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Abstract 

Traditional Chinese medicine (TCM) is increasingly getting attention worldwide, as it has played a very satisfactory 
role in treating COVID-19 during these past 3 years, and the Chinese government highly supports the development 
of TCM. The therapeutical theory and efficacies of Chinese medicine (CM) involve the safety, effectiveness and qual-
ity evaluation of CM, which requires a standard sound system. Constructing a scientific and reasonable CM quality 
and safety evaluation system, and establishing high-quality standards are the key cores to promote the high-quality 
development of CM. Through the traditional quality control methods of CM, the progress of the Q-marker research 
and development system proposed in recent years, this paper integrated the research ideas and methods of CM qual-
ity control and identified effective quality parameters. In addition, we also applied these effective quality parameters 
to create a new and supervision model for the quality control of CM. In conclusion, this review summarizes the meth-
ods and standards of quality control research used in recent years, and provides references to the quality control 
of CM and how researchers conduct quality control experiments.
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Introduction
Traditional Chinese medicine (TCM) refers to a general 
term for the medicines of various Chinese ethnic groups, 
which reflects the understanding of life, health and dis-
ease of the Chinese. It has been used to maintain health, 
prevent, diagnose and treat diseases, and boost health. 
It is widely used for the treatment of diseases and health 
care. TCM has been gradually accepted by most of the 
countries in the world. The chemical compositions of 
Chinese medicine (CM) prescriptions are complex, the 
raw materials are unstable, so the quality is difficult to 
control. CM refers to the medicine used to treat diseases 
under the guidance of the theory of TCM, and it has the 
functions of rehabilitation and health care. CM mainly 
includes medicinal plants, animals and minerals. The 
lack of relevant standardized quality control can result in 
uneven quality of CM and affect its curative effects and 
international status, so regulatory science is important 
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for the quality control of CM. The core of drug regulatory 
science is the innovative practice of new standards, new 
tools, and new methods for developing, predicting, eval-
uating, selecting, and verifying drug safety and effective-
ness. Regulatory science focuses on policies, systems and 
legal systems governed by the medical sector and social 
construction.

This review summarized the quality evaluation tech-
niques and methods involved in CM quality control in 
recent years, involving the whole process of the produc-
tion cycle of CM, from the origin, processing, efficacy, 
metabolomics, and pharmacokinetics of medicinal mate-
rials. The above methods are combined with Q-marker to 
establish safe, effective and scientific TCM theory-related 
quality evaluation standards and technical methods, and 
then integrate with mathematical calculation, thus pro-
viding new research ideas for quality control. This can 
ensure good clinical efficacy and safety of CM.

Quality control mode of CM based on raw materials
Based on the origin of medicinal materials
The origin of medicinal materials refers to the type of 
plant from which specific medicinal materials come, such 
as family, genus, species, and whether it is included in 
books like “Flora of China”. The origin of medicinal mate-
rials can be studied by textual criticism, which is sum-
marized through relevant research on medicinal plants. 
For example, Zhao and colleagues resolved the contro-
versy over the origin of the Qu Aurantii Fructus base 
source plant from Quzhou City, Zhejiang Province, and 
determined its Chinese and Latin names, which can be 
provide reference and futher quality control for the Qu 
Aurantii Fructus selected for subsequent research [1].

Authentic medicinal materials deriving from long-
term clinical practice and summary of TCM, are a kind 
of high-quality Chinese medicinal materials with sig-
nificant regional characteristics. They are a unique com-
prehensive criterion for distinguishing the high-quality 
Chinese medicinal materials that originated from ancient 
times. For example, the famous “Four Major Huaiqing 
Medicines”, with high quality and curative effects, refers 
to Dihuang (Rehmannia glutinosa Libosch), Shanyao 
(Dioscorea Opposita Thunb), Niuxi (Achyranthes biden-
tata Bl), and Juhua (Chrysanthemum morifolium Ramat), 
which are produced in Boai, Mengxian, Qinyang and 
other places under the jurisdiction of Henan Province, 
while the high quality of “Eight famous herbal drugs in 
Zhejiang” is produced in Hangzhou. Yue and colleagues 
reported that the contents of active ingredients in CM 
from different origins varied greatly. There are many 
influencing factors, including climate, temperature, pre-
cipitation, acidity and alkalinity of the soil [2]. The estab-
lishment of quality standards for authentic medicinal 

materials and primitives requires consideration of the 
temperature, humidity, light, soil and other habitat char-
acteristics of the production areas, which can be used as 
standards to guide the production of authentic medici-
nal materials based on inorganic elements (e.g. sodium, 
iron, cadmium, and titanium) [3], organic chemical com-
ponents [4], and microorganisms, which help to quickly 
distinguish authentic medicinal materials from non-
authentic medicinal materials [5, 6]. A large number of 
studies have shown that authentic medicinal materials 
have excellent varieties, large yields and significant cura-
tive effects. Therefore, the origin of medicinal materials 
can be used as a preliminary criterion for controlling the 
quality of medicinal materials.

Based on the authenticity of Chinese medicinal slices
The quality of CM is controlled by multiple processes, 
such as medicinal material planting, appropriate process-
ing of Chinese medicinal slices, preparation of extracts, 
and production of CM. During these processes, adultera-
tion, such as non-medicinal parts mixed with medicinal 
parts and forgery will seriously affect the quality of Chi-
nese medicinal slices. The authenticity of Chinese medic-
inal slices can be determined by microscopy, physical and 
chemical identification, chromatography, liquid spectros-
copy, and DNA barcoding. Figure 1 briefly describes the 
planting of CM from seeds, processing, and the use of 
decoction pieces for clinical practice. We need to strictly 
control every link in order to produce CM with high 
quality, and the curative effect of CM can be ensured to 
be significant. Appropriate improvements to previous 
research strategies can enable CM quality control to be 
more time-saving, labor-saving, and money-saving.

Based on CM processing
The medicinal properties of CM determine its effects in 
clinical application, but its processing can change the 
original medicinal properties and efficacy. The efficacy 
of CM is mainly affected by processing and metabolism, 
and its efficacy is positively correlated with its qual-
ity. Good-quality Chinese medicine has better efficacy, 
and the CM with mild properties has a shorter metabo-
lism time and is quickly digested and absorbed, which 
is intuitively displayed. For example, Coptidis rhizoma 
is cold in nature, but its bitter-cold nature can be sup-
pressed by adding wine [7], ginger juice [8] and Euodia 
fructus juice [9]. Besides, processing can also reduce 
the toxicity and side effects of CM, and its analgesic 
effect is still retained. For example, aconitine, the active 
ingredient in Aconitum, can be used for analgesia [10]. 
After processing, aconitine is hydrolyzed into hypoaco-
nitine and aconine, which reduces its toxicity but still 
retains anti-pyretic and analgesic effects. Moreover, 
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some CMs can also increase their efficacy by process-
ing. For example, when Corydalis rhizoma is processed 
with vinegar, it can improve its analgesic effects, soothe 
the liver and relieve depressive effects [11]. Therefore, 
the processing of CM is a significant guarantee of the 
safe use of medicine, which is also a necessary means 
to improve its therapeutic effects. Besides, CM’s bio-
logical effects, metabolomics and pharmacodynamics 
after processing could also be considered for its quality 
control.

Quality control methods concerning the material 
basis of CM
At present, a variety of quality control methods have 
been established to correlate substance bases with drug 
efficacy. Reversed phase-high performance liquid chro-
matography (RP-HPLC) is one of the most common 
determination methods, including HPLC with a diode 
array detector (HPLC–DAD) [12], HPLC with evapo-
rative light scattering detector (HPLC-ELSD) [13], 
HPLC [14] with fluorescence detection (HPLC-FLD), 

Fig. 1 Flowchart of quality control of Chinese medicinal slices. This figure illustrates every link of Chinese medicinal slices, from planting Chinese 
herbal medicines to processing into decoction pieces, and finally to the clinical applications of different processed products and compatible 
decoction pieces. Every link is very important for quality control, especially the part that correlates the detection of the active ingredients of CM 
with drug efficacy
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HPLC-ultraviolet–visible-spectroscopy (HPLC–UV-Vis) 
[15]. Based on liquid chromatography [16] combined 
with other instrumental analyses are also applied to it, 
including HPLC-mass spectrometry technology (HPLC–
MS) [17]. HPLC-high resolution MS and tandem MS 
(HPLC-HRMS/MS), ultra-high performance liquid chro-
matography-tandem mass spectrometry (UPLC-MS/MS) 
[18]. Additionally, other methods are used to qualita-
tively and quantitatively identify and determine the active 
ingredients in CM, such as nuclear magnetic resonance 
(NMR) [19], and gas chromatography-mass spectrometry 
(GC–MS) [20]. These methods are generally considered 
simple, effective, innovative, high separation efficiency, 
high sensitivity, low potential interference, and short run 
time, thereby contributing to the development of quality 
control. NMR quantifies the molecular weights of ani-
mals and some organic and inorganic components, which 
are suitable for highly specific recognition, selective dis-
tinction of homologues, and detecting counterfeiting and 
adulteration of drugs [21]. In contrast, the disadvantage 
of the above quality control methods is too many toxic 
organic solvents [22]. From the perspective of green ana-
lytical chemistry, UV spectrophotometry alone has the 
advantages of environmental protection, low energy con-
sumption, and less analysis time, which is a safer analysis 
method [23].

Quality control method of CM based on its material basis 
and properties and efficacy
The reason why CMs can target the disease and play 
therapeutic roles is that each CM has certain characteris-
tics and functions. The ancients called it the bias of CM, 
which means that the bias of the CM is used to correct 
the excess or decline of Yin and Yang in the disease, but 
the ancients failed to conduct in-depth research on the 
material basis of drug action. At present, the basic prin-
ciple of drug action can be explained by the partial of 
CM combined with the material basis, which results in 
a high-level summary of the therapeutic effects of CM. 
Among them, the partiality of treating diseases is various, 
and its complex properties and functions are summa-
rized into four qi, five flavors, ups and downs, nourishing 
and reducing, meridians, poisonous and non-toxic.

Wang and colleagues used the quantitative and visual 
analysis method of the literature to mine and summa-
rized the published literature, and analyzed the chemi-
cal compositions, pharmacological effects and clinical 
applications of the 416 flavors of the heart, liver and lung 
meridian CMs, and analyzed their relationships between 
three of them. According to the mutual relationship 
between meridians, it was found that the CMs of each 
meridian contain flavonoids, terpenoids and volatile oils, 
which have anti-inflammatory, anti-bacterial, analgesic 

and other pharmacological effects, and are used clini-
cally to treat fever, inflammation, cold and other diseases 
[24]. Taking the modern research of CM as the starting 
point, the relationship between chemical compositions, 
characteristics and curative effects of CM should be com-
prehensively considered, so as to reveal the rationality, 
scientificity and practicality of the theory of CM clinical 
application, thus returning to the viscera and meridians. 
However, due to the complex composition and a lot of 
information on CM, many factors can affect the accuracy 
of the results from the composition research, so it can be 
considered to perform relevant research from the direc-
tion of the active ingredient-target-disease of the bioac-
tive compounds to evaluate the quality of CM.

Quality control method of CM based on its material basis 
and biological effects
Biological activities, such as diffusing the lung, blood-
activating, stasis-resolving, anti-bacterial, and anti-
inflammatory effects, could be used to evaluate the 
biological effects of CM. Therefore, existing quantifica-
tion of index components and fingerprints combined 
with the biological effect evaluation are used to identify 
active compounds from CM, which could achieve scien-
tific quality control and assessment of CM. For example, 
Zhang and colleagues assessed the quality of multiple 
batches of rhubarbs using the biological potency assay 
and chemical chromatogram fingerprint with the maxi-
mum antagonism rate as a reference for the quality con-
trol of wine-processed rhubarb products, finding that 
different batches have different qualities and biological 
potencies. Besides, they also identified three active com-
pounds with the highest biological potency [25]. Accord-
ing to the classification of the efficacy of different CMs, 
the biological activity determination methods should 
be specifically selected to accurately reflect its clinical 
therapeutic effects. Therefore, this method can accu-
rately identify the active compounds with corresponding 
biological efficacy of CM, and these compounds can be 
used as the standards for the quality control of CM. In 
addition, this method deserves systematic and in-depth 
research to establish a scientific evaluation method with 
apparent use objects, advanced detection methods and 
strong operability.

Quality control method of CM based on its material basis, 
metabolism and metabolomics
Metabolomics is an important part of systems biology, 
which refers to the qualitative and quantitative analy-
sis of metabolites contained in organisms under spe-
cific conditions. It is now widely used to study active 
compounds in CM. The metabolomics platforms cur-
rently used include LC–MS, NMR, GC–MS, UPLC-MS/
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MS [26], UPLC-triple quadrupole composite linear 
ion trap mass spectrometry (UPLC-Q-Trap/MS) [27], 
and ultra-high performance liquid chromatography-
quadrupole-electrostatic orbitrap mass spectrometry 
(UHPLC-Q-Exactive/MS) [28]. Compared with other 
metabolic platforms, researchers are more willing to 
choose UHPLC-Q-Exactive/MS to solve the problems of 
the material basis of drug action and the complex system 
of CM due to its higher resolution, sensitivity and higher 
peak reproducibility, and rapid qualitative or relative 
quantitative analysis of multiple compounds at the same 
time. Ma and colleagues established a strategy to discover 
quality control markers by mining the metabolome of 
toad venom. They identified chromatographic compo-
nents by LC–MS/MS, while metabolomics was used as 
well to ensure quality consistency [29]. Moreover, Sericea 
Burck is a South African medicinal plant whose leaves 
can be used to treat menorrhagia and its roots for infer-
tility treatment, and can be made into skin care products. 
Mulaudzi and colleagues used HPTLC chemical finger-
print and metabolomics to analyze its root bark for qual-
ity control and intraspecies chemical variation. Although 
using white light in HPTLC to observe TLC plates has 
limitations, this shortcoming can be overcome by care-
fully inspecting images corresponding to the locations of 
individual samples with known concentrations of labeled 
compounds [30].

Quality control method of CM based on network 
pharmacology, material basis and biological effects
The biological effects refer to the impact of certain exter-
nal factors, such as chemicals and Chinese herbal medi-
cines, on organisms, which can be obtained through 
direct observation. It is generally used to evaluate envi-
ronmental quality, such as organochlorine pesticide 
residues. Therefore, the biological effects of CM provide 
a good strategy for quality control. Based on network 
pharmacology, the impact of the CM on the appearance 
of the human body can be directly investigated by the 
effective substances combined with biological effects. 
For example, skin suppuration was caused by bruises can 
reduce swelling and generate new skin by externally using 
CM wine. Wang obtained visual data by network phar-
macology to evaluate the possible pathways or poten-
tial targets of the Mingshi formula for preventing and 
treating low-grade myopia in children, and recorded the 
adverse reactions and safety indicators (That is biological 
effects) during the research process, and then identified 
the active ingredients from Mingshi formula [31]. This 
method can shorten the time for the whole process of 
CM quality control with the assistance of network phar-
macology, which can quickly find the effective material 
basis corresponding to its biological effects.

Quality control method of CM based on its material basis, 
properties and active chemical components
Currently, there are many studies investigating the rela-
tionship between the properties and components of 
CM, which can be used as the research direction of CM 
quality control in the future. The nature of CM can be 
understood as Chinese medicinal, physical and chemical 
properties. However, it still needs to clarify the diversifi-
cation of toxic substances after CM compatibility. It is an 
excellent choice to apply the association of material base, 
nature of medicines and components to CM quality con-
trol after processing, for example, studying the content 
of chemical components of Shengdihuang (Rehmannia 
glutinosa) before and after the processing. The results 
showed that the levels of total polysaccharides, catalpol, 
rehmanniaside A and rehmanniaside B were decreased 
after processing raw rehmannia glutinosa, which has 
changed the nature of raw rehmannia from clearing heat 
and cooling the blood to nourishing yin and tonifying 
blood of cooked rehmannia glutinosa [32, 33].

Research progress on the quality control methods 
of CM based on Q‑markers
The overall quality control method of CM related 
to Q‑marker
Clinical formulations have properties, such as unique-
ness, combination environment, efficacy, and measur-
ability. Therefore, the focus of quality control is based 
on the research of the medicinal properties-efficacy-
material basis between different processed products and 
different combinations. The compositions of CM can be 
first identified by HPLC fingerprint, and then chemical 
consistency between different batches of CM is evaluated 
as a quality control marker. More importantly, the cor-
responding components representing the efficacy of CM 
can be found through fingerprint-efficacy relationship 
analysis, which can be used as markers to further con-
trol the effective consistency between different batches 
of CM [33]. The content mentioned above is about the 
five principles for selecting Q-markers. Therefore, when 
researchers choose the Q-maker of CM as a quality con-
trol indicator, they can comprehensively consider the 
above reasons. In order to enable readers to understand 
the research related to CM and Q-marker, we summa-
rized the detection instruments and strategies used for 
Q-marker research involving CM in the past 10 years in 
Table 1.

Quality control method of CM based on component groups 
with equivalent efficacy
The model of equivalent component groups for CM qual-
ity control is based on studying the contribution of “part” 
to the “whole” activity as a group of active ingredients of 



Page 6 of 19Chen et al. Chinese Medicine          (2023) 18:126 

Ta
bl

e 
1 

Ex
am

pl
es

 o
f s

tu
di

es
 o

n 
Q

-m
ar

ke
rs

 o
f m

ed
ic

in
al

 m
at

er
ia

ls
 a

nd
 d

ec
oc

tin
g 

pi
ec

es
 o

r c
om

po
un

d 
pr

es
cr

ip
tio

ns

D
ru

g/
Pr

es
cr

ip
tio

n 
na

m
e

Pr
oc

es
se

d/
co

m
po

si
tio

n
Q

ua
lit

y 
m

ar
ke

r
D

et
ec

tio
n 

eq
ui

pm
en

t
St

ra
te

gy
Re

fs

Pe
rip

lo
ca

e 
Co

rt
ex

Th
e 

dr
ie

d 
ro

ot
 b

ar
k 

of
 P

er
ip

lo
ca

 
se

pi
um

 B
ge

4-
m

et
ho

xy
be

nz
al

de
hy

de
-2

-O
-

β-
D

-x
yl

op
yr

an
os

yl
-(1

 →
 6

)-β
-D

-
gl

uc
op

yr
an

os
id

e;
 P

er
ip

lo
ci

n;
 P

er
ip

lo
co

-
si

de
 S

-4
a;

 P
er

ip
lo

co
si

de
 H

1 
et

c

U
PL

C
/Q

-T
O

F 
M

S;
U

PL
C

-T
Q

-M
S

Pl
an

t m
et

ab
ol

om
ic

s 
an

d 
ne

tw
or

k 
ph

ar
m

ac
ol

og
y

[3
4]

Ce
nt

ip
ed

a 
m

in
im

a
D

rie
d 

w
ho

le
 h

er
b

A
rn

ic
ol

id
e 

D
;

Br
ev

ili
n 

A
H

PL
C

C
he

m
om

et
ric

 a
na

ly
si

s;
N

et
w

or
k 

ph
ar

m
ac

ol
og

y 
an

d 
m

ol
ec

u-
la

r d
oc

ki
ng

 s
im

ul
at

io
ns

[3
5]

Ty
ph

ae
 P

ol
le

n
Ca

rb
on

iz
ed

po
lle

n
Is

or
ha

m
ne

tin
-3

-O
-N

eo
he

sp
er

id
os

id
e;

 
Is

or
ha

m
ne

tin
-3

-O
-R

ut
in

os
id

e;
 

Ka
em

pf
er

ol
-3

-O
-N

eo
he

sp
er

id
os

id
e;

 
N

ar
in

ge
ni

n;
 Q

ue
rc

et
in

; I
so

rh
am

ne
tin

U
PL

C
-Q

TO
F-

M
S;

U
PL

C
-T

Q
-M

S
C

he
m

om
et

ric
 m

et
ho

d;
 s

ys
te

m
s 

ph
ar

-
m

ac
ol

og
y 

an
d 

tw
o 

hi
gh

-t
hr

ou
gh

pu
t 

ze
br

afi
sh

 m
od

el
s: 

ce
re

br
al

 h
em

or
-

rh
ag

e 
m

od
el

 a
nd

 th
ro

m
bu

s 
m

od
el

[3
6]

Pa
na

x 
no

to
gi

ns
en

g
Sh

at
te

r t
he

 ro
ot

s
N

ot
og

in
se

no
si

de
 R

1,
 G

in
se

no
si

de
 R

g1
, 

Re
, R

b1
 a

nd
 R

d
H

PL
C

In
te

gr
at

in
g 

ch
em

ic
al

 p
ro

fil
e 

w
ith

 p
ha

r-
m

ac
ol

og
ic

al
 a

ct
iv

iti
es

[3
7]

Rh
ub

ar
b

Ri
ce

 w
in

e
Rh

ei
n

U
PL

C
-H

RM
S

Ph
ar

m
ac

ok
in

et
ic

 s
tu

di
es

; e
ffi

ca
cy

 
ex

pe
rim

en
ts

;
N

on
-t

ar
ge

te
d 

an
d 

ta
rg

et
ed

 d
at

a 
m

in
in

g

[3
8]

Bu
rd

oc
k

St
ir-

fri
ed

 ri
pe

 fr
ui

t
A

rt
iin

LC
–M

S;
 U

FL
C

-M
S/

M
S

Co
m

bi
ni

ng
 th

e 
tr

ad
iti

on
al

 a
nd

 m
od

-
er

n 
m

ed
ic

in
al

 e
ffe

ct
s 

w
ith

 th
e 

ch
em

i-
ca

l c
om

po
si

tio
n

[3
9]

Zi
zi

ph
i S

pi
no

sa
e 

Se
m

en
Fr

yi
ng

 m
at

ur
e 

se
ed

s
Sp

in
os

in
; 6
′″

-fe
ru

lo
yl

sp
in

os
in

;
Be

tu
lin

ic
U

PL
C

; U
PL

C
-Q

-T
O

F–
M

S;
LC

–M
S/

M
S

Th
e 

qu
al

ita
tiv

e-
qu

an
tit

at
iv

e 
in

 v
itr

o 
effi

ca
cy

-m
ol

ec
ul

ar
 d

oc
ki

ng
 m

et
ho

d
[4

0]

Co
rn

i F
ru

ct
us

Th
e 

fru
it 

of
 th

e 
pl

an
t C

or
nu

s 
offi

ci
-

na
lis

 S
ie

b.
 e

t Z
uc

Lo
ga

ni
n

H
PL

C
;

H
PL

C
-D

VD
Th

ro
ug

h 
in

 v
iv

o 
an

d 
in

 v
itr

o 
ph

ar
m

a-
co

lo
gi

ca
l e

xp
er

im
en

ts
[4

1]

Cy
do

ni
a 

ob
lo

ng
a 

M
ill

M
at

ur
e 

fru
it 

of
 g

en
us

 R
os

ac
ea

e
Ca

ffe
ic

 a
ci

d;
 C

hl
or

og
en

ic
 a

ci
d;

 E
lla

gi
c 

ac
id

; V
an

ill
ic

 a
ci

d
U

H
PL

C
/Q

-T
O

F–
M

S/
M

S
N

et
w

or
k 

ph
ar

m
ac

ol
og

y 
m

et
ho

ds
[4

2]

G
ly

cy
rr

hi
za

 u
ra

le
ns

is
 F

is
ch

D
ry

 ro
ot

s 
an

d 
rh

iz
om

e
Li

qu
iri

tig
en

in
; L

iq
ui

rit
in

; I
so

liq
ui

rit
in

; 
Is

ol
iq

ui
rit

iy
en

in
; L

ic
oc

ha
lc

on
e 

A
; 

G
ly

cy
rr

he
tin

ic
 a

ci
d;

 A
pi

ge
ni

n

H
PL

C
–D

A
D

;
H

PL
C

-Q
-E

xa
ct

iv
e 

/M
S

A
 H

PL
C

 b
as

ed
 o

n 
m

et
ab

ol
om

ic
s 

fo
r s

im
ul

ta
ne

ou
s 

qu
an

tit
at

iv
e 

an
al

ys
is

[4
3]

Sa
lv

ia
no

lic
 a

ci
ds

 fo
r i

nj
ec

tio
n

Sa
lv

ia
no

lic
 a

ci
ds

 fo
r i

nj
ec

tio
n

Sa
lv

ia
no

lic
 a

ci
d 

B;
Ro

sm
ar

in
ic

 a
ci

d;
 L

ith
os

pe
rm

ic
 a

ci
d 

Sa
lv

ia
no

lic
 a

ci
d 

D
;

U
PL

C
-Q

-T
O

F-
M

; L
C

–M
S/

M
S

Th
e 

ta
rg

et
 c

el
l e

xt
ra

ct
s 

an
d 

ph
ar

m
a-

co
ki

ne
tic

 s
tu

di
es

[4
4]

Sp
ar

ga
ni

i R
hi

zo
m

a
D

rie
d 

tu
be

rs
Pr

ot
oc

at
ec

hu
ic

 a
ci

d;
P-

co
um

ar
ic

 a
ci

d;
 F

er
ul

ic
 a

ci
d

H
PL

C
–U

V
A

nt
i-t

hr
om

bo
tic

 e
ffe

ct
 s

tu
di

es
[4

5]

Ra
di

x 
W

ik
st

ro
em

ia
 In

di
ca

Sw
ea

t s
oa

ki
ng

 m
et

ho
d 

(S
pr

ay
ed

 
sy

nt
he

tic
 p

er
sp

ira
tio

n 
an

d 
D

rie
d 

in
 th

e 
ov

en
)

D
ap

hn
or

et
in

; E
m

od
in

; T
riu

m
be

lle
tin

;
D

ib
ut

yl
 p

ht
ha

la
te

; M
et

hy
l P

ar
ab

en
;

YH
-1

0 
+

 O
H

G
C

–M
S;

 U
PL

C
-Q

-T
O

F/
M

S
St

ud
y 

of
 p

ha
rm

ac
od

yn
am

ic
s;

To
xi

ci
ty

 a
nd

 m
at

er
ia

l b
as

is
[4

6]

Co
do

no
ps

is
 ra

di
x

D
ry

er
 d

ry
in

g;
 s

un
 d

ry
in

g;
 s

ha
de

 d
ry

in
g

Tr
yp

to
ph

an
; S

yr
in

gi
n;

 C
or

di
fo

lio
id

yn
e 

A
; T

an
gs

he
no

si
de

 I;
 C

od
on

op
yr

ro
-

lid
iu

m
 A

; C
re

os
id

e 
IV

; L
ob

et
yo

lin
;

U
H

PL
C

-D
io

de
 A

rr
ay

 D
et

ec
to

r
Co

m
pr

eh
en

si
ve

 c
he

m
ic

al
 a

na
ly

si
s; 

ph
ar

m
ac

od
yn

am
ic

s
[4

7]



Page 7 of 19Chen et al. Chinese Medicine          (2023) 18:126  

Ta
bl

e 
1 

(c
on

tin
ue

d)

D
ru

g/
Pr

es
cr

ip
tio

n 
na

m
e

Pr
oc

es
se

d/
co

m
po

si
tio

n
Q

ua
lit

y 
m

ar
ke

r
D

et
ec

tio
n 

eq
ui

pm
en

t
St

ra
te

gy
Re

fs

Sc
ut

el
la

ria
 b

ar
ba

ta
W

ho
le

 p
la

nt
Sc

ut
el

la
rin

; S
cu

te
lla

re
in

; L
ut

eo
lin

; 
Lp

ig
en

in
; H

is
pi

du
lin

U
PL

C
/IM

-Q
TO

F-
M

S;
U

PL
C

-U
V

N
et

w
or

k 
ph

ar
m

ac
ol

og
y

[4
8]

Pa
na

x 
gi

ns
en

g
Pr

oc
es

si
ng

 a
nd

 s
te

am
in

g
Pr

ot
op

an
ax

at
rio

l t
yp

e 
gi

ns
en

os
id

e 
(R

e,
 R

f, 
Rg

1,
 2

0(
S)

-R
h1

, R
h4

, a
nd

 R
g6

); 
Pr

ot
op

an
ax

ad
io

l t
yp

e 
gi

ns
en

os
id

es
 

(R
b1

, R
b2

, R
b3

, R
c,

 R
d,

 2
0(

R)
-R

g3
, 2

0(
S)

-
Rg

3,
 a

nd
 R

k1
); 

O
le

an
ol

ic
 a

ci
d 

ty
pe

 
gi

ns
en

os
id

e 
(R

o)

LC
–M

S/
M

S;
Q

qQ
-M

S
C

he
m

ic
al

 a
na

ly
si

s
[4

9]

Sc
hi

sa
nd

ra
 c

hi
ne

ns
is

Fr
ui

t d
ire

ct
ly

 s
un

-d
rie

d 
or

 s
te

am
ed

 
an

d 
su

n-
dr

ie
d

Sc
hi

sa
nd

ro
l A

; S
ch

is
an

dr
in

 A
; S

ch
is

an
-

dr
in

 C
 a

nd
 G

om
is

in
 N

H
PL

C
–M

S/
M

S;
H

PL
C

-Q
-T

O
F/

M
S

Ta
rg

et
 m

et
ab

ol
om

ic
s; 

bi
oi

nf
or

m
at

ic
 

an
al

ys
is

[5
0]

A
lis

m
a 

or
ie

nt
al

e
D

rie
d 

tu
be

rs
A

lis
ol

 A
; A

lis
ol

 B
; A

lis
ol

 A
 2

3-
ac

et
at

e;
 

A
lis

ol
 B

 2
3-

ac
et

at
e;

 A
lis

ol
 A

 2
4-

ac
et

at
e

LC
–M

S 
n 

-IT
-T

O
F;

H
PL

C
N

et
w

or
k 

ph
ar

m
ac

ol
og

y;
 B

io
ac

tiv
ity

 
an

al
ys

is
[5

1]

M
us

k
Th

e 
dr

y 
su

bs
ta

nc
e 

th
at

 is
 s

ec
re

te
d 

fro
m

 m
at

ur
e 

m
al

e 
m

us
k 

de
er

 s
ub

um
-

bi
lic

al
 s

ac
 g

la
nd

M
us

co
ne

; C
is

-9
-h

ex
ad

ec
en

al
; A

nt
i-

ox
id

an
t 2

26
4;

 P
ra

st
er

on
e-

3-
su

lfa
te

; 
A

nd
ro

st
an

-1
7-

on
e;

 1
,2

-B
en

ze
ne

di
ca

r-
bo

xy
lic

 a
ci

d

LC
/M

S–
M

S;
 G

C
/M

S
U

si
ng

 c
om

bi
ne

d 
m

et
ab

ol
om

ic
 a

nd
 

ch
em

om
et

ric
 a

pp
ro

ac
h

[5
2]

Fl
or

s 
C

hr
ys

an
th

em
i

Fl
ow

er
 h

ea
d

C
hl

or
og

en
ic

 a
ci

d;
 3

,5
-D

ic
aff

eo
yl

qu
in

ic
 

ac
id

;
1,

5-
di

ca
ffe

oy
lq

ui
ni

c 
ac

id
;

Lu
te

ol
os

id
e;

 A
pi

ge
ni

n-
7-

O
-β

-d
-

gl
uc

os
id

e;
 L

ut
eo

lin
-7

-O
-6

-M
al

on
yl

gl
u-

co
si

de

N
IR

S;
 H

PL
C

/Q
-T

O
F–

M
S

H
PL

C
/Q

-T
O

F–
M

S 
id

en
tifi

ca
tio

n 
an

d 
he

at
 m

ap
 c

lu
st

er
in

g
[5

3]

Tr
ip

te
ry

gi
um

 g
ly

co
si

de
s 

ta
bl

et
Tr

ip
te

rg
iu

m
 w

ilf
or

di
i H

oo
k

W
ilf

or
in

e
U

PL
C

-M
S/

M
S

Cy
to

to
xi

ci
ty

 s
tu

dy
; P

ha
rm

ac
od

yn
am

-
ic

s; 
Ph

ar
m

ac
ok

in
et

ic
s 

st
ud

y
[5

4]

Yu
an

hu
 Z

hi
to

ng
 ta

bl
et

s
A

ng
el

ic
ae

da
 h

ur
ic

ae
 ra

di
x 

an
d 

Co
ry

da
-

lis
 rh

iz
om

e
Te

tr
ah

yd
ro

pa
lm

at
in

e;
α-

A
llo

cr
yp

to
pi

ne
; P

ro
to

pi
ne

; C
or

yd
a-

lin
e;

 Im
pe

ra
to

rin
; I

so
im

pe
ra

to
rin

;
By

ak
an

ge
lic

in

RR
LC

-M
S/

M
S;

 L
C

–M
S

In
te

gr
at

in
g 

ch
em

ic
al

 a
nd

 b
io

sy
nt

he
tic

 
an

al
ys

es
, d

ru
g 

m
et

ab
ol

is
m

, a
nd

 n
et

-
w

or
k 

ph
ar

m
ac

ol
og

y

[5
5]

Q
ili

qi
an

gx
in

 c
ap

su
le

A
st

ra
ga

li 
ra

di
x;

 G
in

se
ng

 ra
di

x;
 A

co
ni

ti 
la

te
ra

lis
 ra

di
x;

 S
al

vi
am

ilt
io

rr
hi

za
 ra

di
x;

 
Se

m
en

 d
es

cu
ra

in
ia

e 
le

pi
di

i; 
A

lis
m

at
is

 
rh

iz
om

e;
Po

ly
go

na
ti 

od
or

at
i r

hi
zo

m
e;

 C
in

na
m

-
om

i r
am

ul
us

;
Ca

rt
ha

m
i fl

os
;

Pe
rip

lo
ca

 c
or

te
x 

an
d 

C
itr

i r
et

ic
ul

at
ae

 
pe

ric
ar

pi
um

So
ng

or
in

; C
al

yc
os

in
-7

-O
-β

-D
-

G
lu

co
py

ra
no

si
de

; A
st

ra
ga

lo
si

de
; 

Ta
ns

hi
no

ne
 II

A
; G

in
se

no
si

de
 R

e;
H

es
pe

rid
in

 a
nd

 A
lis

ol
 A

U
H

PL
C

-M
S/

M
S;

U
H

PL
C

-Q
/T

O
F–

M
S/

M
S

Th
e 

m
ul

ti-
di

m
en

si
on

al
 “r

ad
ar

 c
ha

rt
” 

m
od

e
[5

6]



Page 8 of 19Chen et al. Chinese Medicine          (2023) 18:126 

Ta
bl

e 
1 

(c
on

tin
ue

d)

D
ru

g/
Pr

es
cr

ip
tio

n 
na

m
e

Pr
oc

es
se

d/
co

m
po

si
tio

n
Q

ua
lit

y 
m

ar
ke

r
D

et
ec

tio
n 

eq
ui

pm
en

t
St

ra
te

gy
Re

fs

D
an

lo
u 

ta
bl

et
Pu

er
ar

ia
 lo

ba
ta

 (W
ild

);
Sa

lv
ia

 m
ilt

io
rr

hi
za

 B
ge

;
A

lis
m

a 
O

rie
nt

al
e;

A
st

ra
ga

lu
s 

M
em

br
an

ac
eu

s; 
Li

gu
st

ic
um

 
ch

ua
nx

io
ng

 H
or

t; 
Th

e 
pe

ric
ar

p 
of

 T
ri-

ch
os

an
th

es
 K

iri
lo

w
ii 

M
ax

im
; D

ry
na

ria
 

fo
rt

un
e;

 P
ae

on
ia

 la
ct

ifl
or

a 
Pa

ll;
 A

lli
um

 
m

ac
ro

st
em

on
 B

ge
.; 

Cu
rc

um
a 

lo
ng

a 
L

Pu
er

ar
in

;
A

lis
ol

 A
;

D
ai

dz
ei

n;
Pa

eo
ni

flo
rin

;
Ta

ns
hi

no
ne

 II
A

U
H

PL
C

-T
Q

-M
S;

U
H

PL
C

-Q
/T

O
F–

M
S

Ph
ar

m
ac

ok
in

et
ic

; N
et

w
or

k 
ph

ar
m

ac
ol

-
og

y;
 B

io
ac

tiv
ity

 e
va

lu
at

io
n;

D
ru

g 
m

et
ab

ol
is

m

[5
7]

Ta
ng

zh
iq

in
g 

ta
bl

et
N

el
um

bo
 N

uc
ife

ra
;

Pa
eo

ni
a 

La
ct

ifl
or

a;
Sa

lv
ia

 M
ilt

io
rr

hi
za

;
M

or
us

 a
lb

a;
C

ra
ta

eg
us

 P
in

na
tifi

da

N
uc

ife
rin

e;
 P

ae
on

ifl
or

in
U

PL
C

-Q
-T

O
F/

M
S;

 L
C

–M
S/

M
S;

 H
PL

C
–U

V
C

lin
ic

al
 tr

ia
ls

 (d
os

e-
ex

po
su

re
–

re
sp

on
se

 in
 h

um
an

)
[5

8]

Bu
ya

ng
hu

an
w

u 
in

je
ct

io
n

D
an

gg
ui

;
C

hu
an

xi
on

g;
C

hi
sh

ao

A
st

ra
ga

lo
si

de
 IV

; P
ae

on
flo

rin
; A

m
yg

da
-

lin
; T

et
ra

m
et

hy
lp

yr
A

zi
ne

;
Fe

ru
lic

 a
ci

d

RP
-H

PL
C

Po
ly

ph
ar

m
ac

ok
in

et
ic

 m
od

el
 a

nd
 it

s 
si

m
ila

rit
y 

ap
pr

oa
ch

[5
9]

Si
ju

nz
i d

ec
oc

tio
n

Ra
di

x 
G

in
se

ng
; M

ac
ro

ce
ph

al
a;

 P
or

ia
; 

Li
co

ric
e

Li
qu

irt
in

; F
or

m
on

on
et

in
; M

al
on

yl
-

gi
ns

en
os

id
e 

Rb
2;

G
in

se
no

si
de

 R
o;

 G
ly

cy
rr

he
tn

ic
 a

ci
d;

 
G

ly
cy

rr
hi

zi
c 

ac
id

;
2-

at
ra

ct
yl

en
ol

id
e;

 D
eh

yd
ro

tu
m

ul
os

ic
 

ac
id

; I
so

gl
ab

ro
-li

de

U
PL

C
-Q

-T
O

F;
U

H
PL

C
-Q

-T
O

F
M

et
ab

ol
om

ic
s

[6
0]

Xu
ez

hi
lin

g 
ta

bl
et

s
Ra

di
x 

po
ly

go
ni

m
ul

tifl
or

i p
re

pa
ra

te
; 

Ca
ss

ia
 s

ee
d;

 H
aw

th
or

n;
 R

hi
zo

m
a 

A
lis

m
at

is

A
ur

an
tio

-O
bt

us
in

; R
ub

ro
fu

sa
rin

 G
en

-
tio

bi
os

id
e;

 O
bt

us
in

fo
lin

; T
H

SG
; S

H
J

U
PL

C
-U

V–
M

S;
U

PL
C

-U
V

M
et

ab
ol

om
ic

 s
tu

dy
[6

1]

Xu
ef

u 
Zh

uy
u 

de
co

ct
io

n
Se

m
en

 P
er

si
ca

e;
 F

lo
s 

Ca
rt

ha
m

i; 
Ra

di
x 

Pa
eo

ni
ae

 ru
br

a;
 R

hi
zo

m
a 

C
hu

an
xi

on
g;

 
Ra

di
x 

A
ch

yr
an

th
is

 B
id

en
ta

ta
e;

 R
ad

ix
 

Bu
pl

eu
ri;

Ra
di

x 
A

ng
el

ic
ae

 S
in

en
si

s; 
Ra

di
x 

Re
hm

an
ni

ae
; F

ru
ct

us
 A

ur
an

tii
; R

ad
ix

 
Pl

at
yc

od
on

is
;

Rh
iz

om
a 

G
ly

cy
rr

hi
za

e

N
ar

in
gi

n;
 Is

ol
iq

ui
rit

in
; P

ae
on

ifl
or

in
; 

Pr
ot

oc
at

ec
hu

ic
 a

ci
d;

 N
eo

he
sp

er
id

in
; 

Fe
ru

lic
 a

ci
d

H
PL

C
; U

PL
C

-P
D

A
A

 s
tr

at
eg

y 
ba

se
d 

on
 “s

pi
de

r-
w

eb
” 

m
od

e
[6

2]

W
u-

W
ei

-W
en

-T
on

g 
Ca

ps
ul

e
Sc

ut
el

la
ria

e 
Ra

di
x;

 H
ua

ng
qi

n;
 Y

in
ya

ng
-

hu
o;

 P
ia

nj
ia

ng
hu

an
g;

 G
ui

zh
i; 

Fu
lin

g
Co

um
ar

in
; C

in
na

m
ic

 A
lc

oh
ol

; B
ai

ca
lin

; 
C

in
na

m
ic

 a
ci

d;
 C

in
na

m
al

de
hy

de
; 

W
og

on
os

id
e;

 2
-m

et
ho

xy
ci

nn
am

al
de

-
hy

de
; E

pi
m

ed
in

 C
; I

ca
rii

n;
 B

ai
ca

le
in

; 
W

og
on

in
; B

ao
hu

os
id

e 
I; 

A
nh

yd
ro

ic
ar

i-
tin

; G
er

m
ac

ro
ne

; P
ac

hy
m

ic
 a

ci
d

U
H

PL
C

-Q
TO

F/
M

S;
U

H
PL

C
-U

V
Ph

ar
m

ac
ok

in
et

ic
 s

tu
dy

[6
3]

Yi
nl

an
 c

ap
su

le
Ex

oc
ar

pi
um

 C
itr

i T
om

en
to

sa
e;

 
Fo

liu
m

 G
in

kg
o;

 H
er

ba
 G

yn
os

te
m

m
at

is
; 

pr
op

ol
is

Lu
pe

ol
; G

in
se

no
si

de
 R

b3
LC

–M
S-

M
S;

 U
H

PL
C

-M
S–

M
S

Ph
ar

m
ac

ok
in

et
ic

s 
re

se
ar

ch
[6

4]



Page 9 of 19Chen et al. Chinese Medicine          (2023) 18:126  

Ta
bl

e 
1 

(c
on

tin
ue

d)

D
ru

g/
Pr

es
cr

ip
tio

n 
na

m
e

Pr
oc

es
se

d/
co

m
po

si
tio

n
Q

ua
lit

y 
m

ar
ke

r
D

et
ec

tio
n 

eq
ui

pm
en

t
St

ra
te

gy
Re

fs

H
ua

ng
Q

in
 d

ec
oc

tio
n

Sc
ut

el
la

ria
 b

ai
ca

le
ns

is
 G

eo
rg

i; 
G

ly
cy

r-
rh

iz
a 

ur
al

en
si

s 
Fi

sc
h;

 P
ae

on
ia

 la
ct

i-
flo

ra
 P

al
l; 

Zi
zi

ph
us

 ju
ju

ba
 M

ill

Pa
eo

ni
flo

rin
; B

ai
ca

lin
; S

cu
te

lla
re

in
; 

Li
qu

iri
tig

en
in

; N
or

w
og

on
in

; B
ai

ca
le

in
; 

G
ly

cy
rr

hi
zi

c 
ac

id
; W

og
on

in
; O

ro
xy

lin
 A

H
PL

C
/U

V;
 L

C
-IT

-T
O

F/
M

S
Sy

st
em

 p
ha

rm
ac

ol
og

y
[6

5]

Bu
ya

ng
hu

an
w

u 
de

co
ct

io
n

A
st

ra
ga

li 
Ra

di
x;

 A
ng

el
ic

ae
 S

in
en

si
s 

Ra
di

x;
Pa

eo
ni

ae
 R

ad
ix

 R
ub

ra
;

Ph
er

et
im

a;
C

hu
an

xi
on

g 
Rh

iz
om

a;
 C

ar
th

am
i F

lo
s;

Pe
rs

ic
ae

 S
em

en

A
st

ra
ga

lo
si

de
 IV

;
La

et
ril

e;
 P

ae
on

ofl
or

in
; F

er
ul

ic
 a

ci
d

H
PL

C
–D

A
D

C
he

m
ic

al
 a

na
ly

si
s; 

Ca
lc

ul
at

io
n 

of
 K

in
et

ic
 P

ar
am

et
er

s 
an

d 
M

at
he

m
at

i-
ca

l E
qu

at
io

ns

[6
6]

Q
ili

qi
an

gx
in

 c
ap

su
le

Ra
di

x 
A

st
ra

ga
li;

 A
co

ni
te

 R
ot

; G
in

se
ng

; 
Sa

lv
ia

; M
ilt

io
rr

hi
za

; S
em

en
 L

ep
id

ii 
A

pe
ta

li;
 C

or
te

x 
Pe

rip
lo

ca
e 

Se
pi

i R
ad

ic
is

; 
Rh

iz
om

a 
A

lis
m

at
is

; C
ar

tH
am

us
 ti

nc
to

ri-
ou

s; 
Po

ly
go

na
tu

m
 O

do
ra

ti;
 S

ea
so

ne
d 

O
ra

ng
e 

Pe
el

 a
nd

 R
um

ul
us

 G
in

na
m

om
i,

A
st

ra
ga

lo
si

de
; c

al
yc

os
in

-7
-g

lu
co

si
de

; 
Si

na
pi

ne
; G

in
se

no
si

de
 R

g1
H

PL
C

–M
S/

M
S

Ph
ar

m
ac

ok
in

et
ic

s 
an

d 
ph

ar
m

ac
od

y-
na

m
ic

s
[6

7]

Ta
ng

zh
iq

in
g 

ta
bl

et
s

N
el

um
bo

 N
uc

ife
ra

;
Pa

eo
ni

a 
La

ct
ifl

or
a;

Sa
lv

ia
 m

ilt
io

rr
hi

za
;

M
or

us
 a

lb
a;

 C
ra

ta
eg

us
 P

in
na

tifi
da

Pa
eo

ni
flo

rin
 a

nd
 N

uc
ife

rin
e

LC
–M

S/
M

S;
 U

PL
C

Ph
ar

m
ac

ok
in

et
ic

 s
tu

dy
 in

 h
um

an
s, 

in
 v

itr
o 

di
ss

ol
ut

io
n 

an
d 

pe
rm

ea
-

tio
n 

st
ud

ie
s, 

an
d 

in
 v

itr
o 

an
d 

in
 v

iv
o 

re
la

tio
ns

hi
ps

 b
et

w
ee

n 
pe

rm
ea

tio
n 

pr
ofi

le
s

[6
8]

Q
in

gz
ao

 Ji
uf

ei
 d

ec
oc

tio
n

M
or

i F
ol

iu
m

; G
yp

su
m

 F
ib

ro
su

m
; O

ph
i-

op
og

on
is

 R
ad

ix
; E

rio
bo

tr
ya

e 
Fo

liu
m

; 
G

in
se

ng
 R

ad
ix

 E
t R

hi
zo

m
a;

 S
es

am
i 

Se
m

en
 N

ig
ru

m
;

A
si

ni
 C

or
ii 

Co
lla

;
A

rm
en

ia
ca

e 
Se

m
en

 A
m

ar
um

;
G

ly
cy

rr
hi

za
e 

Ra
di

x 
Et

 R
hi

zo
m

a

C
hl

or
og

en
ic

 a
ci

d;
 M

et
hy

lo
ph

io
po

go
-

na
no

ne
 A

; M
et

hy
lo

ph
io

po
go

na
no

ne
 

B;
 S

es
am

in
, U

rs
ol

ic
 a

ci
d;

 A
m

yg
da

lin
; 

Li
qu

iri
tin

 A
pi

os
id

e;
 L

iq
ui

rit
ig

en
in

; 
Is

ol
iq

ui
rit

in

U
H

PL
C

-E
SI

-Q
/T

O
F–

M
S

N
et

w
or

k 
ph

ar
m

ac
ol

og
y-

m
et

ab
o-

lo
m

ic
s-

 p
ha

rm
ac

ok
in

et
ic

 (P
K)

/ 
ph

ar
-

m
ac

od
yn

am
ic

 (P
D

) m
od

el
in

g

[6
9]

C
ha

iq
in

 c
he

ng
qi

 d
ec

oc
tio

n
D

a 
H

ua
ng

; M
an

g 
Xi

ao
;

H
ou

 P
o;

 H
ua

ng
 Q

in
; Y

in
 C

he
n;

 Z
hi

zi
Sy

ne
ph

rin
e;

 G
en

ip
os

id
e;

 H
es

pe
rid

in
;

Se
nn

os
id

e 
A

; W
og

on
os

id
e;

 P
hy

sc
io

n;
 

A
lo

e;
 S

in
en

se
tin

; R
he

in
;

H
on

ok
io

l; 
M

ag
no

lo
l; 

Em
od

in

U
H

PL
C

; L
C

–M
S/

M
S;

U
H

PL
C

-Q
 O

rb
itr

ap
/M

S;
 U

H
PL

C
-Q

qQ
/

M
S

N
et

w
or

k 
ph

ar
m

ac
ol

og
y,

 c
om

bi
ni

ng
 

in
 v

iv
o 

(A
P 

m
ur

in
e 

m
od

el
) a

nd
 in

 v
itr

o 
(p

an
cr

ea
tic

 a
ci

na
r c

el
l) 

ex
pe

rim
en

ts

[7
0]



Page 10 of 19Chen et al. Chinese Medicine          (2023) 18:126 

CM preparation. And discovering a group of ingredients 
can basically represent the overall efficacy of the origi-
nal recipe from a large number of components of CM, 
which is used as a quality control index. This method 
improves the existing standards from the perspective of 
the overall function and correlation with the efficacy of 
CM to ensure the safety and effectiveness, stability and 
controllability of CM, thereby providing new ideas and 
methodologies for CM quality standards. However, there 
are some disadvantages to using equivalent component 
groups as the CM quality control model. It requires an 
effective efficacy model and evaluation, and enrichment 
of active ingredients. And the formulation of standards 
needs to be carefully considered regarding the enforce-
ability and differences of herbs, and the content of indi-
vidual components and their mutual ratios or multiple 
major components [71].

The application of cell membrane chromatography (CMC) 
in quality control of CM
CMC is performed by preparing living cell membranes 
into cell membrane stationary phases or by culturing cells 
on specific carrier surfaces to prepare further cell mem-
brane stationary phases, which maintains the integrity of 
cell membranes so that it can ensure the biological activ-
ity of CM. Current cell models for CMC include hepato-
cytes, vascular smooth muscle cells, epidermal growth 
factor, cardiomyocytes, and platelet cells [72]. CMC is 
a bionic chromatography that selectively recognizes 
active ingredients from CM based on the receptors of 
the cell membrane by specific binding. It has dual func-
tions of recognition (cell membrane activity) and separa-
tion (chromatographic separation), so it is widely used 
to screen the active ingredients of CM compounds [73, 
74]. However, as the membrane receptors attached to the 
silica gel can easily fall off or lose their activity, the life of 
the CMC column is short and repeatability is poor. Due 
to the uncertainty of the number of membrane receptors 
on the CMC stationary phase, this can affect the accuracy 
of the analysis results, so cell membrane chromatography 
is mostly used in conjunction with multi-dimensional 
chromatographic techniques, such as LC–MS [75], GC–
MS, HPLC–MS, and UPLC-MS/MS [76] as a common 
method for screening, analyzing and identifying target 
components of specific receptor constituent groups. Lin 
and colleagues successfully isolated the anti-allergic com-
ponents in Houpo (Magnolia officinalis Rehd.et Wils.) by 
combining CMC with liquid phase and mass spectrom-
etry [77]. Liu and colleagues established a combined 
system of mouse Mas-related G-protein coupled recep-
tor member X2 (MRGPRX2)/CMC and liquid chroma-
tography-ion trap-time-of-flight (HPLC-ESI-IT-TOF), 
which proved to be effective in screening and identifying 

TCM components that bind to MRGPRX2. In this study, 
perillae folium was shown to be effective in anti-pseudo-
allergic reaction by inhibiting MRGPRX2, a new receptor 
related to pseudo allergic reaction. Using this established 
system, they successfully obtained the binding affinities 
of rosmarinic acid and apigenin to MRGPRX2 (KD value) 
[78].

The application of serum medicinal chemistry in quality 
control of CM
Most drugs are needed to be absorbed into the blood. 
After being absorbed, distributed and metabolized, 
they are transported to their targets as prototype com-
ponents or metabolites to exert their medicinal effects. 
Some active ingredients of CM are only a part of its 
components. The active substances and their prototype 
compounds can really clarify and express the pharma-
codynamic substance basis of CM. Serum medicinal 
chemistry mainly studies the chemical substances in 
the serum, which can simulate the in  vivo process of 
drugs and avoid possible erroneous conclusions from 
in  vitro experiments. The applicable components of 
serum medicinal chemistry are invalid during in  vitro 
experiments, but they can be transformed into active 
ingredients in  vivo. The research on serum medici-
nal chemistry provides technical support for identi-
fying the pharmacodynamic material basis of CMs 
and improving the quality control standards of CMs 
[79]. The key to quality control is whether the mark-
ers selected as quality control markers are absorbed 
in vivo. Chen and colleagues showed that after Huangqi 
Keli treatment in rats, pharmacologically active sub-
stances, such as Astragaloside IV, Formononetin, and 
Calycosin, were detected in the serum [80]. Li and col-
leagues analyzed the quality markers of Yuquan cap-
sules based on CM serum pharmacochemistry, and 
used UPLC-Q-TOF–MS and UNIFI systems to detect 
the active components and metabolites of Yuquan cap-
sules after being absorbed into the blood. 12 prototype 
components, including Formononetin and Schisandrin 
A, and 12 metabolized components, such as Ginseno-
side and Liquiritin, were identified. 24 ingredients have 
been shown to exert anti-diabetic activities, which can 
be used as quality markers of Yuquan capsules, thereby 
laying the foundation for establishing its quality control 
system [81]. However, the research method of serum 
medicinal chemistry has its shortcomings. Firstly, it is 
not suitable for stimulating the gastrointestinal tract 
and other drugs that do not pass through the blood. On 
the other hand, in the process of serum preparation and 
inactivation, it may lead to the loss and degradation of 
the active ingredients of CM.
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The application of metabolomics in quality control of CM
In the last 5  years, countries, such as Malaysia [82], 
Vietnam [83], and the United States, have combined 
metabolomics with quality control for food or pharma-
ceutical products. Moreover, the combination of NMR 
[84], HPLC and metabolomics can effectively control 
the quality of CM. Suzuki and colleagues showed that 
NMR-based metabolomics for the quality control of 
saponins is effective and feasible, so this method can be 
used to identify the anti-bacterial active components 
from other natural medicines as well [85]. Metabolomics 
employs a global analysis approach to comprehensively 
analyze altered metabolites, thus providing insights into 
the global state of the entire metabolic process, which 
fits well with the integrity and systemic characteris-
tics of CM. In another study, rats were given medicinal 
and food-based citrus herbs, such as Qinpi and Chenpi, 
by the oral gavage route, and serum was collected after 
60 min and used for subsequent qualitative and quanti-
tative examinations. 32 compounds were quantified and 
used as markers of CM in this study [86].

The application of multivariate network regression 
in quality control of CM
At present, multiple network regression is widely used. 
The quality assessment of fundus image perception based 
on multiple regression can be used to diagnose various 
eye diseases [87]. The results showed that the predicted 
values of biochemical and chemical oxygen demands 
calculated by using multiple linear regression and other 
models for water quality parameters were consistent with 
the actual measured values [88]. Therefore, this method 
provided a new research idea for the quality control of 
CM. The parameters of the relevant ingredient contents 
and the image of the standard medicinal materials can be 
set through the multiple linear regression model, and the 
grades of medicinal materials can be divided into good, 
general and poor qualities to preliminarily predict the 
quality of CM. Whether the corresponding index com-
ponent contents have met the requirements, follow-up 
experimental verification should be conducted.

Quality control method on toxic substances basis 
as Q‑marker
The safety of medication has always attracted atten-
tion from the public, especially the medicinal toxicity of 
CM. The main reasons for the toxicity of CM are exces-
sive dosage, improper processing, improper compat-
ibility, such as the use of Aconitum [89] and Pinelliae 
Rhizoma [90]. However, the toxic components of CM can 
treat some intractable diseases [91]. The toxic ingredi-
ent could be the active component, for example, strych-
nine, the Q-marker of Strychnos nux-vomica L., which 

is poisonous but effective, and widely used in the clini-
cal treatment of various tumors. Its dosage is controver-
sial among researchers and doctors. If misused, it will 
threaten the safety of humans. The toxic CM research, in 
which efficacy and toxicity co-exist, can become a branch 
independently. Making a systematic safety evaluation, 
toxic compounds regarded as Q-markers of toxic CM, 
that is, the toxic compounds basis combined with acute 
toxicity, long-term toxicity, reproductive toxicity, and 
genotoxicity and other safety evaluation should be con-
sidered [92].

Pharmacokinetic quality control method of CM related 
to Q‑marker
In the past decade, pharmacokinetics has been one of 
the hot research topics in quality control. Researchers 
have found the Q-maker provides a reference for the 
dosage and interval of CM by pharmacokinetics. Many 
quality controls of CM are based on pharmacokinetics 
[93] combined with UHPLC-Q-Orbitrap HRMS [94] or 
UHPLC-MS/MS [95]. The distribution, metabolism and 
excretion of CMs’ chemical components in  vivo can be 
further determined by ultra-fast liquid chromatography-
mass spectrometry/mass spectrometry (UFLC-MS/MS) 
[96–103]. The average oral bioavailability reflects the 
proportion of the administered drug entering the human 
circulation, which is a good evaluation index. Chen and 
colleagues showed that an extract of Callerya nitida var. 
hirsutissima was administered to rats, then blood sam-
ples were collected from the retroorbital venous plexus 
at 0.083, 0.5, 1.0, 1.5, 3.0, 4.0, 6.0, 8.0, 12.0 and 24.0 h for 
subsequent pharmacokinetic experiments. The values 
of area under the drug-time curve (AUC) and terminal 
elimination half-life (T1/2) in this experiment reflected 
that the chemical components were well absorbed and 
distributed in the body after oral administration [104]. 
Therefore, pharmacodynamics is one of the critical com-
ponents for the quality control of CM, which lays a theo-
retical foundation for Q-markers and can be widely used 
in discovering Q-markers for CM to improve the quality 
control standards and clinical efficacy of CM.

Quality control method based on mathematical 
calculations
Mathematical calculations are commonly used in the 
quality control of CM, mainly including standard devia-
tion (SD), coefficient of variation (CV), and standard 
deviation index (SDI) [105]. Research has shown that 
verifying mathematical calculations can avoid errors in 
reporting, which is widely used in blood routine labora-
tories. Among them, some studies have established math-
ematical models based on Fick rules and Noyes-Whitney 
[44] equations to study the potential Q-markers of CM, 
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which are in line with the “five principles” of Q-markers, 
namely effectiveness, Specificity, transmission traceabil-
ity, compatibility environment, and measurability. As an 
important tool, mathematical statistics is used for data 
collection, processing and analysis, and conclusion judge-
ment of a large number of detection values. The correct 
application of mathematical statistical methods is impor-
tant for scientific management and quality control of 
products. Huang used mathematical statistical methods 
to conduct sampling inspections on incoming materi-
als from liquor companies, and controlled the quality of 
packaging materials during the production process to 
prevent packaging materials that did not meet the qual-
ity standards from flowing into the production line, thus 
ensuring the quality of product [106]. Applying the math-
ematical statistical methods in quality management has 
enhanced the concept of prevention, from post-inspec-
tion to pre-control, and it achieved the purpose of qual-
ity control and quality improvement. Its shortcoming is 
that the inference of the whole by partial observation can 
only reflect the whole to a certain extent, but cannot be 
exactly the same as the whole, and estimation cannot be 
guaranteed to be correct. This principle and method can 
also be used for random sampling inspection of qualified 
CM. Therefore, it is necessary to develop a new standard 
based on the mathematical model for the CMs’ quality 
process from raw materials to product manufacturing, 
which can greatly promote the development of quality 
control of CMs’ pharmaceuticals and their preparations.

Research progress of quality control methods 
on CM
Determination of multi‑index components
Multi-index component determination is to use a series 
of representative chemical components to evaluate the 
whole, or multiple chemical components of a medicinal 
material to evaluate the pros and cons of the CM. For 
example, the content of these representative chemical 
components in a medicinal material is relatively high, 
or they jointly exert certain biological activities that can 
represent the medicinal material’s characteristics. When 
detecting its chemical composition, multiple chemical 
components can be detected. For example, Wang and 
colleagues analyzed the multi-index components of Lycii 
Cortex based on content determination and chemomet-
ric methods, and simultaneously determined 8 chemical 
components from Lycii Cortex, including Kukoamine A, 
Kukoamine B, and Chlorogenic acid. This method can 
distinguish Lycii Cortex samples from different origins. In 
addition, Du and colleagues have established an in vitro 
dissolution method for Rhodiola Granules to deter-
mine multi-indicator components in Rhodiola Granules. 
Therefore, the detection of multi-index components can 

better reflect the interaction of different components and 
difference in dissolution. This method is simple, accurate 
and reliable, which provides a methodological reference 
for the quality evaluation of Rhodiola Granules and other 
CM [107]. Luo and colleagues established a method for 
determining the dissolution degree of Liuwei Dihuang 
concentrated pills by using the content of multiple 
chemical components as indicators. The results showed 
differences in the dissolution rate of different pharma-
ceutical factories. This method provides a scientific basis 
for improving the quality evaluation of Liuwei Dihuang 
concentrated pills [108]. Wu and colleagues measured 
the content of multiple index components in Wenjing 
Decoction and analyzed their quantitative transfer pro-
cess, which provided a basis for further research on the 
complex chemical components of Wenjing Decoction, 
and provided a quality control basis for the subsequent 
development of its related preparations[109]. Overall, the 
multi-indicator content determination method is simple 
and easy with good accuracy, stability and repeatability, 
and can provide a reference for the quality standards 
of medicinal materials. The disadvantage is that some 
medicinal materials from some origins have overlapping 
chemical components and their content difference is not 
very obvious, which cannot be well distinguished. There-
fore, the content of inorganic elements and infrared spec-
tra can be further studied to distinguish between them.

Chromatographic fingerprint recognition
Chromatographic fingerprint identification of CM
Chromatographic fingerprint refers to CM, cell DNA and 
protein treatment with certain analytical means to obtain 
the chromatogram or spectrum, which is mainly divided 
into three categories. CM chromatographic fingerprint 
is one of the categories. The establishment of chromato-
graphic fingerprint provides a better reference for CMs’ 
quality control and evaluation. Huang and colleagues 
studied the fingerprints of Puerariae Lobatae Radix from 
different origins and attributed them to 6 active ingredi-
ents, which provides a more comprehensive reference for 
the quality control and evaluation of Puerariae Lobatae 
Radix [110]. Wang and colleagues studied the chroma-
tographic fingerprint of Sinopodophyllum hexandrum 
with HPLC, founding 20 peaks and identifying 12 com-
pounds. This method can be used for quality control and 
provides the scientific basis for the clinical application of 
CM; it also provides a reference for studying the differ-
ences in efficacy of two different parts of a CM [111]. Wu 
and colleagues conducted chromatographic fingerprint 
studies on Glycyrrhiza uralensis in various combinations 
of Mahuang decoction. They found that the peak area of 
some common peaks in different matching fingerprints 
showed a corresponding decrease or increase, indicating 
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that the content of a specific chemical substance in CM 
was somewhat affected after matching. This method is 
stable and reproducible, providing a reference standard 
for the quality control of Mahuang decoction [112]. Zhu 
and colleagues established the fingerprints of 24 batches 
of mulberry-sourced medicinal materials, such as Mori 
Ramulus, Mori Folium, Muri Cortex, and Mori Fructus, 
and analyzed the differences in the fingerprints, summa-
rized the analysis of “homologous effects” of component 
differences. It provided a more comprehensive analysis 
method for quality marking [113].

Multivariate and multidimensional quantitative 
chromatographic fingerprint
Multivariate refers to three or more wholes, and multidi-
mensional refers to the number of squares that are inde-
pendent and orthogonal to each other in geometric space, 
which are usually larger than three dimensions. The mul-
tivariate multidimensional fingerprint is a technique that 
uses different analysis techniques but the same separa-
tion methods to obtain a stereoscopic multidimensional 
spatial fingerprint of CM under different detection con-
ditions or different detection principles [114]. Sun and 
colleagues used HPLC fingerprints and UV fingerprints 
to monitor the distribution of unsaturated bond chemical 
components, and used infrared fingerprints and combus-
tion enthalpy to monitor the composition analysis of sat-
urated compounds, thus establishing a multivariate and 
multidimensional cross-assessment method for the qual-
ity of Fangfeng Tongsheng pills [115, 116]. Multivariate 
and multidimensional fingerprint technology has com-
plementary advantages in principle, and it can reasonably 
cross-integrate qualitative and quantitative information. 
It has the technical basis for comprehensive identification 
of the quality of Chinese patent medicine. The advantage 
of multidimensional chromatography is that it has higher 
resolution and peak capacity. Meanwhile, it also has the 
properties of reality, effectiveness, reliability and oper-
ability, which are suitable for separating very complex 
mixtures [117, 118]. Therefore, it is applied for the sepa-
ration and identification of CM compounds, especially 
those CM prescriptions with more than a dozen flavors 
of Chinese medicinal, and it is amicable to find reference 
materials. However, there are still some limitations, and 
it is still impossible to find all the chemical components, 
especially those with low contents.

Spectrum‑effect relationship of CM
The spectrum-effect relationship is a scientific method 
based on the fingerprint of CM to study the correlation 
between CMs’ fingerprints and activity. This method 
confirms activity-related peaks and the attribution of 
the peaks. Its advantage is that it can clarify the material 

basis of pharmacodynamics to provide directions and 
ideas for the evaluation method of the intrinsic quality of 
CM [119–121].

Therefore, in recent years, many studies used the 
spectrum-effect relationship to evaluate the qual-
ity of CM. Ding and colleagues identified eight major 
chemical components of Lonicera japonica honey-
suckle using a combined spectroscopic-effects method, 
and seven chemical components, including neochlo-
rogenic acid (5-caffeoylquinic acid), chlorogenic acid, 
4-dicaffeoylquinic acid, and three isomers of isochloro-
genic acid were determined by enzyme-linked immu-
nosorbent assay. All of them have anti-pyretic and 
anti-endotoxic activities [122].

CM with “concept of great quality”
The research on the quality standards of CM based on 
the idea of “concept of great quality” is a complex system-
atic project. Xiao pointed out that the “concept of great 
quality” is a preliminary research idea that needs to be 
constantly revised and improved [123]. There are various 
quality control modes, which combine sensory, biologi-
cal and chemical methods for evaluating the quality of 
CM. In terms of content detection, the direct correlation 
between content and drug efficacy was discussed based 
on the spectrum-effect relationship. The research on the 
dose–effect relationship covers the principle of “sover-
eign, minister, assistant and courier” in the compatibility 
of CM Formula. That is, the sovereign medicinal usually 
has the most dosage and provides the principal curative 
action on the central syndrome. The minister medicinal 
takes the second place to help strengthen the principal 
curative action. Assistant medicinal relieves secondary 
symptoms through the action of the sovereign ingredient. 
Courier medicinal directs action to the affected merid-
ian. The amount of Chinese medicinal has a difference in 
treating diseases, which might come from different varie-
ties, different product specifications and grades, different 
particle sizes of decoction pieces, different index compo-
nent content, dosage and weighing medicinal materials, 
and pharmacodynamic component content. Therefore, 
no matter in clinical or scientific research, it should be 
considered that the quality and dosage of medicinal 
materials are unified. And for basic research, for example, 
quality control of CM is finally reflected in the results of 
clinical trial verification. It is an indispensable part of fur-
ther guiding clinical and rational drug use.

Double standard evaluation
Double standard evaluation includes two aspects of 
CMs’ qualitative and quantitative research. The sepa-
ration techniques used for qualitative and quantitative 
analysis of CM include ultraviolet detection, fluorescence 
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detection, evaporative light scattering detection, mass 
spectrometry and nuclear magnetic resonance. Among 
them, the qualitative research is to collect multiple 
batches of medicinal materials with the same base source 
and different origins through the standard medicinal 
materials included in the pharmacopoeia, and perform 
base source shape identification, thin layer chromatog-
raphy identification, reverse high performance liquid 
phase and other content determination of these medici-
nal materials to establish quality control standards for 
the characteristic map of the medicinal materials. Quan-
titative research is the identification of the characteristic 
peak components in the characteristic map, meaning the 
determination of other active components with a sin-
gle component or the content of the internal standards, 
and a quality control standard for the absolute or relative 
quantification of multiple indicators (Fig.  2). Wang and 
colleagues used a double-standard evaluation method to 

establish a fingerprint of CM to evaluate the antioxidant 
components of Citri Reticulatae Pericarpium, the method 
used in this article is also applicable to the analysis of 
other CM, which provides a comprehensive and practical 
method for the quality control of CM [124]. Due to the 
combination of qualitative and quantitative characteri-
zation strategies, the double-standard evaluation system 
provides an effective and reliable model for complex CM 
systems. And it is used to establish quality standards for 
single medicinal materials [125] and CM prescriptions, 
such as Gualou Xiebai Banxia Decoction [126], Zuo Gui-
wan [127], You Guiwan [128], and Bao Yuan decoction 
[129].

Current challenges and future perspectives
The existing research is focused on the key quality attrib-
ute parameters of Q-marker for the whole process of the 
CM industry; it is not only used to guide the selection of 

Fig. 2 The strategy for the double standard of CMs’ quality control. This flow chart represents the key steps of CMs’ quality control with double 
standards. Both qualitative and quantitative research include sample preparation, sample loading, detection, data processing and other processes. 
The difference lies in qualitative research, which mainly determines the composition of substances, that is, the content contained in a certain CM. 
For CMs’ chemical composition, quantitative research aims to find the most representative compound in large-scale research
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medicinal materials, optimization of process parameters, 
quality control and drug efficacy evaluation, but also to 
establish a quality evaluation technical system of CM 
compounds based on the complete expression of qual-
ity attributes through Q-markers or Bio-markers, which 
is of great significance to ensure the quality of CM and 
promote the development of the CM industry. However, 
there are still some technical challenges in establish-
ing a scientific system that conforms to the characteris-
tics of CM: (1) There are still many scientific questions 
about how to embody the theory of CM compatibility, 
which have not yet been explained. How does the  “sov-
ereign, minister, assistant and courier” rule embody 
their weight-efficacy and make them consistent? (2) How 
do we  strengthen the correlation between quality con-
trol indicators and functions, and whether the chemical 
compositions can accurately correspond to a certain bio-
logical effect? (3) How to characterize scientifically and 
display comprehensively its quality attributes for a break-
through of developing simple and easy detection meth-
ods to make the quality of Chinese medicinal materials 
safer and more effective? (4) The measurability of some 
complex drugs or ingredients, such as veterinary drugs, 
mineral drugs, polysaccharides and other macromolecu-
lar substances, still has some technical challenges. For 
some CMs without reference substances, it is the most 
challenging problem at present. How do we find the 
characteristic fragment ions of the Chinese medicinal 
material ions, oxides and hydrolysates? (5) Big data infor-
mation and processing technologies related to the quality 
of CMs are still being developed and improved, includ-
ing data statistics and analysis in quality management, 
and whether the original data uploaded by researchers is 
real and how to monitor them. Although the instruments 
in most laboratories are equipped with the conditions to 
be connected to the network, the data of such laborato-
ries cannot be changed, but for a small number of labo-
ratories that do not have a network connection, relevant 
researchers can be arranged to follow up regularly, for 
example, the experimental data are generated, copied and 
saved as soon as possible, and review them later.

Conclusion
In conclusion, the quality control of Chinese medici-
nal materials should be guided by the theory of TCM, 
which constructs a pharmacological model that con-
forms to clinical functions and indications. It also carries 
out dose–effect evaluations corresponding to curative 
effects, and reveals the core modules and key target path-
way systems of drug regulation through multi-group 
integrated analysis of target organs or targets, thereby 
providing a scientific theoretical basis for interpreting 
their biological mechanism of action and clinical value. 

With the help of liquid quality identification technol-
ogy and molecular network analysis, researchers should 
systematically analyze the chemical components, in vivo 
exposure components and their metabolites to sort 
CM, thus laying the material foundation for the trace-
ability and delivery of Q-markers. The quality control 
standards should be focused on the core mechanism 
or effect module, through network pharmacology pre-
diction of in  vivo exposure components, correlate the 
analysis based on activity and components, and spectral 
efficiency screening based on effect pathways, identifica-
tion of Q-markers based on affinity mass spectrometry, 
which links Q-markers or Bio-markers targets to drug 
efficacy. Researchers should integrate the above research 
findings of systems biology and chemomics, and select 
key Q-markers to design and synthesize small molecule 
probes. Moreover, researchers should also develop a 
drug tracing and target capture research system based on 
chemical biology, deeply study the interaction between 
active ingredients and targets, and interpret the key sci-
entific concept of TCM treatment from “protein, cell, 
animal and clinical” levels. It is also recommended to 
select key quality attribute parameters that can reflect 
clinical advantages and product characteristics, classify 
the properties of CM and chemical components in CM, 
and select appropriate quality control methods according 
to the various research methods mentioned above. For 
example, for CM containing volatile chemical compo-
nents, GC/GC–MS is used for the quality control of the 
CM. Furthermore, controllable and evaluable research 
should be performed on the whole process of “medicinal 
materials, processing, preparation, and in vivo study” to 
standardize product quality, and highlight the values of 
CM varieties. Therefore, this review provides a reference 
research paradigm for the scientific study and application 
of quality attributes of complex systems.
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