids such as caffeoyl and feruloyl, res-
ulting  in  the  production  of  diagnostic  ions  at m/z 191.05
[quinic acid − H]−, 173.04 [quinic acid − H − H2O]−, 179.03
[caffeic  acid  −  H]−,  and  193.05  [ferulic  acid  −  H]−. The  in-
tensity of diagnostic ions could be used to determine the site
of  esterification.  The  base  peak,  for  example,  at m/z 191.05
signifies esterification at 3-OH or 5-OH, and the peak at m/z
173.04  indicates  esterification  at  4-OH [12].  Compounds 27,
30, and 44 had the same molecular formula of C16H18O9, and
all  displayed  diagnostic  ions  at m/z 191.05,  179.03,  and
173.04 in the MS/MS spectra, indicating that they are derivat-
ives of caffeoylquinic acids. Previous studies have revealed a
more  pronounced  ion  at  m/z 179.03  when  caffeic  acid  is
linked to 3-OH rather than 5-OH [13]. Thus, based on the ion-
ic  intensity  and abundance,  compounds 27, 30,  and 44 were
deduced  to  be  3-OH,  5-OH,  and  4-OH  esterified  caffeoy-
lquinic  acids,  respectively.  Additionally,  chlorogenic  acids
22, 26, 32, 45, 54, 80, and 92 were identified using diagnost-
ic ions and comparison with that of previous reports [12-13].

In the  case  of  gallic  acids  exhibiting  glycosyl  substitu-
tion,  the  sugar  units  were  initially  cleaved  in  the  MS/MS
spectra, resulting in the base peak of gallic acid at m/z 169.01.
However, the precise determination of glycosylation sites re-
mained  challenging  based  solely  on  the  MS/MS  spectrum.
Therefore, compounds 6, 11, 16,  and 17 were  provisionally
characterized as diglucosyl gallic acid, 1'-O-galloylsucrose, 6'-
O-galloylsucrose,  and  6-O-galloylsucrose [15],  respectively;
compounds 10 and 13 were  identified  as  gallic  acid  and  its
isomer, respectively.

Furthermore, based on the exact molecular weights, com-
mon  fragmentation  patterns,  such  as  neutral  losses  of  H2O,
CO,  and  CO2,  and  comparison  with  that  of  the  refer-
ences [11-13], another seven phenolic acids (20, 21, 23, 24, 28,
31,  and 35) were  tentatively  characterized  in  the  CKF  ex-
tracts.
 Identification of chromones in CKF

Chromones are the major active ingredients in SR. In this
study, eight  chromones  were  identified  from  the  CKF  ex-
tracts, including  four  dihydrofuranchromones  and  four  di-
hydropyranchromones. The  MS/MS  spectra  exhibited  dis-
tinctive  fragmentation  patterns,  including  common  neutral
losses  of  glucose,  H2O,  CH3,  and  CO.  Additionally,  RDA
cleavages  were  observed  in  the  dihydrofuran  and  dihydr-
opyran rings [14].

Compound 88 exhibited a [M + H]+ ion at m/z 453.1760,
implying its molecular formula as C22H28O10. The character-
istic  ions  at  m/z 291.1236 [M  +  H  −  Glc]+, 273.1126
[M  +  H  −  Glc  −  H2O]+,  and 219.0651 [M  +  H  −  Glc  −
C4H8O]+ were  observed,  corresponding  to  the  neutral  losses
of  glucose,  H2O,  and  RDA  cleavage [14]. Therefore,  com-
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pound 88 was  identified  as  5-O-methylvisammioside,  which
was further  validated  by  comparison  with  that  of  the  refer-
ence  standard.  Similarly,  compounds 58 and 74 were accur-
ately  assigned  as  prim-O-glucosyl-cimifugin  and  cimifugin,
respectively.  Compound 118 displayed the  same  fragmenta-
tion behavior as that of 88, except for the neutral loss of gluc-
ose.  Consequently,  it  was  tentatively  characterized  as  5-O-
methylvisamminol.

Compound 127 exhibited  a  [M  +  H]+ ion  at m/z
439.1603, suggesting that its molecular formula is C21H26O10.
The MS/MS spectrum of compound 127 exhibited distinctive
ions  at m/z 277.1086 [M  +  H  −  Glc]+, 259.0971 [M  +  H  −
Glc − H2O]+, and 205.0499 [M + H − Glc − C4H8O]+, which
align with the fragmentation pattern commonly observed for
dihydrofuranchromones. Meanwhile,  the  presence  of  a  frag-
ment ion at m/z 217.0505 [M + H − Glc − H2O − C3H6]

+ sug-
gested the occurrence of neutral loss of C3H6, which could be
attributed to the RDA cleavage of the dihydropyran ring lead-
ing to the formation of the corresponding furan ring [15]. Then,
through comparison with a reference standard, compound 127
was  unambiguously  identified  as  sec-O-glucosylhamaudol.
Based  on  molecular  weights,  neutral  losses,  and  comparison
with  the  related  references [14, 15], other  dihydropyran-
chromones (136, 147, and 150) were tentatively identified.
 Identification of coumarins in CKF

Coumarins  are  one  of  the  main  ingredients  in  SR.  The
present investigation yielded the identification and character-
ization of  5  coumarins,  classified  as  simple  coumarins,  fur-
anocoumarins, and  pyranocoumarins  based  on  their  distinct-
ive parent  structures.  Through meticulous analysis  involving
the precise determination of molecular  weights and observa-
tion  of  neutral  losses  resulting  from  side-chain  substituents,
compounds 39, 130, 135, 146, and 149 were tentatively char-
acterized (Table S1 and Fig. S1).
 Identification of  iridoid glycosides  and phenylethanoid glyc-
osides in CKF

Iridoid glycosides and phenylethanoid glycosides are the
main ingredients of RRP. In the current investigation, a com-
prehensive analysis  of  the  CKF  extracts  revealed  the  pres-
ence  of  seven  iridoid  glycosides  and  seven  phenylethanoid
glycosides.

Iridoid glycosides  exhibited  a  characteristic  fragmenta-
tion pattern in the MS/MS spectrum, primarily involving the
preferential  cleavage of  the glycosyl  moiety,  resulting in the
generation of aglycone fragment ions. Additionally, frequent
neutral losses of H2O, CH2O, and CO2 were observed, indic-
ating  the  presence  of  -OH,  -CH2OH, and  -COOH,  respect-
ively,  in  their  core  structures.  For  example,  compound 9
showed  a  pseudomolecular  ion  at m/z 407.1147  [M  +
HCOO]− and 361.1155 [M − H]−, indicating its molecular for-
mula as C15H22O10. The corresponding MS/MS spectrum ex-
hibited characteristic ions at m/z 343.1033 [M − H − H2O]−,
199.0610  [M  −  H  −  C6H10O5]

−,  and  169.0488  [M  −  H  −
C6H10O5 −  CH2O]−,  indicative  of  the  presence  of  -OH,  -
CH2OH,  and  glycosyl  units,  respectively,  in  its  structure.  A

comparison with  a  reference  standard  confirmed  its  unam-
biguous  identification  as  catalpol.  Similarly,  compound 25
was  confidently  identified  as  leonuride.  Furthermore,  the
structures of iridoid glycosides 4, 7, 18, 19, and 34 were tent-
atively elucidated based on their fragmentation behavior and
comparison with that of references [16, 17].

Phenylethanoid  glycosides  are  known  to  arise  from  the
condensation  of  phenylethanol  with  sugar  moieties,  wherein
the  sugar  chain  is  usually  esterified  with  cinnamic  acid  or
glycosylation  with  other  sugar  moieties.  Compound 55,  for
example, exhibited a [M− H]− ion at m/z 785.2502 and char-
acteristic  ions  at m/z 623.2176  [M  −  H  −  caffeoyl]− and
477.1583  [M −  H −  caffeoyl−Rha]−,  indicating  the  presence
of caffeoyl  and  rhamnose  moieties.  It  was  then  unambigu-
ously  identified  as  echinacoside  by  comparison  with  that  of
the  authentic  standard.  Based  on  the  precise  molecular
weights, neutral losses, as well as comparison with relevant referen-
ces [16, 17], compounds 62, 76, 81, 86, 119, and 126 were tent-
atively identified as phenylethanoid glycosides (Table S1).
 Identification of N-acetyldopamine oligomers in CKF

N-acetyldopamine oligomers  are  the  characteristic  com-
ponents of CP, characterized by the assembly of two or three
dopamine units, culminating in the formation of the benzodi-
oxane core skeleton. In this study, we reported the identifica-
tion  and characterization  of  six N-acetyldopamine oligomers
were characterized from CKF extracts for the first time. The
differentiation of  these  compounds  relied  on  specific  dia-
gnostic ions, namely m/z 192.06 and 150.05, indicative of the
acetamido-substituted  benzodioxane  and  amino-substituted
benzodioxane, respectively. Additionally, the investigation of
neutral  losses,  encompassing  dihydroxyphenyl,  acetamide,
and N-ethylacetamide, facilitated  the  identification  of  sub-
stituents  within  the  benzodioxane  structure.  For  example,
compounds 71 and 82,  sharing  the  same  molecular  formula
C20H22N2O6,  displayed  characteristic  ions  at m/z 192.06  and
150.05  in  the  MS/MS  spectra,  indicating  that  they  were N-
acetyldopamine oligomers (Fig. 3). Meanwhile, the fragment
ions at m/z 328.118 and 269.079 substantiated the sequential
losses  of  NH2COCH3 (Fig.  3).  Thus,  compounds 71 and 82
were tentatively characterized as N-acetyldopamine dimers [18].
Similarly,  compounds 105, 109, 113,  and 117,  all  exhibiting
the  same  molecular  formula  C30H31N3O9,  were  found  to  be
isomers. A  detailed  analysis  of  their  high-energy  spectra  re-
vealed the presence of a fragment ion at m/z 387.15 [M + H −
C10H9NO3]

+,  aligning  with  the  elemental  composition  of N-
acetyldopamine  dimers.  Furthermore,  the  characteristic  ions
at m/z 192.06 and 150.05 were also observed. By comparison
with that of references [18, 19], they were tentatively character-
ized as N-acetyldopamine trimers.
 Identification of monoterpenes in CKF

Monoterpenes are the principal bioactive components of
PRA. In this study, 33 monoterpenes were characterized and
identified  from  CKF  extracts,  with  a  notable  prevalence  of
paeoniflorin  and  its  analogs  within  this  chemical  repertoire.
Structurally, paeoniflorin consisted of a pinane skeleton with
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glucose,  benzoic  acid,  and their  derivatives.  Due to  the  easy
cleavage  of  ester  and  glycosidic  bonds,  we  can  identify  the
pinane skeleton at m/z 195.06 and 165.05 and characterize the
substituents  tethered  to  the  pinane  skeleton  by  scrutinizing
the  neutral  losses.  Remarkably,  the  recurring  loss  of  CH2O
was frequently observed [20].

Compound 57 showed  pseudomolecular  ions  at m/z
525.1619 [M + HCOO]− and 479.1570 [M − H]−,  indicating
the  molecular  formula  as  C23H28O11.  The  diagnostic  ion  at
m/z 165.0556 [C9H10O3 − H]− indicated the presence of a pin-
ane  skeleton.  Moreover,  the  characteristic  ions  at m/z
449.1454  [M  −  H  −  CH2O]−,  345.1174  [M  −  H  −  CH2O  −
C7H4O]−,  327.1071  [M  −  H  −  CH2O  −  C7H6O2]

−,  and
121.0294 [M − H − C6H10O5 − C10H12O4]

− suggested the ex-
istence of benzoyl and glucosyl moieties. Thus, compound 57
was identified as paeoniflorin, which was confirmed by com-
parison  with  that  of  reference  standards.  Drawing  upon  the
confluence  of  exact  molecular  weights,  diagnostic  ions,  and
discernible  patterns  of  neutral  loss,  an  array  of  structurally
analogous compounds, namely compounds 8, 36, 37, 46, 48,
50, 56, 59, 70, 73, 89, 93, 101, 104, 110, and 112, were tent-
atively characterized  as  derivatives  of  paeoniflorin.  The  as-
signment  of  their  putative  structures  was  consolidated
through comprehensive  comparisons  with  previously  repor-

ted  investigations [20, 21].  In  addition,  compounds 40 and 132
were unambiguously  identified  as  oxypaeoniflorin  and  ben-
zoylpaeoniflorin,  respectively,  by  comparison  with  authentic
standards.

Apart from paeoniflorin, albiflorin is another representat-
ive  component  in  PRA.  Albiflorin  has  a  similar  structure  to
that  of  paeoniflorin  and  also  shows  identical  fragmentation
behavior  with  that  of  paeoniflorin  in  the  MS/MS  spectrum.
Here compound 52 was unambiguously identified to be albi-
florin  by  comparing  it  with  reference  standards.  Similarly,
compounds 14, 66, 97, 98, 100, 107,  and 133 were tentat-
ively characterized as the analogs of albiflorin.

Furthermore, the structural elucidation of 33, 42, 53, 91,
124, and 128 relied on a comprehensive analysis, incorporat-
ing  their  precise  molecular  weights,  patterns  of  neutral  loss,
and comparison with relevant literature reports [20, 21].
 Identification of resin glycosides in CKF

Resin  glycosides,  also  known as  glycolipids  or  lipo-oli-
gosaccharides,  constitute  a  distinctive  group  of  compounds
found in CS. These glycosides possess a rhamnose core struc-
ture,  wherein two sugar  chains  are  attached to  positions  C-1
and C-3, accompanied by two fatty acid chains at positions C-
2 and C-4. In this investigation, a comprehensive analysis of
CKF extracts led to the tentative identification of eight resin
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Fig. 3    The MS spectrum (A) and fragmentation pathways (B) of compound 71.
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glycosides.  Notably,  the  fragmentation  patterns  observed  in
positive  ion  mode provided  valuable  insights  for  elucidating
the sugar chains at positions C-1 and C-3, as well as determ-
ining the presence of  short-chain fatty  acids  at  position C-4.
Meanwhile,  in  the  negative  ion  mode,  the  base  peak  at m/z
271.22 or 243.19, generated from the loss of hydroxyl-substi-
tuted  16-  or  14-carbon fatty  acids,  could  be  used  to  identify
long-chain fatty acid at position C-2.

For  example,  compounds 138−140 had the  same  ele-
mental  composition  of  C37H66O18 and  produced  diagnostic
ions at m/z 243.19 in the MS/MS spectrum in the negative ion
mode, indicating  the  presence  of  hydroxyl-substituted  tet-
radecanoyl  fatty  acids  at  position  C-2.  In  the  positive  ion
mode,  their  fragmentation  patterns  revealed  characteristic
neutral  losses of  H2O,  glucosyl  (C6H10O5),  rhamnosyl

(C6H10O4),  and  short-chain  fatty  acid  (C5H8O2), demon-
strated the presence of glucosyl, rhamnosyl, and α-methyl-β-
hydroxyl butyryl at positions C-1, C-3, and C-4, respectively.
Thus, compounds 138–140 were tentatively identified as Cus-
3/isomers.  Compounds 141–143 and 145 (Fig.  4)  exhibited
[M  +  H]+ ion  at m/z 841.44  with  the  molecular  formula  of
C39H68O19,  which  was  C2H2O  more  than  that  of  Cus-3/iso-
mers. Their MS/MS spectra displayed comparable fragmenta-
tion behaviors to compounds 138–140, except for the neutral
loss of acetylated glucosyl instead of glucosyl in the positive
ion mode. This led to the generation of fragment ions at m/z
823.42 [M + H − H2O]+, 619.37 [M + H − H2O − C8H12O6]

+,
601.35 [M + H − H2O − C8H12O6 − H2O]+, 455.29 [M + H −
H2O−  C8H12O6 −  H2O  −  C6H10O4]

+,  and  355.24  [M  +  H  −
H2O −  C8H12O6 − H2O −  C6H10O4 − C5H8O2]

+.  Besides,  the
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Fig. 4    The MS spectra and fragmentation pathways of compound 145 in the positive (A, B) and negative (C, D) ion modes.
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diagnostic ion at m/z 243.19 was observed in the negative ion
mode, indicating the presence of hydroxyl-substituted 14-car-
bon fatty acid. Thus, compounds 141–143 and 145 were tent-
atively  characterized  as  Cus-1/isomers.  In  the  high-energy
spectrum of compound 148 (C41H72O19), the diagnostic ion at
m/z 271.2271 in the  negative  ion  mode  indicated  the  pres-
ence of  hydroxyl-substituted  16-carbon  fatty  acid.  Addition-
ally,  the  same  neutral  losses  as  that  of  Cus-1/  isomer  in  the
MS/MS spectrum in the positive ion mode were concluded by
analyzing the fragment ions at m/z 851.4615 [M + H − H2O]+,
647.3964 [M  +  H  −  H2O  −  C8H12O6]

+, 629.3900 [M  +  H−
H2O  −  C8H12O6 −  H2O]+, 483.3315 [M  +  H  −  H2O  −
C8H12O6 − H2O − C6H10O4]

+, and 383.2787 [M + H − H2O −
C8H12O6 − H2O− C6H10O4 − C5H8O2]

+. Thus, compound 148
was speculatively characterized as Cus-2.
 Identification of other types of components in CKF

In the  present  study,  a  total  of  nine  additional  com-
pounds  (1–3, 5, 12, 15, 29, 134,  and 137)  were  tentatively
characterized  in  the  CKF  extracts.  Among  them,  three  were
from PRA, three were from RRP, two were from CS, and the
remaining one was from FDR (Table S1).
 Characterization of components in bio-samples of rats

Based on the data processing strategy, we first identified
or  tentatively  characterized  190  xenobiotics  from  the  bio-
samples of SD rats treated with high-dose CKF extracts (Ta-
ble S2 and S3).  Then,  the metabolic  profile  of  CKF extracts
administered at a normal dosage of 0.60 g·kg−1·d−1 was thor-
oughly examined, which resulted in the identification or tent-
ative characterization of 149 xenobiotics, including 58 proto-
types and 91 metabolites. Additionally, the contents of xeno-
biotics were  positively  correlated  with  the  dosage  admin-
istered to rats to a certain extent. All xenobiotics observed in
the CKF normal-dose group were prominent constituents ex-
hibiting relatively higher abundance compared to those iden-
tified in the CKF high-dose group.
 Characterization  of  prototype  components  in  CKF-treated
bio-samples

According  to  the  accurate  molecular  weights,  retention
time,  and  mass  fragmentation  behaviors  of  components  in
CKF  extracts,  we  identified  or  tentatively  characterized  58
prototypes  in  rat  bio-samples,  including  10  in  plasma,  22  in
urine, 21 in feces, 50 in intestinal contents, and 2 in the brain
tissues. The  detailed  MS  fragmentation  information  is  dis-
played in Table S5.
 Characterization of metabolites in CKF-treated bio-samples

Based on a comparative analysis of the total ion chroma-
togram (TIC) of rat bio-samples, blank samples, and CKF ex-
tracts, we identified a set of peaks exclusively present in the
rat bio-samples,  which  were  indicative  of  potential  metabol-
ites. A total of 91 metabolites were successfully identified or
tentatively characterized within the CKF-treated bio-samples.
These  metabolites  exhibited  diverse  distribution  patterns
across various biological  matrices,  comprising 20 in plasma,
47  in  urine,  39  in  feces,  49  in  intestinal  contents,  and  2  in
brain tissues, which can be classified into monoterpenes glyc-
osides, phenolic  acids,  alkaloids,  chromones,  resin  glycos-

ides, and  others,  according  to  their  structure  types.  The  de-
tailed MS fragmentation information is compiled in Table 1.
 Characterization of monoterpenes-related metabolites

Nine  monoterpenes-related  metabolites  were  tentatively
characterized  from  the  bio-samples  of  SD  rats  treated  with
CKF extracts,  which may be from paeoniflorin,  benzoylpae-
oniflorin, and albiflorin, the main monoterpenes in CKF for-
mula. The  metabolic  pathways  included  methylation,  hy-
droxylation,  oxidation,  sulfation,  dehydration,  and  glucur-
onidation (Fig. 5).

Compound M34 showed a [M − H]− ion at m/z 375.1300,
corresponding  to  the  molecular  formula  C16H24O10,  which
was C7H4O (benzoyl unit) less than that of paeoniflorin. Be-
sides,  the  characteristic  ion  at m/z 179.0563 [C6H12O6 − H]−

suggested the presence of a glucose moiety, while the neutral
loss  of  195.06  indicated  the  existence  of  a  plane  skeleton.
Therefore, M34 was tentatively  identified  as  desbenzoypae-
oniflorin [22]. Notably,  this  metabolite  was exclusively detec-
ted in the brain tissue among the monoterpenes-related meta-
bolites. Compound M6 showed a pseudomolecular ion at m/z
671.1876 [M  −  H]−,  indicating  the  molecular  formula
C29H36O18, which was 192 Da more than that of paeoniflorin.
The  observed  neutral  loss  of  176  Da,  as  inferred  from  the
fragment  ion  at m/z 495.1483,  indicated  the  presence  of  a
glucuronide  moiety.  Besides,  the  characteristic  ions  at m/z
137.0251 suggested  the  presence  of  a p-hydroxybenzoyl
group. Therefore, M6 was speculated as a hydroxylated pae-
oniflorin glucuronide, with glucuronide and hydroxyl groups
replacing  the  glucosyl  and  benzoyl  groups,  respectively,  of
the original structure. Compound M13 exhibited a [M − H]−

ion at m/z 527.1418, corresponding to the molecular formula
C23H28O14, which was 48 Da (3O) more than that of paeoni-
florin.  The characteristic ion at m/z 169.0147 [C7H6O5 − H]−

indicated  the  presence  of  a  3,4,5-trihydroxy  benzoyl  group.
Thus, M13 was tentatively characterized as a trihydroxylated
derivative  of  paeoniflorin,  with  hydroxylation  occurring  in
the benzoyl moiety of the structure.  Similarly,  six additional
monoterpenes-related  metabolites,  including  two  methylated
products  (M5 and M82),  two  sulfated  products  (M36 and
M70), one glucuronidation product (M38), and one dehydra-
tion  product  (M53), were  tentatively  characterized  by  com-
paring  their  tandem  mass  behaviors  with  those  reported  in
previous studies [22, 23].
 Characterization of phenolic acid-related metabolites

A total of 22 phenolic acid-related metabolites, compris-
ing  18  chlorogenic  acid-related  metabolites  and  four  gallic
acid-related  metabolites,  were  identified  in  this  study.  The
metabolic transformations involved several processes, includ-
ing hydrolysis,  methylation,  oxidation,  reduction,  and  sulfa-
tion  (Fig.  6).  For  example,  the  prototype  5-O-caffeoylgluc-
osyl quinic acid was hydrolyzed to produce the intermediates
5-O-caffeoyl quinic acid, quinic acid, and caffeic acid (M24).
Methylation  of  5-O-caffeoyl  quinic  acid  yielded M40,  and
subsequent Michael  addition  with  cytosine  produced  meta-
bolite M60. M17 (tR = 4.06 min, m/z 258.9909 [M − H]−) ex-
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hibited  the  molecular  formula  C9H8O7S,  which  was  80  Da
higher  than  that  of  caffeic  acid  (M24). Fragment  ions  ob-
served  at m/z 179.0330 [M  −  H  −  SO3]

− and 135.0436
[M − H − SO3 − CO2]

− indicated the presence of sulfonic and

carboxyl  groups.  Hence, M17 was  plausibly  identified  as
sulfonate of caffeic acid [24]. M21, with a molecular weight 14
Da  higher  than  that  of M17,  was  identified  as  a  methylated
sulfonate derivative of caffeic acid. Additionally, metabolites
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M1/M50, M15, M18, M42,  and M45 were identified as  the
derivatives of caffeic acids (M24), while M11 was character-
ized as the addition product of caffeic acid with glycine. M10
and M41 were  identified  as  the  derivatives  of  quinic  acid.
Dehydration and aromatization of quinic acid led to the form-
ation  of  metabolites M3/M9.  Furthermore, M19 and M43
were characterized as condensation products  of  benzoic acid
with glycine.

Moreover, M63 exhibited a quasi-molecular ion [M − H]−

at m/z 137.0240 (C7H6O3),  which  was  32  Da  (2O)  less  than
that  of  gallic  acid,  and  yielded  fragment  ion  at m/z 93.0347
[M  −  H  −  CO2]

−. Therefore,  it  was  identified  as  the  dehyd-
roxylated  product  of  gallic  acid.  The  other  three  gallic  acid-
related metabolites, M7, M8, and M22, were tentatively char-
acterized through a comprehensive analysis  of  their  accurate
mass  weights  and  fragmentation  ions  and  comparison  with
those in previous reports [25, 26].
 Characterization of chromone-related metabolites

In total,  ten chromone-related metabolites were detected
from  the  bio-samples  of  SD  rats  treated  with  CKF  extracts.
The metabolic transformations predominantly involved oxid-
ation,  hydroxylation,  demethylation,  and  glucuronidation
(Fig. 7).

M29, M35,  and M48 were  deduced  as  hydroxylated
cimifugin  owing  to  their  identical  molecular  formula  of
C16H18O7,  which  differed  by  one  additional  oxygen  atom
compared  with  cimifugin. M39 exhibited  a  [M  +  H]+ ion  at
m/z 321.0983 (C16H16O7),  which  was  30  Da  (+  2O − 2H)
higher than that of 5-O-methylvisamminol, indicating the ox-
idation of the methyl group to the carboxyl group. The frag-
ment ion at m/z 249.0401 [M + H − C4H8O]+, corresponding
to the RDA cleavage of the pyran ring, was 30 Da higher than
that  of  5-O-methylvisamminol,  suggesting  the  occurrence  of
oxidation  at  the  methyl  group at  position  C-2. M62 was  the
demethylation  product  of M39 since  its  molecular  formula,
C15H14O7, was CH2 less than that of M39. Furthermore, M62

exhibited a fragment ion at m/z 235.0243 [M + H − C4H8O]+,
14 Da less than that of M39, which indicated that demethyla-
tion  occurred  at  position  C-5.  By  thoroughly  examining  the
accurate  molecular  weights  and  fragment  ions,  several  other
chromone-related  metabolites  (M26, M44, M47, M80,  and
M83) were tentatively characterized [27-28].
 Characterization of alkaloid-related metabolites

A  comprehensive  analysis  of  the  bio-samples  obtained
from SD rats treated with CKF extracts led to the identifica-
tion  and  tentative  characterization  of  36  alkaloid-related
metabolites.  These  metabolites  consisted  of  four palmatine-
related,  eight  jatrorrhizine-related,  three  coptisine-related,
two magnoflorine-related, and 19 berberine-related alkaloids.
The  results  revealed  that  dehydrogenation,  hydroxylation,
methylation,  demethylation,  demethylenation,  and  glucur-
onidation were the principal metabolic pathways involved in
their transformations [29-30].

M76 (m/z 336.1240 [M]+) and M85 (m/z 336.1248 [M]+)
showed  the  identical  molecular  formula  C20H18NO4,  which
was 2H less than that of jatrorrhizine. Fragmentation analysis
of M76 revealed ions at m/z 292.0977 [M − CH3 − H − CO]+

and 290.0817 [M  −  CH3 −  H  −  2H  −  CO]+,  indicating  the
presence of  a  methylenedioxy group at  C-2  and C-3  and vi-
cinal  dimethoxy  groups  at  C-9  and  C-10.  This  suggests  the
release  of  2H  from  the  methyl  and  hydroxyl  groups  at  C-2
and C-3. M85 produced fragment ions at m/z 320.0926 [M −
CH3 −  H]+, 292.0974 [M  −  CH3 −  H  −  CO]+,  and 278.0824
[M − CH3 − H − CO − CH2]

+, following a fragmentation pat-
tern similar to that of jatrorrhizine. Thus, it can be concluded
that 2H was eliminated from C-5 and C-6. The glucuronida-
tion  of  jatrorrhizine  resulted  in  the  formation  of  metabolites
M51 and M52,  which  underwent  subsequent  demethylation
and hydroxylation to yield M49 and M68, respectively.  Pal-
matine underwent  dehydrogenation  and  hydroxylation,  lead-
ing  to  the  production  of M72 and M58,  respectively.  The
methylation  of  palmatine  gave  rise  to M78, which  was  fur-
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Fig. 7    The metabolic pathways of chromones.
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ther hydroxylated to produce M64. M46 was the demethylen-
ated  product  of  coptisine,  while M79 and M87 were identi-
fied as  the  methylated  and  hydroxylated  products  of  cop-
tisine. M20 and M33 were the  demethylated  and  hy-
droxylated products of magnoflorine, respectively.

Berberine  underwent  dehydrogenation  to  form M74,
which  was  subsequently  hydroxylated  to  produce M66.  The
demethylation of berberine resulted in the formation of M71,
followed  by  glucuronidation  and  demethylation  processes
leading  to  the  production  of  metabolites M30–M32, M54,
and M55.  The  demethylenation  of  berberine  yielded M59,
which  underwent  hydroxylation  to  generate M77.  The
glucuronidation of M77 gave rise to M28. The hydroxylation
and hydrogenation of M61 resulted in the formation of M56
and M23, respectively. M37 was the glucuronidation product
of M23,  and  further  hydrogenation  led  to  the  formation  of
M27. M61 underwent monohydroxylation, followed by addi-
tional  hydroxylation  to  yield  the  trihydroxylated  product
M56. The methylation of M61 generated M65 and M69, and
subsequent methylation  and  hydroxylation  led  to  the  forma-
tion of M81.The proposed metabolic pathways are illustrated

in Fig. 8.
 Characterization of resin glycoside-related metabolites

In this study, we presented the novel characterization of
resin glycosides derived from CKF extracts, a prominent con-
stituent of CS. Additionally, we reported for the first time the
identification  and  structural  elucidation  of  four  metabolites
associated with resin glycosides in the bio-samples of SD rats
treated  with  CKF  extracts  (Fig.  9).  The  observed  metabolic
transformations  mainly  involved  demethylation,  hydration,
and hydroxylation.

M88 (tR = 15.73 min) exhibited a pseudomolecular ion at
m/z 825.4054 (C38H66O19), which was 14 Da (CH2) less than
that  of  Cus-1/isomer.  The  MS/MS  spectrum  in  the  negative
ion  mode  revealed  a  diagnostic  ion  at m/z 243.1979
[C14H28O3−H]-. Thus, M88 was tentatively characterized as a
demethylated  derivative  of  Cus-1/isomer.  Similarly, M89
(tR = 15.90 min, m/z 857.4391 [M − H]−) was approximately
assigned  as  the  hydrated  product  of  Cus-1/isomer. M90 and
M91 displayed  molecular  formulas  of  C37H66O19 and
C39H68O20, respectively,  exhibiting  a  16  Da  increment  relat-
ive to Cus-3/isomer and Cus-1/isomer.  The diagnostic ion at
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Fig. 8    The metabolic pathways of alkaloids.
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m/z 243.19  was  observed  in  the  high-collision-energy  scans
of  both  metabolites.  Hence, M90 and M91 were  tentatively
identified as hydroxylated products of Cus-3/isomer and Cus-
1/isomer, respectively.
 Characterization  of  N-acetyldopamine  oligomer-related
metabolites

In  this  study,  we  identified  three N-acetyldopamine oli-
gomer-related  metabolites. M12 showed  a  protonated  ion  at
m/z 196.0965 (C10H13NO3), in line with the molecular weight
of N-acetyldopamine.  Additionally,  the  fragment  ions  at m/z
154.0859 [M + H − CH2CO]+, 137.0616 [M + H − NH2COCH3]

+,
and 119.0508 [M  +  H−  NH2COCH3 −  H2O]+ further con-
firmed its identity as N-acetyldopamine, which is the first re-
port  of  the  metabolite  detected  from N-acetyldopamine oli-
gomers. M16 was proposed as a sulfated product of N-acetyl-
dopamine analog.  This  proposition  is  based  on  the  observa-
tion of the neutral loss of SO3, as evidenced by the fragment
ion  at m/z 192.0659 [M  −  H  −  SO3]

−.  It  is  noteworthy  that
M16 represents a novel metabolite derived from N-acetyldo-
pamine oligomers. In addition, another N-acetyldopamine oli-
gomer-related  metabolite M2 with a  1,4-dioxane  core  struc-
ture was also detected from the bio-samples, in line with pre-
vious  reports [31].  The  proposed  metabolic  pathways  of N-
acetyldopamine  oligomers,  involving  RDA  cleavage  of  the
1,4-dioxane  and  subsequent  sulfation,  are  illustrated  in
Fig. 10.
 Identification  of  potential  targets  of  CKF  for  IBS  treatment
by network pharmacology

A  total  of  69  prototypes  (MOL1–MOL69,  Table  S4)
were  identified  in  the  bio-samples  of  SD  rats  treated  with
CKF extracts for investigating the potential targets and putat-
ive mechanism of  the CKF formula in  the treatment  of  IBS.
The canonical SMILES chemical structures of the prototypes
were obtained using ChemDraw 20.0, followed by target pre-
diction through searches in the SEA and Swiss TargetPredic-
tion  databases.  This  analysis  revealed  832  potential  targets
associated with the prototypes. Additionally, IBS-related tar-
gets were collected from the DisGeNET and GenCards data-
bases,  resulting  in  561  targets  related  to  the  condition.  By
comparing the two target  sets,  we identified 130 targets  that

could  potentially  play  a  role  in  the  treatment  of  IBS  by  the
CKF  formula  (Fig.  11A).  The  PPI  network  of  these  targets
was analyzed  using  the  STRING  database,  and  a  compre-
hensive herb-component-target-disease network consisting of
203  nodes  and  882  edges  was  constructed  using  Cytoscape
(Fig.  11B).  Subsequently,  the  vital  parameters,  including
mean degree, BC, CC, EC, LAC, and NC, were calculated as
27, 0.00265, 0.4732, 0.05332, 6.3810,  and 7.7667, respect-
ively, according to established methods [32]. This process yiel-
ded 18 crucial targets for the CKF formula in the treatment of
IBS  (Fig.  11C). Furthermore,  we  conducted  a  KEGG  path-
ways  analysis  of  the  18  identified  key  targets,  revealing  the
Top 20 signaling pathways involved (Fig. 11D). Among these
pathways, ten were associated with diseases or substance de-
pendence, such  as  Kaosi  sarcoma-associated  herpesvirus  in-
fection,  Chagas  disease,  Human  cytomegalovirus  infection,
Yersinia infection, Proteoglycans in cancer, pathways in can-
cer, pancreatic cancer, EGFR tyrosine kinase inhibitor resist-
ance,  Hepatitis  B,  and  Coronavirus  disease-COVID-19.  One
pathway  was  related  to  cellular  processes  (Focal  adhesion),
while five pathways were associated with signal transduction,
including the  PI3K-Akt  signaling  pathway,  advanced  glyca-
tion end-products (AGE)-receptor of AGE (RAGE) signaling
pathway, HIF-1 signaling pathway, Rap1 signaling pathway,
and  vascular  endothelial  growth  factor  (VEGF)  signaling
pathway. Additionally, three pathways were classified as pat-
tern  recognition  receptor  (PRR)  signaling  pathways  (C-type
lectin receptor [CLR] signaling pathway, T cell receptor sig-
naling pathway, and Toll-like receptor [TLR] signaling path-
way),  and  one  pathway  was  linked  to  inflammation  (tumor
necrosis factor [TNF] signaling pathway).

We found intriguing  associations  between  the  identified
targets and pathways and inflammatory bowel disease (IBD),
a gastrointestinal  disorder  characterized  by recurrent  inflam-
mation of the intestinal tract due to an abnormal immune re-
sponse to gut microflora. The pathogenesis and clinical mani-
festations of IBD share similarities with those of IBS. For ex-
ample,  accumulating  evidence  suggests  the  involvement  of
PRRs,  such  as  CLRs  and  TLRs,  in  the  pathogenesis  of
IBD [33]. Furthermore,  the  RAGE has  been  implicated  in  in-
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names; yellow  represents  the  targets;  other  colors  represent  the  active  components.  PRA:  Paeoniae  Radix  Alba,  SR:  Saposh-
nikoviae  Radix,  CR:  Coptidis  Rhizoma,  CS:  Cuscutae  Semen,  RRP:  Rehmanniae  Radix  Praeparata,  FDR: Fagopyri  Dibotryis
Rhizoma, CP: Cicadae Periostracum. (C) The PPI network analysis and recognition of core targets. The size of the nodes is pro-
portional to their degrees in the map of Network Visualization. The node colors represent the average shortest path length. The
larger the size, the longer the average shortest path length, and the darker the color, the higher the degree. (D) The KEGG en-
richment pathway analysis of 18 core targets for the CKF formula in IBS-D treatment. The Y-axis represents significant path-
ways of the core targets, and the X-axis shows the P value. (E) Key component-target-pathway network for the Toll-like recept-
ors signaling pathway.
 

YANG Fengge, et al. / Chin J Nat Med, 2023, 21(6): 459-480

– 476 –



flammatory responses and immune system activation in IBD,
which can induce intestinal inflammation by promoting oxid-
ative  stress  and  endothelial  activation  and  modulating  gut
permeability [34]. In addition, TNF, a downstream mediator of
inflammation, is commonly targeted in the treatment of IBD.
Recent reports have also highlighted the involvement of VE-
GF in IBD, as it regulates angiogenesis and may contribute to
intestinal angiogenesis and mucosal inflammation [35].

Among  the  targets  and  signaling  pathways  associated
with  inflammatory  intestinal  diseases,  TLRs  stand  out  as  a
subject  of  considerable  interest  in  IBS.  TLRs  have  garnered
attention  due  to  their  involvement  in  innate  host  defense
mechanisms in the intestine, encompassing mucosal and com-
mensal  homeostasis [36].  Furthermore,  these  receptors  play  a
pivotal role  in  modulating  barrier  function,  visceral  hyper-
sensitivity, and other critical facets of IBS pathogenesis [37, 38].
Therefore, based on the TLRs signaling pathway, a key com-
ponent-target-pathway  network  was  constructed  (Fig.  11E),
suggesting  that  CASP8,  IL6,  MARK14,  PIK3C,  PIK3R1,
STAT1, TLR4,  and  TNF may be  significant  therapeutic  tar-
gets for the CKF formula and that the identified 24 compon-
ents correlated with these targets may be active ingredients of
the CKF formula in the treatment of IBS.
 Molecular docking

To validate the findings obtained from network pharma-
cology, we  conducted  molecular  docking  simulations  to  in-
vestigate the  binding  interactions  between  24  selected  com-
ponents and eight key targets in the TLRs signaling pathway.
The  docking  scores,  which  indicate  the  binding  affinity
between the components and targets,  revealed significant in-
teractions  between  the  selected  targets,  specifically  TNF,
MAPK14,  TLR4,  CASP8,  PIK3CA,  and  PIK3R1,  and  the
identified  components,  including  alkaloids,  flavonoids,
chromones,  monoterpenes, N-acetyldopamine  dimers, p-hy-
droxycinnamic  acid,  and  Cus-3/isomer  (Fig.  12A).  Further
analysis of the binding modes revealed that MOL39 (N-acet-
yldopamine  dimer)  formed  hydrogen  bonds  with  TYR-102,
SER-118,  and SER-120 of  TLR4 (Fig.  12B); MOL43 (5-O-
methylvisammioside)  formed  a  hydrogen  bond  with  TYR-
151  of  TNF  (Fig.  12C); MOL51 (sec-O-glucosylhamaudol)
formed hydrogen bonds with ASP-112 and ASP-168 to bind
with  MARK14  (Fig.  12D); MOL65 (isorhamnetin-3-O-api-
osyl-hexoside)  formed  hydrogen  bonds  with  LEU-241,  ILE-
165, and PHE-170 to bind with CASP8 (Fig.  12E); MOL68
(berberine)  formed  a  hydrogen  bond  with  TYR-836  to  bind
with  PIK3CA and another  hydrogen bond with  ARG-951 to
bind with PIK3R1 (Fig. 12F&12G). The results of molecular
docking simulations are presented in Fig.12.

 Discussion

The CKF formula, an established clinical intervention for
IBS,  holds  promising  potential;  however,  its  material  basis
and underlying  mechanism  remain  elusive,  thereby  restrict-
ing  its  widespread  application.  An  essential  aspect  of  TCM
prescriptions lies  in  their  chemical  components,  which serve
as the fundamental  contributors  to  their  therapeutic  efficacy.

Thus, unraveling the comprehensive chemical profile of CKF
becomes imperative. A previous study identified and charac-
terized 80 chemical  components  derived from CKF extracts,
encompassing  six  constituent  herbal  medicines,  excluding
CP  [8]. In this study, 150 components were identified or tent-
atively  characterized  from  CKF  extracts,  encompassing  all
seven constituent  herbs.  We  also  reported  the  characteriza-
tion  of  six N-acetyldopamine  oligomers  from  CP  and  eight
resin glycosides  from  Corydalis  yanhusuo  in  the  CKF  ex-
tracts,  marking  the  first  documentation  of  their  presence  in
CKF.  Noteworthy  evidence  suggests  that N-acetyldopamine
dimers  possess  potential  therapeutic  effects  in  attenuating
LPS-induced  inflammation  and  symptoms  in  male  mouse
models of  ulcerative  colitis  induced  by  dextran  sulfate  sodi-
um.  These  effects  include  mitigation  of  weight  loss,  tissue
damage,  and  expression  of  proinflammatory  cytokines[39,40].
In addition,  resin glycosides exhibited antibacterial  and anti-
depressant  activities,  as  well  as  relaxant  effects  on rat  ileum
contractions [41,42]. These findings highlight the plausible asso-
ciation  between  resin  glycosides  and  two  crucial  pathogenic
factors of IBS, namely inflammation and brain-gut disorders.

According to  the  principles  of  plasma  pharmacochem-
istry, potential bioactive components should be prototypes or
related metabolites capable of being absorbed into the blood
and  maintaining  a  certain  concentration  in  target  organs.
However, IBS is a complex intestinal disease involving dys-
regulation of the brain-gut axis, making it crucial to consider
the presence of xenobiotics in brain tissue and intestinal con-
tents. Meanwhile,  the  detection  and  chemical  characteriza-
tion of metabolites in urine and fecal samples were beneficial
for  understanding  the in  vivo metabolic  pathways  of  CKF.
Thus,  bio-samples,  including  plasma,  brain  tissue,  intestinal
contents, and  urine  and  fecal  samples,  were  collected  to  in-
vestigate the  metabolic  behavior  of  CKF extracts.  Our  find-
ings  unveiled  the  presence  of  cimifugin  and  paeoniflorin  in
the plasma  and  brain  tissues  of  rats  subjected  to  CKF treat-
ment. A previous report shows that chromones exhibit signi-
ficant  anti-inflammatory  and  analgesic  activities [43],  and
their glucosides  can  ameliorate  intestinal  barrier  dysfunction
of  Caco-2  cells  by  increasing  the  protein  level  of  ZO-1 [44].
Meanwhile,  it  has  been  revealed  that  monoterpenes  exhibit
antidepressant  and  anti-inflammatory  effects,  and  they  can
prevent  intestinal  barrier  disruption [45-48]. Alkaloids,  repres-
entative  components  of  CR,  were  detected  in  the  plasma  of
rats treated with CKF extracts. Studies have indicated that CR
extracts can alleviate visceral pain in IBS model rats by redu-
cing 5-HT and CCK levels [49] while also maintaining intest-
inal homeostasis by altering the abundance of related micro-
biota [50].  Flavonoids,  abundant  in  intestinal  contents,  have
been reported  to  possess  anti-inflammatory  properties,  im-
mune-regulating effects,  and  the  ability  to  modulate  gut  mi-
crobiota [51, 52].  Additionally, N-acetyldopamine  dimers  and
resin glycosides with high exposure in intestinal contents ex-
hibited  pronounced  anti-inflammatory  effects.  Hence,  it  is
plausible to consider these components as potential contribut-
ors to the synergistic effects observed in the treatment of IBS.

Network pharmacology,  a  powerful  tool  for  interpreting
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complicated  interactions  from  a  systemic  view,  has  been
widely used  to  predict  the  main  active  ingredients  and  pos-
sible targets of TCM formulations [53]. In this study, our net-
work pharmacology analysis identified 18 key targets and re-
vealed  20  related  pathways.  As  the  TLR signaling  pathway
was  associated  with  inflammation,  immunity,  epithelial  cell
proliferation and repair,  barrier  function,  and visceral  hyper-
sensitivity, it was chosen for further molecular docking veri-
fication.  Our  results  indicated  that  alkaloids,  flavonoids,
chromones,  monoterpenes, N-acetyldopamine  dimers, p-hy-
droxycinnamic acid, and Cus-3/isomer had high affinity with
key  targets  related  to  the  TLR  signaling  pathway,  including
MAPK14,  TNF,  TLR4,  CASP8,  PIK3CA,  and  PIK3R1.  It
has  been  reported  that  TLR4,  MARK14,  and  TNF  proteins
are associated with inflammation [54,55], and CASP8, known as
a protease regulating apoptosis and necroptosis, is involved in
inflammation  and  gut  homeostasis [56].  Additionally,  PIK3C
and PIK3R1 proteins, known to be correlated with colon can-
cer,  may play an important role in IBS through immune and
inflammation regulation [57,58].  These discoveries implied that

the  regulation  of  immune  and  inflammation  may  be  the
primary mechanism underlying the therapeutic effects  of  the
CKF formula in the treatment of IBS.

 Conclusion

In this  study,  a comprehensive analysis  of CKF extracts
led  to  the  identification  and  tentative  characterization  of  a
total of 150 chemical components, with 23 components con-
firmed by comparison with reference standards. Notably, the
discovery  of  six N-acetyldopamine  oligomers  from  CP and
eight resin  glycosides  from  CS  in  the  CKF  extracts  repres-
ents  a  novel  finding.  Additionally,  we  provided  the  MS/MS
fragmentation  patterns  of  resin  glycosides  for  the  first  time.
Moreover,  149  xenobiotics,  including  58  prototypes  and  91
metabolites, were qualitatively analyzed and characterized in
the  bio-samples  of  rats  treated  with  the  CKF  extracts.  This
analysis enabled  the  initial  profiling  of  the  metabolic  path-
ways associated with resin glycosides and N-acetyldopamine
oligomers,  leading  to  the  detection  and  characterization  of
two new N-acetyldopamine dimer metabolites. In parallel, the
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integrated application of network pharmacology and molecu-
lar docking technology was employed to explore the underly-
ing mechanism of the CKF formula in the treatment of  IBS.
Our  results  revealed  that  alkaloids,  flavonoids,  chromones,
monoterpenes, N-acetyldopamine  dimers, p-hydroxycinnam-
ic acid,  and  Cus-3/isomer  may  be  the  components  respons-
ible for the therapeutic effects of CKF. Furthermore, the TLR
signaling pathway, implicated in inflammation and immuno-
logical  processes,  emerged  as  a  potential  modulatory
target. To  sum  up,  the  chemical  and  metabolic  profiles  of
CKF extracts were deciphered by UPLC-Q-TOF-MS/MS. In
addition,  the  active  components  and  underlying  mechanisms
of the  CKF  formula  were  elucidated  through  network  phar-
macology  and  subsequent  molecular  docking  analyses.  The
findings  of  this  study  contribute  to  the  understanding  of  the
pharmacodynamic material basis of the CKF formula, laying
the groundwork for further research on its mechanism of ac-
tion and quality control in the treatment of IBS.
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