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Analysis of Pharmacodynamic Material Basis of Qingyan Formula Based on
UPLC-Q-Orbitrap-MS and Molecular Docking

ZOU Zhao', LI Jiashan®, XU Ying”, YANG Yibo®, XU Panyu’, DU Hangian’,
ZHU Weifeng', LIN Na™
(1. Jiangxi University of Chinese Medicine, Nanchang 330004, China;
2. Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China)

[Abstract]  Objective: To study the constituents migrating to blood of Qingyan formula by serum
pharmacochemistry, and investigate the binding energy between these constituents and estrogen receptor (ER),
so as to confirm the pharmacodynamic material basis of Qingyan formula in rats. Method: Ultra-high
performance liquid chromatography-quadrupole electrostatic field-orbital trap high resolution mass spectrometry

(UPLC-Q-Orbitrap-MS) was used to determine the constituents migrating to blood of Qingyan formula in rats by
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comparing the fingerprint differences of 70% ethanol extract of Qingyan formula, 70% ethanol extract of each
single drug in this formula, blank serum and serum after administration of 70% ethanol extract of Qingyan
formula, according to the retention time, relative molecular weight and the primary and secondary ion fragments
provided by MS. Mobile phase was 0.1% formic acid aqueous solution (A ) -acetonitrile(B) for gradient elution
(0-5 min, 2%-20%B; 5-10 min; 20%-50%B; 10-15 min, 50%-80%B; 15-25 min, 80%-95%B; 25-26 min,
95%-2%B; 26-30 min, 2%B), the flow rate was 0.3 mL-min" and the injection volume was 5 pL, electrospray
ionization was used with detection range of m/z 150-2 000, positive and negative ion scanning modes. Molecular
docking technology was used to characterize the binding energy of constituents migrating to blood with ERa and
ERpB, and to confirm the material basis of this formula. Result: After oral administration of Qingyan formula,
30 components were detected in serum, of which 9 were prototype components and 21 were metabolites. Nine
prototype components were identified as monotropein, asperuloside, verbascoside, B -ecdysone, allantoin,
deacetyl asperuloside acid, echinacoside, betaine and caffeic acid, 21 metabolites mainly included organic
acids, amino acids, cholines and so on. The binding energies of the above 9 prototype components with ER«a
were —6.7, -8.9, -6.0, 5.7, -5.3, -4.9, -7.3, -3.3, -6.3 kcal-mol” (1 kcal=4 184 J), and the binding
energies of them with ERB were 6.6, —-7.2, -7.7, 8.0, -7.4, -5.5, 6.9, -3.6, —6.4 kcal-mol", respectively.
Conclusion: These nine prototype components into blood are the active ingredients of Qingyan formula that
play estrogen-like role in the body, which can provide experimental basis for the formulation of quality standards
and subsequent research and development of Qingyan formula.

[Keywords] Qingyan formula; serum pharmacochemistry; molecular docking; prototype components;
fingerprint; estrogen receptor (ER) ; ultra-high performance liquid chromatography-quadrupole electrostatic
field-orbital trap high resolution mass spectrometry (UPLC-Q-Orbitrap-MS)
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Table 1 Analysis of prototype components into blood of Qingyan formula
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4 3.97 Tt B 15060 C,H,,0,, 413.108 9 147.0452.191.034 9 L R

5 9.79 IR b 220! C,H,,0,, 389.109 9 146.937 5.190.927 8 EEIPN

6 12.73 B-15E B 5 2122 C,H,,0, 479.071 9 319.227 8.,159.092 1 I
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Table 2 Analysis of metabolic components into blood of Qingyan formula
AW tp/min 7K s ] E AR I
10 1.39 LB CH N0, ‘EwFMRH
11 1.43 BEHIM 1% C,H,0, MR K& ARMA R
i)
12 3.30 LA R C,H,NO,  ZAEmICis
13 6.00 3-(1-hydroxyethyl)-2,3,6,7,8,8a-hexahydropyrrolo[ 1,2-a] pyrazine-1,4-dione C,H,,N,0, -
14 11.02 DL-o-F &R LB C,H,,0, N7ES
15 1129 BEE#E C,,H,,0, -
16 12.89 T &k C,H,,0, W TR HAT Y
17 1393 3-fUTHC =@ CH 0,  AHHLmRHK
18 13.99 1-(1,3-3JF AL -5-56) -2-(1-ME I e 4 ) -1- 18 C,H,NO, -
19 14.66 (9aR, 9bS)-9a-hydroxy-6 , 9-dimethyl-3-methylene-3, 3a, 4, 5, 9a, 9b-hexahydroazuleno C H, 0, -
[4,5-b]furan-2,7-dione
20 1500 KRB Cc,H,0, -
21 15.01 (3R,4S5)-4,6,8-trihydroxy-7-methoxy-3-methyl-3,4-dihydro-1H-isochromen-1-one  C, H,,0, -
22 15.85 5-(ethylsulfonyl)-2-[ (3S)-1-(tetrahydro-2H-pyran-4-yl)-3-pyrrolidinyl ]-1 , 3-benzoxazole C,H,,N,0,S -
23 1613 6-MISLHISIMETF C,H,,0,  HIFHHEREY
24 16.54 O-FEWICHikF C,H,,NO, R/ ¥y iy B FA AR £h % 5X
25 16.80 X JREEA RN IR CH,0,  THEWRNFEHELESY
26 17.92 Xf UL YRR C,,H,,0, -
27 18.62 3,5-RLCRUT AR )RR CH,,0 -
28 19.53 2-FE A DU R H i C,H,,0, LW AW
29 22.62 SBRZFWR ZFRR C,H,0,  ZKWRMERHAY

30 23.89 DL-dipalmitoylphosphatidylcholine
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FORES AWM. bR T AR T M SR AN ERB S
T3 AN T AN AL DR R I G 1 45 A BE Y <=5 keal-mol”,
Horh 5 4my B 22 A S O B-1 B S R Y 45 5 Re Dl
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Table 3 Binding energy of active ingredients of Qingyan formula

with ERa and ERB kcalmol™”

% ERa ERB
W — -9.6 -11.0
IR 22 -6.7 -6.6
KNS -8.9 -7.2
Zaith R -6.0 -7.7
R4S H -5.7 8.0
B-156 1 155 -53 -7.4
IREEZ -4.9 -5.5
2 LR BT R -7.3 -6.9
SRR -33 -3.6
O % -6.3 -6.4

4 itig

A 3C ) UPLC-Q-Orbitrap-MS 6 1) 11 I 75 £h
T 70% & BEHE B I R BRAR A I B 43, 35 2% A6 i
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Fig. 1 Molecular docking mode between constituents migrating to blood of Qingyan formula and ER

- 164 -



508 FAE 22 1) hESREHFFFERE Vol. 28,No. 22
20224E 11 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2022

L2 A 81 0 B A M M 3R A 5 g- 5 B {55 I A
A TR G My 2 — |, BB 5 42 iF ER BH P 41
Ji 38 5, SR ME R RV W B A R S ZUER
FEAR KO 1V T, 188 5 P U 1 O 38 2R A o o
MER X+ ER BH 4 MCF-7 40 i A7 36 78 1 A, B X} ERa
1 ERB ¥ 3¢ $0 H 36 43 i sh 0 . AR SCBIE SR K R
KA AT VEM R L OB R M BT R F 5 ER
254 HE<-5 keal-mol”', R H 5 ER F K W 45 &
P TR SR 00 5 ER 0 25 & M Re A 55 , {H X 28 5 4y
S BA MM R AR M ORI

A 25 30 S B 25 R R W], 8 5 70% & I B
Py vy B RS A T KR Y, B AR T 70% LT 4R
BYIRIT B 4s 2 WA 28 B AE B 23R 18 & B L A (% F)
5 201810866887.0) o A B 41 i 4] 4 1] HI ) 2% 24
PR =2 B X T R O AN [ e AT 20 A9 33 7R A 43 - B0 A5k
I, UTEh 2 R M= ES P&
(TCMSP) 1 A= Wy F ] B >30% 25 25 1:>0.18 Sy 551
X5 7 S R 2 0 4k 2 A3 R AT O B B 445 3
TANNAEE A 322 AR A AR A T
J7 09 A AL R B B 4y, 285 7 R 07 1 PR R4y - S
T g5 e L X e, % S HE AR B- 150 K 55 B 2 1 R 4
WE VB2 R DG L B G, A i €5 K P4SO(CYP) 1AL,
CYPIB1,CYPIAI £ 5 Mi i & C-4.C-6a. C-15a,
C-Ta W FEALACHE , &8 T ME 3% QA OGB4
TR SR R0 o R B-t R 55 TR R A MV R T
PR B0 UE T #8407 R O 1 A A A3 - B AT i) 5
CYPIBI /& Z 5B R C-4 4 A6 S iy A3 g, B
178 — B AR 1Y OC B 6, 70 e 0 2R S AR % 4
o 3RO A S A O Al D G y m ok
UL 18 25 A OG5 R, B M U 25 00 A G STk
KWW AE TCMSP, #2738 3 9 F J 78 43 119 Mk 0 2%
TP A il — 2B

HER T MBI R . TR R %
R B, PEIR L A KRB B R IR
HOMEROR TS S, MR Rk R,
P AN VB 22, A 25 B AR o PR U
B OB, 2y, E, M2 3.0 VF
2, 2T SHRES T AT 4 AN RS2 I A
Xif v 2 2 P B A EE B A RS 43 Hh 2 O R A 4 PR
WK AR B 2 () 32 R 22 UL 5 25 )3 B I R
L LA B b 2l 5 AR B - 3 - BB R G I 45 1
FH O A, N5 24 /36 M A - 0 48 -0 R R -2
- L PR SRV B U AHIE S, B 245 0 R0 A B 42 R
FNWL PR EBR AU TR EEER

D5 R B ER B sh FIREE T 0 i 28 i
1) ER-ERE {5 5 % 38 F% & FEAE I 5 1F 55 ME B R A
VB2 e 28405 7 25 19 B 2 25 3R iE 2 — , O P M
R FEAE TG 1 i 4 A L U B 8 1 ) o R il
HLMERZEHEZMEYFAZ— FR A
[ Tt < RN S L R S S ST S < N /N L
EERVCEUNASNTINGS 3 S N RN N
Bl WP R TT 5 ER 45 4, 4 I3 28 1 43 BT RE R %
9B 2 i o A (8 DLRE S S HEAT SR I . [
I, A TRUZH 5 S8 6 R A 20 2 X 55 8 07 AR
Wy B AR ki 42 BE AT 40 A, DL B 122 07 R T TRl 46 22 3
R AR R AE FIBLEL , S FE & R FH 4 HE S0 56 48 45
[FIFRHMR] ARG EETH YR,

[BE k]

[ 1] FLAWe, 2o s . Y MEMER MR RLT]. EE¥
Z%:,2003,12(1) :46-53.

[2] MO, FBLLEE, Am, 45 . i 24 1 4y V3R o B e 0 e
(7). P E 24435 ,2017,42(18) :3474-3487.

[3] ZHAOY,ZHENG H X,XU Y, et al. Estrogenic effect
of the extract of Qingyan formula on reproductive
tissues in immature mice|J]. Evid Based Complement
Alternat Med,2019,2019:5493714.

[4] ZHENG H X, ZHAO Y, XU Y, et al. Long-time
gingyan formula extract treatment exerts estrogenic
activities on reproductive tissues without side effects in
ovariectomized rats and via active ER to ERE-
independent gene regulation[J]. Aging,2019,11(12):
4032-4049.

[5] ZHAOY,XUY,ZHENG H X, et al. Qingyan formula
extracts protect against postmenopausal osteoporosis in
ovariectomized rat model via active ER-dependent
MEK/ERK and PI3K/Akt signal pathways [J]. J
Ethnopharmacol,2021,268:113644.

[ 6] MOC,FBLLE, P, 55 . W5 8h A T Bl & ) F5 8 E
HY 00 28 53 Bt b S gk [T ). o B b 25 445K, 2020, 45
(17):4129-4139.

[7] sk#,REH,.FRME, % . 5T UPLC-Q-TOF-MS/
MSS 2 AR 43 #7 AS ) BE AL L 1) A B %6 75 BE A ML A 43 119
o LI]. b SR N A Ak, 2020,26(13) : 79-86.

[ 81 sk, 781, £oubk, 45 . HPLC-MS/MS LI 1L
2y R Wi [)]. PR 2, 2014, 45(24) 1 3627-
3629.

[9] W s, 2 XHl, 4% . B UPLC-MS/MS WLl 6
il v 24 Xk B (AR A A 0 S [T SRR 2 L
A—pEZ M1, 2021,23(5):1705-1711.

[10] >UfER 8, &% . 3T UPLC-Q-TOF-MS/

+ 165 -



508 FAE 22 1) hESREHFFFERE Vol. 28,No. 22
20224E 11 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2022

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[21]

[22]

[23]

MS H7 A 1 182 A~ 37 UKL Ak 2% B4 4r A D] v [ 5
B RS2, 2021,27(12) : 1-12.

By, BRFR, R L% . JET UPLC-Q-TOF-MS/
MS H AR Y R R B Sy o e L] b [ S8 5 T A
2R ,2021,27(6) : 113-126.

kA TOEN S, O, 45 . e S50 A e % - R I
Tl vk DR O s 2L T SR A (T ], BRI B A
2020,48(17):213-215.

VT B . R 3 - DO B A R TGO % 5 )
BF 0 S 2099 T 8 A I Mk oy A ] B R A
K 2= 4% ,2020, 11(18) : 6724-6728.

A L PR %, EARKS LS T UPLC-Q/TOF-MS
BT 4 R R K R BT TR A 45 A BRI v A
AR [V]. 2 2 5 R 25 31, 2020,31(8) :
950-959.

1o K TG, TR R E A L2 XY R 2 M AL L
43 [ UPLC-Q-TOF-MS 43 [T]. o [ 52 58 J7 57 2% 2%
#,2020,26(17):134-141.

BFETE, 5 5L JE 2, % . UPLC-MS/MS [a] i il 22
B 4 A BR T EEA S [T ] 2 i A AR
2018,38(9):1490-1495.

ZHANG Z G, ZHANG Q Y, YANG H, et al

0

Monotropein isolated from the roots of Morinda
officinalis increases osteoblastic bone formation and
prevents bone loss in ovariectomized mice [J].
Fitoterapia,2016,110:166-172.

ZHOU Q, YAN H, LI R, et al. Quantitative
determination of monotropein in rat plasma and tissue
by LC-MS/MS and its application to pharmacokinetic
and tissue studies [J]. Rev
Farmacogn,2018,28(4) :451-456.
A, F AR BT = 4 LR RAL A A3 T 5T
[J]. HAE25,2021,43(5):1212-1216.

woe b, A R SC, S L TR oK = R R I
Gy B & Bz (1), v RE 25 4%, 2008, 16 (6) -
705-707.

@, FEK,ZY2 M, % . AT UHPLC-Q-Trap-
MS/MS *J 2 i 8 Fft i 73 1 5 B AT [1]. 25 41,
2021(6):1433-1438.

CHAKRABORTY S, BASU S. Dual inhibition of

BACE]1 and AB aggregation by B-ecdysone: Application

distribution Bras

of a phytoecdysteroid scaffold in Alzheimer's disease
therapeutics[ J ]. Int J Biol Macromol,2017,95:281-287.
EJiHE, # G, K, 55 . UPLC-QQQ-MS i2: 1l 72 1A
WA A ROK A &R (T] 258, 2017, 40(2) ¢
295-300.

Bk K, B, R AR, 4F . 3£ F UHPLC-ESI-QqQ-
MS/MS i A {4 o 25 52 J5 B R %% 15 2 3800 2 08043

- 166 -

[25]

[26]

[28]

[29]

[30]

[36]

[37]

[38]

i e pE T [J]. I EG 2018, 49(16) : 3835-
3841.

EARR, LW EBESE 4 35T UPLC-Q/TOF-MS 1Y
Hr 2K B LR = L R R RG]
24,2016,47(13):2260-2268.

KOBAYASHI H, OGUCHI H, TAKIZAWA N, et al.
from Cistanche

Chem

New phenylethanoid glycosides
tubulosa (SCHRENK) HOOK. f 1. [T].
Pharm Bull, 1987,35(8):3309-3314.

A3, H L I, % . HPLC-ESI-Q-TOF-MS/MS
3BT PRI M 0L 3R 0 M A A A B A3 [T ). B i A
#12,2015,36(3):223-228.

TEWEMT , 41 269, XI5 5, 45 . UPLC-QQQ-MS i il 1
ULl R A S5 10 B A7 09 & [0 ] 25 44,2019,
42(3):588-593.

SRER R, B2 PN L A R T R4 2 A Ty T X
HARDT R -25 A0 10T LR AR LA [T]. K™
YIkoE 5 % ,2021,33(5) :847-858.

ER K, AR RBT L AF L PR P SR A AR
TEE M AE Y B RS M R (1], R =it 5
JF %k ,2015,27(3):377-380.

I, gk DUDL, 88 & Al , 2 R R MR AEE
[J]. 252241 ,2018,53(1) : 68-73.

THEZ . WK 2 BEAE T R RN L], 52l
FEE2,2016,35(4):87-88.

AR S, A4 AW, R Ak, 45 S Rh IR 2R R B
X L MR T T47D 40 M 39 5 X% ER 7 B 3% 3K (9 52 )
(7], dbaUp R 2522441, 2007, 30(4) : 242-245.

AN B H,JEONG H,KIM J H, et al. Estrogen receptor-
mediated transcriptional activities of spent coffee
grounds and spent coffee grounds compost, and their
phenolic acid constituents [J]. J Agric Food Chem,
2019,67(31) :8649-8659.

E WA, 0, TS MM AU CYPIAT X
COMT 4 N Z 251 5 7 B WUR AR CHERT 5[], 9
AR ,2015,31(2):120-123.

SO BER AR XER . CYPIB1 SE R 2451 5 00 $m
Sy EAERWEE (], B 7= B L 2006, 15(3)
184-187.

XU Y, ZHANG Z J, GENG F, et al. Treatment with
Qing'E, a kidney-invigorating Chinese herbal formula,
antagonizes
mice[ J]. Rejuvenation Res,2010,13(4):479-488.

XU Y, MA X P, DING J, et al. Treatment with

the estrogen decline in ovariectomized

gibaomeiran, a kidney-invigorating Chinese herbal

formula, antagonizes estrogen decline in ovariectomized

rats[J]. Rejuvenation Res,2014,17(4):372-381.
[REHRE NEX]



