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Abstract: Objective Qingfei Paidu Decoction is recommended as therapies of corona virus disease 2019 (COVID-19) by National
Health Commission of the People’s Republic of China and National Administration of Traditional Chinese Medicine . The purpose of
this study is to investigate the main chemical constituents in Qingfei Paidu Decoction and the tissues distribution of major absorpted
ingredients in mice, as well as to provide some guidance for study of its pharmacodynamic substance. Methods In this study,
UHPLC-Q-Orbitrap HRMS was used to analyze the main chemical constituents in Qingfei Paidu Decoction. An Acquity UPLC®
BEH C,g chromatographic column (100 mm x 2.1 mm, 1.7 pm) was used as solid phase, while the mobile phase was methanol and
0.1% formic acid water. The major constituents in this Chinese medicine compound were quickly and accurately identified, via
comparison with the MS and MS/MS spectra of the standards. After then, the constituents absorpted into mice blood and tissues after
oral administration of Qingfei Paidu Decoction were studied. Meanwhile, an LC-MS based analytical method was established for
simultaneous determination of ephedrine, pseudoephedrine, amygdalin, prunasin, liquiritin, hyperoside, hesperidin, baicalin, and
risflorentin in biological samples. The tissue distribution of the nine target constituents in mice after oral administration of Qingfei
Paidu Decoction were then investigated. Results A total of 39 chemicals were identified from Qingfei Paidu Decoction. After oral
administered Qingfei Paidu Decoction in mice, 12, 9, 9, 8, 10, and 10 constituents were identified in serum, heart, liver, spleen, lung,
and kidney, respectively. It was also found that these nine constituents could be quickly absorbed into circulation system and then
distributed to various tissues. Except baicalin, the exposure of other eight target constituents were peaked in serum and tissues at 0.5
h. The exposure of baicalin was peaked at 2 h or 4 h. At 0.5 h, the exposure of target components to lung tissue were ranked as
follows: ephedrine (2 759.11 + 784.39 ng/g) > prunasin (1 819.70 £ 427.28 ng/g) > pseudoephedrine (880.60 + 287.97 ng/g) >
amygdalin (304.43 + 234.70 ng/g) > hesperidin (78.33 + 38.38 ng/g) > risflorentin (8.62 + 4.66 ng/g) > baicalin (8.53 + 1.91 ng/g) >
hyperoside (7.72 + 1.63 ng/g) > liquiritin (7.68 + 5.19 ng/g). At 2 h, ephedrine (776.61 + 148.40 ng/g) > prunasin (325.20 + 104.17
ng/g) > pseudoephedrine (212.21 + 44.63 ng/g) > baicalin (71.72 + 23.96 ng/g) > amygdalin (46.39 + 36.45 ng/g) > hesperidin (13.39 +
10.99 ng/g) > hyperoside (3.11 £ 0.75 ng/g) > liquiritin (2.86 = 0.46 ng/g). At 4 h, ephedrine (327.61 £+ 212.59 ng/g) > prunasin
(173.77 + 58.21 ng/g) > pseudoephedrine (84.68 + 59.04 ng/g) > baicalin (49.33 £+ 17.06 ng/g) > amygdalin (1.26 £ 0.26 ng/g).
Conclusion A UHPLC-Q-Orbitrap HRMS based method has been established for rapid and accurate identification of the
constituents in Qingfei Paidu Decoction, while tissue distribution of the major absorpted constituents were investigated in mice
following oral administration of Qingfei Paidu Decoction. These findings provided key information and guidance for further studies
on pharmacodynamic substances and clinical applications of Qingfei Paidu Decoction.

Key words: UHPLC-Q-Orbitrap HRMS; Qingfei Paidu Decoction; tissue distribution; ephedrine; prunasin; pseudoephedrine;
amygdalin
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Fig. 1 TICs of extract of Qingfei Paidu Decoction Fig. 2 TICs of mixed reference substances solution
1
Table 1 Ingredient identification of Qingfei Paidu Decoction

miz Wi
min

T a0

1 CHsNO, P 16810191 16810194 120 0.207 168.10 [M+H]", 150.09 [MtH HQJ%, 13507 [MtH HO CHf, - - - - - -

1905 [MtH HO CHNJ' 9LO5[MtH HO CHN COJ*

2 CaHs04 N 11701824 11701778 178 -3890 117.02[M H],9901[M H HO,7303M H COJ - - - - - -

3 CrHs05 N 16901315 169.01299 216 -0.945 169.01[M H],125.02[M H COg,97.03[M H CO, CO7 MH - - - - - -

4 CiHisOs N 35308671 35308759 751 2497 35309 [M H], 19106 [M H CeHeOs, 179.03[M H CiHioOs], MH. - - - - - -
16102[M H CiHuOgJ, 135.04[M H CiHuOs COf

5 CuHisNO P 16612264 16612262 805 -0.124 166.12 [M+H]", 14811 [M+H H.Q]", 133.00 [MtH H.0 CHiJ', b bt
U707 [M+H H0 CHsNJ*,9L.05[M+H H0 CHsN CoHyft

6 CuHisNO P 16612264 16612268 891 0237 166.12 [M+H]", 14811 [M+H H.Q]", 133.09 [MtH H.0 CHiJ', b bt
U707 [M+H H0 CHsNJ*,9L05[M+H H0 CHsN CoHyft

7 CHs04 N 17903389 17903381 1234 -0420 17903 [M H], 13504 [M H COj, 117.03[M H CO; HO], MH. - - - - - -
10705[M H CO2 COJ,89.04[M H CO. CO H.J

8 CiHisOs N 35308671 35308743 1277  2.043 35309 [M H], 19106 [M H CeHeOs], 179.03[M H CiHiQs], MH. - - - - - -
16102[M H CiHuOg], 135.04[M H CiHuOs COf

9 CiHisOs N 35308671 35308762 1394 2581 35309 [M H], 19106 [M H CeHeOs], 179.03[M H CiHioQs], MH. - - - - - -
16102[M H CiHuOgJ, 135.04[M H CiHuOs COf

10 CoHzNOu  N(Il) 502.15552 502.15631 14.11 1581 502.16 [M+HCOOH H], 323.10 [M+HCOOH H CsHuOs]", 263.08 A
[MYHCOOH H CgHuOs CoHiOz], 22107 [M+HCOOH H
CoHuOs  CrHNJ, 179.06 [M H  CisHisQr], 16104 [M H
CisH07 H0], 119.03 [M H CusHisOr H:0 CoH:0], 101.02
M H CisHisOr HO CH:0 H0]

il CuHoNOs  N(Il) 34010269 34010358 14.42 2608 340.10 [M+HCOOH HJ, 161.04 [M H CeHOs], 10102 [M H oo+t + 4+

CHy0s CoH:O], 89.02 [M H CoHoO3 CeHiQyf, 7LOL M H
CoHeO3  CsHi02  H.0]
12 CisHuO, N 51511840 51511914 1546 1432 51512 [M H]7 35309 [M H CeHeOs], 19106 [M H CeHsOs M.H. - - - - - -
CoHeO3], 17903 (M H CoHiOs CoHiOd], 16102 [M H
CoHs03  CiH130s]”

13 CoMuO: N 10304954 19304950 1756 0284 19305[M HJ, 17803[M H CHil,14906[M H COJ, 13404 MH. - - - - - -
M H CO, CHJ
1 CaHzOs N 4171800 4171877 1876 1825 41712 M HJ, 25507 M H CHuQsl, 15302 M H CibuOs R

CoHg]", 135.01[M H CsHuOs CsHs H.0]
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23

24

25

2%

2

28

29 6
0

a

R

B CosHauOr2

A CosHa012

CatHaoO12

CarHs0016

CueH1203

CorHa20w4

CogH34015

C CosHaOr2

CoHgO

CatHi0n

CisH1007

CisH00s

CsH1006

CaoH1g0g

C7H204
CyH1504

CaoH1g05

C2He2015

515.11840

515.11840

463.087 10

609.145 01

229.085 92

579.170 83

609.18140

515.118 40

133.064 79

447092 19

301.034 28

285039 36

285.039 36

387.107 44

31711233
28511214

377.099 56

821.395 41

515.118 84

515.118 90

463.087 95

609.146 00

229.08592

579.17151

609.181 82

51511817

133.064 87

44709183

301.03510

285.040 28

285.040 22

387.10712

317.172 06
285.11212

377.099 37

821,396 42

1989 0.849 51512 [M HJ, 35309 [M H CoHeOs]", 19106 [M H CsHeOs

19.95

20.19

2021

2041

20.44

2135

2153

21.90

23.02

23.60

24.34

5.3

21.92

28.86
2.9

3112

31.9%

0.966

1830

1623

-0.003

1171

0.695

0713

0.59

-0.800

2721

3212

3.001

-0.837

-0.853
-0.054

-0.502

1221

CoHsO3", 179.03 [M H CoHiOs coH704]7, 161.02 [M H
CoHs03  CiHz0s]"

51502 [M HJ, 35309 M H CoHiOd]", 19106 [M H CoHiO
CoHeOs], 17903 (M H  CoHiOs  CoHiOd], 16102 [M H
CoHe0s  CiH130s]

46309 M HJ, 30003 M H CeHuOs], 27002 M H CeHuOs
CHO], 24303 [M H CeHiOs CH,0 COJ, 15100 [M H
CsHiOs CH:0  CiHiO]"

6095 M HI, 30008 [M H CHiO: CHoOJ, 27.02 M H
CHuOs CeHwOs CHOJ, 15100 (M H CeHuOs  CeHuoOs
CsHs03]~

2900 [M+H]", 21108 [M+H HOJ", 19306 [M+H HO HOJ", M.H.

18308 [MsH HO COJ', 16507 [W+H HO HO COJ', 13504
[MHH  CoHiOT', 11905 [M#H CHeO  OfF, 10705 [M+H
CrHs0]", 9105 [M+H CiHs0; O]

5719.07[M HJ459.12[M H CeHeOJ ,270L06[M H CioHaOol,
1930L[M H CiHnOs CiHg], 15L00[M H CiHaOs CeHeOJ
609.18 M HJ, 30107 [M H CpHnOs], 28605 M H CioHuOy
CHsJ", 257.08 [M H CioHaoOy CO2", 242.06 [M H  CizHzoOs
CHs COf

51512 [M HJ, 35309 [M H CoHsOs]", 19106 [M H CoHe0s
CoHeO3], 17903 M H CoHiOs CoHiOd], 16102 [M H
CoH03  CrHi30s]

13306 [M+HJ, 11505 [M+H  HOJ', 10507 [M+H  COF', 86.0
[M4H HO CoHs)*

27006 [M+H  CGHAOdJ", 24306 [M#H CHis COJ, 225.05
[MtH CeHsOs CO H0], 153.01 [M+H CeHsOs CsHsOT",
119.05 [M+H CeHsOs  CrHiO]*

30104 [M HJ7, 179.00 [M H CiHsO]", 15100 [M H CsHs03",
121.03[M H CgHiOs], 207.0L[M H CsHsOs COoJ

28504 [MHJ", 24105 [M H COf, 15100 [M H CeHsQs",
133.03[M H CiHiOq], 107.00[M H CsHsO2 COo

28504 M H], 15200 [M H CgHeO2], 13303 [M H C7HiOd",
107.00[M H CeHsO2 €Oz, 93.03[M H CoHsOs]

387.10 [M+H]", 372.08 [M+H CHs*, 357.06 [MtH CHs; CHi[",
34107 [M+H CHs CHs0]*,326.08[M+H CHs CH.O]'

31717 [M+N", 217,08 [M#Na. CiHO]f

28511 [M+H]', 27009 [M+H CHiJ", 25409 [M+H CHAOJ', 253,09
[M+H CHs OHJ,225.09[M+H CH:0 CHOJ*

37710 [MHNAJ", 33710 [M+H  HOJ', 319.00 [M+H HO HOJ',
20909 [MtH H0 H.0 CHOJ", 26109 [M+H CHi0z
CH;0J", 215.07 [M+H CiHs0: H:0]*

82140 [M HI, 80338 [M H HOJ, 75940 M H H0 COqf,
645.37[M H CeHeOg]", 469.33[M H CsHeOs CsHsOs] , 351.06
[M H CaHi0d], 193.03 [M H CsoHsOs CeHeOs] , 175.02
[M H CaHiOs CHgOe]

M. H.

M. H.

M. H.

M. H.
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G5 wAw o ATl B EEE S ty/min X109 WA g Lo ERE

33 $EB CoHy0,  P() 34520363 34520343 3241 —-0.581 345.20 [M+Na]',217.08 [MNa—CgH;c0]° B - - - - - -

% ARNEL CH0, P 23LI13796 23113794 3316 0071 23114 [M+H], 213,13 [M+H-H,0]", 203.11 [M+H-CH,J", 185.13 AR - - - - - -
[M+H—CH,0,]", 157.10 [M+H—CH,0,— C,H,J", 143.09 [M+H—
CH,0,~C,H,—CH,]"

35 SEMEFFA CoHgO;  N(I) 82546310 82546436 33.63 1529 82546 [M+HCOOH—H], 779.46 [M—H], 61741 M—H—CH, 05, %8 - - - - - -
41736 [M—H—CgH05— CgHo04]

36 HAE CuHuWO;  P(I) 41322085 41322968 3673 0400 41323 [MNa]', 37122 [M+Na—G,H, 0T, 353.21 [M+Na—CHO", #&FE - - - - - -
299.16 [M+Na—CgH,40,]", 239.14 [M+Na—CeH,40,~ C,H,0,]"

3 10-E®  GHR0,  P(I) 37323493 37323483 3748 0270 373.23 [M+Na]', 217.08 [M+Na—CyoHy0]"

38 B-ZBE CuHy0s  P(I) 53735505 53735492 3937 —0.034 53735 [M+Na]",477.33 [M+Na—CH;COOH]" BE o+ - - - - -

M B

39 HEB  CyHgOs P 52938875 52038855 39.89 0380 49336 [M+H—H,0 —H,0], 45136 [M+H —CH,COOH-H, 0", #% - - - - - -
4335 [M+H — CH,CO0H — H,0 — H,0]", 35526 [M+H —
CH;COOH — H,0 — C;H ], 295.24 [M+H— CH,COOH — H,0—
C7H|2_C2H4Oz]+

N-# 8 [M—H]: N ()-8 78 [M+HCOOH—H]; P-IES T [M+H]: P (ID-IEE P [M+Na]'s “+7 - #i% 40

A =7 R ENZ RS ML H. RoR 2R

N-negetive mode [M—H]; N (I)-negetive mode [M+HCOOH—H]"; P-positive mode [M+H]" ; P (II)-positive mode [M+Na]*; “+”-the chemical

it

component is detected, “—”-the chemical component is not detected; M. H. means multiple herbs

LT, DIBTHZUNG), i@l R 3, 4 AR 10.40 min #5251 M), LI B 1T,
AT & WIREYI A T se (At B aERE BRI 9 M HERS 7R N2t
HAEELSHIEIEIE 940 min A 1 M0, H  JERENEMECRREE, #HRXEE () BWKT 099,

A 1.2 B Mz C M
2

| 6 ‘ 6 le
i ! “ \I\
| 7 I i
8 h 8 } 8
h )
[ 9 “ 9 )
I \ | I
- — N — — - T A — e e -
0 5 10 15 0 5 10 15 0 5 10 15
t/min t/min t/min

A-EARFASRES B-EAMASUNEE  C-0.5 h PSR  1-RRETH 2-PhRRERER 3 ACH  4-BFRME S-HER o4y 7-
MRH 8-EHH 9-RIFFREK
A-blank liver sample B-blank liver plus mixed references solution ~C-liver sample under 0.5h 1-ephedrine 2-pseudoephedrine 3-amygdalin  4-

prunasin  5-liquiritin  6-hyperoside 7-hesperidin  8-baicalin  9-risflorentin

3 H# UHPLC-Q-Orbitrap HRMS
Fig.3 Typical UHPLC-Q-Orbitrap HRMS chromatograms
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FRATRREE PARREE AR A B AR
HHEL., &208F. BEHE. A5 HIRET SRR
KM TS5 3.28. 3.28. 3.28. 3.28. 3.28.
3.28. 3.28. 3.28 1 3.28 ng/mL, & TR HIH
0.52. 0.52. 1.31. 1.31. 1.31. 1.31. 1.31. 131
0.52 ng/mL. /%43 1 H A1 H (AR5 %5 2 RSD 357)
T 15%, HERIFETEEN 90%~110%, $Rni% )7kt
WRE . FES S RiF. AR RERIRR BiF, A
FEAE R R AL, A6 AR VIFE S BT 25K .
FFALZURE S AE E shilt e (10 'C) HJE 24 h Al
UKFEH S VR 3 RS, FERR T 9 ARSI AR
i 22391 15% AP, R BRI o 75 T 2 i
SEME R
34 AREESNRIERSHLTHER
IR “2.57 TR ACES LU, T/ “2.27 T
AR 2 BT E R A A R R RGO
MR OBPAE. BRAE. MAE. B AE 9 RhES> MK,
B L35 AR S B R 1 (ng) Fow, H
2 ZALARE 58 A Rl B & (ng) RoR. AL,
BB “22” TR MT &t 2 MR T /N ig Hi i
HedR A PR IR P BRSO ORI . A, B

Y. HEAR. S2ME. B, FEEH. K
TS REERNRERE SN 131.310. 37.770.
57.750. 0.006. 19.630. 7.030. 40.450. 180.040 Al
26.530 pg/mL.

3.4.1  JEITHERE R SRR R SRR 2L 2R 40 AT
T 2332 T R B R O JBR 8t ) 4 23 907 45 5 DL
Bl 4. BRECHIFD O BR SECRRCAS [RI B (8] R 7RGy FES R
iy EHIA A, BARRS &S T i, KA
TERES M Bl BRSNS EH R RRE
Ay FREBLE (ng/g) 7E 0.5 h BBINEF>"E >
Jili > >0 > 1f3E; 7E 2 h B BRI 28 I >
> > fii >0 > I3, ORI 2O > >
J > il >0 > I 76 4 h B BRI &8 I >
B>l > >0 > Mg, Dy R A > 5 >
JI > fiti > 00> I35

3.4.2 JEHERR AR AR (25
i TEIGHERZ b A A B AR 4L 200 A
SER L 5. A AT ANER AR AN R 1) R AE A
v BB i B R SSE A EREE S A, H iR
SIARELZ AE 0.5 h B A F sl > > >
JHF > i >0, B BT RO > i > il >

2000+ sl
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= g
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Fig. 4 Distribution of ephedrine and pseudoephedrine in different tissues under different time (X £s, n = 6)
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Fig. 5 Distribution of amygdalin and prunasin in different tissues under different time (X *s, n = 6)



22

Chinese Traditional and Herbal Drugs 3 51 % %5 8 ] 20204 4 A

* 2043 -

> B>t £ 2 h A S R > >
JIF > I > A, B AR IR R B> I > >
JF>>00 s AE 4 h I A AR > >
J> JE > I >0, B SRR RO R > s >
fifi > IR > B> v o

3.4.3 HfmHERRS B H SR e LB AL A
T i HFRE I b B A e 22 Bk B AL R 0 A 45 R
K 6. HEF ML A RN ] S L FF B

307 Eacs

[Josn
2o, 2n
22 2
L/
PSSy EA4n
s
22107
=S
bl
O_

i L JiF i Jii B

E 6

fifi B A AN FIREEE o3 AT, FLrpeH B A A
W AR, 22 B AE B R AT o £ 0.5
h N HFEF R > I0> 5> > g >0, &
LR RN IS > B > I > >0 #£ 2 h I
RN > B> > 0> 005, LTS
ONILE > > il > 0 £E 4 h RAAEIF AL A
I3 B, AR BRI T A B < 22

3.4.4 IGIHEERZ RS B E R B B I H LA A

0 s [Josn
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Fig. 6 Distribution of liquiritin and hyperoside in different tissues under different time (X *s, n = 6)
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Fig. 7 Distribution of hesperidin and baicalin in different tissues under different time (X xs, n = 6)
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Fig. 8 Distribution of risflorentin in different tissues under
different time (X %5, n=6)

BACI, ZEE T, FiRE RS K, T
BUBMAOHZ. BRE¥ER, TEMRCR, T
R AR B v HORTE, TRtk A B,
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ABEAAT, KA, DABCEIUESE . g2, K%,
EIESE B IEAER A Wk & BB TERZ AL, Al
AN, ARTE s AR, il DL ik
KB, WML, DEERZAEE . 1EAh,
FERRA, RHRSS, TN, Ve DU TRk
BN

BRF AT TN NP LETT BAZ My %

FEA S ZITERAE RIS R KBS WA AT
AR o AT E N 2 PR I T
B AT R 2 CARIE L o, SR 2Y
B IEO R R IE MR 71677 COVID-19 #7E
WEPERLY  TETERRRR BRI, B T X
17 109T COVID-19 1EFINLEISE 7T AR, 4
W5t %] UHPLC-Q-Orbitrap HRMS FAR ELHEAE
B8 VMR 39 MLy, AR ig TE
G5 =207 I 116 AN i i N 1IN = 0 75 971
SEH 120 9. 9. 8. 10, 10 MALZEEY . AULELY
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AN BT, HEPRH AR, PR
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B S RS R RAESHAT Z 04
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Pt R R G e N, R
Z VIR R GERIN VR IT 29V £ AL 7Y s Zhang

e VRS 0 2 B 45 A 0% 308 33 300 ) g O A6 1A
F-kB (NF-xB) fl NLR Z &M 3 (NLRP3) 13
SRR (LPS) 5 i s e i3 45 2 4% A%
PEH: wEPMESTEGIURT. PR, LA
s SR PR LEN T, BT TSR H A
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(T 5 JUAR TR 1 (A HE PR, SRR3R B h Ho &5
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1 FRE AR E T 0.001% CHd B AL sz i) 4
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