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Abstract
Yinqiaosan	is	a	classic	Chinese	herbal	medicine	formula	that	has	
been	used	to	treat	various	bacterial	and	viral	infections	by	Chi-
nese	medicine	doctors	for	over	two	centuries.	In	this	work,	we	
developed	a	comprehensive	qualitative	and	quantitative	meth-
od	for	identification,	quantitation,	and	quality	assessment	of	
chemical	constituents	of	Yinqiaosan	formula	in	four	different	
preparation	forms	(i.e.,	decoction,	granule,	pill,	and	tablet),	
which	employed	ultra-performance	liquid	chromatography	
quadrupole	time-of-flight	mass	spectrometry	with	a	single	
exogenous	reference	internal	standard	for	untargeted	me-
tabolomics	profiling	and	global	semiquantitative	analysis.	The	
use	of	a	single	exogenous	reference	internal	standard	permit-
ted	not	only	qualitative	and	quantitative	analyses	of	multiple	
herbal	components	in	a	single	instrument	run,	but	also	cross-
comparison	of	chemical	contents	in	between	all	four	Yinqia-
osan	preparation	forms.	The	acquired	mass	chromatograms	
were	analyzed,	quantitated,	and	compared	using	multivariate	
data	analysis	for	similarities	and	differences	of	chemical	con-
stituents	in	four	Yinqiaosan	preparation	forms.	For	the	first	
time,	we	were	able	to	identify	over	100	chemical	constituents	
from	each	preparation	form	using	the	available	database.	
Among	the	49	commonly	identified	compounds	in	the	4	Yin-
qiaosan	preparation	forms,	16	have	been	reported	to	have	
pharmacological	activities,	which	may	be	used	in	a	network	
pharmacology	study	of	Yinqiaosan	for	exploring	the	underlying	
mechanism	of	the	herbal	formula.
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AbbrevIAtIonS

CHM	 Chinese	herbal	medicine
CV	 coefficient	of	variation
EBM	 evidence-based	medicine
ESI	 electrospray	ionization
IS	 internal	standard
PCA	 principal	component	analysis
PLS-DA	 partial	least	squares	discriminant	analysis
QC	 quality	control
Q-marker	 quality	marker
RCT	 randomized	controlled	trial
SIM	 selected	ion	monitoring
TCM	 traditional	Chinese	medicine
TIC	 total	ion	current
UPLC-QTOF-MS	 	ultra-performance	liquid	chromatogra-

phy-quadrupole	time-of-flight	mass	
spectrometry

Introduction
CHM	formulas	are	the	key	components	of	TCM	interventions,	which	
have	many	preparation	forms	including	decoctions,	granules,	pills,	
tablets,	capsules,	powders,	medicated	teas,	medicated	wines,	etc.	
[1].	Despite	the	widespread	use	of	CHM	formulas	in	Asia	and	their	
growing	use	in	the	West,	the	fundamental	issue	hindering	CHM	in-
tegration	into	the	Western	mainstream	health	care	system	is	that	
rigorous	scientific	evidence	of	CHM	efficacy	and	safety	obtained	
through	RCTs	or	systematic	reviews	of	RCTs	has	been	limited	from	
EBM	perspectives	[2].	This	is	mainly	attributed	to	two	major	de-
fects	in	the	RCTs	to	date:	(1)	improper	differentiation	or	reporting	
of	a	TCM	pattern	or	syndrome	since	pattern	differentiation	is	cru-
cial	in	TCM	for	prescribing	CHM	therapy,	and	(2)	the	lack	of	a	com-
prehensive	quality	assessment	and	control	of	CHM	formulas	since	
the	chemical	constituents	in	medicinal	plants	vary	with	geograph-
ic	origin	and	cultivar,	parts	in	use,	time	of	harvest,	ecological	envi-
ronment	and	potential	contamination	with	heavy	metals,	pesti-
cides,	or	mycotoxins,	processing	and	detoxification	method	as	well	
as	various	forms	of	preparations	[1].

The	methods	currently	adopted	by	the	international	pharma-
copeial	monographs	[3–5]	for	identification	and	quality	assessment	
of	medicinal	plants	and	CHM	formulas	emphasize	the	qualitative	
and	quantitative	determination	of	a	group	of	subjectively	selected	
Q-marker	constituents	that	may	or	may	not	have	a	therapeutic	ef-
fect.	These	methods	canʼt	distinguish	whether	a	marker	constitu-
ent	is	endogenous	or	falsified	because	no	information	on	qualita-
tive	and	quantitative	chemical	profiles	of	medicinal	plants	or	CHM	
formulas	is	obtained.	Therefore,	comprehensive	qualitative	and	
quantitative	chemical	analysis	methods	are	much	more	desirable,	
not	only	for	phytochemical	profiling	and	quality	assessment	of	me-
dicinal	plants	and	CHM	formulas	but	also	for	detection	of	counter-
feits.	Untargeted	metabolomics	profiling	using	LC-QTOF-MS	has	
been	successfully	applied	to	fingerprinting	herbal	medicines	[6–8].	
If	this	technique	combines	with	the	use	of	a	single	exogenous	ref-
erence	IS	for	semiquantitative	analysis	and	PCA	for	pattern	recog-

nition,	it	would	provide	a	more	adequate	method	for	identification	
of	chemical	constituents	and	quality	assessment	of	medicinal	
plants	and	CHM	formulas.	This	work	demonstrates	such	an	at-
tempt.

Yinqiaosan	is	a	classic	CHM	formula	developed	by	the	Qing	Dy-
nasty	famous	Chinese	doctor	Wu	Jutong	(1758–1836).	It	is	com-
posed	of	nine	herbs	including	Jinyinhua	(Flos lonicerae),	Lianqiao	
(Fructus forsythiae),	Bohe	(Herba menthae),	Jingjie	(Herba schizone-
petae),	Niubangzhi	(Fructus arctii),	Jiegeng	(Radix platycodonis),	
Dandouchi	(Semen Sojae preparatum),	Gancao	(Radix glycyrrhizae),	
and	Danzhuye	(Herba lophatheri)	[9].	Based	on	CHM	classification,	
Yinqiaosan	has	cool	energy,	an	acrid	taste,	and	properties	of	releas-
ing	exterior,	clearing	heat	and	removing	toxicity	from	human	bod-
ies	[10].	It	has	been	used	by	TCM	doctors	for	over	two	centuries	as	
treatment	for	various	bacterial	and	viral	infections	such	as	influen-
za	[11],	hand,	foot,	and	mouth	disease	[12],	pharyngitis	[13],	pneu-
monia	[14],	acute	tonsillitis	[15],	measles	[16],	and	mumps	[17].	 
A	recent	randomized	clinical	trial	indicated	that	Yinqiaosan	plus	an-
other	CHM	formula,	Maxingshigan,	was	as	effective	as	oseltamivir	
(also	known	as	Tamiflu)	for	the	treatment	of	H1N1	influenza	A	virus	
infections	[18].

Yinqiaosan	was	originally	prepared	in	the	form	of	a	decoction.	
Due	to	the	ease	of	use,	carry,	and	storage,	Yinqiaosan	has	been	pre-
pared	in	various	forms	over	the	course	of	history,	such	as	Yinqia-
osan	peifangkeli	(granule),	Yinqiaojieduwan	(pill),	and	Yinqiao-
jiedupian	(tablet),	which	are	being	used	interchangeably	in	clinical	
interventions.	Currently,	there	are	various	forms	of	Yinqiaosan	pro-
duced	by	numerous	Chinese	manufacturers	[19].	The	lack	of	com-
prehensive	qualitative	and	quantitative	chemical	analysis	methods	
for	chemical	profiling	and	quantitation	not	only	impede	complete	
quality	assessment	of	various	Yinqiaosan	preparation	forms,	but	
also	confuse	the	assessment	of	outcomes	of	clinical	studies	[2,	20].	
Therefore,	we	have	developed	a	comprehensive	qualitative	and	
quantitative	method	that	combines	untargeted	metabolomics	pro-
filing	and	global	semiquantitative	analysis	with	the	use	of	a	single	
exogenous	IS,	as	well	as	pattern	recognition	through	PCA	for	iden-
tification,	quantitation,	and	quality	assessment	of	Yinqiaosan	in	
four	preparation	forms	(decoction,	granule,	pill,	and	tablet).

Results	and	Discussion
One	of	the	key	technical	advances	of	the	method	developed	is	the	
implementation	of	a	single	exogenous	reference	IS	(etoposide-d3),	
which	serves	multiple	roles	including	selection	of	retention	time	
and	mass	shift	windows	for	UPLC-QTOF-MS	analysis,	assessement	
and	correction	of	a	sample	matrix	effect,	peak	normalization	for	
multivariate	data	analysis,	and	global	semiquantitative	analysis	of	
multicomponents	in	each	Yinqiaosan	preparation	form,	as	well	as	
cross-comparison	of	chemical	contents	in	between	various	Yinqia-
osan	preparation	forms.

Our	experimental	data	(not	shown)	indicated	that	there	were	
no	chromatographic	or	mass	spectrometric	interferences	to	the	IS	
in	the	blank	solutions	and	samples	of	the	four	Yinqiaosan	prepara-
tion	forms.	The	matrix	effect	of	each	Yinqiaosan	preparation	form	
on	the	mass	spectrometric	detection	of	the	IS	expressed	as	matrix	
factor	was	calculated	by	the	mean	peak	area	of	the	IS	spiked	in	sam-
ples	of	each	Yinqiaosan	preparation	form	over	that	of	the	IS	spiked	
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in	the	blank	solutions.	The	matrix	factors	of	four	Yinqiaosan	prep-
aration	forms	ranged	from	0.87–1.07	(▶table 1),	indicating	there	
was	no	significant	signal	suppression	or	enhancement	of	the	IS	in	
any	of	the	sample	matrices.

For	untargeted	metabolomics	profiling,	constituent	identifica-
tion,	and	global	semiquantitation	of	chemical	constituents	in	Yin-
qiaosan	formula,	triplicate	samples	were	prepared	for	each	Yinqia-
osan	preparation	form	and	the	solution	blank.	A	total	of	15	Yinqia-
osan	samples	were	analyzed	using	the	UPLC-QTOF-MS	method	

developed.	The	chromatographic	and	spectra	(MS	and	MS/MS)	data	
were	acquired	by	both	positive	and	negative	ESI	modes.	The	rep-
resentative	TIC	chromatograms	are	shown	in	▶Fig. 1.	Chemical	
constituents	of	each	Yinqiaosan	preparation	form	were	extracted	
after	subtracting	TIC	chromatograms	of	the	solution	blanks	from	
those	of	Yinqiaosan	sample	solutions.

There	are	several	nonvolatile,	water-soluble	Q-markers	from	the	
nine	herbs	of	Yinqiaosan	[3].	To	illustrate	this	targeted	feature	of	
the	method	developed,	these	Q-markers	were	targeted	and	ex-

▶table 1	 Matrix	effects	of	Yinqiaosan	samples	on	mass	spectrometric	detection	of	the	ISa.

Sample matrix (n = 3) eSI mode PAIS
b in extracted sample matrix ± SDc PAIS in solution ± SD MFIS

d ± SD

Decoction 	+	 (4.75	±	0.06)	×	105 (5.4	±	0.2)	×	105 0.88	±	0.03

− (2.34	±	0.02)	×	106 (2.68	±	0.03)	×	106 0.87	±	0.01

Granule 	+	 (5.4	±	0.2)	×	105 (5.4	±	0.2)	×	105 1.00	±	0.05

− (2.52	±	0.03)	×	106 (2.68	±	0.03)	×	106 0.94	±	0.02

Tablet 	+	 (5.8	±	0.2)	×	105 (5.4	±	0.2)	×	105 1.07	±	0.05

− (2.37	±	0.04)	×	106 (2.68	±	0.03)	×	106 0.88	±	0.02

Pill 	+	 (4.83	±	0.04)	×	105 (5.4	±	0.2)	×	105 0.89	±	0.03

− (2.43	±	0.01)	×	106 (2.68	±	0.03)	×	106 0.91	±	0.01

aIS		=		1.69	µM,	bAIS		=		mean	peak	area	of	the	spiked	IS,	cSD		=		standard	deviation,	dMFIS		=		(PAIS	in	the	extracted	sample	matrix)/(PAIS	in	the	solution).
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▶Fig. 1	 Representative	TIC	chromatograms	of	the	solution	blank	and	samples	of	various	Yinqiaosan	preparation	forms	by	both	positive	ionization	
mode	(a–e)	and	negative	ionization	mode	(f–j).
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tracted.	The	representative	SIM	chromatograms	of	six	Q-markers	
(i.e.,	chlorogenic	acid,	luteolin	7-glucoside,	forsythiaside,	liquiritin,	
forsythin,	and	arctiin)	are	provided	in	▶Fig. 2.

Due	to	the	shortage	of	standard	reference	material	and	the	cost	
concern,	determination	of	multicomponents	for	quality	assessment	
of	CHM	formula	is	currently	not	required	by	the	Chinese	regulato-
ry	agency.	In	the	case	of	Yinqiaosan	products,	only	one	of	the	 
Q-markers	(i.e.,	arctiin,	chlorogenic	acid,	or	forsythin)	is	regulated	
by	the	Chinese	Pharmacopoeia	[3].	Since	Yinqiaosan	products	con-
tain	multiple	bioactive	components,	the	current	methods	for	sin-
gle-component	analysis	can	neither	assess	the	quality	of	Yinqia-
osan	products	objectively	nor	detect	counterfeits	effectively.	The	
method	developed	in	this	work	provides	a	much	better	technical	
solution	for	quality	assessment	of	Yinqiaosan	products,	which	not	
only	profiles	a	product	but	also	quantitates	multiple	Q-markers	si-
multaneously.

Identification	of	chemical	constituents	in	each	Yinqiaosan	prep-
aration	form	was	accomplished	by	following	the	procedure	detailed	

in	“Data	processing,	constituent	identification,	and	statistical	anal-
ysis”	in	the	“Materials	and	Methods”	section.	The	data	obtained	
were	then	subjected	to	molecular	feature	extractions	using	possi-
ble	ion	adducts,	isotope	patterns,	and	charge	states	as	well	as	a	
preset	retention	time	and	mass	window.	It	is	worth	noting	that	the	
post-processing	filter	of	the	data	processing	software	was	set	at	3	
out	of	3	to	ensure	each	molecular	feature	extracted	presented	in	
all	three	mass	chromatograms	of	the	triplicate	measurements	for	
each	Yinqiaosan	preparation	form.	The	total	number	of	constitu-
ents	identified	with	chemical	names	and	the	number	of	constitu-
ents	identified	with	molecular	formulas	in	each	preparation	form	
are	summarized	in	▶table 2.	The	number	of	chemical	constituents	
found	in	decoction,	granule,	pill,	and	tablet	forms	of	Yinqiaosan	
were	302,	434,	427,	and	388,	respectively.	Among	the	4	prepara-
tion	forms,	there	were	104	common	constituents	(▶Fig. 3),	49	
identified	with	both	chemical	names	and	formulas	(▶table 3)	and	
55	identified	only	with	chemical	formulas	(▶table 1S,	Supporting	
Information).	The	MS/MS	spectra	of	the	49	chemical	constituents	

▶Fig. 2	 Representative	SIM	chromatograms	of	six	marker	constituents	of	Yinqiaosan	along	with	the	IS	at	a	concentration	of	1.69	μM.
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commonly	identified	in	all	four	Yinqiaosan	preparation	forms	are	
provided	in	(▶Fig. 1S,	Supporting	Information).

Since	each	Yinqiaosan	preparation	form	exerts	a	similar	thera-
peutic	effect	and	is	used	to	treat	the	same	illnesses,	it	is	reasonable	
to	think	that	pharmacologically	active	constituents	are	among	the	
49	commonly	identified	chemical	constituents	in	all	four	prepara-
tion	forms,	whereas	the	unique	chemical	constituents	in	each	prep-
aration	form	(▶tables 2S– 9S,	Supporting	Information)	may	come	
from	the	herbs	used	by	the	manufacturers,	where	chemical	con-
stituents	may	vary	with	geographic	origin	and	cultivar,	time	of	har-
vest	and	the	ecological	environment	of	the	herbs,	potential	agri-
cultural	pollutions	of	pesticides	and	herbicides	or	industrial	cross-
contamination	with	other	pharmaceuticals	as	well	as	side	reactions	
and	by-products	associated	with	the	unique	manufacturing	condi-
tions	(e.g.,	temperature,	pressure,	time,	solvent,	additives,	etc.)	of	
each	Yinqiaosan	preparation	form.	This	study	shows	that	product	
profiling	is	an	indispensable	part	of	quality	assessment,	and	the	un-
targeted	metabolomics	approach	not	only	allows	us	to	profile	but	
also	fingerprint	an	herbal	product	in	terms	of	Q-markers,	origin	and	
cultivars,	potential	contaminations,	and	signature	constituents	as-
sociated	with	a	particular	preparation	or	manufacturing	process.

Multivariate	analysis	of	the	acquired	MS	data	(i.e.,	exact	mass	
to	retention	time	pair	and	normalized	peak	area)	was	first	carried	
out	with	an	unsupervised	PCA	score	plot	to	assess	the	similarities	
of	chemical	constituents	among	the	four	Yinqiaosan	preparation	
forms	and	the	reproducibility	of	replicate	samples	of	each	prepa-
ration	form	by	the	UPLC-QTOF-MS	method,	then	visualized	by	a	su-
pervised	PLS-DA	score	plot	to	establish	recognition	patterns	of	the	
four	Yinqiaosan	preparation	forms.

As	shown	in	the	PCA	score	plot	(▶Fig. 4a),	the	differences	in	
chemical	constituents	among	the	four	Yinqiaosan	preparation	
forms	were	apparent.	The	first	two	principal	components	encom-
passed	72.3	%	of	the	total	variance,	and	the	tight	grouping	of	trip-
licate	measurements	on	the	samples	of	each	preparation	form	in-
dicated	that	the	UPLC-QTOF-MS	method	developed	had	excellent	
reproducibility.	The	PLS-DA	score	plot	(▶Fig. 4b)	was	in	agreement	
with	the	PCA	score	plot,	and	showed	distinctive	patterns	among	
the	four	Yinqiaosan	preparation	forms.	Hence,	these	patterns	may	
be	used	for	product	differentiation	and	recognition.

A	high-throughput	UPLC-QTOF-MS	method	for	global	semi-
quantitative	analysis	of	chemical	constituents	in	CHM	formula	was	
demonstrated	in	this	work.	As	illustrated	by	the	contents	of	49	
commonly	identified	chemical	constituents	in	four	Yinqiaosan	
preparation	forms	(▶table 4),	the	use	of	a	single	exogenous	refer-
ence	IS	(etoposide-d3)	in	the	method	enabled	us	to	perform	not	
only	global	semiquantitative	analysis	of	multicomponents	in	each	
Yinqiaosan	preparation	form	but	also	cross-comparison	among	the	
four	preparation	forms.	Therefore,	the	method	developed	provides	
an	efficient	and	economical	solution	for	both	herbal	content	anal-
ysis	and	product	comparison.

The	reproducibility	of	global	semiquantitative	analysis	by	the	
UPLC-QTOF-MS	method	was	investigated	by	triplicate	measure-
ments	of	sample	of	each	Yinqiaosan	preparation	form,	and	the	pre-
cision	of	the	semiquantitative	measurements	was	calculated	in	
terms	of	CV	of	the	chemical	contents.	It	was	shown	(▶table 4)	that	
91.8–98.0	%	of	the	49	chemical	constituents	of	the	4	preparation	
forms	had	CV	values	that	fell	within	the	recommended	values	(CV		≤		
30	%)	[21],	which	indicated	the	reliability	of	the	UPLC-QTOF-MS	
method.

The	pharmacological	activities	of	the	49	commonly	identified	
chemical	constituents	in	all	4	Yinqiaosan	preparation	forms	were	in-
vestigated	through	text	mining	and	database	searching.	Sixteen	of	
the	forty-nine	chemical	constituents	were	found	to	have	various	

▶table 2	 Summary	of	chemical	constituents	found	in	four	Yinqiaosan	preparation	forms.

Yinqiaosan Constituents Common constituents

Forms eSI mode Identified Unidentified total eSI mode Identified Unidentified total

Decoction
	+	 158 37

302

	+	 46 21

104

− 21 86

Granule
	+	 79 177

434
− 36 142

Tablet
	+	 91 163

388

- 3 34
− 24 110

Pill 	+	 67 186
427

− 38 136

Pill (P)

Granules (G) Tablet (T)

G

P 226

15
5

13

27

104

3

24
245

1

7

162

5

196

35

D

T

Decoction (D)

▶Fig. 3	 Venn	diagram	of	the	chemical	constituents	found	in	each	
preparation	form	of	Yinqiaosan.
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pharmacological	activities	(▶table 5),	ranging	from	antibacterial,	
antiviral,	anti-inflammatory,	and	antifungal	to	antioxidant,	anti-
cancer,	and	treatment	of	allergic	rhinitis	[22–52].	These	pharma-
cological	active	compounds	may	serve	not	only	as	lead	compounds	
in	new	drug	development,	but	also	as	bait	for	the	retrieval	of	pro-
tein	targets	in	a	network	pharmacology	study	[53,	54].	The	latter	
may	help	us	to	understand	the	underlying	action	mechanism	of	
Yinqiaosan	formula.

In	conclusion,	a	UPLC-QTOF-MS	method	with	the	use	of	a	single	
exogenous	reference	IS	has	been	developed	for	untargeted	metab-
olomics	profiling	and	global	semiquantitation	of	the	prescription	
Chinese	herbal	medicine	formula	Yinqiaosan.	The	chemical	profiles	
of	4	Yinqiaosan	preparation	forms	(i.e.,	decoction,	granule,	pill,	and	▶
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forms.
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tablet)	were	obtained,	and	the	49	common	chemical	constituents	
and	16	pharmacological	active	compounds	were	identified.	Simul-
taneous	semiquantitative	analysis	of	the	multicomponents	in	each	
Yinqiaosan	preparation	form	was	carried	out	along	with	untarget-
ed	metabolomics	profiling,	and	cross-comparison	of	the	chemical	
contents	in	between	four	preparation	forms	was	accomplished.	
PCA	and	PLS-DA	analyses	showed	that	the	UPLC-QTOF-MS	method	
developed	was	reproducible	and	the	chemical	constituents	found	
in	the	four	Yinqiaosan	preparation	forms	displayed	unique	patterns	
for	product	differentiation	and	recognition.	The	method	developed	
is	useful	for	the	identification,	quantitation,	and	cross-comparison	
of	chemical	constituents	not	only	in	Yinqiaosan	products,	but	also	
in	other	CHM	formulas.

Materials	and	Methods

Chemicals and Chinese herbal medicine formulas
Ammonium	hydroxide	and	formic	acid	were	purchased	from	Sig-
ma-Aldrich.	Optima	LC/MS	grade	acetonitrile	and	methanol,	and	
HPLC	grade	water	were	from	Fisher	Scientific.	Deionized	water	was	
obtained	from	an	in-house	Barnstead	Nanopuree	water	purifica-
tion	system	(Thermo	Scientific)	with	a	resistivity	meter	reading	of	
18.2	MΩ-cm.	Etoposide-d3	(purity,	97.8	%)	was	purchased	from	
Toronto	Research	Chemicals	and	used	as	the	single	exogenous	ref-
erence	internal	standard	in	this	work.

The	Yinqiaosan	decoction	was	prepared	by	Jiangsu	Provincial	
Hospital	of	Traditional	Chinese	Medicine	(Nanjing,	Jiangsu,	China)	
with	nine	kinds	of	processed	CHMs	(Jinyinhua,	Batch	No.	150320;	
Lianqiao,	Batch	No.	150718;	Bohe,	Batch	No.	150701;	Jingjie,	Batch	
No.	150313;	Niubangzhi,	Batch	No.	150601;	Jiegeng,	Batch	No.	
150601;	Dandouchi,	Batch	No.	150401;	Gancao,	Batch	No.	150701;	
and	Danzhuye,	Batch	No.	150302).	Yinqiaosan peifangkeli	(granules)	
were	manufactured	by	Jiangyin	Tianjiang	Pharmaceutical	Co.	(Ji-
angyin,	Jiangsu,	PRC)	as	individual	packages	for	each	CHM	[i.e.,	Jiny-
inhua	(Batch	No.	1503112),	Lianqiao	(Batch	No.	1501092),	Bohe	
(Batch	No.	1412140),	Jingjie	(Batch	No.	1501094),	Niubangzhi	
(Batch	No.	1411156),	Jiegeng	(Batch	No.	1503133),	Dandouchi	
(Batch	No.	1410023),	Gancao	(Batch	No.	1502100),	and	Danzhuye	
(Batch	No.	1501021)].	Yinqiaojieduwan	(pills)	(Batch	No.	14033352)	
was	produced	by	Beijing	Tongrentang	(Fengtai	District,	Beijing,	
PRC).	Yinqiaojiedupian	(tablets)	(Batch	No.	140695)	was	made	by	
the	Yunnan	Tengyao	Pharmaceutical	Co.	(Tengyue,	Yunnan,	PRC).

Preparation of the internal standard solution
The	stock	solution	of	IS	was	prepared	by	dissolving	1.00	mg	etopo-
side-d3	powder	in	1.00	mL	of	methanol	to	a	concentration	of	1.00	
mg/mL.	The	working	solution	of	the	IS	was	prepared	by	a	1/10	di-
lution	of	the	stock	solution	in	methanol	to	a	concentration	of	100	
μg/mL	(or	169	μM).

Preparation of various forms of Yinqiaosan sample 
solutions
Yinqiaosan	decoction	sample	solution
The	Yinqiaosan	decoction	was	prepared	using	the	following	proce-
dure:	First,	seven	of	the	nine	processed	CHMs,	Jinyinhua	(Flos	Loni-
cerae,	9.00	g),	Lianqiao	(Fructus	Forsythiae,	9.00	g),	Niubangzhi	▶
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(Fructus	Arctii,	9.00	g),	Jiegeng	(Radix	Platycodonis,	6.00	g),	Dan-
douchi	(Semen	Sojae	Preparatum,	5.00	g),	Gancao	(Radix	Glycyr-
rhizae,	5.00	g),	and	Danzhuye	(Herba	Lophatheri,	4.00	g)	were	first	
soaked	in	696	mL	of	deionized	water	inside	a	clay	pot	for	30	min;	
next,	the	pot	was	heated	over	a	gas	range	with	a	high	flame.	Once	
the	water	inside	the	pot	started	to	boil,	the	gas	flame	was	adjusted	
to	low	and	the	pot	continued	to	be	heated	for	another	10	min.	At	
this	point,	the	remaining	two	processed	CHMs,	Bohe	(Herba	Men-
thae,	6.00	g)	and	Jingjie	(Herba	Schizonepetae,	5.00	g),	were	
added,	and	boiling	was	continued	for	another	5	min.	At	the	end	of	
heating,	the	hot	decoction	(<	500	mL)	was	poured	into	a	500-mL	
glass	beaker	and	cooled	to	room	temperature.	The	cooled	decoc-
tion	was	transferred	into	a	500-mL	volumetric	flask,	and	the	beak-
er	was	rinsed	three	times	with	deionized	water.	The	rinse	solution	
was	then	combined	with	the	decoction	in	the	flask,	and	additional	
deionized	water	was	added	to	the	500-mL	mark	of	the	flask.	The	
solution	was	vortexed	and	allowed	to	settle	on	a	benchtop	for	30	
min;	then,	3.00	mL	of	the	supernatant	were	pipetted	and	trans-
ferred	into	a	borosilicate	glass	tube	(16	×	100	mm;	Fisher	Scientif-
ic)	followed	by	the	addition	of	6.90	mL	of	methanol	and	0.100	mL	
of	the	IS	working	solution	(169	μM).	The	mixture	was	vortexed	for	
30	s	using	a	MaxiMix	II	Vortex	Mixer	(Thermo	Scientific).	Next,	1.00	
mL	of	the	solution	was	transferred	into	a	1.5-mL	microcentrifuge	
tube	(VWR),	and	centrifuged	at	18	000	×	g	for	10	min	using	a	Sor-
vall	ST	40R	centrifuge	(ThermoFisher	Scientific).	After	centrifuga-
tion,	500	µL	of	the	supernatant	was	transferred	into	an	8-mm	clear	
glass	screw	thread	autosampler	vial	from	ThermoFisher	Scientific	
and	subjected	to	UPLC-QTOF-MS	analysis.

Yinqiaosan	granule,	pill,	and	tablet	sample	solutions
First,	1/12.5	of	the	daily	maximum	dose	of	each	preparation	form	
of	Yinqiaosan	was	weighed	out	precisely,	and	each	sample	was	

transferred	into	a	50.0-mL	centrifuge	tube	(Corning).	Then,	deion-
ized	water	was	added	to	the	40.0-mL	mark.	Each	sample	was	soaked	
in	deionized	water	for	90	min,	followed	by	vortex	mixing	for	3	min,	
then	placed	in	a	ThermoFisher	Scientific	FS-28	ultrasonic	bath	for	
30	min.	After	settling	on	a	benchtop	for	30	min,	3.00	mL	of	the	su-
pernatant	were	pipetted	and	transferred	into	a	borosilicate	glass	
tube	(16	×	100	mm),	and	then	6.90	mL	of	methanol	and	0.100	mL	
of	the	IS	working	solution	(169	μM)	were	added.	The	mixture	was	
vortexed	for	30	s.	Next,	1.00	mL	of	the	solution	was	transferred	into	
a	1.5-mL	microcentrifuge	tube	and	centrifuged	at	18	000	×	g	for	10	
min.	After	centrifugation,	500	µL	of	the	supernatant	were	trans-
ferred	into	an	8-mm	clear	glass	screw	thread	autosampler	vial	and	
subjected	to	UPLC-QTOF-MS	analysis.

Preparation of QC sample
The	QC	sample	(800	µL)	could	be	prepared	by	mixing	200	µL	of	each	
of	the	four	Yinqiaosan	sample	solutions	(see	“	Preparation	of	vari-
ous	forms	of	Yinqiaosan	sample	solutions”),	and	used	with	each	
batch	analysis	by	monitoring	the	selectivity	and	reproducibility	of	
the	method	over	the	course	of	analysis	on	the	49	commonly	iden-
tified	compounds.

UPLC-QTOF-MS system
The	UPLC-QTOF-MS	system	used	in	this	work	consisted	of	an	Agi-
lent	1290	Infinity	UPLC	system	coupled	with	an	Agilent	6540	QTOF	
mass	spectrometer.	The	UPLC	system	included	a	solvent	reservoir,	
a	degasser,	a	G4220A	binary	pump,	a	G1330B	thermostat,	a	
G4226A	autosampler,	a	G1316C	thermostatted	column	compart-
ment,	and	a	G4212A	diode	array	detector.	The	mass	spectrometer	
was	equipped	with	an	Agilent	jet	stream	ESI	probe.

Liquid	chromatographic	separation	was	achieved	using	gradient	
elution	on	a	Waters	ACQUITY	UPLC	BEH	C18	(2.1	mm	i.d.		×		100	mm,	

▶table 5	 Pharmacological	active	constituents	found	in	all	four	Yinqiaosan	preparation	forms.

no. name PubChem CID CAS reported pharmacological activity

1 Chlorogenic	acid * 1794427 327-97-9 antibacterial,	antiviral	[26–27]

2 Luteolin	7-glucoside * 5280637 5373-11-5 antibacterial,	antifungal,	antioxidant,	anti-inflammatory	[28,	29],	antidiabetic	[30]

3 Forsythiaside * 5281773 79916-77-1 antibacterial,	antiviral,	anti-inflammatory	[31–32]

4 Forsythin * 101712 487-41-2 antioxidant,	anti-inflammatory	[33]

5 Liquiritin * 503737 551-15-5 antioxidant	[34],	antioxidative,	anticancer,	and	neuroprotective	[35]

6 Arctiin * 100528 20362-31-6 antiviral,	anti-inflammatory	[36–39]

7 D-Tryptophan 9060 153-94-6 antibacterial	[40]

8 Bruceine	D 441788 21499-66-1 anticancer:	inhibits	hepatocellular	carcinoma	growth	[41]

9 202-791 122114 101342-80-7 a	calcium	channel	agonist	[42]

10 Genipin 442424 6902-77-8 anticancer:	suppresses	colorectal	cancer	cells	[43–45]

11 Liquiritigenin 114829 578-86-9 restores	osteoblast	damage	[46],	attenuates	cardiac	injury	[47],	prevents	
palmitate-induced	beta-cell	apoptosis	[48]

12 Demeclocycline 54680690 127-33-3 for	the	treatment	of	hyponatremia	secondary	to	SIADH	[49]

13 KT	5720 3844 108068-98-0 reverses	multidrug	resistance,	a	chemosensitizer	[50–51]

14 Albiflorin 51346141 39011-90-0 ameliorates	obesity	[52]

15 Cetirizine 2678 83881-51-0 	for	the	treatment	of	allergic	rhinitis	[53–54]

16 Lanatoside	C 656630 17575-22-3 anticancer:	induces	apoptosis	in	human	gastric	cancer	cells	[55]	and	human	
hepatocellular	carcinoma	cells	[56]

 * Marker	constituents.
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1.7	µm,	130	Å)	column	with	an	inline	VHP	filter	(0.5	µm,	stainless	
steel)	from	Upchurch	Scientific.	The	mobile	phase	for	the	positive	
ESI-QTOF-MS	consisted	of	A)	0.1	%	formic	acid	aqueous	solution	(v/v)	
and	B)	acetonitrile.	The	mobile	phase	for	the	negative	ESI-QTOF-MS	
consisted	of	A)	0.05	%	ammonium	hydroxide	aqueous	solution	(v/v)	
and	B)	acetonitrile.	The	gradient	elution	profile	was	as	follows:	0–4	
min,	5	%	B;	4–7	min,	5–10	%	B;	7–20	min,	10–15	%	B;	20–30	min,	
15–22	%	B;	30–35	min,	22–35	%	B;	35–40	min,	35–50	%	B;	40–45	
min,	50–70	%	B;	45–50	min,	70–90	%	B;	50–52	min,	5	%	B;	52–60	min,	
5	%	B.	The	flow	rate	was	0.4	mL/min.	The	column	temperature	was	
at	60	℃.	The	sample	injection	volume	was	5.00	µL.	Prior	to	sample	
analyses,	the	column	was	equilibrated	with	the	mobile	phase	for	at	
least	30	min	at	a	flow	rate	of	0.4	mL/min.

The	QTOF-MS	was	operated	in	both	positive	and	negative	ESI	
modes.	The	chromatographic	and	spectra	data	(.d)	were	acquired	
for	each	ESI	mode	using	Agilent	MassHunter	Data	Acquisition	soft-
ware	(Version	B.05.01).	The	operation	parameters	of	the	mass	
spectrometer	were	as	follows:	drying	gas	(N2)	temperature,	350	°C;	
drying	gas	flow	rate,	10.0	L/min;	nebulizer	gas	(N2)	pressure,	35	psi;	
sheath	gas	flow	rate,	11.0	L/min;	sheath	gas	(N2)	temperature,	
325	°C;	capillary	voltage,	4000	V;	nozzle	voltage,	500	V;	fragmen-
tor	voltage,	100	V;	skimmer	voltage,	65	V;	octopole	radio-frequen-
cy	voltage,	750	V;	collision	energy,	10,	20,	and	40	eV.	The	data	were	
acquired	by	auto	MS/MS	mode	with	an	extended	dynamic	range	 
(2	GHz).	The	MS	scan	range	was	50–1000	m/z	at	a	scan	rate	5	
spectra/s.	The	MS/MS	scan	range	was	50–1000	m/z	at	a	scan	rate	
of	3	spectra/s	with	an	isolation	width	at	narrow	(~1.3	m/z).	To	
maintain	the	mass	accuracy,	the	mass	spectrometer	was	calibrat-
ed	and	tuned	before	analysis,	and	internal	reference	masses	from	
the	reference	mass	solution	were	used	for	real-time	mass	correc-
tion	at	m/z	121.0508	and	922.0098	for	the	positive	ion	mode,	and	
m/z	112.9885	and	1033.9881	for	the	negative	ion	mode	through-
out	the	acquisition	process.	The	reference	mass	solution	was	pre-
pared	using	an	Agilent	API-TOF	reference	mass	solution	kit	(Part	
No:	G1969-85001).

Method validation
The	specificity	and	reproducibility	of	the	UPLC-QTOF-MS	method	
were	assessed	by	replicate	measurements	of	samples	of	four	Yin-
qiaosan	preparation	forms.	PCA	score	plots	were	constructed	using	
the	acquired	MS	data,	and	the	CVs	were	calculated	on	the	concen-
trations	of	replicate	measurements	of	49	commonly	identified	
compounds	through	global	semiquantitative	analysis.

Data processing, constituent identification, and 
statistical analysis
The	data	files	(.d)	of	replicate	measurements	for	four	Yinqiaosan	
preparation	forms	acquired	by	Agilent	MassHunter	Data	Acquisi-
tion	software	at	the	same	ion	polarity	(i.e.,	either	positive	or	nega-
tive	ESI)	were	first	assessed	using	Agilent	MassHunter	Qualitative	
Analysis	software	(Version:	B.06.00)	for	the	signal/noise	level,	and	
retention	time	and	mass	shifts	with	respect	to	the	spiked	IS,	which	
were	then	processed	using	Agilent	Profinder	software	(Version	
B.06.00)	for	batch	recursive	analysis.	The	data	files	were	grouped	
into	four	preparation	forms	and	subjected	to	molecular	feature	ex-
traction	by	selecting	a	peak	height	threshold	of	1000	counts,	pos-

sible	ion	adducts,	isotope	model	of	common	organic	molecules,	
charge	states	up	to	two,	a	retention	time	window	of	0.10	%		+		0.60	
min,	a	mass	window	of	20.00	ppm		+		2.00	mDa	(for	alignment	of	
the	IS	in	all	runs	with	the	same	polarity),	and	a	post-processing	fil-
ter	at	3	out	of	3	replicate	measurements	for	each	Yinqiaosan	prep-
aration	form.

Each	molecular	feature	extracted	data	file	(.cef)	by	Profinder	
software	along	with	the	corresponding	data	file	(.d)	by	MassHunt-
er	Data	Acquisition	software	was	imported	into	Agilent	MassHunt-
er	Qualitative	Analysis	software.	Using	“Find	by	Formula”,	MS/MS	
data	along	with	its	MS	and	retention	time	data	were	extracted.	The	
new	data	files	(.cef)	in	the	same	ion	polarity	of	replicate	measure-
ments	of	each	Yinqiaosan	preparation	form	were	then	imported	
into	Agilent	Mass	Profiler	Professional	software	(Version:	B.13.1.1)	
for	an	METLIN	AM	database	search	and	molecular	formula	genera-
tion.	The	selection	of	elements	and	limits	for	molecular	formula	
generation	were	as	follows:	C	(3–156),	H	(0–180),	O	(0–40),	N	(0–
20),	S	(0–14),	Cl	(0–12),	F	(0–12),	Br	(0–10),	P	(0–9),	and	Si	(0–15)	
[55].	The	top	five	constituents	with	the	highest	scores	were	anno-
tated,	and	cross-checked	with	the	Traditional	Chinese	Medicine	In-
tegrated	Database	[56]	and	Traditional	Chinese	Medicine	Systems	
Pharmacology	Database	and	Analysis	Platform	[57]	for	final	name	
assignments.	The	combined	data	file	(.cef)	of	replicate	measure-
ments	of	each	Yinqiaosan	preparation	form	with	the	names	of	
chemical	constituents	was	saved	for	global	semiquantitative	anal-
ysis.

For	multivariate	data	analysis,	the	molecular	feature	extracted	
data	files	(.csv)	by	the	Profinder	software	were	imported	into	Me-
taboAnalyst	4.0	[58]	in	terms	of	mass,	retention	time,	and	peak	
area.	The	mass	tolerance	and	the	retention	time	tolerance	were	set	
at	0.025	and	30	s,	respectively.	Sample	normalization	was	per-
formed	by	the	IS	reference	features	(i.e.,	mass,	retention	time,	and	
peak	area),	and	the	data	were	log	transformed	and	autoscaled.	PCA	
and	PLS-DA	were	performed	using	the	IS	for	normalization.	PCA	
and	PLS-DA	score	plots	were	constructed	for	similarity	comparison	
of	the	chemical	constituents	and	reproducibility	assessment	of	the	
UPLC-QTOF-MS	method	as	well	as	pattern	recognition	among	the	
four	Yinqiaosan	preparation	forms.

Global semiquantitative analysis
The	data	files	(.d)	with	the	same	ion	polarity	of	replicate	measure-
ments	of	each	Yinqiaosan	preparation	form	by	the	MassHunter	Data	
Acquisition	software	and	their	corresponding	combined	data	file	
(.cef)	with	the	names	of	chemical	constituents	by	the	Mass	Profiler	
Professional	software	were	imported	into	Agilent	MassHunter	
Quantitative	Analysis	software	(Version:	B.06.00).	In	the	method	
setup	task,	the	retention	time	window	was	set	at	0.6	min,	etopo-
side-d3	ammonium	adduct	was	chosen	as	the	IS	and	flagged,	other	
identified	chemical	constituents	were	chosen	as	targets	relative	to	
the	IS,	and	proper	ion	polarity	was	chosen.	After	validating	the	
method	setup,	global	semiquantitative	analysis	was	performed	
based	on	the	peak	area	ratio	of	each	individual	target	to	the	IS,	and	
the	quantitation	data	were	exported	as	excel	file	for	reporting.
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Supporting Information
The	MS/MS	spectra	of	the	49	chemical	constituents	commonly	
identified	in	all	four	Yinqiaosan	preparation	forms	(▶Fig. 1S),	the	
common	chemical	constituents	detected	but	unidentified	in	all	four	
Yinqiaosan	preparation	forms	(▶table 1S),	and	the	unique	con-
stituents	found	in	decoction,	granule,	pill,	and	tablet	forms	of	Yin-
qiaosan	(▶tables 2S– 9S)	are	available	as	Supporting	Information.
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