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[ABSTRACT] Qing-Fei-Pai-Du decoction (QFPDD) is  a  Chinese medicine compound formula recommended for  combating corona
virus disease 2019 (COVID-19) by National Health Commission of the People’s Republic of China. The latest clinical study showed
that early treatment with QFPDD was associated with favorable outcomes for patient recovery, viral shedding, hospital stay, and course
of  the  disease.  However,  the  effective  constituents  of  QFPDD  remain  unclear.  In  this  study,  an  UHPLC-Q-Orbitrap  HRMS  based
method was developed to identify the chemical constituents in QFPDD and the absorbed prototypes as well as the metabolites in mice
serum and tissues following oral  administration of  QFPDD. A total  of  405 chemicals,  including 40 kinds of  alkaloids,  162 kinds of
flavonoids, 44 kinds of organic acids, 71 kinds of triterpene saponins and 88 kinds of other compounds in the water extract of QFPDD
were tentatively identified via comparison with the retention times and MS/MS spectra of the standards or refereed by literature. With
the help of the standards and in vitro metabolites, 195 chemical components (including 104 prototypes and 91 metabolites) were identi-
fied in mice serum after oral administration of QFPDD. In addition, 165, 177, 112, 120, 44, 53 constituents were identified in the lung,
liver, heart, kidney, brain, and spleen of QFPDD-treated mice, respectively. These findings provided key information and guidance for
further investigation on the pharmacologically active substances and clinical applications of QFPDD.
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Introduction

Corona  Virus  Disease  2019  (COVID-19),  a  newly
emerged infective disease, has spread all over the world, with
a long incubation period, high infectivity and general suscept-
ibility to all types of people [1-3]. The COVID-19 global pan-
demic  has  brought  significantly  negative  effects  for  human
health,  economic  and  social  stability.  Researchers  are  now
trying to find effective medications (including western thera-
peutics  and  herbal  medicines)  for  combating  COVID-19,
while some therapeutics and herbal medicines have been used
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for treating COVID-19 in clinical settings [4-7]. In China, sev-
eral Chinese medicine compound formulas, such as Qing-Fei-
Pai-Du  decoction  (QFPDD),  Jingyin  granules  and  Lianhua
Qingwen capsule, have been validated playing an active role
in combating  this  epidemic,  especially  alleviating  the  symp-
toms  of  some  moderate  and  mild  patients [8]. Among  all  re-
commend  Chinese  medicines  for  combating  COVID-19  in
China, QFPDD has drawn much attention owing to its effect-
iveness of  COVID-19.  As  the  first  Chinese  medicine  com-
pound formula  recommended  by  National  Health  Commis-
sion of the People’s Republic of China for combating COVID-
19,  QFPDD has  been  used  to  treat  thousands  of  COVID-19
patients  with  the  total  effective  rate  of  97% [9-12].  Following
oral administration of QFPDD, the major symptoms and ima-
ging manifestations of more than 60% patients were signific-
antly  improved,  while  the  symptoms  of  30% patients  were
stable  and  did  not  aggravate [13]. Early  treatment  with  QFP-
DD is  associated with favorable  outcomes for  patient  recov-
ery,  viral  shedding,  hospital  stay,  and  course  of  the  disease.
And early  treatment  with  QFPDD may serve  as  an  effective
strategy in controlling the epidemic [14].

Unlike Western  therapeutics,  Chinese  medicines  are  al-
ways the  mixtures  of  a  wide  range  of  ingredients,  these  in-
gredients  as  well  as  their in  vivo metabolites  may  interact
with a  wide  range  of  targets  in  the  human  body  in  an  ex-
tremely complex way [15, 16]. To better understand the material
basis for efficacy of QFPDD, the chemical constituents in this
anti-COVID-19  Chinese  medicine  and  the  key  components
(including  prototypes  and  metabolites)  occurring  in  serum
and  target  organs  (such  as  the  lung  and  the  liver)  following
QFPDD treatment should be carefully investigated.  Notably,
QFPDD is  deriving from four  classic  Chinese medicine pre-
scriptions  (including  Maxing  Shigan  decoction,  Shegan
Mahuang  decoction,  Xiaochaihu  decoction,  and  Wuling
powder)  that  are  used for  treating epidemic diseases and the
related inflammatory symptoms for thousands of years [17-20].
As  a  super  combination  of  20  herbs  and  a  mineral  drug
(Gypsum Fibrosum), QFPDD is composed by hundreds of in-
gredients  and  parts  of  them  may  be  absorbed  in  circulation
system and then exert  their  bioactivites,  such as anti-inflam-
matory and anticoagulation effects [21, 22]. However, the chem-
ical constituents in QFPDD and the absorbed components of
this  Chinese  medicine  have  not  been  well-investigated  yet,
which strongly block further investigations on the pharmaco-
logical and toxicological studies, the quality control and clin-
ical applications of this anti-COVID-19 Chinese medicine.

This study  aims  to  investigate  the  main  chemical  con-
stituents in QFPDD and the absorbed components (including
prototypes  and  metabolites)  in  serum  and  tissues  after  oral
administration of QFPDD to mice. To this end, an UHPLC-Q-
Orbitrap HRMS based  method was  well-established  for  sys-
tematic profiling  the  constituents  in  QFPDD,  while  the  ab-
sorbed components  (including  the  prototypes  and  the  meta-
bolites) occurring in mouse serum and tissues were also iden-
tified via profiling the  serum and  tissue  samples  from QFP-
DD-treated mice. The prototype components in both QFPDD

and mouse serum were tentatively  identified via comparison
with the retention times and MS/MS spectra of the standards
or  refereed  by  literature,  while  the in  vivo metabolites  were
tentatively identified via comparison with the retention times
and  MS/MS  spectra  of  the in  vitro metabolites  generated  in
mice liver microsomes (MLMs). Finally, a total of 405 chem-
icals (including  40  kinds  of  alkaloids,  162  kinds  of  flavon-
oids, 44 kinds of organic acids, 71 kinds of triterpene sapon-
ins and 88 kinds of other compounds) in the water extract of
QFPDD were  identified,  while  195,  165,  177,  112,  120,  44,
53  constituents  were  identified  in  the  serum,  lung,  liver,
heart, kidney,  brain,  and spleen of  QFPDD-treated  mice,  re-
spectively. All these findings are very helpful for deep under-
standing  the  fates  of  the  constituents  in  QFPDD,  as  well  as
the key information of the tissue distribution of the absorbed
components of this anti-COVID-19 Chinese medicine. 

Materials and Methods
 

Chemicals and materials
Herba  Ephedrae (Mahuang,  No.  191119-1), Ramulus

Cinnamoni (Guizhi, No. 190802-1), Rhizoma Alismatis (Zix-
ie,  No.  191031-1), Polyporus (Zhuling,  No.  191109-1), Flos
Farfarae (Kuandonghua, No. 191207-1), Herba Asari (Xixin,
No.  191220-1)  and Rhizoma  Dioscoreae (Shanyao,  No.
191023-1)  were  purchased  from  Shanghai  Wanshicheng
Pharmaceutical  Co.,  Ltd.  (Shanghai,  China). Gypsum
Fibrosum (Shengshigao,  No.  190801), Poria (Fuling,  No.
191218), Radix  Bupleuri (Chaihu,  No.  200103), Rhizoma
Pinelliae prepared  with  ginger  juice  (Jiangbanxia,  No.
191009) and Herba Agastachis (Huoxiang, No. 190814) were
purchased  from  Shanghai  Hongqiao  Traditional  Chinese
Medicine  Decoction  Piecess  Co.,  Ltd.  (Shanghai,  China).
Radix  Glycyrrhizae  Praeparata (Zhigancao,  No.  191213),
Rhizoma  Belamcandae (Shegan,  No.  191022), Fructus  Aur-
antii  Immaturus (Zhishi,  No.  200119), Semen  Armeniaceae
Amarum (Xingren, No. 200108) were purchased from Shang-
hai Kangqiao  Traditional  Chinese  Medicine  Decoction  Pie-
cess  Co.,  Ltd.  (Shanghai,  China). Radix  Scutellariae
(Huangqin,  No.  19112307), Radix  Asteris (Ziwan,  No.
1909247)  and Pericarpium  Citri  Reticulatae (Chenpi,  No.
191119) were  purchased  from  Shanghai  Yanghetang  Tradi-
tional Chinese Medicine Decoction Piecess Co., Ltd. (Shang-
hai,  China). Rhizoma  Atractylodis  Macrocephalae (Baizhu,
No. 190830)  was  purchased  from  Shanghai  Qingpu  Tradi-
tional Chinese Medicine Decoction Piecess Co., Ltd. (Shang-
hai,  China).  Fresh Rhizoma  Zingiberis  Recens (Shengjiang)
was  purchased  from  the  supermarket.  All  of  the  herbs  were
authenticated by  prof.  WANG Chang-Hong,  from  the  Insti-
tute of Chinese Materia Medica, Shanghai University of Tra-
ditional Chinese Medicine.

Arginine,  uridine,  uracil,  tyrosine,  leucine,  isoleucine,
adenine,  6-hydroxypurine,  guanine,  guanosine,  adenosine,
xanthosine,  L-phenylalanine,  tryptophan  were  purchased
from Dalian Meilun Biotechnology Co. Ltd. (Dalian, China).
Neochlorogenic acid,  caffeic  acid,  chlorogenic  acid,  crypto-
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chlorogenic  acid,  L-amygdalin,  prunasin,  1,3-O-dicaf-
feoylquinic acid,  ferulic  acid,  isochlorogenic  acid  B,  iso-
chlorogenic acid A, resveratrol, isochlorogenic acid C, tilian-
in,  6-Gingerol,  8-gingerol,  10-gingerol,  alisol  B-23-acetate
and pachymic acid were purchased from Chengdu Biopurify
Phytochemicals Ltd.  (Chengdu,  China).  Quinic  acid,  stachy-
drine,  citric  acid,  succinic  acid,  gallic  acid,  synephrine,
phenylpropanolamine,  D-demethyl  pseudoephedrine,  vanillic
acid, ephedrine, pseudoephedrine, methylephedrine, catechin,
epicatechin, neoliquiritin, 3, 4-dihydroxybenzaldehyde, luteo-
lin-7-O-β-D-glucoside, liquiritin, vitexin, tectoridin, isovitex-
in, hyperin, scutellarin, quercetin, isoquercitrin, verbascoside,
hesperetin, isoaceteoside, hesperidin, astragalin, neohesperid-
in,  cinnamaldehyde,  liquiritigenin,  isoliquiritin,  ononin,
naringin, luteolin,  baicalin,  cinnamic  acid,  naringenin,  lico-
chalcone A,  licochalcone  B,  wogonoside,  kaempferol,  ros-
marinic acid,  isoliquiritigenin,  baicalein,  formononetin,  sin-
ensetin,  irisflorentin,  oroxylin  A,  nobiletin,  atractylenolide-I,
tangeretin,  asarinin,  glycyrrhizic  acid,  tussilagone  and  alisol
A were provided by Prof. LIANG Xin-Miao from Dalian In-
stitute  of  Chemical  Physics,  Chinese  Academy  of  Sciences
(Dalian,  China).  The  purities  of  those  reference  substances
were more than 98%.

Glucose 6-phosphate  (G-6-P),  glucose-6-phosphate  de-
hydrogenase  (G-6-PDH),  nicotinamide  adenine  dinucleotide
phosphate  disodium  salt  (β-NADP+),  uridine  di-phosphate
glucuronic  acid  (UDPGA),  alamethicin, S-adenosyl-L-me-
thionine  (SAM)  and  3-phosphoadenosine  5-phosphosulfate
(PAPS)  were  purchased  from Sigma Aldrich  Co.  (St.  Louis,
MO,  USA).  Tris  base  and  MgCl2 were purchased  from Ma-
jorbio  Biotech  Corp.,  Ltd.  (Shanghai,  China).  Pooled  liver
microsomes  from  male  ICR/CD-1  mouse  (MLM,  Lot  no.
STOM) was  ordered  from  Research  Institute  for  Liver  Dis-
eases  (RILD,  Shanghai,  China).  Acetonitrile,  methanol  and
formic acid of HPLC grade were purchased from Fisher Sci-
entific Co.  (Santa  Clara,  USA).  Deionized  water  was  pro-
duced with a Milli-Q Academic System (Millipore, Billerica,
MA). All other reagents and solvents were either analytical or
HPLC grade. 

Preparation of the Chinese multi-herbal formula QFPDD
The Chinese  multi-herbal  formula  Qing-Fei-Pai-Du  de-

coction  (QFPDD)  was  prepared  according  to  the  following
procedure, pieces of Herba Ephedrae (Mahuang) 45 g, Radix
Glycyrrhizae Praeparata  (Zhigancao)  30  g,  Semen  Armeni-
aceae  Amarum  (Xingren)  45  g,  Gypsum  Fibrosum  (Sheng-
shigao) 75 g (fried first), Ramulus Cinnamoni (Guizhi) 45 g,
Rhizoma  Alismatis  (Zixie)  45  g,  Polyporus  (Zhuling)  45  g,
Rhizoma  Atractylodis  Macrocephalae  (Baizhu)  45  g,  Poria
(Fuling) 75  g,  Radix  Bupleuri  (Chaihu)  80  g,  Radix  Scutel-
lariae  (Huangqin)  30  g,  Rhizoma  Pinelliae  prepared  with
ginger  juice  (Jiangbanxia)  45  g,  Rhizoma Zingiberis  Recens
(Shengjiang) 45 g, Radix Asteris (Ziwan) 45 g, Flos Farfarae
(Kuandonghua)  45 g,  Rhizoma Belamcandae (Shegan)  45 g,
Herba Asari (Xixin) 30 g, Rhizoma Dioscoreae (Shanyao) 60
g,  Fructus  Aurantii  Immaturus  (Zhishi)  30  g,  Pericarpium

Citri Reticulatae (Chenpi) 30 g and Herba Agastachis (Huoxi-
ang) 45 g, were mixed together and macerated in 12 L deion-
ized water for 40 min before being decocted. After then, 980
g of  the  herbal  mixture  was  decocted  for  45 min.  A total  of
100 batches of QFPDD were decocted repeatly and then com-
bined. After  filtration,  the  decoction  (about  180  L)  was  fur-
ther concentrated to 20 L by rotary evaporation at 40−50 °C
in vacuum with a 93.98% concentrated yield. Finally, 6.52 kg
powder  was  obtained  by  spray-drying  with  a  78.55% spray-
dried yield. 

Preparation of QFPDD extract
QFPDD  (1.0  g)  was  weighed  and  dissolved  in  125  mL

deionized water by ultrasonic (250 W, 50 HZ) for 1 h. Then,
the sample solution was centrifuged at 10 000 × g for 15 min.
The  supernatant  solution  was  filtered  through  a  0.22  μm
membrane for further analysis. 

Animal handling and sampling
Twelve male C57BL/6J mice (SPF grade, weight of 20 ±

2 g) were purchased from Shanghai Slac Laboratory Animal
Co. Ltd. (Shanghai, China) and were fed in Experimental An-
imal  Center  of  Shanghai  University  of  Traditional  Chinese
Medicine.  All  of  animals  were  housed  in  an  environment-
controlled breeding room at 25 °C with a 12 hours dark/light
cycle. All  experiments  performed  in  mice  were  in  accord-
ance with the State Committee of Science and Technology of
P.R.  of  China,  and  the  protocol  for  this  study  was  approved
and monitored by the Animal Ethics Committee of Shanghai
University  of  Traditional  Chinese  Medicine  (PZSHUTCM-
200717018).

After  seven  days  of  acclimatization,  twelve  male  mice
were  randomly  divided  into  two  groups  (6  mice  for  each
group).  QFPDD group  was  oral  administered  QFPDD (18  g
dried material/kg);  control  group  was  oral  administered  de-
ionized  water.  All  animals  were  fasted  overnight  before  the
experiments and had free access to water. One hour after the
once  oral  administration,  all  mice  were  anesthetized,  blood
samples  were  collected  from  the  abdominal  aorta,  and  their
various tissues (lung, liver, heart, kidney, brain, spleen) were
removed rapidly. Blood samples were placed at room temper-
ature  for  1  h  until  solidifcation.  Then,  serum  samples  were
obtained  by  centrifuged  at  5000  r·min−1 for  15  min  at  4  °C.
All samples were stored at −80 °C until analysis. The serum
samples  (200  μL)  were  added  five  times  methanol  (1  mL),
vortexed and then, centrifuged at 10 000 × g for 15 min. The
supernatant  (960  μL)  was  dried  with  nitrogen  gas.  The
residue  was  redissolved  in  80  μL  10% methanol,  vortexed
and  then,  centrifuged  at  10  000  × g for 15  min,  and  the  fil-
trate was used as the LC/MS sample. The 100 mg various tis-
sues (lung, liver, heart, kidney, brain, spleen) were homogen-
ized in  1  mL methanol  on ice,  the  homogenate  of  them was
centrifuged at 4 °C at 10 000 × g for 15 min, The supernatant
(800 μL) was dried with nitrogen gas. The residue was redis-
solved  in  80  μL  10% methanol, vortexed  and  then,  centri-
fuged at  10 000 × g for 15 min, and the filtrate was used as
the  LC/MS sample.  The  supernatant  (2  μL)  was  used  in  the
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UHPLC-Q-Exactive Orbitrap HRMS analysis. 

In  vitro  metabolism  of  the  major  constituents  isolated  from
QFPDD in MLMs

Microsomal  incubation  with  NADPH:  The  incubation
was  performed  in  a  50  mmol·L−1 Tris–HCl  buffer  (pH  7.4)
containing MLMs (1.0 mg protein/mL), the NADPH-generat-
ing  system  contained  10  mmol·L−1 G-6-P,  1  mmol·L−1

NADP+,  4 mmol·L−1 MgCl2,  and 1 unit·mL−1 G-6-PDH, and
200  μmol·L−1 analyte (nobiletin)  which  was  previously  dis-
solved in methanol with concentration 200 μmol·L−1 in a total
volume of 200 μL with concentration 200 μmol·L−1 in a total
volume of 200 μL [23, 24]. The final concentration of methanol
in  the  incubation  system  was  less  than  1% (V/V). The  reac-
tions were terminated with 600 μL ice-cold acetonitrile after
60 min incubation. The mixture was centrifuged at 10 000 × g
for 15  min,  and  then  the  supernatant  (720  μL)  was  evapor-
ated  to  dryness  by  a  gentle  stream of  nitrogen  (37  °C).  The
residue was dissolved by 90 μL of  5% methanol and centri-
fuged at 10 000 × g for 10 min. 2 μL of the supernatant was
injected  for  UHPLC-Q-Exactive  Orbitrap  HRMS  system.
Control  samples  containing  no  NADPH  or  substrates  were
prepared. Incubation was performed in duplicate.

Microsomal  incubation with NADPH and UDPGA: 200
μmol·L−1 analyte (baicalein, scutellarin, wogonin, norwogon-
in, formononetin, liquiritigenin, hesperetin, naringenin, quer-
cetin, oroxylin A and caffeic acid, each compound was incub-
ated separately) was mixed with alamethicin (25 μg/mg pro-
tein)  and  the  microsomes  (1.0  mg  protein/mL)  in  100
mmol·L−1 Tris-HCl  buffer  (50  mmol·L−1,  pH  7.4).  After  5
min  of  pre-incubation  at  37  °C,  the  incubation  reaction  was
initiated  by  the  addition  of  G-6-P  (10  mmol·L−1),  G-6-PDH
(1  unit·mL−1),  NADP+ (1.0  mmol·L−1),  and  UDPGA  (5.0
mmol·L−1). The total incubation volume was 200 μL. The fi-
nal  concentration  of  methanol  in  the  incubation  system  was
less  than  1% (V/V).  The  reactions  were  terminated  with  600
μL ice-cold  acetonitrile  after  1  h  of  incubation.  The mixture
was centrifuged at 10 000 × g for 15 min, and then the super-
natant (720 μL) was evaporated to dryness by a gentle stream
of nitrogen at 37 °C. The residue was dissolved by 90 μL of
5% methanol and centrifuged at 10 000 × g for 15 min. The
supernatant (2 μL) was then injected for UHPLC-Q-Exactive
Orbitrap  HRMS  system.  Control  samples  without  NADPH
and UDPGA or substrates were prepared. Incubation was per-
formed in duplicate.

Microsomal incubation with NADPH and PAPS: The in-
cubation was performed in a 50 mmol·L−1 Tris–HCl buffer at
pH  7.4  containing  microsomes  (1.0  mg  protein/mL),  the
NADPH-generating system contained 10 mmol·L−1 G-6-P,  1
mmol·L−1 NADP+, 4 mmol·L−1 MgCl2, and 1 unit·mL−1 of G-
6-PDH,  100  μmol·L−1 PAPS,  and  200  μmol·L−1 analyte
(baicalein,  wogonin,  formononetin,  liquiritigenin,  hesperetin
and caffeic acid, each compound was incubated separately) in
a total volume of 200 μL. The final concentration of methan-
ol in the incubation system was less than 1% (V/V). The reac-
tions were terminated with 600 μL ice-cold acetonitrile after

60  min  incubation.  The  next  process  was  as  same  as  above
and the control samples containing no NADPH, no PAPS or
substrates were  prepared.  Each  of  the  incubations  was  per-
formed in duplicate.

Microsoma incubation with  NADPH and SAM: The in-
cubation was performed in a 50 mmol·L−1 Tris–HCl buffer at
pH  7.4  containing  microsomes  (1.0  mg  protein/mL),  the
NADPH-generating system contained 10 mmol·L−1 G-6-P,  1
mmol·L−1 NADP+, 4 mmol·L−1 MgCl2, and 1 unit·mL−1 of G-
6-PDH,  100  μmol·L−1 SAM,  and  200  μmol·L−1 analyte
(baicalein, scutellarin, chlorogenic acid and caffeic acid, each
compound was incubated separately) in a total volume of 200
μL.  The  final  concentration  of  methanol  in  the  incubation
system  was  less  than  1% (V/V). The  reactions  were  termin-
ated with  600  μL  ice-cold  acetonitrile  after  60  min  incuba-
tion. The next process was as same as above and the control
samples  containing no NADPH, no SAM or  substrates  were
prepared. Each of the incubations was performed in duplicate. 

Chromatography conditions  for  UHPLC-Q-Exactive   Orbit-
rap HRMS

Chromatographic separation  was  performed  on  a  UH-
PLC-Q-Exactive  Orbitrap  system  (Thermo  Fisher  Scientific
Inc., Grand Island, NY, USA). The UHPLC system consisted
of  a  Thermo  Scientific  Dionex  Ultimate  3000  Series  RS
pump  coupled  with  a  Thermo  Scientific  Dionex  Ultimate
3000  Series  TCC-3000RS  column  compartments  and  WPS-
3000  autosampler  controlled  by  Chromeleon  7.2  Software.
The cooling autosampler was set at 4 °C and protected from
light, and the column heater was set at 40 °C. A Waters AC-
QUITY UPLC BEH C18 column (2.1 mm × 100 mm, 1.7 μm)
was employed with the temperature set at 40 °C. The mobile
phase consisted of A (methanol) and B (0.1% formic acid) at
a flow rate of 0.3 mL·min−1 and eluted with gradient elution:
0−4  min  (4% A),  4−10  min  (4%−12% A),  10−30  min
(12%−70% A), 30−35 min (70% A), 35−38 min (70%−95%
A),  38−42  min  (95% A),  42−45  min  (4% A).  The  injection
volume was 2 μL.

The mass spectrometer Q-Exactive Orbitrap system was
connected to the UHPLC system via heated electrospray ion-
ization and controlled by Xcalibur 4.1 software that was used
for  data  collection  and  analysis.  The  electrospray  ionization
source  was  operated  and  optimized  in  negative  and  positive
ionization mode. The optimized parameters of mass spectro-
metry  were:  capillary  temperature:  325  °C;  sheath  gas  (N2)
flow  rate:  45  arbitrary  units;  auxiliary  gas  (N2)  flow  rate:  8
arbitrary  units;  sweep  gas  flow  rate:  0  arbitrary  units;  spray
voltage: 2.5 kV (negative), 3.5 kV (positive); S-lens RF level:
50V;  auxilliary  gas  heater  temperature,  300  °C;  scan  mode:
Full  MS/SIM and  Full  MS/dd-MS2 mode,  which  includes  1
first-level full scan (resolution 70000 FWHM) and 1 data-de-
pendent secondary scan (resolution 17500 FWHM) 2 events,
the scanning range is  80−1200 m/z,  and the collision energy
gradient is 20, 50, 100V. 

Establishment  of  QFPDD  chemical  database  and  chemical
profiling

By searching databases,  such as PubMed of the US Na-
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tional Library Medicine and the National Institutes of Health,
SciFinder  Scholar  of  American  Chemical  Society  and  the
Chinese  National  Knowledge  Infrastructure  (CNKI)  of
Tsinghua  University,  the  Encyclopedia  of  Traditional
Chinese  Medicine  Database  (ETCM, http://www.tcmip.cn/
ETCM/index.php/Home/Index/index.html), Traditional Chin-
ese Medicine Integrated Database (TCMID, http://www.meg-
abionet.org/tcmid/), and all  components reported in the liter-
ature  on  21  herbs  of  QFPDD  were  summarized  in  a
TraceFinder  software  (version  3.3)  to  establish  a  database,
which includes the name, molecular formula, chemical struc-
ture and literature of each published known compound. After
the sample was injected, the quasi-molecular ion information
was  obtained,  and  the  molecular  formula  was  fitted  by
Xcalibar 3.0 software, and matched with the CD (Compound
discovery, 2.1)  compound  analysis  and  identification  soft-
ware and self-built database, and the possible chemical com-
position  was  inferred.  Combined  with  the  relative  retention
time  and  fragment  ion  information  of  reference  substances
and literature, the chemical composition was identified. 

Results
 

Identification  and  characterization  of  chemical  constituents
from QFPDD

Under the  optimal  conditions  described  above,  the  con-
stituents in  the  crude  extract  of  QFPDD  were  comprehens-
ively analyzed by UHPLC-Q-Exactive Orbitrap HRMS, with
a  running  time  of  45  min.  The  total  ion  chromatograms
(TICs) of the extract of QFPDD under both positive and neg-
ative ion modes are shown in Fig. 1. The protonated molecu-
lar weights of all identified compounds were calculated with-
in  an  error  of  10  ppm.  Following carefully  comparison with
the  retention  times  and  MS/MS  spectra  of  the  reference
standards,  reference  literature,  Chemical  Book  and  self-bulit
databases, a total  of 405 chemicals were identified or tentat-
ively characterized  from  QFPDD,  including  40  kinds  of  al-

kaloids,  162  kinds  of  flavonoids,  44  kinds  of  organic  acids,
71 kinds  of  triterpene  saponins  and  88  kinds  of  other  com-
pounds  (Supplementary  Table  S1).  The  detailed  information
of  the  identified  chemical  constituents  in  QFPDD  including
retention  time,  precise  molecular  weight,  MS/MS  fragment
ions  and  the  source  of  each  constituent,  have  been  listed  in
Supplementary Table S1. Among all identified chemical con-
stituents, ninety-one  constituents  are  confirmed  by  the  au-
thentic standards.

It is  well-accepted  that  deep  understanding  of  the  frag-
mentation pattern of each authentic standard or its analgous is
very  helpful  for  the  identification  of  herbal  constituents  by
using HRMS [17]. In this study, the fragmentation pathways of
various constituents  (ephedrine,  amygdalin,  nobiletin,  liquir-
itin, gallic  acid,  chlorogenic  acid,  saikosaponin  A  and  gly-
cyrrhizic acid)  in  QFPDD  were  carefully  studied  and  pro-
posed in Fig. 2 and Fig. 3. For example, ephedrine (tR = 7.30
min),  an  abundant  alkaloid  distributed  in Herba  Ephedrae,
could be easily detected in the positive ion mode with a quasi-
molecular  ion  [M  +  H]+ at m/z 166.1226  (C16H16NO).
MS/MS fragmentation analysis  demonstrated  that  this  natur-
al  compound  possessed  a  neutral  loss  of  H2O,  subsequently
by the cleavage of C-N bond moiety (Fig. 2A), evidenced by
the  product  ions  of m/z 148.1119  [M  +  H  −  H2O]+, m/z
133.0886  [M +  H −  H2O −  CH3]

+, m/z 117.0701  [M +  H −
H2O −  CH5N]+ and m/z 91.0548  [M +  H −  H2O − CH5N −
C2H2]

+.  The compound 56 (tR = 7.30 min) in Supplementary
Table S1 were detected in the positive ion mode at the same
retention  time  with  the  identical m/z of  166.1225
(C16H16NO), thus was characterized as ephedrine. amygdalin
(tR =  13.93  min),  an  abundant  alkaloid  distributed  in Semen
Armeniaceae Amarum, could be easily detected in the negat-
ive ion mode with a quasi-molecular ion [M + HCOOH − H]−

at m/z 502.1567  (C21H28NO13).  It  was  inclined  to  lose  the
whole  sugar  moiety  to  generate  base  peak  ions m/z of
323.0972  [M  +  HCOOH  −  H  −  C6H11O6]

− and  179.0550
[C6H11O6]

− in MS2 spectra (Fig. 2B). Subsequently by cleav-
age  of  the  functional  group  on  the  second  glucose,  such  as
m/z of  263.0772 [M + HCOOH − H − C6H11O6 − C2H4O2]

−

and 221.0661 [M + HCOOH − H − C6H11O6 − C7H4N]−. Sim-
ultaneously the fragmentation signal of glucose was detected,
its  MS/MS data were shown as m/z of 161.0444 [C6H11O6 −
H2O]−, 119.0335 [C6H11O6 − H2O − C2H2O]−, 101.0229 [C6H11O6 −
H2O  −  C2H2O  −  H2O]− and  89.0229  [C6H11O6 −  H2O  −
C2H2O  −  CH2O]−.  The  compound 90 in Supplementary  Ta-
ble  S1 were  detected in  the  negative  ion mode at  13.93 min
with  the  identical m/z of  502.1568  (C21H28NO13),  thus  this
peak was characterized as amygdalin. Similar to the identific-
ation  process  above,  a  total  of  40  alkaloids  were  identified
fromdoephedrine,  methylephedrine,  ligustrazine,  prunasin, et
al. methylephedrine, ligustrazine, prunasin, et al.

Nobiletin  (tR =  29.30  min),  a  flavonoid  distributed  in
Fructus Aurantii  Immaturus  and  Pericarpium  Citri  Reticu-
latae, could be easily detected in the positive ion mode with a
quasi-molecular  ion  [M  +  H]+ at m/z 403.1385  (C21H23O8).
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Fig. 1    The total ion chromatograms (TICs) of the extract of
Qing-Fei-Pai-Du  decoction  by  UHPLC-Q-Exactive  Orbitrap
HRMS
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MS/MS fragmentation analysis  demonstrated  that  this  natur-
al compound possessed demethylation, dehydration, and CO,
evidenced  by  the  product  ions  of m/z 388.1151  [M  +  H  −
CH3]

+, 373.0916 [M + H − CH3 − CH3]+, 355.0811 [M + H −
2CH3 − H2O]+ and 327.0856 [M + H − 2CH3 − H2O − CO]+

(Fig. 2C). The compound 321 listed in Supplementary Table
S1 were detected in the positive ion mode at 29.30 min with
the identical m/z of 403.1382 (C21H23O8), thus this peak was
characterized  as  nobiletin.  Liquiritin  (tR =  18.59  min),  a
flavonoid  glycoside  distributed  in Radix Glycyrrhizae  Prae-

parata,  which was detected in  the negative ion mode with a
quasi-molecular ion [M − H]− at m/z of 417.1172 (C21H21O9).
Its  MS/MS  data  were  shown  as m/z of  255.0654  [M  −  H  −
C6H10O5]

−,  153.0178  [M  −  H  −  C6H10O5 −  C8H6]
−,

135.0071 [M − H − C6H10O5 − C8H8O]− and 119.0484 [M −
H − C6H10O5 − C7H4O3]

− (Fig.  2D).  The compound 135 lis-
ted in Supplementary Table S1 could be easily detected in the
negative  ion  mode  with  the  same tR (at  18.59  min)  and  the
identical m/z of  417.1195  (C21H21O9),  this  peak  was  then
characterized as  liquiritin.  Similar  to  the  identification  pro-
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Fig. 2    The mass fragment and fragmentation pathway of ephedrine (A), amygdalin (B), nobiletin (C) and liquiritin (D)
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cess  above,  a  total  of  162  flavonoids  were  identified  from
QFPDD, including isoliquiritin, neoliquiritin, kaempferol, lu-
teolin, quercetin, rutin, hesperidin, neohesperidin, formonon-
etin, isoflavin, formononetin et al.

Gallic acid (tR = 2.09 min), an organic acid distributed in
a  variety  of  herbs,  which  was  detected  in  the  negative  ion
mode  with  a  quasi-molecular  ion  [M  −  H]− at  the m/z of
169.0127  (C7H5O5). MS/MS  fragmentation  analysis  demon-
strated  that  this  natural  compound  possessed  neutral  loss  of
H2O,  CO2 and/or  CO  (Fig.  3A),  evidenced  by  the  product
ions  of m/z 151.0020 [M − H − H2O]−,  125.0226 [M − H −
CO2]

−,  97.0277  [M  −  H  −  CO2 −  CO]−,  81.0327  [M  −  H  −

2CO2]
− and 69.0327 [M − H − CO2 − 2CO]−.  Compound 40

listed  in  Supplementary  Table  S1  could  be  detected  in  the
negative  ion  mode  with  the  same tR (at  2.09  min)  and  the
identical m/z of 169.0133 (C7H5O5), this compound was then
characterized  as  gallic  acid.  Chlorogenic  acid  (tR =  12.51
min),  an organic acid which was produced from caffeic acid
and quinic acid, it was distributed in variety of herbs. It could
be easily detected in the positive ion mode with a quasi-mo-
lecular  ion  [M  −  H]− at m/z 353.0883  (C16H17O9).  MS/MS
fragmentation analysis demonstrated that it was easily broken
down into caffeic acid and quinic acid to generate base peak
ions m/z of 191.0549 [M − H − C9H6O3]

− and 179.0337 [M −
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Fig. 3    The mass fragment and fragmentation pathway of gallic acid (A), chlorogenic acid (B), saikosaponin A (C) and glycyrrhi-
zic acid (D)
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H  −  C7H10O5]
− in  MS2 spectra (Fig.  3B).  Subsequently  by

neutral loss of H2O or CO2, evidenced by the product ions of
m/z 173.0442 [M − H − C9H6O3 − H2O]−, 161.0228 [M − H −
C7H10O5 − H2O]−, 155.0335 [M − H − C9H6O3 − 2H2O]− and
135.0435 [M − H − C7H10O5 − CO2]

−. Compound 81 listed in
Supplementary Table S1 could be easily detected in the neg-
ative  ion  mode  with  the  same  Rt  (at  12.51  min)  and  the
identical m/z of  353.0880  (C16H17O9), thus  this  compound-
was characterized  as  chlorogenic  acid.  Similar  to  the  identi-
fication process above, a total of 44 organic acids were iden-
tified from QFPDD, including tartaric acid, quinic acid, citric
acid,  succinic  acid,  caffeic  acid,  vanillic  acid  isochlorogenic
acid A,  isochlorogenic  acid  B,  isochlorogenic  acid  C,  cou-
maroyltartaric acid, et al.

Saikosaponin  A  (tR =  33.42  min),  a  triterpene  saponins
distributed in Radix Bupleuri, could be easily detected in the
negative  ion  mode  with  a  quasi-molecular  ion  [M  −  H]− at
m/z 779.4589  (C42H67O13).  It  was  inclined  to  lose  the  sugar
moiety to generate base peak ions m/z of 617.4060 [M − H −
C6H10O5]

−,  471.3493  [M  −  H  −  C6H10O5 −  C6H10O4]
− and

179.0560  [C6H11O6]
− in  MS2 spectra  (Fig.  3C). Simultan-

eously  the  fragmentation  signal  of  glucose  was  detected,  its
MS/MS  data  were  shown  as m/z of  161.0446  [C6H11O6 −
H2O]−, 145.0495 [C6H11O6 − H2O − O]−, 113.0495 [C6H11O6 −
H2O − C2H4O2]

− and 101.0229 [C6H11O6 − H2O − C3H4O2]
−.

Compound 374 listed in Supplementary Table S1 could also
be detected in the negative ion mode at the same Rt (at 33.42
min)  with  the m/z of  825.4652  (C42H67O13), thus  this  com-
pound  was  characterized  as  saikosaponin  A.  Glycyrrhizic
acid  (tR =  31.86  min),  a  triterpene  saponins  distributed  in
Radix Glycyrrhizae Praeparata, could be detected in the neg-
ative ion mode with a quasi-molecular ion [M − H]− at m/z of
821.3956 (C42H61O16) in Fig. 3D. MS/MS fragmentation ana-
lysis demonstrated that this natural compound possessed loss
of  glucuronic  acid  group  and  glucosyl  group,  evidenced  by
the  product  ions  of m/z 645.3638  [M  −  H  −  C6H8O6]

−,
469.3304 [M − H − C6H8O6 − C6H8O6]

−. Simultaneously the
fragmentation  signal  of  glucuronic  acid  group  and  glucosyl
group  was  detected,  its  MS/MS  data  were  shown  as m/z of
351.0563  [M  −  H  −  C30H46O4]

−,  193.0341  [M  −  H  −
C30H46O4 −  C6H6O5]

− and  175.0232  [M  −  H  −  C30H46O4 −
C6H6O5 − H2O]−. Compound 355 listed in Supplementary Ta-
ble S1 could also be detected in the negative ion mode at the
same tR (31.86  min)  with  the  identical m/z of  821.3973
(C42H61O16) and fragment ions, thus this compound was char-
acterized  as  glycyrrhizic  acid.  Similar  to  the  identification
process above,  a  total  of  71  triterpene  saponins  were  identi-
fied  from QFPDD,  including  saikosaponin  B2,  saikosaponin
C, saikosaponin D, saikosaponin F, saikosaponin M, licorice
saponin A3,  licorice  saponin B2,  licorice  Saponin G2,  alisol
A, alisol B, alisol C, alisol O, alisol A-23-acetate, alisol B-23-
acetate, et al.

The  remaining  88  kinds  of  chemical  constituents  were
identified from QFPDD, including amino acids,  nucleosides,
sugars,  phenols  et  al.  they  were  tentatively  characterized

based  on  their  retention  times  and  mass  spectrometric  data,
referring  to  the  reference  standards  and  previous  literature.
For example, MS2 spectra of compound 203 (molecular ion at
m/z [M + H]+ 133.0647) in Supplementary Table S1 showed
several  characteristic  fragment  ions  of m/z 115.0538  [M  +
H − H2O]+, m/z 105.0673 [M + H − CO]+, m/z 86.1003[M +
H − H2O − C2H5]

+. Thus, it corresponded to cinnamaldehyde
by comparison with authentic standards and literature data [25].
Moreover,  MS2 spectra  of  compound 322 (molecular  ion  at
m/z [M  +  H]+ 285.0752)  in  Supplementary  Table  S1  gave
characteristic fragment ions of m/z 270.0912 [M + H − CH3]

+,
m/z 254.0943  [M  +  H  −  CH3O]+, m/z 253.0897  [M  +  H  −
CH3 −  OH]+ and m/z 225.0911  [M  +  H  −  CH3O  −  CHO]+.
Then it  was identified as batatasin I  by comparison with au-
thentic standards and literature data [26]. 

Characterization of the absorbed chemical constituents (pro-
totype and metabolites) in mice serum

Next,  the serum samples collected from QFPDD-treated
mice at different sampling times (1, 2 and 4 h) were analyzed
by UHPLC-Q-Exactive-Orbitrap  HRMS to  observe  the  peak
numbers  and  their  response  in  TIC  chromatograms.  It  was
found  that  more  peaks  could  be  detected  from  1  h  serum
samples, suggesting  that  most  absorbed  prototype  constitu-
ents or metabolite could be detected in this sample. Thus, the
serum  samples  collected  from  QFPDD-treated  mice  at  1  h
were  collected  and  mixed  for  LC-MS  analysis  to  detect  the
absorbed  prototypes  and  metabolites  as  more  as  possible.
With  the  help  of  the  key  information  of  the  constituents  in
QFPDD (as listed in Supplementary Table S1), a total of 104
prototype  compounds  were  presumed,  including  12  kinds  of
alkaloids, 55 kinds of flavonoids, 21 kinds of organic acids, 8
kinds of triterpene saponins and 8 kinds of other compounds
(Supplementary  Table  S2, Fig.  4 and Fig.  5).  Among  them,
44 ingredients  are  confirmed  by  comparison  with  the  refer-
ence  standards.  Take  compound p9 for  example,  this  peak
generated  quasi-molecular  ion  [M  +  H]+ at m/z 166.1225,
along  with  characteristic  fragment  ions  at m/z 148.1117
[M+H-H2O]+,  133.0879  [M  +  H  −  H2O  −  CH3]

+,  117.0699
[M  +  H  −  H2O  −  CH5N]+ and  91.0545  [M  +  H  −  H2O  −
CH5N − C2H2]

+,  which was identical to the compound 62 in
the extract of QFPDD (Supplementary Table S1). Compound
p9 was thus  identified  as  pseudoephedrine.  Similarly,  com-
pound p21 generated deprotonated molecule [M − H]− at m/z
294.0988,  along  with  characteristic  fragment  ions  at m/z
161.0445 [C6H9O5]

−, 101.0229 [C6H9O5 − C2H4O2]
−, 85.0279

[C6H9O5 − C2H4O3]
−, 71.0123 [C6H9O5 − C2H4O2 − CH2O]−, which

was identical to the product ions of compound 93 in QFPDD.
Thus, compound p21 was characterized as prunasin.

Flavonoids  were  major  constituents  in  several  herbs  for
preparing  QFPDD,  it  is  necessary  to  identify  the  absorbed
flavonoids in serum from QFPDD-treated mice. In this study,
a total  of  54  flavonoids  (as  the  absorbed  prototype  constitu-
ents)  were  detected  in  mice  serum.  Take  compound p87 for
example, this peak generated a quasi-molecular ion [M + H]+

at m/z 387.1073,  along  with  characteristic  fragment  ions  at
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m/z 372.0831  [M  +  H  −  CH3]
+,  357.0619  [M  +  H  −  CH3 −

CH3]
+,  341.0747  [M  +  H  −  CH3 −  CH3O]+,  326.0788  [M  +

H  −  CH3 −  CH2O2]
+,  which  was  highly  consistent  with  the

product ions of compound 302 in QFPDD. As a result, com-
pound p87 was identified as the prototype of compound 302
(irisflorentin).  Similarly,  compound p57 shared  analogical
elution  time  and  identical  ions  in  MS2 spectra with  com-
pound 189 in  the  extract  of  QFPDD,  such  as m/z 301.0721
[M − H − C12H20O9]

−, 286.0478 [M − H − C12H20O9 − CH3]
−,

257.0801 [M − H − C12H20O9 − CO2]
−,  242.0597 [M − H −

C12H20O9 − CH3 − CO2]
−. For this reason, compound p57 was

then  deemed  to  be  hesperidin, i.e., the  prototype  of  com-
pound 189.

Triterpene saponins were another major group of bioact-
ive components in QFPDD, and it was found that the major-
ity of them could be absorbed into serum. For example, com-
pound p103 gave molecular formula C30H50O5 and deproton-
ated  molecule  at m/z 535.3648  [M  +  FA  −  H]−,  along  with
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distinctive  fragment  ions  at m/z generated deprotonated  mo-
lecule  [M  +  FA  −  H]− at m/z 471.3481  [M  −  H  −  H2O]−,

395.2949  [M  −  H  −  H2O  −  C3H8O2]
−,  371.2598  [M  −  H  −

H2O  −  C6H12O]−,  353.2497  [M  −  H  −  H2O  −  C6H12O  −
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H2O]−,  which was in keeping with compound 396 in the ex-
tract of QFPDD. Then, compound p103 was regarded as pro-
totype of compound 396.

Similarly,  compound p50 (an organic acid) occurring in
rat serum showed identical retention times and quasi-molecu-
lar  ion  (m/z 515.1202  [M −  H]–)  to  compound 158 in QFP-
DD. Furthermore, they also produced near identical fragment
ions  in  MS2 spectra, e.g., m/z  m/z 353.0884  [M  −  H  −
C9H6O3]

−, 191.0554 [M − H − C9H6O3 − C9H6O3]
−, 179.0337

[M − H − C9H7O4 − C9H7O4]
−, 161.0234 [M − H − C9H6O3 −

C7H13O5]
−. Thus, compound p50 was identified as the proto-

type of compound 158, namely isochlorogenic acid A. 

Identification of the metabolites in mice serum
Next,  the  metabolites  in  serum  from  QFPDD-treated

mice  that  are  derived  from the  constituents  in  QFPDD were
tentatively  characterized.  To  discriminate  the  endogenous
metabolites from QFPDD-related  metabolites,  the  TIC chro-
matograms  of  QFPDD-treated  mice  serum  were  compared
with that of the blank serum. After then, the endogenous sub-
stances  could  be  excluded,  while  the  exogenous  compounds
could be  identified  by  comprehensive  analysis.  By  contrast-
ing  these  compounds  with  already  known  compounds in
vitro, searching for the same compounds and validating them
via comparison  of  the  retention  time  and  the  product  ions.
TraceFinder  software  incorporated  in  UHPLC-Q-Exactive-
Orbitrap HRMS could process the data acquired, provide key
information about group changes from prototypes to metabol-
ites by  means  of  exact  molecular  weight,  and  provide  ele-
mentary compositions  thereof.  These  analyses  were  benefi-
cial to determine the prototypes and the metabolites in biolo-
gical samples,  and  to  conjecture  potential  metabolic  path-
ways. Furthermore, in this study, parts of in vivo metabolites
of the major constituents in QFPDD were identified via com-
parison with the retention times and MS/MS spectra of the in
vitro metabolites generated in MLMs.

Taking  metabolites M27, M30 and M65 as the  ex-
amples, these three compounds gave similar quasi-molecular
ion [M − H]− at m/z 431.0983, as well as characteristic frag-
ment ions at m/z 255.0665 [−176 Da, M − H − C6H8O6]

−, m/z
135.0090 [M − H − C6H8O6 − C8H8O]−, m/z 119.0501 [M −
H − C6H8O6 − C7H4O3]

− in the MS2 spectrum. The fragment
ions  of  these  three  metabolites  were  identical  with  that  of
compound 205 (liquiritigenin), a major constituent identified
from the extract of QFPDD. In vitro metabolism of liquiriti-
genin  in  MLMs  incubated  with  both  NADPH  and  UDPGA,
three mono-O-glucuronides could be easily detected. The re-
tention times, product ions were consistent with the metabol-
ites M27,  M30 and M65. In  these  cases,  these  three  com-
pounds were  identified  as  liquiritigenin-O-glucuronide. Sim-
ilarly, the in vivo metabolites M34 and M70 are identified as
typical sulfates, both compounds displayed similar quasi-mo-
lecular ion [M − H]− at m/z 335.0231, as well as characterist-
ic  fragment  ions  at m/z 255.0665  [−80  Da,  M −  H −  SO3]

−,
m/z 135.0090 [M − H − SO3 − C8H8O]−, m/z 119.0501 [M −

H − SO3 − C7H4O3]
− in the MS2 spectrum, the fragment ions

were identical with that of the authentic standard liquiritigen-
in. In  vitro metabolism demonstrated  that  following  incuba-
tion  of  liquiritigenin  in  MLMs  in  the  presence  of  both
NADPH and PAPS, two mono-O-sulfates could be easily de-
tected.  The  retention  times,  product  ions  were  well-matched
with  the  metabolites M34 and M70.  Thus,  these  two  peaks
were identified as liquiritigenin-O-sulfate.

The  metabolite M21 and M25 were  produced  from  an
organic acid. They gave similar quasi-molecular ion [M − H]−

at m/z 367.1034, as well as characteristic fragment ions at m/z
353.0883 [−15 Da, M − H − CH3]

−, m/z 191.0549 [M − H −
CH3 − C9H6O3]

−, m/z 179.0337 [M − H − CH3 − C7H10O5]
−,

m/z 173.0442 [M − H − C9H6O3 − H2O]−, m/z 161.0228 [M −
H − CH3 − C7H10O5 − H2O]− in the MS2 spectrum, the frag-
ment  ions  were  identical  with  the  compound 59 (neochloro-
genic  acid), 80 (chlorogenic  acid), 87 (cryptochlorogenic
acid)  in  the  extract  of  QFPDD. In  vitro metabolism demon-
strated  that  following  incubation  of  chlorogenic  acid  in
MLMs in the presence of NADPH and SAM, two O-methyl-
ated metabolites  were  detected.  The retention times,  product
ions were well-matched with that of the metabolites M21 and
M25.  Thus,  these  two  metabolites  were  identified  as O-
methylated  chlorogenic  acid.  Previous  study  have  reported
that  two O-methylated  metabolites  of  chlorogenic  acid  were
found in  urine  samples  after  intramuscular  administration  of
chlorogenic acid injection to healthy adults,  and the pure O-
methylated metabolites were synthesized by chlorogenic acid
and followed by isolation,  purification and identification [27].
According  to  the  chromatographic  behavior  of  them, M21
was tentatively identified as 3′- methyl-chlorogenic acid, and
M25 was  tentatively  identified  as  4′-  methyl-chlorogenic
acid.

Following carefully  metabolite  identification  as  men-
tioned above, a total of 91 metabolites were tentatively identi-
fied (Supplementary Table S3).  A variety of metabolic reac-
tions,  such  as  hydroxylation, O-methylation, O-glucuronida-
tion, O-sulfation, demethylation,  were  involved  in  the  meta-
bolism of the major constituents in QFPDD. Among them, 20
metabolites  are  fully  confirmed  by  the in  vitro metabolites
generated in MLM. 

Characterization of the absorbed prototypes and metabolites
in mice tissues

With the help of the information about the absorbed pro-
totypes and  metabolites  in  mice  serum,  the  absorbed  proto-
types and metabolites in various tissues from QFPDD-treated
mice  were  explored.  Subsequently,  total  of  165,  177,  112,
120, 44 and 53 prototypes and metabolites were identified in
the  lung,  liver,  heart,  kidney,  brain,  and  spleen  of  QFPDD-
treated mice, respectively. The peak areas of absorbed proto-
types  and  metabolites  were  summarized  in  Supplementary
Table S2 and Supplementary Table S3, while Fig.  6 showed
the heat map of the peak areas of both the absorbed compon-
ents  and  the  metabolites  occurring  in  serum  or  six  different
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tissues of QFPDD-treated mice.
On the basis of the peak area, the top ten components in

the  mice  serum  were  ranked  as  follows,  stachydrine  (p3),
salicylic  acid  (p32),  ephedrine  (p7),  caffeic  acid-sulfate
(M4),  baicalin  (p66),  baicalein  6-O-β-D-glucuronide  (p82),
wogonoside  (p80),  methylephedrine  (p10),  baicalein-
glucuronide methylation (M78), quinic acid (p2).

The top ten components in the lung tissue were ranked as
follows: ephedrine (p7), naringin (p53), neohesperidin (p59),
baicalin  (p66),  wogonoside  (p80),  stachydrine  (p3),  quinic
acid  (p2),  methylephedrine  (p10),  oroxylin  A  7-O-
glucuronide (p75), pseudoephedrine (p9).

The top ten components in the liver tissue were ranked as
follows: ephedrine (p7), naringin (p53), neohesperidin (p59),
baicalein-glucuronide methylation (M78), irisflorentin (p87),
stachydrine (p3), wogonoside (p80), wogonin (p88), baicalin
(p66), methylephedrine (p10).

The  top  ten  components  in  the  heart  tissue  were  ranked
as follows:  ephedrine (p7),  naringin (p53),  stachydrine (p3),
methylephedrine (p10), neohesperidin (p59), alisol O (p102),
wogonoside  (p80),  pseudoephedrine  (p9),  baicalein-meth-
oxylation (M79), alisol A (p103).

The top ten components in the kidney tissue were ranked
as  follows:  ephedrine  (p7),  naringin  (p53),  neohesperidin
(p59),  baicalin  (p66),  wogonoside  (p80),  stachydrine  (p3),
methylephedrine  (p10),  quinic  acid  (p2),  oroxylin  A  7-O-

glucuronide (p75), pseudoephedrine (p9).
The top ten components  in  the  brain  tissue were ranked

as  follows:  ephedrine  (p7),  pseudoephedrine  (p9), methyl-
ephedrine  (p10),  stachydrine  (p3),  mandelonitrile  (M1),
phenylpropanolamine  (p4),  salicylic  acid  (p32),  alisol  O
(p102), D-demethyl pseudoephedrine (p5), oroxylin A (p93).

The top ten components in the spleen tissue were ranked
as  follows:  ephedrine  (p7),  stachydrine  (p3), methyl-
ephedrine  (p10),  pseudoephedrine  (p9),  oroxylin  A  (p93),
baicalein  -methoxylation  (M89),  pinellic  acid  isomer  (p96),
alisol O (p102), wogonin (p88).

From  the  above  results,  it  was  obvious  that  ephedrine
(p7)  and  methylephedrine  (p10)  from Herba  Ephedrae,  and
stachydrine (p3) from Fructus Aurantii Immaturus displayed
relatively  high  exposure  levels  in  mice  serum  and  all  tested
tissues.  Additionally,  baicalin  (p66),  oroxylin  A  7-O-
glucuronide  (p75),  wogonoside  (p80),  wogonin  (p88)  and
oroxylin  A  (p93)  from  Radix  Scutellariae,  alisol  O  (p102)
and alisol A (p103) from Rhizoma Alismatis also showed rel-
atively high exposure levels in most of mice tissues. 

Discussion

To  fight  against  COVID-19,  some  Chinese  medicines
were  recommended  by  National  Health  Commission  of  the
People’s Republic of China or the local government in China,
for alleviating the major symptoms of COVID-19 or prevent-
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Fig. 6    The heat map of the peak areas of absorbed components and metabolites in mice serum and tissues after oral administra-
tion Qing-Fei-Pai-Du decoction
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ing  disease  deterioration [10].  As  the  first  Chinese  medicine
compound formula recommended for combating COVID-19,
QFPDD  is  made  by  20  herbs  and  a  mineral  drug,  which  is
composed  by  hundreds  of  ingredients.  In  most  cases,  for
treating COVID-19,  the absorbed constituents  (including the
prototypes and the metabolites) into blood circulation can be
delivered to the target  organ (such as the lung) and then ex-
erts various pharmacological effects, such as anti-inflammat-
ory and anticoagulant effects [28, 29]. Therefore, it is necessary
to investigate the absorbed constituents of QFPDD following
oral administration  of  this  super  Chinese  medicine  com-
pound formula,  which  will  be  very  helpful  for  better  under-
standing  the  key  material  basis  of  QFPDD,  as  well  as  for
guiding  the  quality  control  and  clinical  applications  of  this
formula.

In this study, an UHPLC-Q-Orbitrap HRMS based meth-
od  was  established  for  profiling  the  constituents  in  QFPDD
and  the  absorbed  constituents  in  QFPDD-treated  mice.  The
research  strategy  and  the  key  findings  for  clarifying  the
chemical composition  and  absorption  components  of  QFP-
DD have been summarized in Fig. 7. The chemical constitu-
ents  in  QFPDD  were  tentatively  identified via comparison
with exact molecular weight, the retention times and MS/MS
spectra  of  the  standards  or  refereed  by  TCM  databases  and
literature. The  absorbed  components  (including  the  proto-
types and  the  metabolites)  occurring  in  mice  serum  and  tis-
sues  were  identified via profiling  the  serum  and  tissue

samples  from QFPDD-treated  mice.  The  absorbed  prototype
components  were  tentatively  identified via comparison  with
the  retention  times  and  MS/MS  spectra  of  components  in
QFPDD.  The in  vivo metabolites  were  tentatively  identified
via comparison with fragment ions of the parent compounds
or refereed by literature, while parts of in vivo metabolites of
the  major  constituents  were  identified via comparison  with
the retention times and MS/MS spectra of  the in  vitro meta-
bolites  of  each  constituent  generated  in  MLMs.  Finally,  a
total of  405  chemicals  (including  alkaloids,  flavonoids,  or-
ganic acids, triterpene saponins and other compounds) in the
extract of QFPDD were identified, while 195, 165, 177, 112,
120,  44,  53  constituents  were  identified  in  the  serum,  lung,
liver,  heart,  kidney,  brain,  and  spleen  of  QFPDD-treated
mice,  respectively.  All  these  findings  might  be  very  helpful
for deep  understanding  the  fates  of  the  constituents  in  QFP-
DD, as well as offered key information of the tissue distribu-
tion  of  the  absorbed  components  of  this  anti-COVID-19
Chinese medicine.

It  is  well  known that  it  is  always  a  challenging  task  for
identification  of  the  prototypes  and  the  metabolites  of  TCM
prescription. For example, oroxylin A 7-O-glucuronide (p75)
is a trace amount prototype constituent occurring in QFPDD,
but  this  agent  is  a  highly  exposed  component  in  the  serum
and various tissues of QFPDD-treated mice. The reasons may
include  i)  produced  by  the O-glucuronidation  of  oroxylin  A
(p103) in vivo; ii) produced by baicalein (p66) through 6-O-
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methylation and O-glucuronidation. It is also suggested that it
is very difficult to differentiate some components detected in
QFPDD-treated  mice  as  the  prototypes  or  the  metabolites,
owing to that some in vivo components are derived from both
the prototypes  and  the  metabolites  of  the  homologous  com-
pounds  occurring  in  this  TCM  prescription.  Meanwhile,  the
exposure of  some  prototype  constituents  in  blood  are  ex-
tremely low and thus are difficult to be detected, since these
natural constituents could be readily transformed into the cor-
responding metabolites (glucuronides or sulfates) in vivo. For
instances,  trihydroxy-methoxyflavone-O-glucuronides  (M35
and M60) and daidzein-sulfates (M33 and M41) can be eas-
ily  detected  in  mice  serum,  but  the  related  prototypes  are
hardly  detected  in  mice  serum.  In  addition,  many  nature
products  have  isomers  that  cannot  be  distinguished  by  MS
spectral  analysis  alone,  thus it  is  hard to correlate the parent
compounds with the metabolites, such as vanillic acid and its
isomer.

Modern pharmacological studies have found that some of
absorbed  components  of  QFPDD  displayed  a  wide  range  of
benificical effects or biological activities. Some pharmacolo-
gical  activities  of  them  are  considered  to  be  beneficial  for
COVID-19 patients.  For  example,  ephedrine,  pseudoep-
hedrine  and  amygdalin  displayed  significant  anti-cough  and
anti-asthmatic  effects [30],  as  well  as  anti-inflammatory [31, 32]

and immunomodulatory effects [33, 34], which are considered as
the major active components of TCM prescriptions for treat-
ing respiratory diseases. Zhang et al. [35] report that amygdal-
in can  induce  LPS  by  inhibiting  NF-κB  and  NLRP3  signal-
ing pathways, while baicalin has antiviral, anti-inflammatory,
antioxidant, and immunomodulatory pharmacological activit-
ies [36]. A recent study has reported that baicalin can signific-
antly  inhibit  the  catalytic  activity  of  SARS-CoV-2  3CL pro

and  then  exert  antiviral  activity [37].  The  virtual  screening  of
active  ingredients  of  SARS-CoV-2  virus  also  suggests  that
hesperidin  and  baicalin  have  potential  inhibitory  effects [38].
The  glycyrrhizin  and  glycyrrhizic  acid  in  licorice  have  been
found  with  extensive  anti-inflammatory [39] and  anti-damage
effects [40]. Some  previous  studies  have  shown  that  gly-
cyrrhizin can serve as an alternative agent for treating COV-
ID-19 infection and its associated respiratory syndrome [41-43].
The  extract  of  Rhizoma  Alismatis  processed  exerts  anti-in-
flammatory  activity via inhibiting  cytochrome  P450  enzy-
mes [44],  the  key  enzymes  responsible  for  the  metabolism  of
arachidonic acid,  thereby reducing the production of  inflam-
matory factors [45-47].

Furthermore,  some in  vivo metabolites  of  QFPDD  are
more  likely  to  be  the  active  ingredients.  Previous  studies
clearly  demonstrated  that  a  panel  of O-glucuronides  of
flavonoids  displayed  good  anticoagulant  activities,  and  their
anticoagulant  activities  are  better  than  that  of  the  proto-
types [48]. Recent studies have shown that the blood of COV-
ID-19  patients  was  in  a  hypercoagulable  state,  thus  the O-
glucuronides  of  flavonoids  were  more  likely  to  promote
blood circulation through anticoagulation and then relieve the

symptoms of patients [49-51].  This study was not only found a
considerable number of prototypes and metabolites in serum,
but  also  found  a  large  number  of  chemical  components  in
lung, liver and other tissues. Among them, the active ingredi-
ents  derived  from Herba  Ephedrae (ephedrine, pseudoep-
hedrine,  methylephedrine,  phenylpropanolamine  etc.),
Fructus Aurantii Immaturus (stachydrine, naringin, hesperid-
in, neohesperidin, quinic acid etc.), Radix Scutellariae (baic-
alin,  oroxylin  A  7-O-glucuronide,  wogonoside,  wogonin,
oroxylin  A  etc.)  and Rhizoma  Alismatis (alisol  O,  alisol  A
etc.)  displayed  relatively  high  exposure  levels  in  most  of
tested  organs.  However,  the  kinds  and  exposure  levels  of
each component in various tissues are much different. These
findings  suggest  that  these in  vivo metabolites  of  QFPDD
may play potential role in the treatment of COVID-19 via tar-
geting  multiple  targets  or  pathways.  In  future,  the  bioactive
ingredients and mechanisms of action can be explored. 

Conclusion

In  summary,  a  practical  and sensitive  UHPLC-Q-Exact-
ive-Orbitrap  HRMS  approach  was  developed  for  chemical
profiling of  the  constituents  in  QFPDD,  as  well  as  the  ab-
sorbed prototypes and the metabolites in mice serum and tis-
sues following oral administration of QFPDD. With the help
of the authentic standards and in vitro metabolites generated
by  MLM,  a  total  of  405  constituents  (including  40  kinds  of
alkaloids, 162 kinds of flavonoids, 44 kinds of organic acids,
71 kinds  of  triterpene  saponins  and  88  kinds  of  other  com-
pounds)  were  identified  from  the  water  extract  of  QFPDD,
while  195  components  (including  104  prototypes  and  91
metabolites) were  identified  from  mice  serum  after  oral  ad-
ministration  of  QFPDD to  mice.  Meanwhile,  165,  177,  112,
120, 44, 53 components were identified from the lung, liver,
heart, kidney,  brain,  and spleen of  QFPDD-treated  mice,  re-
spectively. Additionally, the metabolic pathways of some ma-
jor absorbed components occurring in the serum of QFPDD-
treated mice were also described. All these findings provided
key  information  and  guidance  for  further  investigations  on
the  pharmacologically  active  substances  and  quality  control
of QFPDD. 
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