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Research on Key Quality Attributes of Spasmolysis Effect of the Famous Classical Formula Shaoyao
Gancao Decoction
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ABSTRACT: OBJECTIVE To elucidate the critical quality attributes of Shaoyao Gancao decoction(SGD) in the treatment of
spasmodic diseases based on serum pharmacochemistry, network pharmacology and isolated intestinal smooth muscle
contraction experiments. METHODS  The blood migration components in SGD were analyzed and identified by
UHPLC-Q-Exactive Orbitrap MS. Cytoscape software was used to construct the network diagram of “blood components-
spasmolytic target-pathway” and screen the core functional components of SGD in spasmolytic. The core components were
verified by isolated intestinal smooth muscle test, and the critical quality attributes of SGD spasmolytic efficacy were clarified.
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RESULTS According to the accurate molecular weight and fragment ion information provided by high resolution mass
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spectrometry, combined with standard substance comparison and relevant literature reports, a total of 17 SGD prototype
components were identified, included oxypaeoniflorin, albiflorin, paeoniflorin, isoliquiritin, liquiritin, glycyrrhizic acid,
benzoylpaeoniflorin, licochalcone B, ononin, liquiritigenin, iso liquiritigenin, licochalcone A, licochalcone C, glabridin,
glycyrrhetinic acid, gallic acid. Network pharmacology predicted that the key SGD antispasmodic active ingredients of glabridin,
liquiritigenin, albiflorin, paeoniflorin and benzoylpaeoniflorin may exert antispasmodic effects through GRIN2A, VCP, ABCBI,
CYP2C9, CYP3A4, CHRNB2, SNCA and other targets, acting on drug metabolism-cytochrome P450, neuroactive ligand-
receptor interactions, cAMP, calcium signaling pathway, etc. Verification tests showed that the glabridin, liquiritigenin, albiflorin,
paconiflorin and benzoylpaeoniflorin could reduce the maximum contractile evoked by acetylchloine, and albiflorin and
paeoniflorin exerted significant spasmolytic effects with the inhibitory response for acetylcholine evoked contraction(P<0.05 or
P<0.01). CONCLUSION The critical quality attributes of SGD antispasmolysis efficacy are determined by establishing the
screening method of the classic decoction standard, which provide experimental basis for the accurate quality control of SGD and
the secondary development of SGD products.

KEYWORDS: Shaoyao Gancao decoction; classic prescription; UHPLC-Q-Exactive Orbitrap MS; serum pharmacochemistry;

network pharmacology; spasticity; critical quality attributes.
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Fig. 1 Total ion chromatograms of rat blank serum (A) and serum (B) after administration in positive and negative ion modes
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Tab.1 Characterization of absorbed components of SGD at positive and negative mode

¥

PRE8

[1]/min

A

Y ai R

IS m/z

W {E m/z

AT
Bt

R WEH BT K

1

5.30

7.61

8.28

9.13

12.10

15.07

16.09

16.14

16.29

17.46

22.04

22.04

23.28

27.72

Ca3H23012

Ca3Has011

Ca3Has01

C21H2209

Ca1H209

C41H32026

C4Hg2016

C30H32012

C16H1405

C22H2209

Ci5H204

Ci5H204

C21H,04

Ca1H204

C30H3004

C30H4604

17 48.28 C;HeOs

AT

SEST] L e

SER

1,2,3,4,6-0- LI £ Tk

Hwme

R BATZ T

BT

495.150 80

479.155 88

479.155 88

417.119 11

417.119 11

939.110 90

821.396 51

583.182 10

287.091 40

431.133 66

255.066 28

255.066 28

337.144 53

337.144 53

323.128 57

471.346 89

169.014 25

495.150 51

479.155 27

479.15533

417.118 80

417.119 81

939.110 17

821.396 97

583.181 34

287.090 85

431.133 36

255.066 19

255.066 21

337.144 78

337.144 62

323.128 72

471.345 89

169.014 68

M-H -0.59 465.138 92[M-H-CH,0]", FAjUs-tel
165.054 66[M-H-CH,0-HA-Glc] -,
137.022 78[HA-H]

449.144 65[M-H-CH,0] -,

327.108 70[M-H-CH,0-BA] -,
165.054 32[M-H-CH,0-BA-Glc]

449.144 41[M-H-CH,0][",

327.108 75[M-H-CH,0-C¢HsCOOH]",
165.054 76[M-H-CH,0-BA-Glc]",
121.027 92[BA-H]

255.065 96[M-H-Glu]",

135.007 20[M-H-Glu-CsH30]-,
119.048 66[CsHgO-H]-

255.065 73[M-H-Glu]",

135.007 29[M-H-Glu-CgH;O]",
119.048 79[CsHs0-H]

787.099 00[M-H-C;H;504]",

617.078 43[M-H-2C;H504]",
465.067 26[]M-H-3C;H;0,]",
447.056 30[M-H-4C;H;504]

803.390 08[M-H-H,0]",

759.396 48[M-H-H,0-CO,]",
469.331 60[M-H-2GlcA]"

283.045 84[M-H-Bz-Glc]-,

165.054 76[M-H-2Bz-Glc]",
121.027 94[Bz-H]

269.080 14[M-H-OH]",

193.049 48[M-H-C(H;0]",
121.028 54[BA-H]-

269.080 56[M+H-C¢H;;0s],
254.057 10[M+H-C¢H;,05-0]

135.007 17[M-H-CsHs0],

119.048 56[CsHgO-H]-

135.007 37[M-H-CsH50] -,
119.048 77[CsHsO-H]-

321.113 25[M-H-OH],
305.118 38[M-H-20H]",
229.086 67[M-H-20H-C¢Hs]-

305.118 38[M-H-20H]",

229.086 79[M-H-20H-C¢Hs]",
161.059 91[M-H-20H-C¢Hs-CsHo]

213.091 20[M-H-C¢Hc0,]",

201.091 08[M-H-C¢H0,-C]",
135.043 56[M-H-CsH40,-C-CsHg]-

407.328 74[M+H-HCOOH-H,0]",
235.168 52[M+H-C;sH,,0,]",
189.163 67[M+H-C,5H,40,-HCOOH] *

125.022 90[M-H-CH,0]",

107.012 76]M-H-CH,0-OH]

—-1.27 I’:‘%[IS-IGJ

-1.15 [y A 6]

-0.74 07

o

-0.78 [y AT

0

-1.30 {4507

M+H -1.92 Hno

M+H -0.70 ol

-0.35 oo
—0.27 9]

e

o

e

M-+H

-2.12 Hnn

HA /A Y

i

"X MR XS B A

Note: “Confirmed by comparion of reference materials.

FNLLEDHENPML, HZIR DC>148, BC>164,
CC>0.534, Eigenvector>0.40, LAC>17.03, Network>
18.82 A4 BU AL A HE N B9 A% 0> PPT R4

225 REE MMM SGD AL
RS S S A David 6.8 B (https://david.
nciferf.gov/), Select identifier % & 4 official gene
symbol, List type & 4 gene list, FREPFH

v E AR FH 242 2023 4F 3 55 40 555 6

homo sapiens, [F{H P<0.05, 17 GO & %Ml KEGG
AT HT o3 P AR/ BT 10 /8 B TRl LA,
ERULIE 3. SGD iRY 7 REZE MBI 1 RE DA B A
FEE AL AR DG B 2 - A R P450.

YLt R P4SO X AE Y AT . R 2R S T LA
A EAEN . A B0 . WIhBRICH . cAMP 5
SIE B SRS A . RAE KEGG 434 5

- 725 -

Chin J Mod Appl Pharm, 2023 March, Vol.40 No.6



Renin secretion -
Dopaminergic synapse -|
Pentose and glucuronate interconversions
Morphine addiction Number
cAMP signaling pathway *20
Retrograde endocannabinoid signaling . 40
Ascorbate and aldarate metabolism -| .| @60
o Metabolic pathways-{ @
g Steroid hormone biosynthesis - . Pvalue.
o Drug metabolism-other enzymes -| corrected
§ Cholinergic synapse -|
£ Retinol metabolism -| . ! 9e-04
s Serotonergic synapse - .
[ L ! 3 ) 6e-04
Neuroactive ligand-receptor interaction - ° 30-04
GABAergic synapse J [ |
Calcium signaling pathway
Nicotine addiction -|
Metabolism of xenobiotics by cytochrome P450
Drug metabolism-cytochrome P450 4
Chemical carcinogenesis -

T T T T
0.0 25 50 75
Fold enrichment

3 KEGG 447
Fig. 3 KEGG analysis

4546 PR 28 A LI AH OB 92 i, Al SGD
Al g A 2 YA - B L R P450., PR
PEFCAR-Z R A BAEH  cAMP {5 5 1 i A5 (5 5
P 2R ZEEEIET IR, KRR
YEHTS
2.2.6 AL RE I 5 -IE K X 4% PR 1)
508 K SGD fifp e e #E 5 K0T W A A LA
. Hi 10 258 S A Cytoscape 3.7.0 B4, 43
AN (197705 o 2= e Sl 3 S AN 3 W P |
4 TR A MG, RO A, 53k i
O H B E (Degree=161) . H # % (Degree=
142) . N2 N T (Degree=106) . AJ 25 (Degree=93)
N7 F AT 25 (Degree=83) 3 JE(H A 5, Al RE=
SGD fifp e I P A7)

PPARG (X CYP2C9

VCP CYP2D6
'VEGFA CYP1A2
ABCB1 Linoleic acid metabolism CYP3A4
Chemical Dl
carcinogenesis CAMP signaling pathway
GBA CHRNB2
Paconiflorin Glyeyrrhizic acid
Neuroactive Glabridin Licochalcone A
SO ligand-receptor. Serotonergic synapse TR
interaction A
Benzoylpaeoniflorin Glycyrrhetinic acid
CAV3 Y CHRM3
Metabolism of Albiflorin Liquiritigenis S
xenobiotics by gmlgmchldomc acid
AR cytochrome P450 metabolism GRIN2A|
Liquiritin oxypaeoniflora
Licochalcone C
SNCA Drug metabolism - ! \ TRPV1
cytochrome P450 Retinol metabolism
Calcium signaling
FAAH pathway DRDS

CASR PTGS2

LDHA PDE4D
DDC PPARA

PTGS1

4 SGD @z “Niiikp-fE¥ w- 5" MR
Fig. 4 “Absorbed components-spasmolytic target-pathway ”
network diagram of SGD

-726 - Chin J Mod Appl Pharm, 2023 March, Vol.40 No.6

2.3 RIMAEHE

231 KREBEEGEf S SRR RE 24 h,
B KK o S 56 B FH S0 A3 A 32 A A8 52 35 KRR
GHH I B s B, A IR Fenp gk T
Ao BTBUNMNABL(1.5 em), Fim S5 LA K J1HeEE
feiiEdE, T EE AE U ISR S b, BT
HARBAIEES, BE 1.0g, fHEG37£0.5)°C,
DAVRRRD 1~2 AN AR B Fr 2l AR <, /NG
- WL 45 T Bh I AR T Ak i e dR ik =
BL-420 A= WIHLRESL IR 238 A PRE 5 R PR S
232 XF Ach BUKE BNz T ILEZEE IR
oM ML “2.3.17 T il A i B A TE TR L
FRE 1 h )5, iIeRIER 4 kA 1 mmol- L' Ach
v N AN R I E o BN U L€ e
K, 2min J5 L BBUNZEREEC, 050 LB S IR H
Wi H e . HEE L AT NER . AT
FOR AT 2G4 5 Ry, DABCAIRIVERE SGD Xt
Ach FUK R E /Mg UL R . o5 i
Xt RRALZE T 25 AR . RS H R 6 K. S50
] 5~6, LISFE45K T AR FRES , i H GraphPad Prism
8.0.2 G AL S, S A LREHEL, X £ 5 %
N, Bt 7 Bk B &R 5 22 53 B (One-way
ANOVA)ATRE, P<0.05 NMERASIE XL,

5.l73 pgmL™?!
11.15 pugmL!
17.2 pg'mL™!

T T
8:00 10:00 12:00 14:00 16:00

5 TEREHFEERMS Ach 71 R8T E KT REALK A
B (X s, n=6)

Fig. § Effects of different concertration groups of
liquiritigenin on the contractile amplitude of isolated small
intestinal strip induced by Ach(Xx % s, n=6)

RGN, ATTT(E 6A), HEH(E 5, K
6B)RIRG 25, sk I, 5 Ach #ERIZH
Feo#, Aj 28 (11.7~293 pgemL ™) A1 H £
(17.2~28.7 pg-mL ] g PRI Ach BUE (R
WL R We4e 71 (P<0.05 88 P<0.01), FHA WK
Ml . SGD #EETE 30.0~50.0 mg-mL ' XF Ach Uk
B A/ i - i LR 2R B R B 3 A K A
F R AR TR 22 Jo AT 2451 A H
R, ATENERT . G RO T EAT 24 1 Py
[l A5 . AR LR 6.

P AR FH 252 2023 4F 3 A4 40 555 6




Lo
R %
ég% \»&> 585 11.7 176
@ﬁ A52¢F jugmL
107
. ]
..R
¥ 0.5
U.U__ T N = R pS—
& B e 148 23 297 371
' @‘éf 2525 I fug- L
1.0 -
0.8 -
0 0.6 T
-R
% 0.4
02
0.0

T T T
W 742 148 223 297 371

5
5 35 A 2% pg L

1.0

0

R

F 051 N\

0.0 Ll

o gﬁgy 573 115 172 229 287
=¥ HER g mL

2

R
L T = B N e
@»&y &»&y 576 115 173 230 2838
B Vv% EHESE /ug-mL!

ATETATATATET e

T
30.0
SGD/mg-mL"

%)
o
o

S 100

N
V’

6 TREZMKE Ach 3l RE B KN FEIEEREBHZE(I£s, n=6)

Fig. 6 Effects of different concertration groups on the contractile amplitude of isolated small intestinal strip induced by Ach

5 Ach BRI b4, DP<0.05, YP<0.01,
(xts,n=6)

Compared with the Ach model group, "P<0.05, ¥P<0.01.
3 Wig

A5 FETF UPLC-Q-Exactive Orbitrap MS £
ﬂt%’“ﬁ%‘éﬁ*““” SHER, HEARW A, H

AUREA B, HEER, B HE . S~ AT
EW@HH\ WA L 1,2,3,4,6-0- % T BE %
Wi KRB AT . HERRER . HRRmR . ATZ
. WEFR. HEHS 17 1 SGD AR AL
5y o (BB LS 253022 077k, w125 BN H 5 e
HHRE . ATANERT . AT R BEATA A S
A IR IT R AR E AR . A

MES R, AT, HER . NHNERT

R E PR FH 22 2023 4R 3 A5 40 5 6 1]

O H R AR F AT 25 1 S AT FEAIK Ach 51 S
N7 R YN AN LR 2T W RE A
BORESHE, 5 Ach BERILI LY, 2REAGZIE
B (P<0.05 5 P<0.01), #F—EDUE T A5
I 48 25 B2 () T 3 A7 . A AFGR R B, e H e

— P Z ISR, A 3 A O K A T
PIE JE (BK Ca 3838 )R ) 8 19— T I 0 ot DA 5
SEHFAL, WAl p38/MAPK i B i 3h bikoks A
R AR G oy ok MILCIK 38 I ek - Y L4 M 4 i
RS AR MR H R R GRS S,
ARG R B H R R AT H R KCLL L BER

Chin J Mod Appl Pharm, 2023 March, Vol.40 No.6 - 727 -




i B8 B TR 2L M 5 2 A Mg - 28 JUL A 406 A 4 ok A
M, HE—ENEMOCR . AT RA BEH
T B PURURMER], AP UESEAT 2 X
IR B HE A B S S T i 51 MR - UL i L PR A
FEAMEEA MIKE . KRRBE AR A e
R E iz g LR T E R IR A SRR, JF
RERS T ™ 278 g R A AR o8 ik, A
G HRER L ATNEREY . OGH R E AR
~TEGH AR SGD fifp = s it G s i | e,
R A TR AR, I R 4%
5 EAE AL . HBEAE 2 T HL T RE 5 25
RS- R PA50, AT PEBC IR -2 AR H AT
1. cAMP {553l % . 515 Sl EsA <, W ACFIT
s . 25900 . AL IR SE 2 EY i

M, 2477 SGD I RIT Y], Rz
RBFEN , (DAL LR BRI WA . i
BERIPREATER | 251 Rl = R e Pk A B
MELL R B R 25 205K . B4 il 25 Ak |
P £ 24 L~ 1A= ) 25 5 vk B SGID fifp e SR B o i
JE T, AT 24 05 B A ], ik n] {2 #E SGD
G i 1 U A S 2 e, A2 LA “HE
gz . IMHER s 122 77 it
OHE.

REFERENCES

[1] RS M. dbat: AR T4 H R, 2000: 80-81.

[21 QU Y Z, MA S J, ZHU G W, et al. Historical evolution and
modern research on Shaoyao Gancaotang[J]. Chin J Exp Tradit
Med Form(H B 5250 7 7247258, 2020, 26(6): 216-225.

[31 WULF,LIYT, TANGY Z, et al.
chemical constituents and pharmacological activities of
Shaoyao Gancao decoction[J]. Drug Eval Res(Z5#J 1T 1F7%),
2021, 44(6): 1354-1360.

[4] HUICY,LIXD,LIHF, et al. Analysis of Shaoyao Gancao
decoction based on ancient literatures[J]. Chin J Integr Tradit
West Med Liver Dis(" 8 B &5 & R 2 i), 2022, 32(5):

Research progress on

432-435.
[51 WP, SE, M%R, & HREMATATZH Ay
Jo RBEAE BB IE[J/OL]. 22y 5IGIK,  2020-05-24.

https://doi.org/10.13412/j.cnki.zyyl.20210524.001.

[6] MEZETELEHR. HETEAEHRELET kAL
% H (% —#t) W@ %0 ) [EB/OL]. (2018-04-13)
[2021-11-04]. http:/kjs.satcm.gov.cn/zhengcewenjian/2018-04-
16/7107 html.

[77 JANG Y Q, FANG Y T, LI Q T, et al. Discussion on the
rationality of the clinical research and the immune efficacy of

the ancient classical prescription[J]. J Nanjing Univ Tradit

- 728 - Chin J Mod Appl Pharm, 2023 March, Vol.40 No.6

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Chin Med(F 5% H BE 25 R34 4H), 2020, 36(5): 710-714.
ZHAO Y X, CHEN X Q, WANG I W, et al.

research on the efficacy evaluation model of classic famous

Exploration and

prescriptions under the integrated medical system[J]. Lishizhen
Med Mater Med Res(H 2 [H = [E24), 2022, 33(4):  933-936.
GUAN Y G, LUO G, GAO X Y, et al. Study on critical quality
attributes of classical prescription substance benchmarks of
Taohe Chenggqi Decoction[J]. Chin Tradit Herb Drugs(" % 2%),
2021, 52(8): 2267-2275.

ZHAO Z F, ZOU T, WU A, et al. Establishment of the UPLC
herbal

and determination of the

fingerprint of classical prescription Huanglian
Decoction of 6
components[J]. Chin J New Drugs(H [ #2442 :&), 2020,
29(24): 2859-2867.

SHANG B X, ZHAO Z X, CENG Q, et al. Research on key
quality attributes of substance benchmark of the famous
classical formula Kai-Xin-San[J/OL]. China J Chin Mater
Med(H E H2524 ), 2022-05-24. https://doi.org/10.19540/j.
cnki.cjemm. 20220520.301.

LIU J T, ZHAO H P, ZHU Q, et al. Study on critical quality
attributes of Qingjin Huatan Decoction based on serum
pharmacochemistry[J]. China J Chin Mater Med(* [E ff 2442
i), 2022, 47(5): 1392-1402.

WU X W, HAO Y Y, NIE C X, et al. An overview of

methodology and research progress on application of serum

contents

pharmacochemistry of traditional Chinese medicine[J]. Chin J
Exp Tradit Med Form("'[5E30 474242 &), 2019, 25(3):
173-179.

ZHUANG Y S, CAI B C, ZHANG Z L.
progress of network pharmacology in traditional Chinese
medicine research[J]. J Nanjing Univ Tradit Chin Med(Fg &5t
BE2hRE2E4), 2021, 37(1): 156-160.

HE J, GAO X X, TIAN J S, et al. Analysis on chemical
constituents in Bupleuri Radix and Paeoniae Radix Alba by
UPLC-MS and their contribution to Xiaoyao powder[J]. J
Shanxi Med Univ(LL P4 BERIRAA27:4%), 2018, 49(4): 375-382.
WANG Q, LI L T, MA Y B, et al. Comparative study on

chemical composition and pharmacological action of Radix

Application

Paconiaec Alba and Radix Paeoniae Rubra and predictive
analysis of quality markers[J]. Chin J New Drugs( E#7 2542
i), 2021, 30(12): 1093-1098.

ZHANG L, WANG Y, ZHANG C, et al. Analysis of chemical
constituents in daishenning by HPLC-Q-TOF-MS/MS[J]. Chin
J Exp Tradit Med Form(H[H5256 )5 /% 2%k), 2021, 27(13):
137-145.

XU L L, LIU B, WANG F, et al. Rapid characterization of
chemical constituents and rat metabolites of Fufang Gancao
tablets by UHPLC-LTQ-Orbitrap mass spectrometer[J]. China
J Chin Mater Med(H[E H1247k), 2018, 43(22): 4534-4540.
JI W L, ZHOU Z H, WANG T T, et al. Identification of
chemical constituents in Banxia Xiexin decoction based on
UPLC-LTQ-Orbitrap-MS[J]. Chin J Pharm Anal(Z5#)53#12%
), 2020, 40(10): 1736-1750.

CUIY Y,ZHOU Y F, MA Y Q, et al. Differences analysis of

P AR FH 252 2023 4F 3 A4 40 555 6



(21]

[22]

(23]

[24]

chemical composition of raw and fried Glycyrrhiza uralensis
based on UPLC-QTOF-MS[J]. China Pharm(' [ 24 5), 2020,
31(9): 1049-1053.

XU W T, HUO Z P, LEI L, et al. Chemical constituent cluster
of decoction of Sanguisorbae Radix by HPLC-IT-TOF/MSIJ].
Chin Tradit Herb Drugs("1%:24), 2018, 49(6): 1277-1288.
GUVEN C, PARLAR A. Glabridin relaxes vascular smooth
muscles by activating BKCa channels and inhibiting
phosphodiesterase in human saphenous vein[J]. Curr Med Sci,
2021, 41(2): 381-389.

WANG G X, WANG Y, DING J L, et al. Regulation of
glabridin on the expression of MLCK in endothelial cells
through the pathway of p38/MAPK in the artery wall of
atherosclerotic rabbits[J]. Acta Univ Med Anhui(Z#{ERI K
2R, 2017, 52(3): 309-313.

LI H D, LI K, WU S H, et al. Analysis of spasmolytic
compositions in Huoxiang Zhengqi liquid[J]. Tradit Chin Drug

v E AR FH 242 2023 4F 3 55 40 555 6

[25]

[26]

[27]

[28]

Res Clin Pharmacol(H 24 3 25 5 Il IK 245 ), 2012, 23(6):
652-654.
PRIGERS . H AR Hi e 2 —: R H R S HAEH]
BRALL]. FEIAMEEZY: A2 50T, 2007, 22(6): 270-271.
ZHANG Y F, ZHANG Y G, BIAN T T, et al. New progress in
pharmacological action of paeoniflorin[J]. Chin Tradit Herb
Drugs(HE 2Y), 2019, 50(15): 3735-3740.
R, ZUKE, KRARRE, S5 ATEEHR G Na-F LK
Jygsgma)). WALIETrEBESAA: AARRIEARR, 2011, 27(2):
91-92.
LUO J R, WANG C M, FU L, et al. Effects of paeoniflorin on
contractile activity of rabbit sphincter of oddimi muscle rings
in vitro[J]. J Dalian Med Univ(Xi%& ERMR224R), 2009,
31(6): 668-671.

Wk B 2022-07-27

(CR3CTe4: B

Chin J Mod Appl Pharm, 2023 March, Vol.40 No.6 - 729 -



