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Abstract
Bupleuri Radix (BR) is a traditional Chinese medicinal herb with a history of 2000 years of medicinal use. It is primarily used for heat-clearing, liver-

soothing,  Yang-ascending  and  sinking-reversing  effects.  It  has  huge  clinical  value  in  traditional  Chinese  medicine  (TCM)  and  ethnomedicine.

There are more than 200 species in the genus Bupleurum of the Apiaceae family, but their classification and taxonomy have not been unified and

clarified.  Numerous  active  compounds  have  been  isolated  and  identified  from  BR,  such  as  saikosaponins,  volatile  oils,  polysaccharides,

polyacetylenes,  lignans,  flavonoids  and  such  like,  which  possess  anti-inflammatory,  antioxidant,  anti-tumor,  anti-cancer,  hepatoprotective,

immunomodulatory  and  anti-depressant  effects.  This  review  provides  an  overview  of  the  traditional  use,  germplasm  identification,

phytochemistry  and  pharmacological  activities  of  BR.  The  current  research  progress  of  BR  is  summarized  and  the  innovation  points  are

highlighted, aiming to provide baseline information and expert references for quality control and rational usage of BR in the post-pandemic era.
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 Introduction

BR includes a series of plant species of the genus Bupleurum,
Apiaceae  family,  which  are  widely  distributed  in  the  Northern
Hemisphere.  Currently,  there  are  about  241 confirmed species
in Bupleurum,  and  29  additional  species  level  taxa  which  still
have no clear-cut  status  (www.gbif.org).  As  a  kind of  TCM,  the
medicinal use of BR can be traced back to Shen Nong's Classic of
the Materia Medica, a herbal medicine text dating back to 2,000
years  ago,  which  describes  the  nature,  efficacy  and  clinical
applications  of  BR[1].  Although  multiple  species  of  BR  can  be
used  as  herbal  medicine,  only  the  dried  roots  of Bupleurum
chinense DC. and Bupleurum scorzonerifolium Willd are officially
listed  as  authentic  medicinal  materials  in  the Chinese  Pharma-
copoeia 2020  edition[2].  There  are  different  opinions  regarding
the specific medicinal parts of BR. The Shen Nong's Classic of the
Materia  Medica only  describes  its  nature  and  efficacy  without
specifying  the  exact  plant  part  used.  The  first  written  record
specifying the root as the medicinal part of BR can be found in
the Wu Pu Bencao,  a  book from the 3rd century AD[3].  Until  the
end  of  the  Qing  Dynasty,  it  was  discovered  that  the  above-
ground  parts,  and  even  the  whole  plant  of  BR,  possessed
medicinal  properties  in  the Yangtze River  region,  which led to
the gradual  use of  non-root parts  and even the entire plant in
medicine[4]. So far, besides the officially listed B. chinense and B.
scorzonerifolium,  local  medicinal  standards  in  regions  such  as
Gansu,  Yunnan,  Shandong  and  Sichuan  province  (China)  still
include other Bupleurum species and non-root parts of BR.

The main  bioactive  component  of  BR is  saikosaponins  (SSs),
with  saikosaponin  a  (SSa)  and  saikosaponin  d  (SSd)  being  the

chemical  standards  used  in  the Chinese  Pharmacopoeia  2020
edition to  evaluate  the  quality.  In  addition  to  SSs,  BR  contains
volatile  oils,  polysaccharides,  polyacetylenes,  lignans,  flavo-
noids,  fatty acids,  sterols,  coumarins,  alkaloids and many other
active  components,  which  exert  various  effects  such  as  anti-
inflammatory,  antioxidant,  anti-tumor,  anticancer,  antidepres-
sant,  antimicrobial,  antifungal,  hepatoprotective and immuno-
modulatory  activities  by  modulating  multiple  signaling  path-
ways. Furthermore, BR is often used in combination with other
drugs to treat symptoms such as the common cold with fever,
malaria, liver stagnation with Qi stagnation, chest and rib pain,
prolapse  of  the  rectum,  uterine  prolapse  and  irregular  men-
struation[5].  Recent  studies  have  shown  that  Qing  Fei  Jie  Du
Decoction, which contains BR as the principal herb, had signifi-
cant therapeutic effects in mild COVID-19 infections[6].

Therefore,  this  article  provides  a  systematic  review  of  BR  in
terms  of  traditional  use,  germplasm  identification,  phytoche-
mistry and pharmacological activities. By extensively reviewing
domestic  and  international  literature,  we  summarize  and
synthesize  the  research  progress  in  both  basic  research  and
application  fields.  The  current  challenges  in  the  development
of BR are also highlighted, so as to provide a valuable reference
for further exploration and development of its medicinal value.

 Traditional use

BR has  a  long history  of  medicinal  use in  China.  It  is  slightly
cold in nature, bitter and pungent in taste, and belongs to the
liver  and  gallbladder  meridians.  In  Korea,  many  medicines,
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including BR,  are made into oral  liquid,  which is  called Tang[7].
In  the Japanese  Pharmacopoeia,  there are prescriptions for  the
various parts of Bupleurum falcatum L.[8]. In TCM, it has the func-
tions of dispersing and heat-clearing, liver-soothing and Yang-
ascending.  However,  caution  should  be  taken  when  using  BR
against  excessive  liver  Yang,  internal  liver  wind,  Yin  deficiency
with excessive fire and rebellious Qi. This is owing to the unique
'ascending and dispersing'  properties  of  BR,  which require  the
physician to have a good understanding of the indications and
dosage.  Ancient  medical  practitioners  emphasized  the  taste,
properties  and  therapeutic  effects  of  BR,  particularly  its  use  in
treating  conditions  like  fever  and  liver-related  diseases.  Many
classical  BR  containing  prescriptions  and  formulations  have
been passed down through the ages and continue to be highly
regarded in modern medical practice. Presently, the traditional
applications  of  BR  have  been  expanded  and  deepened.  The
ongoing  research  has  uncovered  previously  unknown  active
compounds  in  BR,  broadening  its  efficacy  to  encompass  vari-
ous  areas  such  as  anti-inflammatory,  antioxidant  and  liver-
protective effects.  Modern scientific  studies have further eluci-
dated  the  pharmacological  actions  and  active  components  of
BR, diversifying its applications in clinical medicine (Fig. 1).

BR is  often combined with other herbs to form various TCM
formulas  and  prescriptions  for  the  treatment  of  various
diseases  (Supplemental  Tables  S1 & S2).  For  example,  BR  is
often used in combination with Puerariae lobatae Radix, as seen
in  Chai  Ge  Jie  Ji  Decoction  against  colds  and  fever.  BR  is  also
frequently paired with Scutellariae Radix in Xiao Chai Hu Decoc-
tion, which is used for treating Shao Yang syndrome with alter-
nating  chills  and  fever,  bitter  taste  in  the  mouth,  dry  throat,  a
sense  of  fullness  in  the  chest  and  ribcage.  The  ability  of  BR  to
disperse heat and treat alternating chills and fever is related to
the anti-inflammatory and antiviral activities of BR compounds,
such  as  SSs  and  volatile  oils.  Additionally,  compounds  such  as

SSs  and  flavonoids  possess  hepatoprotective  and  antidepres-
sant properties, making them valuable for treating liver stagna-
tion  and  Qi  obstruction.  When  combined  with Cyperi  rhizoma
and Paeoniae Radix Alba, BR is effective in treating liver Qi stag-
nation  with  chest  and  ribcage  pain,  which  is  the  basis  of  TCM
formula Chai Hu Shu Gan San. BR is also combined with Angeli-
cae Sinensis Radix, Paeoniae Radix Alba and Menthae Haplocaly-
cis  Herba in  TCM  formula  Xiao  Yao  San  (XYS),  which  show  the
synergistic  actions  against  liver  Qi  stagnation,  irregular
menstruation and menstrual pain. In treating raising Yang and
lifting sinking Qi, such as Qi deficiency and sinking, BR is often
used in combination with Qi-tonifying herbs like Ginseng Radix
Et  Rhizoma and Astragali  Radix,  which  are  the  components  of
Bu Zhong Yi  Qi  Decoction.  This  formula is  used for  addressing
symptoms like fatigue, poor appetite, loose stools, chronic diar-
rhea,  prolapse  of  the  stomach  and  uterine  prolapse.  The
neuroregulatory,  antidepressant,  anxiolytic  and anti-inflamma-
tory  properties  of  BR  partially  explain  these  therapeutic
concepts.

TCM processing, a unique pharmaceutical technique, follows
TCM  theories  and  is  employed  to  modify  the  properties  of
medicinal  herbs  according  to  their  intrinsic  nature,  as  well  as
the  requirements  of  formulation,  compatibility  and  clinical
applications. In most cases, BR is administered in dosage forms
such  as  granules,  oral  liquid,  injection,  decoction  pieces  and
compound  preparations  with  other  herbal  medicines.  After
processing,  medicinal  herbs,  including  BR,  can  exhibit
enhanced therapeutic effects, reduced toxicity, altered pharma-
cokinetic  and  pharmacological  properties,  targeted  meridian
tropism,  modified  tastes  and  odors[9].  Various  processing
methods,  such as vinegar-processing,  wine-processing,  honey-
processing  and  turtle  blood-processing,  change  physical  and
chemical characteristics of BR, resulting in differential therapeu-
tic  effects.  It  should  be  noted  that  different  processing
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Fig. 1    Pharmacological activities of Bupleuri Radix.
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methods applied to BR can lead to variations in the content of
active ingredients,  toxicity  levels,  pharmacological  actions and
therapeutic  effects[10−15].  In  addition  to  the  processing  stan-
dards specified in the Chinese Pharmacopoeia, different regions
in China have developed their own processing standards based
on  specific  species  and  local  medicinal  practices.  Overall,  the
processing  methods,  dosage  forms  and  compatibility  with
other  herbs  significantly  influence  the  therapeutic  outcomes
associated with BR.

In  addition,  health  supplements,  cosmetics,  and  personal
care  products  involving  BR  extracts  (BRE)  have  gradually
entered  the  market  (www.yaozh.com).  The  related  products
mainly  consist  of  extracts  from B.  chinense, B.  scorzonerifolium
and a few other Bupleurum species. These products are primar-
ily used as astringents, moisturizers, emollients and skin condi-
tioning agents.

 Germplasm identification

 History
Due to multiple source species,  their  similar  morphology,  as

well  as  diverse  historical  records  regarding  the  medicinal
species,  names  and  usage  methods  of  BR,  it  is  challenging  for
modern  scholars  to  differentiate  them.  In  the  Eastern  Han
Dynasty,  the Shen  Nong's  Classic  of  the  Materia  Medica referred
to it  as Ci  Hu and Di Xun.  The late Han Dynasty's Miscellaneous
Records  of  Famous  Physicians referred to it  as Shan  Cai, Ru  Cao
and Yun  Hao[1,16].  In  the  Ming  Dynasty,  Li  Shizhen's
Compendium  of  Materia  Medica firstly  recorded the  name Chai
Hu,  which  has  been  used  until  today[17].  During  the  Han  and
Tang  Dynasties,  the  origins  of  BR  were  not  distinguished,
including B. chinense and its related species, B. scorzonerifolium,
and  even non-Bupleurum plants.  The  books  from  this  period
provided limited descriptions of the morphology of BR, making
it impossible to determine the exact species as known today. In
the  Song  Dynasty,  the  documentation  of Bupleurum species
became  clearer,  with  more  detailed  morphological  descrip-
tions.  For  instance,  the Materia  Medica  Arranged  According  to
Pattern of that time recorded the morphological characteristics
and  distribution  of  BR,  enabling  the  identification  of  three
species: B. chinense, B. scorzonerifolium and B. scorzonerifolium f.
pauciflorum[18]. During the Ming and Qing Dynasties, there was
a serious problem of adulteration and counterfeiting of BR, with
significant  mixing  and  adulteration  of  processed  slices,  which
even  led  to  fatalities.  Initially,  people  did  not  distinguish
between BR and Stellaria  dichotoma  var.  lanceolata,  a  taxon of
Caryophyllaceae family.  For a long time,  they were considered
the  same  medicinal  herb  within Bupleurum.  In  the  Ming
Dynasty,  Ni  Zhumo  and  Miao  Xiyong  differentiated S.
dichotoma var. lanceolata from Bupleurum based solely on their
efficacy,  but  the  former  was  still  wrongly  used as  a Bupleurum
herb[19,20].  Until  the  Qing  Dynasty,  with  the  research  of  Zhao
Xuemin, S.  dichotoma  var.  lanceolata was  separated  from
Bupleurum[21].

 Origin and authenticity
Bupleurum is  widely  distributed  in  the  temperate  regions  of

the  Northern  Hemisphere.  The  southwestern  China  and
Mediterranean region are two major centers of origin of Bupleu-
rum[22,23].  The  software  Reconstruct  Ancestral  State  in  Phylo-
genies  (RASP)  for  phylogenetic  ancestral  trait  reconstruction,

was used to study the origin of Bupleurum in China. By analyz-
ing the ITS (Internally Transcribed Spacer) and rps16 sequences,
southern China was inferred to be the center of origin of China
Bupleurum, and the distribution types and dispersion pathways
of Bupleurum species were also elucidated[24].

Through  the  historical  investigation  of  the  regional  authen-
ticity  of  BR,  Zhao  et  al.  discovered  that  in  ancient  times,  the
main production areas of BR expanded from Shanxi and Henan
Province to the surrounding regions. During the Song Dynasty,
Yinzhou  (now  Yulin,  Shaanxi  Province)  was  recognized  as  the
authentic  production  area  of  BR.  In  modern  times,  Hebei,
Shanxi and Shaanxi have become the main production areas of
B.  chinense[25].  The growth environment  and cultivation condi-
tions in  different  regions can influence the genetic  material  of
BR,  resulting  in  distinct  regional  characteristics  in  the  DNA  of
BR.  The  RAPD  (Random  Amplified  Polymorphic  DNA)  tech-
nique  has  been  widely  applied  in  the  identification  of  plant
varieties, pedigree analysis and studies of evolutionary relation-
ships. It can accurately determine the regional authenticity of B.
chinense. Also, it can accurately identify genuine BR and similar
species[26−28].

 Identification method
Bupleurum is  distributed  in  all  regions  of  China  except  for

Hainan  Province,  and  there  are  multiple Bupleurum species
growing together in various production areas. The main medi-
cinal species currently used are B.  chinense, B.  scorzonerifolium,
B. smithii Wolff var. parvifolium Shan et Y. Li and B. marginatum
var. Stenophylium (Wolff)  Shan  et  Y.  Li.  Apart  from B.  smithii
Wolff  var. parvifolium Shan  et  Y.  Li,  the  other  three Bupleurum
species, as well as B. falcatum L., are the main cultivated species
in  China[29].  However,  the  sharp  decline  of  wild Bupleurum
resources  has  resulted  in  a  scarcity  of  commercial  supply.
Therefore,  it  is  necessary  to  accurately  identify Bupleurum
germplasm to provide a medicinal basis for the transition from
wild  to  cultivated  and  large-scale  production.  Currently,  the
systematic  identification  studies  of Bupleurum mainly  include
traditional  morphological  methods,  fingerprint spectrum, DNA
barcoding,  molecular  markers,  chloroplast  genome  compa-
risons and combined multi-technology approaches.

 Traditional methods
The  morphological  observations,  literature  references  and

field guides are traditionally utilized to achieve convenient and
efficient identification[30]. Early on, Shan examined the morpho-
logical  characteristics  of  several Bupleurum species  in  China,
summarized their features and distribution, and compiled a key
for the identification of China Bupleurum[31]. Zhang proposed a
convenient  method  for  identifying  common  counterfeits  of
Bupleurum,  and  suggested  that  their  origin  and  characteristics
can  be  used  for  identification[32].  Traditional  methods  serve  as
the main means of field identification, allowing for quick differ-
entiation  of  plants  anytime  and  anywhere.  However,  they  are
influenced  by  various  factors,  and  are  not  suitable  for  newly
discovered  species;  their  accuracy  in  identification  is  relatively
low.

 Fingerprint spectrum
The  fingerprint  spectrum  is  a  comprehensive  and  quantita-

tive  identification  method  based  on  the  systematic  study  of
chemical  components  in  TCM.  It  provides  a  visual  means  of
identification  and  can  be  used  to  determine  the  authenticity,
quality and stability of BR. Xiao et al. conducted research on BR
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from  different  regions  using  GC-MS  (Gas  Chromatography-
Mass  Spectrometry)  fingerprint  spectrum  and  found  that  the
separation of its volatile oils in the GC-MS fingerprint spectrum
was  good enough for  evaluating the  quality  of  BR[33].  Ye  et  al.
established a fingerprint spectrum of B. chinense using UPLC-Q-
TOF-MS  (Ultra  Performance  Liquid  Chromatography-
Quadrupole-Time  of  Flight-Mass  Spectrometry)  and  demon-
strated  its  application  value  in  the  rapid  identification  of B.
chinense from  different  regions[34].  Additionally,  the  combina-
tion  of  HPLC  (High  Performance  Liquid  Chromatography)  and
chemometrics  can  be  used  to  analyze  the  component  charac-
teristics  and  differences  of B.  chinense from  different
regions[35,36].  Jin et al. analyzed the infrared spectra of genuine
and non-genuine roots of BR using ATR-FTIR (Attenuated Total
Reflection-Fourier Transform Infrared Spectroscopy) and found
significant  differences  in  the  infrared  absorption  peak  intensi-
ties. Also, the DWTS (Discrete Wavelet Transform Spectroscopy)
can  clearly  display  differences  between  genuine  and  non-
genuine roots, and has a high recognition rate of the former[37].
In  the  future,  the  combination  of  fingerprint  spectrum  and
analytical  chemistry  will  play  a  greater  role  in  the  quality
control of TCM. It is expected to become an important identifi-
cation technology in the quality standard system.

 Molecular biology identification
Molecular  biology  identification  is  a  complement  to  tradi-

tional identification methods, and is increasingly being used in
plant classification, phylogenetics and other areas. It provides a
scientific  basis  for  the  identification  of Bupleurum species,  the
study  of  phylogenetic  relationships,  the  assessment  of  seed
and  medicinal  plant  quality,  which  offer  new  insights  into  the
precise identification of TCM materials.

DNA  barcoding  utilizes  standardized,  sufficiently  variable,
easily  amplifiable  and  relatively  short  DNA  segments,  and  is  a
rapidly  developing  bio-identification  system  based  on  the
specificity  within  species  and  diversity  between  taxa,  which
enables  rapid  and  automated  identification  of  organisms.  It  is
nearly impossible to distinguish every species solely based on a
single gene or DNA fragment. However, by combining multiple
DNA  barcode  sequences  within  the  genome,  hierarchical
barcoding  can  be  achieved,  gradually  narrowing  down  the
scope  and  ultimately  achieving  the  goal  of  species  identifica-
tion[38]. Chen et al. analyzed the guiding principles and applica-
tions  of  DNA  barcoding  technology  in  the  identification  of
Chinese  medicinal  materials,  and  proposed  the  use  of  ITS
sequences, including ITS1 and ITS2, as a universal DNA barcode
for  medicinal  plants[39,40].  Compared  to  other  identification
techniques,  the  ITS  sequences  have  a  higher  plant  identifica-
tion rate and demonstrate good repeatability and universality.
They can be used as a basis for the identification of BR and the
identification  of  seeds  from  various Bupleurum species.
Combining  traditional  morphological  methods  and  ITS
sequences can be used to effectively distinguish counterfeit BR
products found in the market[41−44].

In  addition,  non-sequencing DNA molecular  markers  can be
used for the identification of BR.  Zhan et al.  utilized ISSR (Inter
Simple  Sequence  Repeat)  and  SSR  (Simple  Sequence  Repeat)
molecular  markers  to  construct  the  first  genetic  map  of  BR,
which included 13 linkage groups and 80 loci. This map laid the
foundation  for  genetic  mapping  of  traits,  positional  cloning
and molecular marker-assisted selection breeding of BR[45].  Wu
et al. used SSR markers to identify cultivated germplasm of BR,

and  generated  preliminary  SSR  fingerprint  data  that  could
distinguish  different  BR  varieties[46].  These  molecular  marker-
based  identification  techniques  not  only  overcome  the  limita-
tions  of  plant  morphology  and  environmental  conditions,  but
also possess advantages such as high accuracy,  sensitivity and
rapidity in plant identification.

 Chloroplast genome
Compared  to  the  nuclear  genome,  the  chloroplast  genome

exhibits  less  sequence  variation,  making  the  identification
results  more  stable  and  reliable.  It  has  become  a  research
hotspot as a DNA barcode sequence and can be used as a super
barcode  for  studying  plant  systematics,  phylogenetics  and
species  identification.  Furthermore,  it  can  be  used  for
subspecies identification, varieties identification and even indi-
vidual  identifications[47,48].  Zhang  et  al.  utilized  conventional
DNA  barcoding  techniques  to  identify  cultivated Bupleurum
species  while  also  verifying  their  complete  chloroplast
genomes and developing a  new chloroplast  marker[49].  Huang
et  al.  reported  the  chloroplast  genome  sequences  of  Mediter-
ranean Bupleurum species[50].  The  phylogenetic  analysis
revealed that Mediterranean and East Asian Bupleurum species
form  two  separate  major  branches.  Multiple  studies  based  on
the chloroplast  genome and DNA barcoding indicated that  all
Bupleurum species form a monophyletic clade with high boot-
strap  support,  providing  phylogenetic  information  for  further
identification[23,51−54].  Today,  with  the  advancement  of  chloro-
plast  genome  sequencing  technologies,  obtaining  plant
genome data has become efficient and fast. Also, the sequenc-
ing costs have significantly decreased. This progress will greatly
promote  the  development  of  chloroplast  genomics  in Bupleu-
rum genus and other plant taxa, providing new perspectives for
plant identification.

 Phytochemistry

 Saikosaponins
SSs are highly abundant in the BR roots. They exhibit various

pharmacological  activities,  including  anti-inflammatory,  anti-
cancer,  antiviral,  immunomodulatory  and  neuroregulatory
effects[55].  Currently,  about  180  SSs  have  been  isolated  and
identified  from  BR,  all  of  which  belong  to  the  class  of  penta-
cyclic triterpenoids (Supplemental Table S3). They can be classi-
fied  into  two  chemotypes:  oleanane-type  and  ursane-type[56].
The 1HNMR  metabolic  fingerprinting  efficiently  differentiated
two main scaffolds of SSs, which can also be used to detect SSs
and  hydrocarbon  aldehydes[57].  SSs  generally  contain  glucose,
fructose, xylose and arabinose as sugar moieties. After deglyco-
sylation  in  the  gut,  their  permeability  greatly  changed[58].  The
ER (Efflux Ratio) values indicate that SSd was actively absorbed,
while SSa and SSb2 underwent passive diffusion. In addition to
the  seven  reported  types  of  sapogenins  (epoxy  ether,  hetero-
cyclic  diene,  12-ene,  homocyclic  diene,  12-ene-28-carboxylic
acid,  heterocyclic  diene-30-carboxylic  acid  and  18-ene),  Sui  et
al. reported seven additional SS aglycones[59,60] (Fig. 2). SSa, SSc
and  SSd  are  the  major  active  components  and  belong  to  the
epoxy ether (type I) category, while SSb2 is a heterocyclic diene
(type  II)  that  mainly  exhibits  antiviral  activity.  However,  the
exact  reasons  for  the  differences  in  bioactivities  among  SSs
remain elusive, and it is possibly due to the ether bonds in the
chemical  structures  of  SSs[61].  By  comparing  the  activity
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differences between SSa and SSd and observing the structures
of  SS  aglycones,  it  is  inferred  that  the  R1 group  may  also  be  a
factor  contributing  to  the  differences  in  SSs  activity.  Both  SSa
and SSd are stereoisomers, differing only in the position of the
R1 group, yet they exhibit specific variations in bioactivity.

 Volatile oils
Volatile  oils  of  BR  exhibit  significant  effects  such  as  anti-

pyretic,  antibacterial,  anti-inflammatory  and  anticonvulsant
properties. Certain volatile oil components, such as (2E,4E)-2,4-
decadienal,  also  demonstrate  repellent  effects  against  storage
insects[62]. Currently, hundreds of volatile oils components have
been  identified  from  BR,  e.g.,  terpenes,  alkenes,  aldehydes,
esters  and  alcohols,  and  the  fatty  compounds  are  the  most
(Supplemental  Table  S4).  Apart  from  variations  in  the  concen-
trations of major compounds, nearly all of them contain a series
of  fatty  derivatives[63].  Volatile  oils  are  present  in  various  parts

of  BR,  with  high  concentrations  of β-ocimene  observed  in  all
parts.  Comparatively,  the  root  of  BR  contains  a  greater  variety
of volatile oils components, while the stems, flowers, leaves and
fruits  have  higher  levels  of  volatile  oils  contents[64].  Moreover,
the  composition  and  content  of  volatile  oils  are  dynamic,  and
the  production  of  volatile  oils  occurs  in  the  early  growth  and
development  stages  of  BR.  The  flowering  period  is  charac-
terized  by  the  most  significant  changes  in  composition,  with
each  phenological  stage  containing  common  terpene  com-
pounds such as β-myrcene, trans-β-ocimene, limonene, (E,E)-α-
farnesene, α-copaene, β-elemene and other similar terpenes[65].
They  have  different  isomeric  forms,  and  the  most  effective
quantitative  and  qualitative  analysis  technique  is  GC-MS[66,67].
An increasing number of volatile oils are being discovered and
identified,  which  are  useful  in  chemotaxonomy  and  plant
systematics[68].

Rotundioside q Rotundioside o Rotundioside p

Rotundioside aRotundioside i

Rotundioside n

Rotundioside b Rotundioside d 
Fig. 2    The structures of saikosaponins.
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 Polysaccharides
Polysaccharides are large molecules composed of a complex

series of monosaccharide units. They are one of the fundamen-
tal  substances  that  maintain  normal  functioning  of  life  acti-
vities,  and  most  polysaccharides  derived  from  plants  are  rela-
tively non-toxic. The BR polysaccharides exhibit a wide range of
types,  with  diverse  structural  variations  and  bioactivities.  They
primarily  exert  anti-inflammatory,  anti-aging,  anti-ulcer,  anti-
tumor,  immunoregulation  and  mitosis-promoting  effects in
vivo[69−73] (Supplemental  Table  S5).  These  polysaccharides  are
mainly  composed  of  galacturonic  acid,  galactose,  glucose,
arabinose,  xylose,  ribose,  rhamnose,  mannose,  and  others.
Multiple  studies  have  found  that  the  physiological  effects  and
bioactivities  of  polysaccharides  are  related  to  their  molecular
weight,  monosaccharide  composition  and  glycosidic  bond
composition,  as  well  as  linkage  patterns,  total  carbohydrate
content,  uronic  acid  content,  protein  content  and  advanced
conformation  characteristics[74−76].  The  bioactivity  of  BR
polysaccharides  is  highly  dependent  on  their  chemical  struc-
ture.  Most  polysaccharides  contain  arabino-furanose  units
linked  by  1,5  and  1,3,5  connections.  Some  BR  polysaccharides
possess unique triple-helical  structures with specific  molecular
recognition capabilities and high functionality[72,77].

 Polyacetylenes
Polyacetylenes are unstable compounds that contain one or

more  unique  carbon-carbon  triple  bond  functional  groups,
which are widely distributed in higher plants such as Apiaceae,
Araliaceae  and  Asteraceae  families,  as  well  as  in  bryophytes,
lichens  and  fungi[78].  Some  polyacetylenes  have  been  isolated
from Bupleurum (Supplemental  Table  S6).  They  are  mainly
concentrated  in  the  roots  and  possess  various  bioactivities,
including  neuroprotective,  antidepressant,  anti-tumor  and
antiplatelet  aggregation  effects[79−82].  However,  they  are  also
the main toxic  components,  e.g.,  bupleurotoxin,  acetylbupleu-
rotoxin and oenanthotoxin[83,84].  The molecular mechanisms of
polyacetylene toxicity involve inhibiting GABA (γ-Aminobutyric
acid) receptors and inducing brain damage in mice, as revealed
through  global  and  targeted  metabolomics  analysis[85].  There-
fore,  when using polyacetylene containing drugs from BR,  it  is
important  to  pay  attention  to  dosage  and  proper  usage  to
avoid medical accidents.

 Lignans
Lignans  are  widely  distributed  in  various  parts  of  plants,

including the wood, resin and other tissues. They are formed by
the polymerization of two molecules of phenylpropanoid deri-
vatives.  Lignans  exhibit  multiple  bioactivities  such  as  antioxi-
dant,  anticancer,  and  immune-modulating  effects.  Currently,
over  60  different  lignans  have  been  isolated  from Bupleurum
(Supplemental Table S7 & Fig. 3), most of which are glycosides.
Based on the additional bridging patterns between the two β-
bonded  phenylpropanoid  units,  lignans  can  be  classified  into
four  major  subtypes  and  their  derivatives:  dibenzylbutyrolac-
tone,  aryltetralin,  aryltetrahydrofuran  and  tetrahydrofuran
lignans[56].  The  activity  of  lignans  is  closely  related  to  their
unique phenylpropane structure. The tertiary hydroxyl group in
the main structure tends to decrease their antioxidant activity,
while  lignans  with  an  anaerobic  secondary  benzyl  position
exhibit higher antioxidant activity[86,87].

 Flavonoids
Flavonoids play a significant role in plant growth and devel-

opment by effectively controlling key steps in cell  growth and
differentiation,  thus  regulating  the  development  of  the  whole
plant  and  individual  organs[88].  Currently,  over  100  flavonoid
compounds  have  been  isolated  from Bupleurum (Supplemen-
tal Table S8), which possess various bioactivities such as antiox-
idant,  antimicrobial  and  hepatoprotective  effects.  They  are
derived  from  the  phenylpropanoid  metabolic  pathway  and
have a basic structure consisting of a C15 benzene ring with a
C6-C3-C6 framework. Most of them are derivatives of flavanols,
including  rutin,  isorhamnetin  and  quercetin,  as  well  as  other
glycosides[89,90] (Fig. 4). The distribution of flavonoids in Bupleu-
rum species differs from that of SSs; they are of low amounts in
the roots but are highly abundant in the leaves.  The main leaf
flavonoid  is  rutin,  accounting  for  more  than  85%  of  the  total
flavonoid  content,  which  is  followed  by  quercetin,  while
isorhamnetin  has  the  lowest  proportion  among  the  leaf
flavonoids[91].  Flavonoids  can  also  serve  as  indicators  for  the
identification of Bupleurum[92].

 Other components
There  are  other  active  components  in Bupleurum,  such  as

fatty  acids,  sterols,  coumarins,  alkaloids,  and  others,  most  of
which also possess antibacterial,  anticancer,  antioxidant activi-
ties.  However,  there  is  limited  research  on  them,  possibly  due
to  their  lower  content  in  BR,  difficulties  in  isolation,  or  less
pronounced  activity.  Traditionally  BR  roots  are  used  as
medicine,  and  there  was  little  attention  paid  to  the  above-
ground parts. In the future, research on the activities of BR can
be expanded to different plant parts, exploring the activity and
functionality  of  different  components  in  these  parts,  thereby
enriching  the  diversity  of  therapeutic  effects.  Furthermore,
efforts  can  be  made  to  gradually  improve  the  quality  evalua-
tion system of BR.

 Pharmacological activities

 Anti-inflammation
Various  active  components  in  BR  have  anti-inflammatory

effects. For ALI (Acute lung injury) inflammation caused by LPS
(Lipopolysaccharide),  SSs  significantly  reduced  pathological
damage such as lung edema, lowered the transcript levels of IL-
6  (Interleukin-6),  IL-1β (Interleukin-1β),  TNF-α (Tumor  Necrosis
Factor α)  in  serum  and  lung  tissue,  and  decreased  the  expres-
sions  of  NF-κB (Nuclear  factor  kappa-B),  TLR4 (Toll-Like  Recep-
tor  4)  related  proteins.  SSs  induced  the  inactivation  of  IKK
(Inhibitor  kappa-B  Kinase),  IκBα (Inhibitor  kappa-B α),  NF-κB
signaling  in  LPS-induced  RAW  264.7  macrophages,  inhibited
the  release  of  pro-inflammatory  mediators  such  as  iNOS
(inducible  Nitric  Oxide  Synthase)  and  COX-2  (Cyclooxygenase-
2), thereby suppressing inflammatory responses[93−96]. The anti-
inflammatory effect of SSa was associated with the activation of
LXRα (Liver X Receptor α),  ABCA1 (ATP-Binding Cassette Trans-
porter  A1)  signaling  pathway,  which  depleted  cholesterol  to
disrupt lipid rafts, reduced TLR4 translocation to lipid rafts and
inhibited  oligomerization,  thereby  alleviating  LPS-mediated
oxidation  and  inflammation[97].  SSa  also  significantly  reduced
brain  damage,  improved  neurofunctional  recovery,  and
reduced water content in brain tissue. After treatment with SSa,
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NF-κB was elevated, serum HMGB1 (High Mobility Group Box-1
Protein)  levels  were  significantly  reduced,  and  the  levels  of
inflammatory  cytokines  were  downregulated,  thus  alleviating
inflammatory  damage[98].  SSa  had  a  certain  anti-inflammatory
effect in Nav1.7 cells,  and also had an inhibitory effect on heat
pain and formalin pain in mice[99].

In AD (Atopic Dermatitis), SSa and SSc inhibited the extracel-
lular  signal-regulated  kinases  (ERKs)  1/2,  c-Jun  N-terminal
kinases  1/2  and  p38  mitogen-activated  protein  kinase  (MAPK)
pathways[100].  These  SSs  downregulated  the  expression  of
EGR1 (Early  Growth Response Factor  1),  thereby inhibiting the
expression  of  TNF-α-induced  TSLP  (Thymic  Stromal

 
Fig. 3    The structures of lignans.
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Lymphopoietin).  In  mice,  local  application  of  SSa  or  SSc  can
reduce  AD-like  skin  damage  induced  by  2,4-dinitrochloroben-
zene.  SSd  improved  the  intestinal  inflammation  by  reducing
the release of pro-inflammatory cytokines TNF-α, IL-1β, and IL-6,
and increasing the transcripts of anti-inflammatory cytokine IL-
10[101].

SSs analogs isolated from BR also interfered with NF-κB acti-
vity and inhibited the NF-κB signaling pathway[102]. The extrac-
tion method of active components in BR can be improved, and
supercritical  extracts  showed  stronger  anti-inflammatory  pro-
perties  compared  to  steam-distilled  ones[103].  In  summary,  SSs
are  one  of  the  main  anti-inflammatory  components,  which
induce the  expression of  anti-inflammatory  factors  and inhibit
the  release  of  pro-inflammatory  mediators  through  various
pathways, ultimately achieving the goal of inflammation reduc-
tion and pain relief. However, they had varying degrees of cyto-
toxicity, so caution should be taken in their use[104].

 Antioxidant
Various  components  isolated  from  BR,  such  as  SSs,

flavonoids,  polysaccharides  and  their  extracts,  have  exhibited
antioxidant  effects.  SSs  significantly  reduce  the  levels  of  ROS
(Reactive Oxygen Species) and MDA (Malondialdehyde), a lipid
peroxidation product, while enhancing the activities of antioxi-
dant enzymes such as SOD (Superoxide Dismutase), CAT (Cata-
lase)  and  GSH-Px  (Glutathione  Peroxidase).  The  antioxidant
effects  may  be  associated  with  the  activation  of  nuclear  tran-
scription  factor  Nrf2  (NF-E2-related  factor  2)  signaling
pathway[105]. SSa can be used to treat smoke-induced pneumo-
nia  in  mice[106],  with  significant  antioxidant  effects  in  lung
tissues and reduced levels of myeloperoxidase and MDA.

Total  flavonoids  extracted  from  BR  possess  the  ability  to
scavenge  ABTS  radicals.  However,  the  scavenging  abilities  of
flavonoids  extracted  from  different  parts  of  the  plant  vary
noticeably.  The  leaf  flavonoids  had  stronger  ABTS  radical-
scavenging ability than that of root flavonoids, and the overall
antioxidant  capacity  was  significantly  higher  in  leaves  than  in
other  parts[107].  Similarly,  BRP  (BR  Polysaccharides)  demon-
strated  significant  capabilities  in  scavenging  hydroxyl  radicals
and  superoxide  radicals[108].  A  green  and  efficient  method  for
extracting  BRP  using  a  combination  of  recyclable  NADES  (Na-
tural  Deep  Eutectic  Solvents)  and  UAEE  (Ultrasound-Assisted
Enzyme Extraction) has been developed, and the obtained BRP
had  specific  antioxidant  capacities  against  DPPH,  ABTS  and
hydroxyl radicals. Repeated use of NADES hasd minimal impact
on the extraction efficiency of BRP, with the highest extraction
rate achieved on the third reuse[109].  Furthermore, the vinegar-
processing enhanced the antioxidant activity of BR, which was

achieved by altering the structure of polysaccharides, reducing
the damage to SM/Cer (Sphingomyelin/Ceramide) and trigger-
ing a noticeable antioxidant stress response[110].

BR extract (BRE) also possesses certain antioxidant activity. In
SH-SY5Y  cells,  the  serum  deprivation  reduced  cell  viability,
increased  ROS  generation,  decreased  SOD  activity,  downregu-
lated the anti-apoptotic Bcl-2 (B-cell lymphoma-2) and upregu-
lated the pro-apoptotic Bax (Bcl-2 associated X protein)[111]. BRE
dose-dependently  reversed  the  oxidative  stress  induced  by
serum  deprivation,  and  exerted  antioxidant  and  proliferation
promoting  effects.  In  liver  damage  of  fish,  BRE  pretreatment
upregulated  the  gene  expression  of  antioxidant  GPx  and
MnSOD,  and  reduced  the  gene  expression  of  pro-apoptotic
caspase-3,  caspase-9  and  p53  (protein  53).  The  antioxidant
mechanisms  involve  enhancing  the  activities  of  antioxidant
enzymes  in  damaged  liver  cells,  inhibiting  cell  apoptosis  and
immune-inflammatory responses, which are possibly related to
the regulation of Nrf2/ARE (Antioxidant Response Element) and
TLRs-Myd88-NFκB  signaling  pathways[112,113].  Moreover,  oral
administration  of  a  certain  concentration  of  BRE  inhibited  LT4
(Levothyroxine)-induced  hypothyroidism  and  related  reduc-
tions in body and epididymal fat, as well as liver damage, while
enhancing the liver's antioxidant defense system[114]. BRE dose-
dependently  inhibited  the  increase  of  lipid  peroxidation
induced by LT4, increased GSH content, SOD and catalase acti-
vities. It effectively improved LT4-induced hyperthyroidism and
organ damage. Currently, BRE shows great potential in antioxi-
dant  activity.  However,  the  specific  antioxidant  components
and their related mechanisms still  await further clarification. In
summary, the antioxidant effects of BR can be attributed to the
activity of individual active components as well as the synergis-
tic  effects  of  multiple  active  components,  which  activate
antioxidant enzymes and regulate the cell cycle.

 Anti-tumor
Various  active  components  and  extracts  in  BR  exhibit  anti-

tumor  effects.  BR  alone  or  in  combination  with  other  physical
and  chemical  approaches  can  be  used  for  the  prevention  and
treatment of various tumors.

SSd  could  be  effective  for  the  prevention  and  treatment  of
OS  (Osteosarcoma),  as  it  acted  as  a  functional  tumor  suppres-
sor  by  activating  the  p53  signaling  pathway  in  OS,  upregulat-
ing  the  mRNA  and  protein  levels  of  p53  and  its  downstream
targets,  including  p21,  p27,  Bcl-2-like  protein  4  and  cleaved
caspase-3. SSd downregulated the mRNA and protein levels of
cyclin  D1,  thus  inhibiting  OS  proliferation[115].  Combining  SSd
and  SP600125,  a  specific  inhibitor  of  JNK  that  competes  with
adenosine  triphosphate,  synergistically  demonstrated

 
Fig. 4    The structures of flavonoids.
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anti-tumor  effects  on  OS  cells  by  inducing  apoptosis  through
the mitochondrial apoptotic pathway and death receptor path-
way, which was superior as compared to SSd alone[116].

SSs  dose-dependently  and  time-dependently  inhibit  the
growth  and  proliferation  of  tumor  cells.  SSd  can  significantly
induce the mRNA expression of HepaRG cells and improve the
relative activity of CYP1A2 (Cytochrome P450 family). Also, SSd
can induce the expression of CYP1A2 protein and induce both
mRNA  and  protein  expression  of  CYP2D6  (Cytochrome  P450
family)[117].  In clinical applications, when drugs metabolized by
CYP1A2  and  CYP2D6  are  used  in  combination  with  prepara-
tions containing SSd or BR, the blood concentration and action
of  these  drugs  should  be  carefully  observed  to  avoid  or  take
advantage  of  potential  drug  interactions.  In  HepG2  cells,  SSd
activated  pro-apoptotic  caspase-3  and  caspase-7,  induced  cell
apoptosis, reduced anti-apoptotic protein levels and led to the
cleavage  of  PARP  (Poly  ADP-Ribose  Polymerase).  It  primarily
controlled liver cancer proliferation by suppressing the expres-
sion of COX-2 through the p-STAT3/C/EBPβ signaling pathway,
rather  than  inhibiting  the  HBV  (Hepatitis  B  virus)  proliferation.
This suppressive effect is similar to that of PTK inhibitor AG490,
suggesting  a  potential  interchangeability  between  the
two[118,119].  Under  hypoxic  conditions,  SSd  can  reverse  the
tumor promoting effects of hypoxia, suppress the expression of
SUMO1 (Small  Ubiquitin-like Modifier  1)  and GLI  (Glioma-asso-
ciated  oncogene  homolog)  proteins  and  selectively  activate
SENP5  (a  SUMO-specific  protease),  thereby  inhibiting  the
malignant  phenotype  of  liver  cancer  cells[120].  However,  the
exact  impact  of  SSd  on  tumors  exposed  to  radiation  remains
largely unknown. Both SSd monotherapy and radiotherapy can
inhibit  the  growth  of  liver  cancer  cells  and  increase  apoptosis
rate[121].  Additionally,  SSd enhanced the effects of radiation on
SMMC-7721  cells,  which  may  be  related  to  its  negative  influ-
ence on the G0/G1 and G2/M checkpoints  of  cell  cycle.  There-
fore, SSd holds promise as a radiation sensitizer. Yet, the precise
mechanism  of  action  of  SSd  in  human  liver  cells  is  still  uncer-
tain,  and  its  inhibitory  effect  on  liver  cancer-inducing  factors
such as HBV requires further verification.

SSs  exhibit  therapeutic  effects  on breast  cancer  as  well.  SSd
induced  apoptosis  in  human  breast  cancer  MDA-MB-231  cells
by  activating  the  p38  MAPK  signaling  pathway,  while  also
inhibiting  the  formation  of  autophagic  lysosomes  to  prevent
autophagic  degradation[122].  To  enhance  the  efficiency  of  SSd
in  breast  cancer  treatment,  a  macrophage  biomimetic  drug
delivery system was developed. T7 peptide-conjugated macro-
phage  membranes  were  coated  onto  the  surface  of  SCMNPs
(Poly  (lactic-co-glycolic  acid)  nanoparticles).  SCMNPs  effec-
tively  inhibited  the  growth  and  metastasis  of  breast  cancer
through  vascular  endothelial  growth  factor  receptor,  AKT
(protein kinase B) and ERK pathways associated with angiogen-
esis. SCMNPs demonstrated targeted specificity towards cancer
cells, with features such as immune evasion, selective accumu-
lation  and  enhanced  cellular  uptake.  This  biomimetic  system
provides a complementary treatment paradigm for precise and
effective  breast  cancer  therapy[123].  Furthermore,  there  is  a
certain correlation between the balance of  T  helper cells  (Th1)
and  Th2  cells  and  the  anti-tumor  immune  response  in  breast
cancer[124].  The  SSa  treatment  increased  the  expressions  of  IL-
12,  IL-12  receptors  and  phosphorylated  STAT4  (Signal  trans-
ducer and activator of transcription 4, reduced the levels of IL-4
and  IL-10,  and  promoted  Th1  differentiation.  This  shift  in  the

Th1/Th2 balance towards Th1 may subsequently inhibit breast
cancer  growth.  These  potential  mechanisms  further  activated
the IL-12/STAT4 pathway,  and induced differentiation towards
Th1 cells.

The anticancer effects  of  BRP and SSs could be comparable.
BCP  (Acidic  water-soluble  polysaccharides)  inhibited  the
growth  of  H22  tumors  in  mice  and  protected  thymus  and
spleen  tissue  from  damage,  which  may  be  related  to  S-phase
arrest[72].  In  mice,  BCAP-1  (Alkaline-extracted  polysaccharides)
significantly inhibited the growth of Sarcoma 180 tumors[125] by
increasing the secretion of TNF-α into serum, upregulating the
transcription of TNF-α and iNOS, inducing the phosphorylation
of macrophage p65, and reducing the expression of IκB. There-
fore, BRP could be a novel immunostimulant that activates the
immune  system  and  can  be  used  for  protective  treatment  in
cancer patients.

The  phytometabolites  of  BR  could  also  regulate  MDR
(Multidrug  Resistance)  in  cells,  which  remains  a  challenging
issue in tumor treatment. MDR cells overexpress P-gp (P-glyco-
protein) encoded by the MDR1 gene, which pumps anticancer
drugs  out  of  cancer  cells,  reducing  the  effective  drug  concen-
tration within the cells and posing a major obstacle to success-
ful tumor chemotherapy. Reversing MDR can restore the sensi-
tivity  of  MDR  cells  to  drugs.  SSa  and  SSd  had  similar  mecha-
nisms  of  action  in  MDR  of  human  breast  cancer  cells,  which
effectively reversed MDR by reducing the P-gp expression and
activity  of  P-gp-mediated  MDR[126,127].  Additionally,  SSs  from
VBBR (Vinegar-Baked BR) enhanced the effects of liver-targeted
anticancer  drugs  by  inhibiting  MDR-associated  transporters  P-
gp, MRP1/MRP1, MRP2/MRP2, and increasing their  distribution
in the liver,  thereby enhancing the activity of anticancer drugs
therein[128,129].  The active  components  in  BR have MDR-revers-
ing  effects  and  can  improve  the  efficacy  of  chemotherapy
drugs  while  preventing  the  occurrence  of  MDR.  However,  it  is
important to avoid using anticancer drugs that have antagonis-
tic effects with these components.

 Hepatoprotective activity
The  hepatoprotective  effect  of  BR  is  mainly  achieved  by

inhibiting  oxidative  stress,  regulating  enzyme  levels  (such  as
GST,  AST,  ALP),  gene  expression  capacity  and  promoting  liver
cell  regeneration.  In  the  liver,  both  SSa  and  SSd  enhance  the
antioxidant  defense,  reverse  damaged  SOD  activity,  eliminate
ROS, inhibit lipid peroxidation and ultimately protect liver cells.
SSd  also  prevented  APAP  (acetaminophen)  -induced  hepatitis
and  liver  injury  by  inhibiting  NF-κB  and  STAT3  signaling  path-
ways  and  inducing  the  expression  of  anti-inflammatory
cytokine IL-10[130]. SSs alleviated liver injury induced by D-GaIN
(D-Galactosamine)  and LPS in  mice[131].  Pretreatment  with  BRE
can  alleviate  APAP  induced  ALI  in  mice,  which  involves  the
regulation  of  various  enzymes  in  the  liver,  reducing  the
consumption  of  liver  GSH,  and  lowering  serum  AST  and  ALT
levels[132].  The  protective  mechanism  is  achieved  by  inhibiting
the  reduction  produced  by  rat  CYP2E1  and  CYP3A  protein
expression,  thereby  suppressing  CYP450-mediated  APAP
metabolism, reducing excessive formation of NAPQI and allevi-
ating induced liver toxicity. This mechanism likely occurs at the
stage of protein translation rather than gene transcription and
requires further research for confirmation.

Inhibition and reduction of oxidative stress can prevent liver
fibrosis  and  cirrhosis.  In  rats,  extracts  of  BR  root  had  a  protec-
tive  effect  against  DMA  (Dimethylnitrosamine)-induced  liver
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fibrosis,  which  was  achieved  by  enhancing  the  production  of
liver GSH, promoting liver cell regeneration, and regulating IFN-
g  (Interferon-g)  and  IL-10  in  serum[133].  BRE  can  also  signifi-
cantly  reduce  ALT  (Serum  alanine  aminotransferase),  AST
(Aspartate aminotransferase),  MDA and SOD levels induced by
DEN  (Diethylnitrosamine),  thereby  alleviating  liver  cirrhosis  in
rats[134].

The  hepatoprotective  effect  of  VBBR  was  explored  using
NMR  (Nuclear  magnetic  resonance)  metabolomics.  It  is  associ-
ated  with  energy  metabolism,  lipid  metabolism,  ketone  body
metabolism,  glutathione  metabolism,  amino  acid  metabolism,
and  nucleotide  synthesis[135].  VBBR  in  combination  with
rhubarb  extract  can  inhibit  the  efflux  transporters  P-gp  and
MRP2  (MDR-associated  protein  2),  increase  the  influx  trans-
porter  OATP2  (Organic  anion-transporting  polypeptide  2),
thereby increasing the concentration of rhubarb acid in the rat
liver, and achieving a synergistic effect on liver diseases[136]. The
hepatoprotective  effect  of  VBBR  may  be  due  to  the  vinegar
processing  might  increase  the  concentration  of  certain  active
components  in  BR,  and  the  specific  mechanism  needs  further
verification.

Some BR containing TCM formulas,  such as  XYS and SNS (Si
Ni  San),  have  good  hepatoprotective  effects.  XYS  reduced  the
activities  of  AST  and  ALT  in  the  serum  in  a  rat  CUMS  (Chronic
unpredictable  mild  stress)  model,  increased  the  levels  of  SOD
and GSH-Px in the liver, and decreased the contents of MDA, IL-
6, and IL-1β. It helped maintain ammonia balance and promote
energy  metabolism  to  achieve  antidepressant  and  hepatopro-
tective effects[137]. SNS can alleviate CCl4 (Carbon tetrachloride)
induced  ALI  as  well  as  chronic  liver  injury  induced  by  alcohol
and  sucrose,  reduce  serum  AST  and  ALT  levels,  and  improve
liver tissue morphology[138]. It also decreased the expression of
AFP  (Alpha-fetoprotein)  in  WB-F344  cells  and  promoted  the
expressions of ALB (Albumin) and CK19 (Cytokeratin 19). Treat-
ment with SMS (SNS-medicated serum) induced the accumula-
tion and nuclear  translocation of β-catenin,  which bound with
the  receptor  LEF1  in  the  nucleus,  regulated  factors  such  as  c-
Myc  and  Cyclin  D1  and  activated  the  Wnt/β-catenin  signaling
pathway  to  induce  the  differentiation  of  liver  stem  cells  and
promote liver regeneration in rats. The network pharmacology
predicted that SNS may exert hepatoprotective effects by regu-
lating  potential  targets  IL-6,  VEGFA,  EGFR,  PPARG,  CASP3  and
related  signaling  pathways  HIF-1,  TNF,  and  PI3K-Akt,  thereby
exhibiting  anti-inflammatory,  anti-oxidative  stress  effects,
inhibiting apoptosis, and protecting the liver[139]. However, it is
still  unclear  if  there  are  other  signaling  pathways  involved  in
liver  cell  differentiation,  and  the  exploration  of  targets  of  XYS
and SNS will be the focus of future research.

 Immunomodulatory activity
The  active  components  of  BR  have  positive  effects  in  the

immune  system,  possibly  by  enhancing  immune  function  and
reducing  immune  evasion,  thereby  exerting  immunomodula-
tory  effects.  It  has  been  found  that  the  pathogenesis  of  HT
(Hashimoto's  thyroiditis),  one  of  the  common  autoimmune
diseases,  is  related  to  macrophage  polarization[140].  Treatment
with SSd can alleviate the effects of HT on multiple targets such
as  IL-6,  IL-10,  and  can  act  on  signaling  pathways  related  to
macrophage polarization, e.g.,  MAPK and JAK-STAT. It  reduced
the  infiltration  of  thyroid  lymphocytes  and  serum  levels  of
TPOAb antibodies in HT mice. It also regulated the polarization

of  M1/M2 macrophages  in  the  spleen,  systemically  and locally
inhibiting  the  IFN-γ expression  of  th1-type  cell  and  IL-17
expression  of  th17-type  cell  in  the  thyroid,  thereby  reducing
the  severity  of  HT  and  playing  a  preventive  and  therapeutic
role.  In  rats  with  experimental  autoimmune  thyroiditis,  the
expressions  of  NLRP3,  ASC,  Cleaved  Caspase-1  and  IL-1β
proteins  increased,  indicating  the  activation  of  NLRP3  inflam-
masome. What is delightful is that SSa reversed the expression
of  these  proteins  and  prevented  the  thyroid  inflammation[141].
SSs  can  also  exert  anti-inflammatory  effects  by  promoting  the
secretion and release of  endogenous glucocorticoids[142].  They
mainly  activate  the  functions  of  macrophages  and  lympho-
cytes,  enhance non-specific  and specific  immune responses  in
the  body,  thereby  playing  an  immunomodulatory  role.  These
not  only  promote  the  growth  of  immune  organs  spleen  and
thymus,  protect  the immune organs,  but  also improve cellular
immune function and enhance the body's anti-tumor ability by
regulating  the  levels  of  T  lymphocyte  subsets  in  peripheral
blood.

BRP  can  be  used  as  immunostimulants,  as  it  restores  and
improves  humoral  and  cellular  immune  functions.  BRP  signifi-
cantly  increased  the  number  of  macrophages,  enhanced  the
function  of  natural  killer  cell,  increased  the  concentration  of
virus-specific  antibody  and  lymphocyte  transformation  rate,
and delayed hypersensitivity reaction[143].  BRP also augmented
the  phagocytic  function  of  macrophages  and  inhibited  the
production of NO and pro-inflammatory cytokines IL-1, IL-6 and
TNF induced by LPS[144].

In  stimulated cells  with excessive inflammation,  the extracts
of  BR  root  may  drive  macrophages  and  lymphocytes  towards
Th2 anti-inflammatory polarization, which reduced ROS gener-
ation,  increased  the  secretion  of  peripheral  blood  mononu-
clear  cell  (PBMC)  chemokines  such  as  IL-1β and  IL-12p70,  and
upregulated  the  differentiation  of  THP-1  monocytes  into
macrophage-like cells[145].  For the prevention and treatment of
COVID-19,  the  active  components  of  BR  also  exhibited  certain
immune  effects,  which  mainly  act  through  anti-inflammatory
pathways, inhibit the release of inflammatory factors, maintain
cell homeostasis and reduce DNA damage[146,147]. The potential
active  components  and  molecular  mechanisms  of  BR  provide
theoretical  support  and  pharmacological  basis  for  its  further
development and utilization against COVID-19.

 Antidepressant activity
The  antidepressant  effect  of  BR  may  be  mediated  through

the  upregulation  of  CREB  (cAMP-response  element  binding
protein)  and  BDNF  (brain-derived  neurotrophic  factor)  expres-
sion  via  the  PI3K/Akt/GSK-3β signaling  pathway.  Both  BR  itself
and  its  herbal  formulations  had  significant  antidepressant
effects.  BR  helped  protect  and  restore  the  cell  metabolism
through neuro-regulation[148]. The BR TSS (Total saikosaponins)
increased  the  expression  of  synaptic  proteins  and  induced
AMPA  receptor  and  mTOR  (Mammalian  Target  of  Rapamycin)
signaling  pathways.  TSS  not  only  enhanced  the  expression  of
synaptic  proteins,  hippocampal  CA3  synapsin-1  and  phospho-
rylated GluR1 Ser 845, but also upregulated downstream regu-
latory factors such as ERK, AKT and mTOR. Furthermore, TSS can
stabilize  Ca2+ homeostasis,  regulate  Bcl-2  family,  inhibit  endo-
plasmic  reticulum  stress  and  mitochondrial  apoptosis  path-
ways,  partially  reverse  pathological  changes  induced  by  corti-
costerone  and  protect  neurons[149].  In  the  rat  CUMS  model  of
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depression,  SSa  exhibited  antidepressant  effects,  which
increased body weight, improved sucrose preference, elevated
neurotransmitter  levels  and  reduced  inflammatory
responses[150−152].  SSa  upregulated  the  expression  levels  of
PRKACA  and  CREB  proteins  in  the  cAMP/PKA/CREB  signaling
pathway,  lowered  Bax  and  Caspase-3  levels,  inhibited  hippo-
campal neuronal apoptosis and increased dopamine levels.

PBR (Low-polarity components)  of  BR also show therapeutic
effects  in  CUMS  rats[153].  PBR  improved  depressive  behaviors,
such  as  reduced  growth  rate,  anhedonia,  and  decreased  loco-
motor  activity.  It  significantly  decreased  the  levels  of  ALT  and
AST  while  increasing  levels  of  cytokeratin-18  fragments.  Addi-
tionally,  PBR  dose-dependently  reversed  amino  acid  metabo-
lism,  energy  metabolism,  sphingolipid  metabolism,  and  fatty
acid β-oxidation.  The  antidepressant  effect  of  PBR  may  be
related  to  the  cecum  content  and  gut  microbiota,  as  it
increased  the  diversity  of  beneficial  gut  microbiota,  reduced
the  abundance  of  harmful  bacteria  and  regulated  the  meta-
bolic homeostasis of endogenous biomarkers[154−157]. However,
the  exact  mechanisms  underlying  the  effects  of  BR  compo-
nents  on  metabolites  and  gut  microbiota  remain  unclear,  and
further experimental research is needed to confirm their poten-
tial mechanisms.

BR  formulations  are  widely  used  in  clinical  practice  for  the
treatment of  severe depression due to their  multi-component,
multi-target  and  multi-pathway  characteristics.  BR  monother-
apy or combined therapy with antidepressant drugs may regu-
late  oxidative  stress,  neural  plasticity,  immune  response  and
neuroprotection.  They  can  alleviate  the  severity  of  depression
by  regulating  important  metabolic  pathways,  such  as  amino
acid  metabolism,  energy  metabolism  and  lipid
metabolism[158−162].  The  combination  of  BR  formulations  with
antidepressant drugs enhanced the efficacy of antidepressants
and reduced the adverse reactions. XYS is a representative TCM
formula for the treatment of depression. It can regulate various
aspects of depression through multiple targets, involving meta-
bolism,  neuroendocrine  function  and  neuroimmune  response.
XYS regulated multiple targets associated with necrosis,  allevi-
ated  depression  by  modulating  necrosis-mediated  inflamma-
tory  signaling  pathways,  suggesting  that  necrosis  targets  may
be  scrutinized  for  treating  depression[163].  In  addition,
autophagy  plays  a  crucial  role  in  the  development  of  depres-
sion,  which  affects  the  expression  of  GLUT4  in  the  hypothala-
mus.  XYS  intervention  effectively  reversed  depressive  behav-
iors  in  CUMS  mice,  upregulated  hypothalamic  neuronal  auto-
phagy and GLUT4 expression, improved hypothalamic glucose
metabolism  and  related  indicators[164].  The  current  researches
of  XYS  reveal  its  biological  mechanisms  of  antidepressant
action  from  multiple  perspectives,  providing  insights  for
deeper investigations.

 Antimicrobial activity
BRE has varying levels of inhibition against different bacteria

and  fungi[165].  The  responsible  components  of  BR  might  be
volatile  oils,  and  a  large  amount  of  monoterpenes,  such  as α-
pinene, β-pinene and limonene, had good killing effects against
Cryptococcus  neoformans and Trichophyton  rubrum.  Further-
more,  they  significantly  altered  the  ultrastructure  of Candida
albicans and Trichophyton  rubrum,  inhibited  the  hyphae  of C.
albicans,  and  disrupted  mature  biofilms[166].  The  volatile  oils
from  the  aerial  parts  of B.  montanum and B.  plantagineum
exhibited  the  highest  antimicrobial  activity  against Strepto-
myces  griseus, Staphylococcus  aureus, Enterococcus  faecalis and

C. albicans[167]. The polyacetylene (8S-heptadeca-2-Z-9-Z-diene-
4,6-diyne-1,8-diol)  from B.  salicifolium was  toxic  to Artemia
salina and  inhibited  Gram-positive  bacteria[168].  Additionally,
when  fungal  spores  were  inoculated  into  sunflower  seedlings
treated with  volatile  oils  of B.  gibraltarium,  a  significant  inhibi-
tion of spore production was observed. The pre-treatment with
volatile  oils  could  activate  the  defense  response  of  sunflower
seedlings against  pathogenic invasion and inhibit  the antibac-
terial  activity  of C.  albicans[169].  The  volatile  oils  of  BR  may
directly act on microorganisms, disrupting their cell membrane
structure  and  metabolic  functions  and  activating  the  body's
defense response to exert antimicrobial effects.

In  addition,  SSa  had  a  protective  effect  against Salmonella-
induced pullorum  disease,  which  was  associated  with  the
upregulation  of  LXRα-ABCG1/ABCA1  pathway;  SSa  reduced
cholesterol  in  lipid  rafts  of  HD11  cells  and  inhibited  the  inva-
sion of Salmonella pullorum into HD11 cells[170].

Due  to  the  increasing  antibiotic  resistance,  preventing  and
controlling  infections  have  become  more  challenging.
Currently,  research  has  focused  on  synthesizing  novel  antimi-
crobial  agents  using  plant  materials,  which  have  been  widely
applied in biomedicine, cosmetics, bioremediation and health-
care  industries.  The  antibacterial  Bc-AgNPs  (Silver  nanoparti-
cles)  synthesized  from  BRE  demonstrated  a  certain  antibacte-
rial activity, which strongly inhibited Gram-negative bacteria as
compared to Gram-positive ones[171]. Similarly, silver oxide and
zinc  oxide  nanoparticles  synthesized  based  on  BR  had  signifi-
cant  antibacterial  activity  against Escherichia  coli and  methi-
cillin-resistant S.  aureus.  Furthermore,  the  nanoparticles  and
biofunctionalized  bacterial  cellulose  membranes  showed
remarkable  bactericidal  activity  against  various  drug-resistant
pathogens[172].  In  summary,  novel  bio-based  antimicrobial
agents  have  strong  functionality  and  bioactivity,  providing
possibilities  for  the  application  of  nanomaterial-based  antimi-
crobial agents in the post-antibiotic era.

 Other bioactivities
SSa  can  significantly  reduce  the  severity  and  duration  of

epileptic seizures and increase the latent period of epilepsy[173].
By  inhibiting  the  mTOR  signaling  pathway,  it  downregulated
the  expression  of  p-mTOR,  p-70S6K,  IL-1β and  TNF-α in  the
hippocampus,  reduced  the  protein  expression  of  p-mTOR  and
p-70S6K,  thereby  inhibiting  hippocampal  neuronal  apoptosis
and  epileptic  seizures.  BRE,  including  SSs,  volatile  oils  and
water-soluble  components,  also  exhibited  anticonvulsant
effects[174].  SSs  and  volatile  oils  had  a  significant  antagonistic
effect  on  MES  (Maximal  Electroshock)-induced  seizures,  while
the  water-soluble  components  effectively  counteracted
pentylenetetrazole induced seizures.  Moreover,  linoleic acid of
BR  may  have  antiepileptic  effects,  and  the  two  alcohols  of  BR
may  also  exert  antagonistic  effects  on  chemically-induced
seizures.

BRP  can  alleviate  inflammation  and  fibrosis  in  the  kidney  of
diabetic  mice,  which  may  be  attributed  to  its  inhibition  of
HMGB1-TLR4  signaling  pathway  and  reduction  of  NF-κB  activ-
ity[175]. BRP significantly reduced blood creatinine levels, urinary
albumin excretion,  and kidney swelling,  which effectively inhi-
bited  the  progression  of  renal  injury  in  mice.  It  decreased  the
expression  of  TNF-α and  IL-6,  as  well  as  Col  IV  (Type  IV
collagen), FN (Fibronectin) and α-SMA (α-Smooth Muscle Actin),
thereby  alleviating  diabetic  nephropathy.  Furthermore,  BRP
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can  improve  the  gut  barrier  and  regulate  the  gut  microbiota,
thereby reducing kidney and colonic inflammation and amelio-
rating  streptozotocin-induced  diabetic  kidney  disease[176].  The
Meta-analysis  revealed  that  combined  treatment  with  DCHD
(Da Chaihu Decoction) provided advantages over conventional
therapy alone in  T2DM (Type 2  diabetes  mellitus),  as  it  further
regulates  glucose  and  lipid  metabolism,  reduces  insulin  resis-
tance, improves pancreatic function and lowers BMI[177].  DCHD
alone also has certain blood glucose-regulating effects, but due
to  limitations  in  the  quality  and  quantity  of  included  studies,
the efficacy and safety of DCHD remain uncertain.

 Conclusions and prospects

The  depth  and  breadth  of  research  on  BR  has  greatly
expanded,  resulting  in  a  significant  increase  in  published  arti-
cles.  The applications have extended beyond medicinal  use to
include the fields of  health supplements and cosmetics.  More-
over,  the  processing  methods  of  BR  have  evolved  to  combine
traditional  and  modern  techniques.  However,  the  safety  and
practicality  of  these  products  need  to  be  carefully  assessed  to
ensure  the  absence  of  side  effects.  Additionally,  emphasis
should  be  placed  on  the  quality  of  BR  itself,  exploration  of  its
active  ingredients,  pharmacological  mechanisms  and  clinical
applications.

 Establishment of a quality standard system
Ensuring  the  quality  and  efficacy  of  BR  is  crucial  for  reliable

research and application. Currently, BR faces several challenges
such  as  scarcity  of  wild  resources,  inadequate  market  supply
and  genetic  contamination[178].  The  presence  of  multiple
regional  varieties,  including  non-medicinal  parts  or  other
species falsely claiming to be BR, severely affects its quality and
accurate  usage.  Therefore,  it  is  necessary  to  investigate,  iden-
tify and classify BR germplasms to establish scientific identifica-
tion  systems,  reliable  quality  evaluation  indicators  and  quality
control  methods.  These  methods  could  include  chemical
fingerprinting,  determination of  active  ingredient  content  and
analysis  of  environmental  interactions.  Such  measures  will
ensure the stability and safety of BR products and provide guid-
ance for its accurate medicinal use.

 In-depth exploration of active ingredients
Using  advanced  techniques  such  as  UPLC,  MS  and  NMR,

numerous active ingredients have been identified in BR, includ-
ing  SSs,  volatile  oils,  polysaccharides,  polyacetylenes,  flavo-
noids and others. However, the current researches focus on SSs
and volatile oils, with limited exploration of the aerial parts and
other phytometabolites. Future studies should optimize extrac-
tion  and  separation  techniques  to  obtain  higher  purity  and
stability  of  active  ingredients.  The  structure-activity  relation-
ship  of  BR  constituents  should  be  investigated.  The  details  of
pharmacological  activities  and  mechanisms  of  action,  such  as
modulation of cell signaling pathways, regulation of inflamma-
tory mediators and influence on the immune system, should be
elaborated,  and  the  potential  of  BR  in  treating  neurological
disorders,  cardiovascular  diseases,  liver  conditions  and  other
health  concerns  should  be  further  explored.  Additionally,
further  investigations  using  genomics,  proteomics,  metabolo-
mics  and  other  advanced/high  throughput  technologies
should be applied in  BR studies  to  reveal  the intricate  interac-
tions  between  BR  active  constituents  and  their  targets.  Future

studies can focus on the variation and content differences of BR
chemicals  of  different  varieties,  geographical  origins  and
growth  environments,  and  correlate  such  differences  with
pharmacological activities.

 Strengthening clinical application research
The  clinical  research  of  BR  remains  relatively  limited.  Future

efforts should include conducting more randomized controlled
clinical  trials  and  observational  studies  to  further  investigate
and validate the role and efficacy of BR in clinical applications.
Evaluating BR effects, safety and side effects in specific disease
treatments  will  provide  a  more  robust  scientific  basis  for  its
rational  application.  Moreover,  studying  the  interactions
between  BR  and  other  drugs,  including  their  pharmacokinetic
and pharmacodynamic influences,  can be very enlightening in
exploring potential  synergistic  effects  and determining appro-
priate  combination  strategies  to  enhance  treatment  efficacy
and minimize adverse reactions.

In  conclusion,  this  review  has  summarized  the  traditional
uses, germplasm identification, phytochemistry and pharmaco-
logical activities of BR. Future researches should focus on estab-
lishing  quality  control  systems,  identifying  novel  chemical
components,  elucidating  the  mechanisms  of  pharmacological
activities,  verifying  and  evaluating  clinical  applications,  and
studying drug interactions. These endeavors will provide more
reliable evidence for the scientific research and clinical applica-
tion of BR, promoting its further development and utilization in
diverse fields.

 Author contributions

The  authors  confirm  contribution  to  the  paper  as  follows:
study conception and design: Yu M, Wei J; data collection: Zhao
J,  Zeng  C;  analysis  and  interpretation  of  results:  Chen  H,  Xin
Chao;  draft  manuscript  preparation:  Zeng  C,  Wang  B.  All
authors reviewed the results and approved the final version of
the manuscript.

 Data availability

All data generated or analyzed during this study are included
in this published article.

Acknowledgments

This  work  was  supported  by  the  earmarked  fund  for  CARS
(CARS-21),  the  CAMS  Innovation  Fund  for  Medical  Sciences
(CIFMS)  under  grant  number  2021-I2M-1-032,  the Programs of
Science  and  Technology  Department  of  Sichuan  Province
(2022NSFSC1639,  2022NSFSC1703,  2023YFH0044,
2023YFH0018),  and  the  Opening  Project  Fund  of  Key  Labora-
tory  of  Rubber  Biology  and  Genetic  Resource  Utilization,
Ministry of Agriculture (RRL-KLOF202201).

Conflict of interest

The authors declare that they have no conflict of interest.

Supplementary  Information accompanies  this  paper  at
(https://www.maxapress.com/article/doi/10.48130/MPB-2023-
0018)

 
Traditional Chinese medicinal use of the Bupleurum genus

Page 12 of 17   Zeng et al. Medicinal Plant Biology 2023, 2:18

https://www.maxapress.com/article/doi/10.48130/MPB-2023-0018
https://www.maxapress.com/article/doi/10.48130/MPB-2023-0018


Dates

Received 26 July 2023; Accepted 20 October 2023; Published
online 28 November 2023

References

Sun  XY,  Sun  FY.  (Eds.)  1984. Shen  Nong's  Classic  of  the  Materia
Medica. Beijing: People's Medical Publishing House. pp. 180−80

1.

National Pharmacopoeia Committee. 2020. Pharmacopoeia of the
People's  Republic  of  China. Beijing:  China Pharmaceutical  Science
and Technology Press. pp. 293−93

2.

Wu  P,  Shang  ZJ.  (Eds.)  1987. Wu  Pu  Ben  Cao.  Beijing:  People's
Medical Publishing House. pp. 17−17

3.

Zhai  C,  Wang  X,  Cheng  F,  Ma  C,  Yu  C,  et  al. 2016.  The  effect  of
Chaihu's  historical  evolution  relationship  between  medicine
species and medicinal parts. World Chinese Medicine 11(5):906−9

4.

Sun X,  Zhang L. 2017.  Radix  Bupleuri  research progress  of  phar-
macological effects. China Medical Herald 14(10):52−55

5.

Zhong  LLD,  Lam  WC,  Yang  W,  Chan  KW,  Sze  SCW,  et  al. 2020.
Potential  targets  for  treatment  of  coronavirus  disease  2019
(COVID-19):  A  review  of  Qing-Fei-Pai-Du-Tang  and  its  major
herbs. The American Journal of Chinese Medicine 48:1051−71

6.

Kim HK, Yoon EK, Jang J, Hwang M, Kim J, et al. 2009. Assessment
of  heavy  metal  exposure  via  the  intake  of  oriental  medicines  in
Korea. Journal  of  Toxicology  and  Environmental  Health,  Part  A
72:1336−42

7.

Ikegami F, Fujii Y, Ishihara K, Satoh T. 2003. Toxicological aspects
of  Kampo  medicines  in  clinical  use. Chemico-Biological  Interac-
tions 145:235−50

8.

Zhou Y, Jia T, Lin G. 2013. Research progress on the influence of
processing  on  the  pharmacological  properties  of  traditional
Chinese medicine. China Pharmacy 24:1822−24

9.

Zhu J,  Zhong L,  Liu L,  Gong Q, Lu H, et al. 2015. Optimization of
processing  technology  for  Bupleuri  Radix  by  rice  wine  moisten-
ing  to  stir-baking  with  bran  in  Zhangbang. Chinese  Journal  of
Experimental Traditional Medical Formulae 21(20):9−12

10.

Jiang H,  Li  J,  Shi  R,  Yin  W. 2009.  Influence of  processing on four
saikosaponins  in  Radix  Bupleuri. Chinese  Pharmaceutical  Journal
44(21):1618−21

11.

Bai  L,  Wang Y,  Jia T. 2009.  GC-MS Analysis  of  volatile oil  compo-
nents  in  Chaihu  before  and  after  vinegar  processing. Chinese
Traditional Patent Medicine 31:1397−98

12.

Yu H,  Zhong L,  Yang Q,  Ning X,  Zhang J,  et  al. 2015.  Determina-
tion of amino acids in Bupleuri Radix before and after processing
by HPLC with pre-column derivatization. Chinese Journal of Exper-
imental Traditional Medical Formulae 21(14):25−27

13.

Wang  Q,  Wang  D. 2003.  Affect  of  different  preparation  on  effi-
cacy  of  Chinese  Thorowax  root. Guiding  Journal  of  Traditional
Chinese Medicine and Pharmacy 9:42

14.

Liu  W,  Guo B,  Liang S,  Zhang Y. 1998.  The influence of  different
processing methods on the anti-inflammatory activity of Chaihu.
Acta Chinese Medicine 13:12−14

15.

Tao  HJ,  Shang  ZJ.  (Eds.)  2013. Miscellaneous  Records  of  Famous
Physician.  Beijing:  China  Traditional  Chinese  Medicine  Press.  pp.
34−34

16.

Li  SZ,  Li  CS.  (Eds).  2018. Compendium  of  Materia  Medica.  Tianjin:
Zhonghua Book Company. pp. 198−98

17.

Tang  SW.  1993. ZhengLei  BenCao.  Beijing:  Huaxia  Publishing
House. pp. 162−63

18.

Ni ZM. 2005. Bencao Huiyan. Beijing: Publishing House of Ancient
Chinese Medical Books. pp. 43−45

19.

Miao  XY.  2011. Bencao  Jingshu.  Beijing:  China  Medical  Science
and Technology Press. pp. 99−100

20.

Zhao  XM.  1983. Bencao  Gangmu  Shiyi. Beijing:  China  Press  of
Traditional Chinese Medicine. pp. 72−72

21.

Shu P, She ML. 2001. Pollen atlas of umbelliferae in China.  Shang-
hai: Shanghai Science and Technology Press. pp. 68−75

22.

Neves SS, Watson MF. 2004. Phylogenetic relationships in Bupleu-
rum (Apiaceae)  based  on  nuclear  ribosomal  DNA  ITS  sequence
data. Annals of Botany 93:379−98

23.

Wang  Q,  Yu  Y,  He  X,  Wang  C. 2014.  Prediction  of  origin  and
dispersal  of  the Chinese genus Bupleurum using RASP software.
Bulletin of Botanical Research 34(1):14−24

24.

Zhao J,  Weng Q,  Zhang Y,  Zhang W, Peng S,  et  al. 2020.  Textual
research  on  Bupleuri  Radix  in  Chinese  classical  prescriptions.
China Journal of Chinese Materia Medica 45:697−703

25.

Wang X, Li Y, Li H, Zhang Y, Zhao L, et al. 2003. RAPD analysis of
genuiness  on  source  of  Bupleurum  Chinense. Journal  of  Chinese
Medicinal Materials 26:855−56

26.

Zhao G, Nan X, Hao Y, Liu X, Qin X. 2010. Genetic relationship of
RAPD  and  AFLP  among  Bupleurum  cultivars. Chinese  Traditional
and Herbal Drugs 41:113−17

27.

Liang Z, Qin M, Wang Z, Huang Y, Wang N. 2002. Identification of
Bupleurum L. plants by RAPD technology. Chinese Traditional and
Herbal Drugs 33:1117−19

28.

Zhang  G,  Wang  H,  Liu  Y,  Yao  R,  Jiang  J,  et  al. 2021.  Survey  and
analysis  of  cultivated  Bupleurum  spp.  germplasm  resources  in
China. Modern Chinese Medicine 23:772−780+799

29.

Wang  S. 2021.  Advances  in  traditional  identification  techniques
for  Chinese  medicinal  materials. Guangming  Journal  of  Chinese
Medicine 36:1733−34

30.

Shan R,  Li  Y. 1974.  On the Chinese species of  Bupleurum L. Acta
Phytotaxonomica Sinica 12:261−94

31.

Zhang C. 2016. Analysis of identification and testing methods for
common  counterfeit  products  of  Radix  Bupleuri. Guangming
Journal of Chinese Medicine 31:1339−1340+1343

32.

Xiao R, Zhang Z, Han X, Li D, Zhang L. 2006. GC-MS fingerprints of
Radix  Bupleuri from  various  habitats. Chinese  Traditional  and
Herbal Drugs 37(8):1248−52

33.

Ye Y, Shi Y, Zhang B, Chen W, Ma Y, et al. 2019. Fingerprint analy-
sis of Bupleurum Chinense roots from different origins by UPLC/Q-
TOF-MS. Chinese  Journal  of  Experimental  Traditional  Medical
Formulae 25(18):124−29

34.

Zhou  L,  Yang  X,  Wang  Y,  Zhang  C,  Wang  Y,  et  al. 2022.  Quality
analysis  of Bupleurum  Chinense from  different  origins  by  HPLC-
CAD fingerprint combined with chemometric. Central South Phar-
macy 20(10):2253−58

35.

Liu X, Hu J, Li Z, Qin X, Zhang L, et al. 2011. Species classification
and quality assessment of Chaihu (Radix Bupleuri) based on high-
performance  liquid  chromatographic  fingerprint  and  combined
chemometrics  methods. Archives  of  Pharmacal  Research
34:961−69

36.

Jin W, Wan C, Cheng C. 2015. Study on the identification of Radix
Bupleuri from  its  unofficial  varieties  based  on  discrete  wavelet
transformation  feature  extraction  of  ATR-FTIR  spectroscopy
combined  with  probability  neural  network. International  Journal
of Analytical Chemistry 2015:950209

37.

Ren B, Chen Z. 2010. DNA barcoding plant life. Bulletin of Botany
45:1−12

38.

Chen  S,  Yao  H,  Han  J,  Xin  T,  Pang  X,  et  al. 2013.  Principles  for
molecular  identification  of  traditional  Chinese  materia  medica
using  DNA  barcoding. China  Journal  of  Chinese  Materia  Medica
38:141−48

39.

Chen S, Yao H, Song J, Li W, Liu C, et al. 2007. Use of DNA barcod-
ing  to  identify  Chinese  medicinal  materials. Modernization  of
Traditional  Chinese  Medicine  and  Materia  Medica  -  World  Science
and Technology 9(3):7−12

40.

Wu  Y,  Liu  C,  Liu  Y,  Yan  Y. 2005.  ITS  sequence  identification  of
Radix Bupleuri. China Journal of Chinese Materia Medica 30:732−34

41.

Chao Z, Zeng W, Liao J, Liu L, Liang Z, et al. 2014. DNA barcoding
Chinese medicinal Bupleurum. Phytomedicine 21:1767−73

42.

Traditional Chinese medicinal use of the Bupleurum genus
 

Zeng et al. Medicinal Plant Biology 2023, 2:18   Page 13 of 17

https://doi.org/10.1142/S0192415X20500512
https://doi.org/10.1080/15287390903212485
https://doi.org/10.1016/S0009-2797(03)00004-8
https://doi.org/10.1016/S0009-2797(03)00004-8
https://doi.org/10.1016/S0009-2797(03)00004-8
https://doi.org/10.13422/j.cnki.syfjx.2015140025
https://doi.org/10.13422/j.cnki.syfjx.2015140025
https://doi.org/10.13422/j.cnki.syfjx.2015140025
https://doi.org/10.1093/aob/mch052
https://doi.org/10.19540/j.cnki.cjcmm.20191223.102
https://doi.org/10.13313/j.issn.1673-4890.20200905002
https://doi.org/10.13422/j.cnki.syfjx.20190748
https://doi.org/10.13422/j.cnki.syfjx.20190748
https://doi.org/10.1007/s12272-011-0613-2
https://doi.org/10.1155/2015/950209
https://doi.org/10.1155/2015/950209
https://doi.org/10.1016/j.phymed.2014.09.001


Yang ZY, Chao Z, Huo KK, Xie H, Tian ZP, et al. 2007. ITS sequence
analysis  used  for  molecular  identification  of  the Bupleurum
species from northwestern China. Phytomedicine 14:416−23

43.

Xie H, Huo KK, Chao Z, Pan SL. 2009. Identification of crude drugs
from  Chinese  medicinal  plants  of  the  genus  Bupleurum  using
ribosomal DNA ITS sequences. Planta Medica 75:89−93

44.

Zhan  Q,  Sui  C,  Wei  J,  Fan  S,  Zhang  J. 2010.  Construction  of
genetic  linkage  map  of  Bupleurum  Chinense  DC. using  ISSR  and
SSR markers Acta Pharmaceutica Sinica 45:517−23

45.

Wu S, Gao K, Zhao L, Yu M, Yang X, et al. 2015. Studies on identifi-
cation of  Bupleurum cultivated germplasm using SSR molecular
markers. Modernization of Traditional Chinese Medicine and Mate-
ria Medica-World Science and Technology 17:1806−12

46.

Li X, Yang Y, Henry RJ, Rossetto M, Wang Y, et al. 2015. Plant DNA
barcoding:  from  gene  to  genome. Biological  Reviews  of  the
Cambridge Philosophical Society 90:157−66

47.

Chen  X.  2016. Barcoding  chinese  herbal  medicines:  from  Gene  to
Genome. Thesis. Peking Union Medical College, Beijing.

48.

Zhang G, Wang H, Shi L, Liu Y, Yao R, et al. 2022. Identification of
the  original  plants  of  cultivated  Bupleuri  Radix  based  on  DNA
barcoding and chloroplast genome analysis. PeerJ 10:e13208

49.

Huang R, Xie X, Li F, Tian E, Chao Z. 2021. Chloroplast genomes of
two Mediterranean Bupleurum species and the phylogenetic rela-
tionship inferred from combined analysis with East Asian species.
Planta 253:1−17

50.

Huang  CC,  Huang  CL,  Hsu  TW,  Chang  LH,  Hung  KH,  et  al. 2022.
Complete  chloroplast  genome  and  phylogenetic  analysis  of
Bupleurum kaoi Liu, Chao, and Chuang, 1977: an endemic species
in Taiwan. Mitochondrial DNA Part B, Resources 7:1507−09

51.

Li  J,  Xie  DF,  Guo  XL,  Zheng  ZY,  He  XJ,  et  al. 2020.  Comparative
analysis  of  the  complete  plastid  genome  of  five Bupleurum
species  and new insights  into DNA barcoding and phylogenetic
relationship. Plants 9:543

52.

Zhang MY, Zhang YQ, Li YM, Gao J, Shen X, et al. 2021. Complete
plastid genomes of Bupleurum chinense DC. and B. boissieuanum
H. Wolff, with comparative and phylogenetic analyses of medici-
nal Bupleurum species. Acta Pharmaceutica Sinica 56:618−29

53.

Xie X, Huang R, Li F, Tian E, Li C, et al. 2021. Phylogenetic position
of Bupleurum  sikangense inferred from the complete chloroplast
genome sequence. Gene 798:145801

54.

Li  X,  Li  X,  Huang N,  Liu  R,  Sun R. 2018.  A  comprehensive  review
and  perspectives  on  pharmacology  and  toxicology  of  saikos-
aponins. Phytomedicine 50:73−87

55.

Ashour  ML,  Wink  M. 2011.  Genus Bupleurum:  a  review  of  its
phytochemistry,  pharmacology  and  modes  of  action. Journal  of
pharmacy and pharmacology 63:305−21

56.

Qin X, Dai Y, Liu NQ, Li Z, Liu X, et al. 2012. Metabolic fingerprint-
ing by 1HNMR for discrimination of the two species used as Radix
Bupleuri. Planta Medica 78:926−33

57.

Ren  S,  Liu  J,  Xue  Y,  Zhang  M,  Liu  Q,  et  al. 2021.  Comparative
permeability  of  three  saikosaponins  and  corresponding  saiko-
genins  in  Caco-2  model  by  a  validated  UHPLC-MS/MS  method.
Journal of Pharmaceutical Analysis 11:435−43

58.

Zhao  X,  Liu  C. 2015.  Research  overview  and  development  trend
of  Bupleurum  herb. Lishizhen  Medicine  and  Materia  Medica
Research 26:963−66

59.

Sui  C,  Han WJ,  Zhu CR,  Wei  JH. 2021.  Recent  progress  in  saikos-
aponin  biosynthesis  in  Bupleurum. Current  Pharmaceutical
Biotechnology 22:329−40

60.

Abe H, Sakaguchi M, Yamada M, Arichi S, Odashima S. 1980. Phar-
macological  actions  of  saikosaponins  isolated  from  Bupleurum
falcatum. Planta Medica 40:366−72

61.

Wei XM, Guo SS, Yan H, Cheng XL, Wei F, et al. 2018. Contact toxi-
city  and  repellency  of  the  essential  oil  from Bupleurum  bicaule
helm  against  two  stored  product  insects. Journal  of  Chemistry
2018:5830864

62.

Li XQ, He ZG, Bi KS, Song ZH, Xu L. 2007. Essential oil analyses of
the root oils of 10 Bupleurum species from China. Journal of Essen-
tial oil research 19:234−38

63.

Meng J,  Chen X, Yang W, Song J,  Zhang Y, et al. 2014. Gas chro-
matography-mass  spectrometry  analysis  of  essential  oils  from
five  parts  of  Chaihu  (Radix  Bupleuri  Chinensis). Journal  of  Tradi-
tional Chinese Medicine 34:741−48

64.

Tykheev  ZA,  Taraskin  VV,  Zhigzhitzhapova  SV,  Chimitov  DG,
Radnaeva LD. 2021. Variation of the content of biologically active
compounds  in Bupleurum  scorzonerifolium Willd.  aerial  parts  at
different  phenological  phases. Russian  Journal  of  Bioorganic
Chemistry 47:1432−38

65.

Li X, Jia Y, Song A, Chen X, Bi K. 2005. Analysis of the essential oil
from  Radix  Bupleuri  using  capillary  gas  chromatography. Yaku-
gaku Zasshi 125:815−19

66.

Wang Z, Zhao H, Tian L, Zhao M, Xiao Y, et al. 2022. Quantitative
analysis and differential evaluation of Radix Bupleuri cultivated in
different regions based on HPLC-MS and GC-MS combined with
multivariate statistical analysis. Molecules 27:4830

67.

Roma Marzio F, Najar B, Nardi V, Pistelli L, Peruzzi L. 2020. Volatile
chemical  composition  does  not  support  a  native  status  of  the
cryptogenic Bupleurum  fruticosum (Apiaceae)  in  peninsular  Italy.
Biochemical Systematics and Ecology 88:103966

68.

Xie  JY,  Di  HY,  Li  H,  Cheng  XQ,  Zhang  YY,  et  al. 2012. Bupleurum
chinense  DC  polysaccharides  attenuates  lipopolysaccharide-
induced acute lung injury in mice. Phytomedicine 19:130−37

69.

Tong H, Zheng X, Song J, Liu J, Ren T, et al. 2018. Radical scaveng-
ing  activity  of  sulfated Bupleurum  chinense polysaccharides  and
their effects against oxidative stress-induced senescence. Carbo-
hydrate Polymers 192:143−49

70.

Sakurai  MH,  Matsumoto  T,  Kiyohara  H,  Yamada  H. 1996.  Detec-
tion  and  tissue  distribution  of  anti-ulcer  pectic  polysaccharides
from Bupleurum falcatum by a polyclonal antibody. Planta Medica
62:341−46

71.

Shi  S,  Chang  M,  Liu  H,  Ding  S,  Yan  Z,  et  al. 2022.  The  structural
characteristics  of  an  acidic  water-soluble  polysaccharide  from
Bupleurum Chinense DC. and its in vivo anti-tumor activity on H22
tumor-bearing mice. Polymers 14:1119

72.

Sakurai  MH,  Matsumoto  T,  Kiyohara  H,  Yamada  H. 1999.  B-cell
proliferation  activity  of  pectic  polysaccharide  from  a  medicinal
herb,  the  roots  of Bupleurum  falcatum  L.  and  its  structural
requirement. Immunology 97:540−47

73.

Sun L, Feng K, Jiang R, Chen J, Zhao Y, et al. 2010. Water-soluble
polysaccharide from Bupleurum chinense DC: Isolation, structural
features  and  antioxidant  activity. Carbohydrate  Polymers
79:180−83

74.

Jiang P, Ji X, Xia J, Xu M, Hao F, et al. 2023. Structure and poten-
tial  anti-fatigue  mechanism  of  polysaccharides  from Bupleurum
chinense DC. Carbohydrate Polymers 306:120608

75.

Cai  L,  Zou  S,  Liang  D,  Luan  L. 2018.  Structural  characterization,
antioxidant  and  hepatoprotective  activities  of  polysaccharides
from Sophorae  tonkinensis Radix. Carbohydrate  polymers
184:354−65

76.

Zong  A,  Cao  H,  Wang  F. 2012.  Anticancer  polysaccharides  from
natural  resources:  A  review  of  recent  research. Carbohydrate
Polymers 90:1395−410

77.

Minto  RE,  Blacklock  BJ. 2008.  Biosynthesis  and  function  of  poly-
acetylenes and allied natural  products. Progress in Lipid Research
47:233−306

78.

Horikawa  K,  Yagyu  T,  Yoshioka  Y,  Fujiwara  T,  Kanamoto  A,  et  al.
2013.  Petrosiols  A–E,  neurotrophic  diyne  tetraols  isolated  from
the  Okinawan  sponge Petrosia  strongylata. Tetrahedron
69:101−06

79.

Liu J,  Fang Y,  Yang L,  Qin X,  Du G,  et  al. 2015.  A qualitative,  and
quantitative  determination  and  pharmacokinetic  study  of  four
polyacetylenes from Radix Bupleuri by UPLC-PDA–MS. Journal of
Pharmaceutical and Biomedical Analysis 111:257−65

80.

 
Traditional Chinese medicinal use of the Bupleurum genus

Page 14 of 17   Zeng et al. Medicinal Plant Biology 2023, 2:18

https://doi.org/10.1016/j.phymed.2007.04.009
https://doi.org/10.1055/s-0028-1088334
https://doi.org/10.1111/brv.12104
https://doi.org/10.1111/brv.12104
https://doi.org/10.7717/peerj.13208
https://doi.org/10.1007/s00425-021-03602-7
https://doi.org/10.1080/23802359.2022.2082892
https://doi.org/10.3390/plants9040543
https://doi.org/10.16438/j.0513-4870.2020-1419
https://doi.org/10.1016/j.gene.2021.145801
https://doi.org/10.1016/j.phymed.2018.09.174
https://doi.org/10.1111/j.2042-7158.2010.01170.x
https://doi.org/10.1111/j.2042-7158.2010.01170.x
https://doi.org/10.1055/s-0031-1298496
https://doi.org/10.1016/j.jpha.2020.06.006
https://doi.org/10.2174/1389201021999200918101248
https://doi.org/10.2174/1389201021999200918101248
https://doi.org/10.1055/s-2008-1074987
https://doi.org/10.1155/2018/5830864
https://doi.org/10.1080/10412905.2007.9699268
https://doi.org/10.1080/10412905.2007.9699268
https://doi.org/10.1080/10412905.2007.9699268
https://doi.org/10.1016/S0254-6272(15)30090-X
https://doi.org/10.1016/S0254-6272(15)30090-X
https://doi.org/10.1016/S0254-6272(15)30090-X
https://doi.org/10.1134/S1068162021070153
https://doi.org/10.1134/S1068162021070153
https://doi.org/10.1248/yakushi.125.815
https://doi.org/10.1248/yakushi.125.815
https://doi.org/10.3390/molecules27154830
https://doi.org/10.1016/j.bse.2019.103966
https://doi.org/10.1016/j.phymed.2011.08.057
https://doi.org/10.1016/j.carbpol.2018.03.061
https://doi.org/10.1016/j.carbpol.2018.03.061
https://doi.org/10.1055/s-2006-957898
https://doi.org/10.3390/polym14061119
https://doi.org/10.1046/j.1365-2567.1999.00774.x
https://doi.org/10.1016/j.carbpol.2009.07.044
https://doi.org/10.1016/j.carbpol.2023.120608
https://doi.org/10.1016/j.carbpol.2017.12.083
https://doi.org/10.1016/j.carbpol.2012.07.026
https://doi.org/10.1016/j.carbpol.2012.07.026
https://doi.org/10.1016/j.plipres.2008.02.002
https://doi.org/10.1016/j.tet.2012.10.063
https://doi.org/10.1016/j.jpba.2015.04.002
https://doi.org/10.1016/j.jpba.2015.04.002


Matsunaga  H,  Saita  T,  Nagumo  F,  Mori  M,  Katano  M. 1995.  A
possible mechanism for the cytotoxicity of a polyacetylenic alco-
hol,  panaxytriol:  inhibition  of  mitochondrial  respiration. Cancer
Chemotherapy and Pharmacology 35:291−96

81.

Choi BK, Cha BY, Yagyu T, Woo JT, Ojika M. 2013. Sponge-derived
acetylenic  alcohols,  petrosiols,  inhibit  proliferation  and  migra-
tion  of  platelet-derived  growth  factor  (PDGF)-induced  vascular
smooth  muscle  cells. Bioorganic  &  Medicinal  Chemistry
21:1804−10

82.

Huang  HQ,  Zhang  X,  Shen  YH,  Su  J,  Liu  XH,  et  al. 2009.  Poly-
acetylenes  from Bupleurum  longiradiatum. Journal  of  Natural
Products 72:2153−57

83.

Lin  M,  Zhang  W,  Su  J. 2016.  Toxic  polyacetylenes  in  the  genus
Bupleurum (Apiaceae)  –  Distribution,  toxicity,  molecular  mecha-
nism and analysis. Journal of Ethnopharmacology 193:566−73

84.

Zhang Z, Lu C, Liu X, Su J, Dai W, et al. 2014. Global and targeted
metabolomics  reveal  that  Bupleurotoxin,  a  toxic  type  of  poly-
acetylene, induces cerebral lesion by inhibiting GABA receptor in
mice. Journal of Proteome Research 13:925−33

85.

Yamauchi S, Hayashi Y, Nakashima Y, Kirikihira T, Yamada K, et al.
2005.  Effect  of  benzylic  oxygen  on  the  antioxidant  activity  of
phenolic lignans. Journal of Natural Products 68:1459−70

86.

Yamauchi  S,  Sugahara  T,  Matsugi  J,  Someya  T,  Masuda  T,  et  al.
2007.  Effect  of  the  benzylic  structure  of  lignan  on  antioxidant
activity. Bioscience, Biotechnology, and Biochemistry 71:2283−90

87.

Agati  G,  Azzarello  E,  Pollastri  S,  Tattini  M. 2012.  Flavonoids  as
antioxidants in plants: location and functional significance. Plant
Science 196:67−76

88.

Olennikov  DN,  Partilkhaev  VV. 2013.  Flavonoids  and  phenyl-
propanoids from several species of Bupleurum growing in Burya-
tia. Chemistry of Natural Compounds 48:1078−82

89.

Liu W, Feng Y, Yu S, Fan Z, Li X, et al. 2021. The flavonoid biosyn-
thesis  network  in  plants. International  Journal  of  Molecular
Sciences 22:12824

90.

Yang L, Yang L, Yang X, Zhang T, Lan Y, et al. 2020. Drought stress
induces biosynthesis of flavonoids in leaves and saikosaponins in
roots of Bupleurum chinense DC. Phytochemistry 177:112434

91.

Zhang  T,  Zhou  J,  Wang  Q. 2007.  Flavonoids  from  aerial  part  of
Bupleurum  chinense DC. Biochemical  Systematics  and  Ecology
35(11):801−4

92.

Du  ZA,  Sun  MN,  Hu  ZS. 2018.  Saikosaponin  a  ameliorates  LPS-
induced acute lung injury in mice. Inflammation 41:193−98

93.

Zhu J,  Luo C,  Wang P,  He Q,  Zhou J,  et  al. 2013.  Saikosaponin A
mediates the inflammatory response by inhibiting the MAPK and
NF-κB pathways in LPS-stimulated RAW 264.7 cells. Experimental
and Therapeutic Medicine 5:1345−50

94.

Shin JS, Im HT, Lee KT. 2019. Saikosaponin B2 suppresses inflam-
matory  responses  through IKK/IκBα/NF-κB signaling inactivation
in  LPS-induced  RAW  264.7  macrophages. Inflammation
42:342−53

95.

Lu  CN,  Yuan  ZG,  Zhang  XL,  Yan  R,  Zhao  YQ,  et  al. 2012.  Saikos-
aponin  a  and  its  epimer  saikosaponin  d  exhibit  anti-inflamma-
tory  activity  by  suppressing  activation  of  NF-κB  signaling  path-
way. International Immunopharmacology 14:121−26

96.

Fu  Y,  Hu  X,  Cao  Y,  Zhang  Z,  Zhang  N. 2015.  Saikosaponin  a
inhibits  lipopolysaccharide-oxidative  stress  and  inflammation  in
human  umbilical  vein  endothelial  cells  via  preventing  TLR4
translocation  into  lipid  rafts. Free  Radical  Biology  and  Medicine
89:777−85

97.

Wang  X,  Yang  G. 2020.  Saikosaponin  A  attenuates  neural  injury
caused  by  ischemia/reperfusion. Translational  Neuroscience
11:227−35

98.

Xu  Y,  Yu  Y,  Wang  Q,  Li  W,  Zhang  S,  et  al. 2021.  Active  compo-
nents  of  Bupleurum  Chinense  and  Angelica  biserrata  showed
analgesic  effects in  formalin  induced  pain by  acting  on  Nav1.7.
Journal of Ethnopharmacology 269:113736

99.

Ahn SS, Lee YH, Yeo H, Jung E, Lim Y, et al. 2022. Saikosaponin A
and  saikosaponin  C  reduce  TNF-α-induced  TSLP  expression
through inhibition of MAPK-mediated EGR1 expression in HaCaT
keratinocytes. International Journal of Molecular Sciences 23:4857

100.

Li P, Wu M, Xiong W, Li J, An Y, et al. 2020. Saikosaponin-d amelio-
rates  dextran  sulfate  sodium-induced  colitis  by  suppressing  NF-
κB  activation  and  modulating  the  gut  microbiota  in  mice. Inter-
national Immunopharmacology 81:106288

101.

Liu X, Latkolik S, Atanasov AG, Kunert O, Pferschy Wenzig EM, et
al. 2017. Bupleurum chinense roots: a bioactivity-guided approach
toward saponin-type NF-κB inhibitors. Planta Medica 83:1242−50

102.

Zhao M, Xiao L, Linghu KG, Zhao G, Chen Q, et al. 2022. Compre-
hensive comparison on the anti-inflammation and GC-MS-based
metabolomics discrimination between Bupleuri chinense DC. and
B. scorzonerifolium Willd. Frontiers in Pharmacology 13:1005011

103.

Liu M, Zhang G, Naqvi S, Zhang F, Kang T, et al. 2020. Cytotoxic-
ity of Saikosaponin A targets HEKa cell through apoptosis induc-
tion by ROS accumulation and inflammation suppression via NF-
κB pathway. Int Immunopharmacol 86:106751

104.

Yu  LQ,  Jia  AM,  Song  YY. 2020.  Progress  in  the  study  of  saikos-
aponins  on  anti-inflammation,  anti-oxidation  and  lipidlowering
effects. Chinese Journal of Arteriosclerosis 28:87−92

105.

Chen RJ, Guo XY, Cheng BH, Gong YQ, Ying BY, et al. 2018. Saikos-
aponin  a  inhibits  cigarette  smoke-induced  oxidant  stress  and
inflammatory  responses  by  activation  of  Nrf2. Inflammation
41:1297−303

106.

Ren QQ, Gao P,  Ma ZJ,  Zhao M. 2023.  Optimization of  ultrasonic
assisted  extraction  of  flavonoids  from Bupleurum  chinense by
response  surface  methodology  and  its  antioxidant  activity.
Northern Horticulture 42:191−98

107.

Hao  C,  Qu  H,  Chen  S,  Han  W,  Sun  R. 2018.  Ultrasound-assisted
extraction of  polysaccharide from Radix bupleuri using response
surface  methodology  and  antioxidant  research  of  the  polysac-
charide. Natural  Product  Communications
13:1934578X1801300420

108.

Wang N, Li Q. 2022. Study on extraction and antioxidant activity
of polysaccharides from Radix Bupleuri  by natural  deep eutectic
solvents  combined  with  ultrasound-assisted  enzymolysis.
Sustainable Chemistry and Pharmacy 30:100877

109.

Wang T, Song Y, Xu H, Liu Y, He H, et al. 2022. Study on the mech-
anism  of  reducing  biofilm  toxicity  and  increasing  antioxidant
activity in vinegar processing phytomedicines containing penta-
cyclic  triterpenoid  saponins. Journal  of  Ethnopharmacology
290:115112

110.

Seo MK, Cho HY, Lee CH, Koo KA, Park YK, et al. 2013. Antioxidant
and  proliferative  activities  of  Bupleuri  Radix  extract  against
serum  deprivation  in  SH-SY5Y  cells. Psychiatry  Investigation
10:81−81

111.

Zou C, Tan X, Ye H, Sun Z, Chen S, et al. 2018. The hepatoprotec-
tive  effects  of  Radix  Bupleuri  extracts  against  D-galactosamine/
lipopolysaccharide  induced  liver  injury  in  hybrid  grouper
(Epinephelus lanceolatus♂ × Epinephelus fuscoguttatus♀). Fish &
Shellfish Immunology 83:8−17

112.

Jia  R,  Gu  Z,  He  Q,  Du  J,  Cao  L,  et  al. 2019.  Anti-oxidative,  anti-
inflammatory  and  hepatoprotective  effects  of  Radix  Bupleuri
extract against oxidative damage in tilapia (Oreochromis niloticus)
via Nrf2 and TLRs signaling pathway. Fish & Shellfish Immunology
93:395−405

113.

Kim SM,  Kim SC,  Chung IK,  Cheon WH,  Ku SK. 2012.  Antioxidant
and protective effects of Bupleurum falcatum on the L-thyroxine-
induced  hyperthyroidism  in  rats. Evidence-Based  Complementary
and Alternative Medicine 2012:578497

114.

Zhao  L,  Li  J,  Sun  ZB,  Sun  C,  Yu  ZH,  et  al. 2019.  Saikosaponin  D
inhibits  proliferation  of  human  osteosarcoma  cells  via  the  p53
signaling  pathway. Experimental  and  Therapeutic  Medicine
17:488−94

115.

Traditional Chinese medicinal use of the Bupleurum genus
 

Zeng et al. Medicinal Plant Biology 2023, 2:18   Page 15 of 17

https://doi.org/10.1007/BF00689447
https://doi.org/10.1007/BF00689447
https://doi.org/10.1016/j.bmc.2013.01.039
https://doi.org/10.1021/np900534v
https://doi.org/10.1021/np900534v
https://doi.org/10.1016/j.jep.2016.09.052
https://doi.org/10.1021/pr400968c
https://doi.org/10.1021/np050089s
https://doi.org/10.1271/bbb.70275
https://doi.org/10.1016/j.plantsci.2012.07.014
https://doi.org/10.1016/j.plantsci.2012.07.014
https://doi.org/10.1007/s10600-013-0471-x
https://doi.org/10.3390/ijms222312824
https://doi.org/10.3390/ijms222312824
https://doi.org/10.1016/j.phytochem.2020.112434
https://doi.org/10.1016/j.bse.2007.03.023
https://doi.org/10.1007/s10753-017-0677-3
https://doi.org/10.3892/etm.2013.988
https://doi.org/10.3892/etm.2013.988
https://doi.org/10.1007/s10753-018-0898-0
https://doi.org/10.1016/j.intimp.2012.06.010
https://doi.org/10.1016/j.freeradbiomed.2015.10.407
https://doi.org/10.1515/tnsci-2020-0129
https://doi.org/10.1016/j.jep.2020.113736
https://doi.org/10.3390/ijms23094857
https://doi.org/10.1016/j.intimp.2020.106288
https://doi.org/10.1016/j.intimp.2020.106288
https://doi.org/10.1055/s-0043-118226
https://doi.org/10.3389/fphar.2022.1005011
https://doi.org/10.1016/j.intimp.2020.106751
https://doi.org/10.1007/s10753-018-0778-7
https://doi.org/10.1177/1934578x1801300420
https://doi.org/10.1016/j.scp.2022.100877
https://doi.org/10.1016/j.jep.2022.115112
https://doi.org/10.4306/pi.2013.10.1.81
https://doi.org/10.1016/j.fsi.2018.08.047
https://doi.org/10.1016/j.fsi.2018.08.047
https://doi.org/10.1016/j.fsi.2019.07.080
https://doi.org/10.1155/2012/578497
https://doi.org/10.1155/2012/578497
https://doi.org/10.3892/etm.2018.6969


Gao  T,  Zhao  P,  Yu  X,  Cao  S,  Zhang  B,  et  al. 2019.  Use  of  Saikos-
aponin  D  and  JNK  inhibitor  SP600125,  alone  or  in  combination,
inhibits  malignant  properties  of  human  osteosarcoma  U2  cells.
American Journal of Translational Research 11:2070−80

116.

Li  H, Tang Y, Wang Y, Wei W, Yin C, et al. 2020. Effects of saikos-
aponin D on CYP1A2 and CYP2D6 in HepaRG cells. Drug  Design,
Development and Therapy 14:5251−58

117.

Chiang LC, Ng LT, Liu LT, Shieh DE, Lin CC. 2003. Cytotoxicity and
anti-hepatitis  B  virus  activities  of  saikosaponins  from Bupleurum
species. Planta Medica 69:705−09

118.

Ren M, McGowan E, Li Y, Zhu X, Lu X, et al. 2019. Saikosaponin-d
suppresses COX2 through p-STAT3/C/EBPβ signaling pathway in
liver cancer: a novel mechanism of action. Frontiers in Pharmacol-
ogy 10:623

119.

Zhang CY, Jiang ZM, Ma XF, Li Y, Liu XZ, et al. 2019. Saikosaponin-
d  inhibits  the  hepatoma  cells  and  enhances  chemosensitivity
through SENP5-dependent inhibition of Gli1 SUMOylation under
hypoxia. Frontiers in Pharmacology 10:1039

120.

Wang  BF,  Dai  ZJ,  Wang  XJ,  Bai  MH,  Lin  S,  et  al. 2013.  Saikos-
aponin-d increases the radiosensitivity of smmc-7721 hepatocel-
lular  carcinoma  cells  by  adjusting  the  g0/g1  and  g2/m  check-
points  of  the  cell  cycle. BMC  Complementary  and  Alternative
Medicine 13:263

121.

Fu  R,  Zhang  L,  Li  Y,  Li  B,  Ming  Y,  et  al. 2020.  Saikosaponin  D  in-
hibits autophagosome-lysosome fusion and induces autophagy-
independent  apoptosis  in  MDA-MB-231  breast  cancer  cells.
Molecular Medicine Reports 22:1026−34

122.

Sun  K,  Yu  W,  Ji  B,  Chen  C,  Yang  H,  et  al. 2020.  Saikosaponin  D
loaded macrophage membrane-biomimetic nanoparticles target
angiogenic signaling for breast cancer therapy. Applied Materials
Today 18:100505

123.

Zhao  X,  Liu  J,  Ge  S,  Chen  C,  Li  S,  et  al. 2019.  Saikosaponin  A
inhibits breast cancer by regulating Th1/Th2 balance. Frontiers in
Pharmacology 10:624

124.

Song X, Ren T, Zheng Z, Lu T, Wang Z, et al. 2017. Anti-tumor and
immunomodulatory  activities  induced  by  an  alkali-extracted
polysaccharide  BCAP-1  from Bupleurum  chinense via  NF-κB
signaling  pathway. International  Journal  of  Biological  Macro-
molecules 95:357−62

125.

Ye  RP,  Chen ZD. 2017.  Saikosaponin A,  an active glycoside from
Radix bupleuri, reverses P-glycoprotein-mediated multidrug resis-
tance  in  MCF-7/ADR  cells  and  HepG2/ADM  cells. Xenobiotica
47:176−84

126.

Li  C,  Guan X, Xue H, Wang P, Wang M, et al. 2017. Reversal of P-
glycoprotein-mediated  multidrug  resistance  is  induced  by
saikosaponin  D  in  breast  cancer  MCF-7/adriamycin  cells. Pathol-
ogy-Research and Practice 213:848−53

127.

Feng  L,  Liu  L,  Zhao  Y,  Zhao  R. 2017.  Saikosaponins  A,  C  and  D
enhance  liver-targeting  effects  of  anticancer  drugs  by  modulat-
ing drug transporters. Oncotarget 8:110092−102

128.

Zhao  Y,  Feng  L,  Liu  L,  Zhao  R. 2019.  Saikosaponin  b2  enhances
the  hepatotargeting  effect  of  anticancer  drugs  through  inhibi-
tion  of  multidrug  resistance-associated  drug  transporters. Life
Sciences 231:116557

129.

Liu A, Tanaka N, Sun L, Guo B, Kim JH, et al. 2014. Saikosaponin d
protects  against  acetaminophen-induced  hepatotoxicity  by
inhibiting NF-κB and STAT3 signaling. Chemico-Biological Interac-
tions 223:80−86

130.

Yoshikawa M,  Murakami  T,  Hirano K,  Inadzuki  M,  Ninomiya K,  et
al. 1997.  Scorzonerosides  A,  B,  and  C,  Novel  triterpene  oligogly-
cosides  with  hepatoprotective  effect  from  Chinese  Bupleuri
Radix,  the  roots  of Bupleurum  scorzonerifolium WILLD. Tetrahe-
dron Letters 38:7395−98

131.

Wang YX, Du Y, Liu XF, Yang FX, Wu X, et al. 2019. A hepatopro-
tection study of Radix Bupleuri  on acetaminophen-induced liver
injury  based  on  CYP450  inhibition. Chinese  Journal  of  Natural
Medicines 17:517−24

132.

Yen MH, Weng TC, Liu SY, Chai CY, Lin CC. 2005. The hepatopro-
tective  effect  of  Bupleurum  kaoi,  an  endemic  plant  to  Taiwan,
against  dimethylnitrosamine-induced  hepatic  fibrosis  in  rats.
Biological and Pharmaceutical Bulletin 28:442−48

133.

Tang WH, Yang QW, Xiao L, Zhang G, Hu ZW, et al. 2016. Protec-
tive  effect  of Radix  Bupleuri extract  against  liver  cirrhosis  in  rats.
Tropical Journal of Pharmaceutical Research 15:2629−32

134.

Xing J, Sun HM, Jia JP, Qin XM, Li ZY. 2017. Integrative hepatopro-
tective  efficacy  comparison  of  raw  and  vinegar-baked  Radix
Bupleuri  using  nuclear  magnetic  resonance-based  metabolo-
mics. Journal  of  Pharmaceutical  and  Biomedical  Analysis
138:215−22

135.

Zhao  Y,  Wang  J,  Liu  L,  Wu  Y,  Hu  Q,  et  al. 2022.  Vinegar-baked
Radix  Bupleuri  enhances  the  liver-targeting  effect  of  rhein  on
liver  injury  rats  by  regulating  transporters. Journal  of  Pharmacy
and Pharmacology 74:1588−97

136.

Chen  C,  Yin  Q,  Tian  J,  Gao  X,  Qin  X,  et  al. 2020.  Studies  on  the
potential link between antidepressant effect of Xiaoyao San and
its pharmacological activity of hepatoprotection based on multi-
platform  metabolomics. Journal  of  Ethnopharmacology
249:112432

137.

Xu W, Du X, Li J, Zhang Z, Ma X, et al. 2022. SiNiSan alleviates liver
injury  by  promoting  hepatic  stem  cell  differentiation  via  Wnt/β-
catenin signaling pathway. Phytomedicine 99:153969

138.

Feng  HL,  Wang  XX,  Zhang  FL. 2020.  Mechanism  of  Sini  Powder
on  protecting  liver  based  on  network  pharmacology. Chinese
Traditional and Herbal Drugs 51(24):6258−68

139.

Du  P,  Xu  J,  Jiang  Y,  Zhao  J,  Gao  C,  et  al. 2022.  Saikosaponin-d
attenuates  Hashimoto's  Thyroiditis  by  regulating  macrophage
polarization. Journal of Immunology Research 2022:7455494

140.

Pan  A,  Chen  J,  Lai  S. 2022.  Saikosaponin  A  attenuates  autoim-
mune thyroiditis and inhibits NLRP3 inflammasome activation in
the  rats. Chinese  Journal  of  Histochemistry  and  Cytochemistry
31(3):267−72

141.

Liang Y, Cui R. 1998. Research progress on anti-inflammatory and
immune  function  of  saikosaponins  and  their  homologues.
Chinese  Journal  of  Integrated  Traditional  and  Western  Medicine
18:446−48

142.

Zhang  XQ,  Chen  HS. 1989.  Immuno-pharmacological  effects  of
Bupleurum Chinense polysaccharide. Chinese Journal  of  Pharma-
cology and Toxicology 3:30−33

143.

Cheng XQ, Li H, Yue XL, Xie JY, Zhang YY, et al. 2010. Macrophage
immunomodulatory  activity  of  the  polysaccharides  from  the
roots of Bupleurum smithii var. parvifolium. Journal  of  Ethnophar-
macology 130:363−68

144.

Cholet J, Decombat C, Vareille-Delarbre M, Gainche M, Berry A, et
al. 2019.  In  vitro  anti-inflammatory  and  immunomodulatory
activities of an extract from the roots of Bupleurum rotundifolium.
Medicines 6:101

145.

Chikhale R, Sinha SK, Wanjari M, Gurav NS, Ayyanar M, et al. 2021.
Computational  assessment  of  saikosaponins  as  adjuvant  treat-
ment  for  COVID-19:  molecular  docking,  dynamics,  and  network
pharmacology analysis. Molecular Diversity 25:1889−904

146.

Xiong  L,  Liu  Y,  Zhao  H,  Wang  Y,  Sun  Y,  et  al. 2022.  The  mecha-
nism of Chaiyin Particles in the treatment of COVID-19 based on
network  pharmacology  and  experimental  verification. Natural
Product Communications 17:1934578X221114853

147.

Sun X, Li X, Pan R, Xu Y, Wang Q, et al. 2018. Total Saikosaponins
of  Bupleurum  yinchowense reduces  depressive,  anxiety-like
behavior  and  increases  synaptic  proteins  expression  in  chronic
corticosterine-treated  mice. BMC  Complementary  and  Alternative
Medicine 18:117

148.

Li  ZY, Guo Z, Liu YM, Liu XM, Chang Q, et al. 2013. Neuroprotec-
tive  effects  of  total  saikosaponins  of Bupleurum  yinchowense on
corticosterone-induced  apoptosis  in  PC12  cells. Journal  of
Ethnopharmacology 148:794−803

149.

 
Traditional Chinese medicinal use of the Bupleurum genus

Page 16 of 17   Zeng et al. Medicinal Plant Biology 2023, 2:18

https://doi.org/10.2147/DDDT.S268358
https://doi.org/10.2147/DDDT.S268358
https://doi.org/10.1055/s-2003-42797
https://doi.org/10.3389/fphar.2019.00623
https://doi.org/10.3389/fphar.2019.00623
https://doi.org/10.3389/fphar.2019.00623
https://doi.org/10.3389/fphar.2019.01039
https://doi.org/10.1186/1472-6882-13-263
https://doi.org/10.1186/1472-6882-13-263
https://doi.org/10.3892/mmr.2020.11155
https://doi.org/10.1016/j.apmt.2019.100505
https://doi.org/10.1016/j.apmt.2019.100505
https://doi.org/10.3389/fphar.2019.00624
https://doi.org/10.3389/fphar.2019.00624
https://doi.org/10.1016/j.ijbiomac.2016.10.112
https://doi.org/10.1016/j.ijbiomac.2016.10.112
https://doi.org/10.1016/j.ijbiomac.2016.10.112
https://doi.org/10.3109/00498254.2016.1171932
https://doi.org/10.1016/j.prp.2017.01.022
https://doi.org/10.1016/j.prp.2017.01.022
https://doi.org/10.18632/oncotarget.22639
https://doi.org/10.1016/j.lfs.2019.116557
https://doi.org/10.1016/j.lfs.2019.116557
https://doi.org/10.1016/j.cbi.2014.09.012
https://doi.org/10.1016/j.cbi.2014.09.012
https://doi.org/10.1016/j.cbi.2014.09.012
https://doi.org/10.1016/S0040-4039(97)01733-4
https://doi.org/10.1016/S0040-4039(97)01733-4
https://doi.org/10.1016/S1875-5364(19)30073-1
https://doi.org/10.1016/S1875-5364(19)30073-1
https://doi.org/10.1248/bpb.28.442
https://doi.org/10.4314/tjpr.v15i12.13
https://doi.org/10.1016/j.jpba.2017.02.015
https://doi.org/10.1093/jpp/rgac062
https://doi.org/10.1093/jpp/rgac062
https://doi.org/10.1016/j.jep.2019.112432
https://doi.org/10.1016/j.phymed.2022.153969
https://doi.org/10.1155/2022/7455494
https://doi.org/10.16705/j.cnki.1004-1850.2022.03.007
https://doi.org/10.1016/j.jep.2010.05.019
https://doi.org/10.1016/j.jep.2010.05.019
https://doi.org/10.1016/j.jep.2010.05.019
https://doi.org/10.3390/medicines6040101
https://doi.org/10.1007/s11030-021-10183-w
https://doi.org/10.1177/1934578x221114853
https://doi.org/10.1177/1934578x221114853
https://doi.org/10.1186/s12906-018-2186-9
https://doi.org/10.1186/s12906-018-2186-9
https://doi.org/10.1016/j.jep.2013.04.057
https://doi.org/10.1016/j.jep.2013.04.057


Guo  J,  Zhang  F,  Gao  J,  Guan  X,  Liu  B,  et  al. 2020.  Proteomics-
based  screening  of  the  target  proteins  associated  with  antide-
pressant-like effect and mechanism of Saikosaponin A. Journal of
Cellular and Molecular Medicine 24:174−88

150.

Wang A, Mi L, Zhang Z, Hu M, Zhao Z, et al. 2021. Saikosaponin A
improved  depression-like  behavior  and  inhibited  hippocampal
neuronal  apoptosis  after  cerebral  ischemia  through  p-CREB/
BDNF pathway. Behavioural Brain Research 403:113138

151.

Chang  B,  Liu  Y,  Hu  J,  Tang  Z,  Qiu  Z,  et  al. 2022. Bupleurum
chinense DC  improves  CUMS-induced  depressive  symptoms  in
rats  through  upregulation  of  the  cAMP/PKA/CREB  signalling
pathway. Journal of Ethnopharmacology 289:115034

152.

Wang  P,  Gao  X,  Liang  M,  Fang  Y,  Jia  J,  et  al. 2021.  Dose-
Effect/Toxicity  of  Bupleuri  Radix  on  chronic  unpredictable  mild
stress  and  normal  rats  based  on  liver  metabolomics. Frontiers  in
Pharmacology 12:627451

153.

Feng Y,  Gao X,  Meng M, Xue H,  Qin X. 2020.  Multi-omics reveals
the mechanisms of antidepressant-like effects of the low polarity
fraction  of  Bupleuri  Radix. Journal  of  Ethnopharmacology
256:112806

154.

Lv  M,  Wang  Y,  Qu  P,  Li  S,  Yu  Z,  et  al. 2021.  A  combination  of
cecum  microbiome  and  metabolome  in  CUMS  depressed  rats
reveals  the  antidepressant  mechanism  of  traditional  Chinese
medicines:  A case study of  Xiaoyaosan. Journal  of  Ethnopharma-
cology 276:114167

155.

Liu X, Lv M, Wang Y, Qu P, Li S, et al. 2021. Anti-depressive effects
of Xiaoyaosan, Shugan and Jianpi herbal treatments: Role on the
gut microbiome of CUMS rats. Phytomedicine 87:153581

156.

Liu  X,  Wu  X,  Wang  S,  Qin  X. 2023.  Gut  microbiome  and  tissue
metabolomics  reveal  the  compatibility  effects  of  Xiaoyaosan  on
depression  based  on  "gut-liver-kidney"  axis. Phytomedicine
111:154628

157.

Yang  L,  Shergis  JL,  Di  Y,  Zhang  AL,  Lu  C,  et  al. 2020.  Managing
depression with Bupleurum chinense herbal formula: a systematic
review  and  meta-analysis  of  randomized  controlled  trials. The
Journal of Alternative and Complementary Medicine 26:8−24

158.

Zhang H, Zhang S, Hu M, Chen Y, Wang W, et al. 2020. An integra-
tive  metabolomics  and  network  pharmacology  method  for
exploring the effect and mechanism of Radix Bupleuri and Radix
Paeoniae Alba on anti-depression. Journal of Pharmaceutical and
Biomedical Analysis 189:113435

159.

Zhou Y, Li T, Zhu S, Gong W, Qin X, et al. 2021. Study on antide-
pressant mechanism of Radix Bupleuri–Radix Paeoniae Alba herb
pair by metabonomics combined with 1H nuclear magnetic reso-
nance  and  ultra-high-performance  liquid  chromatography-
tandem  mass  spectrometry  detection  technology. Journal  of
Pharmacy and Pharmacology 73:1262−73

160.

Li  QF,  Lu WT,  Zhang Q,  Zhao YD,  Wu CY,  et  al. 2022.  Proprietary
medicines  containing Bupleurum  chinense DC.  (Chaihu)  for
depression:  Network  meta-analysis  and  network  pharmacology
prediction. Frontiers in Pharmacology 13:773537

161.

Chen Y, Wang W, Fu X, Sun Y, Lv S, et al. 2021. Investigation of the
antidepressant  mechanism  of  combined  Radix  Bupleuri  and
Radix Paeoniae Alba treatment using proteomics analysis of liver
tissue. Journal of Chromatography B 1179:122858

162.

Yan  ZY,  Jiao  HY,  Chen  JB,  Zhang  KW,  Wang  XH,  et  al. 2021.
Antidepressant  mechanism  of  traditional  Chinese  medicine
formula  Xiaoyaosan  in  CUMS-induced  depressed  mouse  model
via  RIPK1-RIPK3-MLKL  mediated  necroptosis  based  on  network
pharmacology analysis. Frontiers in Pharmacology 12:773562

163.

Yang  FR,  Zhu  XX,  Kong  MW,  Zou  XJ,  Ma  QY,  et  al. 2022.
Xiaoyaosan  exerts  antidepressant-like  effect  by  regulating

164.

autophagy  involves  the  expression  of  GLUT4  in  the  mice
hypothalamic neurons. Frontiers in Pharmacology 13:873646
Shafaghat A. 2011. Antioxidant, antimicrobial activities and fatty
acid  components  of  leaf  and  seed  of  Bupleurum  lancifolium
Hornem. Journal of Medicinal Plants Research 5:3758−62

165.

Zuzarte  M,  Correia  PMp,  Alves-Silva  JM,  Gonçalves  MJ,  Cavaleiro
C,  et  al. 2021.  Antifungal  and  anti-inflammatory  potential  of
Bupleurum  rigidum subsp. paniculatum (Brot.)  H.  Wolff  essential
oil. Antibiotics 10:592

166.

Laouer H,  Hirèche Adjal  Y,  Prado S,  Boulaacheb N,  Akkal  S,  et  al.
2009.  Chemical  composition and antimicrobial  activity  of  essen-
tial  oil  of Bupleurum  montanum and B.  plantagineum. Natural
Product Communications 4:1605−10

167.

González  JA,  Estévez-Braun  A,  Estévez-Reyes  R,  Bazzocchi  IL,
Moujir L, et al. 1995. Biological activity of secondary metabolites
from Bupleurum salicifolium (Umbelliferae). Experientia 51:35−39

168.

Fernández  Ocaña  AM,  Gómez  Rodríguez  MV,  Velasco  Negueru-
ela  A,  Camacho  Simarro  AM,  Fernández  López  C,  et  al. 2004.  In
vivo antifungal activity of the essential oil of Bupleurum gibraltar-
ium against Plasmopara halstedii in sunflower. Journal of Agricul-
tural and Food Chemistry 52:6414−17

169.

Wu SC, Chu XL, Su JQ, Wu ZM, Yu ZJ, et al. 2019. Saikosaponin A
protects  chickens  against  pullorum  disease  via  modulation  of
cholesterol. Poultry Science 98:3539−47

170.

Ter  BS,  Djearamane  S,  Fanne  Yeoh  FN,  Antony  Dhanapal  ACT.
2022.  Functional  and  bioactive  properties  of  Bupleurum
Chinense DC.  and clematis  Chinensis  osbeck mediated biogenic
synthesized  silver  nanoparticles. Sains  Malaysiana
51(11):3663−76

171.

Baker  S,  Prudnikova  SV,  Shumilova  AA,  Perianova  OV,  Zharkov
SM,  et  al. 2019.  Bio-functionalization of  phytogenic  Ag and ZnO
nanobactericides  onto  cellulose  films  for  bactericidal  activity
against  multiple  drug  resistant  pathogens. Journal  of  Microbio-
logical Methods 159:42−50

172.

Ye M, Bi YF, Ding L, Zhu WW, Gao W. 2016. Saikosaponin a func-
tions  as  anti-epileptic  effect  in  pentylenetetrazol  induced  rats
through inhibiting mTOR signaling pathway. Biomedicine & Phar-
macotherapy 81:281−87

173.

Liu  Y,  Wu H,  Ge  F. 2002.  Chemical  constituents  analysis  on anti-
convulsive effect of three extracts from Radix Bupleuri. Journal of
Chinese Medicinal Materials 9:635−37

174.

Liu ZZ, Weng HB, Zhang LJ, Pan LY, Sun W, et al. 2019. Bupleurum
polysaccharides ameliorated renal injury in diabetic mice associ-
ated with suppression of HMGB1-TLR4 signaling. Chinese Journal
of Natural Medicines 17:641−49

175.

Feng Y, Weng H, Ling L, Zeng T, Zhang Y, et al. 2019. Modulating
the gut microbiota and inflammation is involved in the effect of
Bupleurum polysaccharides  against  diabetic  nephropathy  in
mice. International  Journal  of  Biological  Macromolecules
132:1001−11

176.

Zhang Z, Leng Y, Fu X, Yang C, Xie H, et al. 2022. The efficacy and
safety of dachaihu decoction in the treatment of type 2 diabetes
mellitus: A systematic review and meta-analysis. Frontiers in Phar-
macology 13:918681

177.

Zhao  BL. 2013.  Differentiation  of  species  of  Bupleurum  and  its
changes. Chinese Journal of Medical History 43:200−5

178.

Copyright:  © 2023 by the author(s).  Published by
Maximum  Academic  Press,  Fayetteville,  GA.  This

article  is  an  open  access  article  distributed  under  Creative
Commons  Attribution  License  (CC  BY  4.0),  visit https://creative-
commons.org/licenses/by/4.0/.

Traditional Chinese medicinal use of the Bupleurum genus
 

Zeng et al. Medicinal Plant Biology 2023, 2:18   Page 17 of 17

https://doi.org/10.1111/jcmm.14695
https://doi.org/10.1111/jcmm.14695
https://doi.org/10.1016/j.bbr.2021.113138
https://doi.org/10.1016/j.jep.2022.115034
https://doi.org/10.3389/fphar.2021.627451
https://doi.org/10.3389/fphar.2021.627451
https://doi.org/10.1016/j.jep.2020.112806
https://doi.org/10.1016/j.jep.2021.114167
https://doi.org/10.1016/j.jep.2021.114167
https://doi.org/10.1016/j.jep.2021.114167
https://doi.org/10.1016/j.phymed.2021.153581
https://doi.org/10.1016/j.phymed.2022.154628
https://doi.org/10.1089/acm.2019.0105
https://doi.org/10.1089/acm.2019.0105
https://doi.org/10.1016/j.jpba.2020.113435
https://doi.org/10.1016/j.jpba.2020.113435
https://doi.org/10.1093/jpp/rgab061
https://doi.org/10.1093/jpp/rgab061
https://doi.org/10.3389/fphar.2022.773537
https://doi.org/10.1016/j.jchromb.2021.122858
https://doi.org/10.3389/fphar.2021.773562
https://doi.org/10.3389/fphar.2022.873646
https://doi.org/10.3390/antibiotics10050592
https://doi.org/10.1021/jf040219n
https://doi.org/10.1021/jf040219n
https://doi.org/10.1021/jf040219n
https://doi.org/10.3382/ps/pez197
https://doi.org/10.17576/jsm-2022-5111-12
https://doi.org/10.1016/j.mimet.2019.02.009
https://doi.org/10.1016/j.mimet.2019.02.009
https://doi.org/10.1016/j.mimet.2019.02.009
https://doi.org/10.1016/j.biopha.2016.04.012
https://doi.org/10.1016/j.biopha.2016.04.012
https://doi.org/10.1016/j.biopha.2016.04.012
https://doi.org/10.1016/S1875-5364(19)30078-0
https://doi.org/10.1016/S1875-5364(19)30078-0
https://doi.org/10.1016/j.ijbiomac.2019.03.242
https://doi.org/10.3389/fphar.2022.918681
https://doi.org/10.3389/fphar.2022.918681
https://doi.org/10.3389/fphar.2022.918681
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Traditional use
	Germplasm identification
	History
	Origin and authenticity
	Identification method
	Traditional methods
	Fingerprint spectrum
	Molecular biology identification
	Chloroplast genome


	Phytochemistry
	Saikosaponins
	Volatile oils
	Polysaccharides
	Polyacetylenes
	Lignans
	Flavonoids
	Other components

	Pharmacological activities
	Anti-inflammation
	Antioxidant
	Anti-tumor
	Hepatoprotective activity
	Immunomodulatory activity
	Antidepressant activity
	Antimicrobial activity
	Other bioactivities

	Conclusions and prospects
	Establishment of a quality standard system
	In-depth exploration of active ingredients
	Strengthening clinical application research

	Author contributions
	Data availability
	References

