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Abstract: Objective To establish a research strategy for discovering quality marker (Q-marker) of Shenzhiling Oral Liquid based
on the “fingerprint-efficacy-pharmacokinetics” correlation. Methods HPLC fingerprints and acetylcholinesterase (AchE) inhibitory
activities of 12 batches of Shenzhiling Oral Liquid were analyzed. The correlation analysis between the HPLC fingerprints and AchE
inhibitory effects were carried out with orthogonal signal correction-partial least squares regression (OSC-PLSR) method. Combined
with network pharmacology, efficacy-related components were determined. By identifying the compounds absorbed and exposed in
vivo, pharmacologically active components were determined. Finally, Q-marker could be preliminarily discovered by the
comprehensive analysis associated with the integration of efficacy-related components and pharmacologically active ingredients.
Results The results of OSC-PLSR analysis showed that three efficacy-related components were closely related to AchE inhibitory
activities. According to mapping the targets of diseases, 61 efficacy-related components were determined. Eleven active compounds
in plasma were identified by UHPLC-quadrupole-orbitrap-MS. The Q-markers of Shenzhiling Oral Liquid were liquiritin apioside,
albiflorin and azelaic acid preliminarily determined by integrated and comprehensive analysis. Conclusion The combination of

fingerprint-efficacy relationship, network pharmacology and components absorbed in plasma could be an effective way for rapid
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analysis and discovery of Q-marker in Shenzhiling Oral Liquid, which will be of great significance both to improve the quality control

and evaluation, and ensure the safety and effectiveness of traditional Chinese medicines.

Key words: Shenzhiling Oral Liquid; Q-marker; fingerprint-effect relationship; network pharmacology; serum pharmacochemistry;

liquiritin apioside; albiflorin; azelaic acid
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Table 1 Inhibitory effects of SZL on AchE activity
(X £5,n=10)

5| W PR 26 /%
payi — 43914+1 695 —
A — 66 28512 6441 —
Z &R 8 pmol-L! 49 936+4 963" 24.7
S1 025 uL-mL~" 38 744+3 680™ 415
S2 025 uL-mL™! 38 664+1 853" 41.7
S3 0.25 uL-mL™" 44 484+4 556™ 32.9
S4 025 pL-mL~" 37 557+1998™ 433
S5 025 uL-mL™ 48 719+4 760" 26.5
S6 0.25 uL-mL™"  41224+1 683" 37.8
S7 025 uL-mL™" 42 150+7 294" 36.4
S8 025 uL-mL™" 353941 780" 46.6
S9 0.25 uL-mL™" 48 044+4 085" 27.5
S10 025 uL-mL~" 49 781+4 897" 24.9
S11 025 uL-mL™" 40 331+2 000™ 39.2
S12 025 uL-mL™" 44 83044 205™ 324

SR L. #P<0.01; SEAALLE: "P<0.05 "P<0.01

*P<<0.001
#P <0.01 vs control group; “P < 0.05

model group

P <0.01

P < 0.001 vs
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U R B A IX (R ik 2 0, MR . 1. 24 7 10,
11. 15, 16+ 17, 18, 19, 20 121 S {aiflg 5 AchE
AR e, 2, 17, 20 f121 S RH
GuitEE L. VIP M TP RAL 3 AR S KA &
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Table 2 Optimized results of OSC-PLS model

VR IWARES OSC Hisr PLS misr 4 BT Ry Bk Ry 0> gt E X
PLSR 0 5 0.986 0.812 —0.484 7
OSC-PLSR 1 3 0.890 0.965 0.856 f

2 2 0.658 0.975 0.900 H
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Table 3 Sixty-one efficacy-related components of SZL
Eik] EMARE G WEMER ikl WEMBR
SZL-1  AjZNERH SZL-22 2-FiEE SZL-43  1,6-—#3-3,7-— s Sn i
SZL2  WHR SZL-23 FEERTBe SZL-44 HEAHEN B
SZL-3  HEY SZL-24  SHHE SZL-45 T
SZL-4  AjHtF SZL-25 HHEFEZE SZL-46 K
SZL-5  HIMHEEH A SZL-26 HEZ SZL-47 ARR R T -1k
SZL-6  lobetyolinin SZL-27  FrEHEAE SZL-48  HIA-9-fE
SZL-7  AARZHEB-TH SZL-28 EAKHREE SZL-49  B-AEFK
SZL-8  BETR SZL-29 91 )\BiMGR 2. SZL-50 R
SZL-9  5-HIE-2-(1-HZ I Ol SZL-30 o4 M SZL-51 S AR
SZL-10 3-HHEH O SZL-31  #ff SZL-52  2-ZBhAEmkm
SZL-11 KFHHER L Bs SZL-32  B-AifT SZL-53  KHE
SZL-12 FHTER SZL-33 IR E AR SZL-54 22T HHEERR (640 T Hohf i)
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SZL-19  # 2 SZL-40  H st SZL-61 FEm
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Fig. 6 Compound-target network of SZL
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3.5 iBSUEEAN MR 55 B RIS 5 4

KA SZL Fiit {5 5, i1t Compound Discoverer
YRGB ) 5 F 6 5 ik IEdE TILES, ¥
W 10.01 min [ 5 ‘5 iy 5-F2 L2 M, U
BLRE N 88.7%; 13.96 min 1] 6 5 (A y L-RKRAH
Bk SE-L-2K N R, USELEEN 91%.

TIEXRT 5 AR (8] 2 0 MRAE S AT 20 4T
RIKER ig 45T SZL 0.25 h I I RE 5 1) 308 T
EIE PO, MCRHZZ9)E 0.25 h (1ML 2R FE &
HEAT NSRS o0 HT o 3B Hext SZL. KBRS 24 1l 3%
Je7s A MLRRE ) i B (B 8), Tk ig 45T SZL

A
Mot "’ﬁ'\\
B
W
———— y 'vme'“W““.‘“. Dy g,
C
b
0 10 20 30 40 50 60 70 75

t/min

B 8 SZL #f (A). =HMER (B) REAME (O
HPLC-MS BB FHRE

Fig. 8 Total ion chromatogram of SZL (A), blank plasma
(B), and plasma containing drug (C)

Je KRR AR R R Ay o &5 SCik A B0 1720,
MFFES RIS E 11 AMEEY, B 1AL, 2
B S AR | MR 1 ANEEA 1A
B, SERIEE 4, XEEER W REN SZL FELE M)
YRRy, RS 20 EE F B G

DL B H B R g S e AR, a4 10
PL m/z 549.161 9 [M—H] AHEDS T B TIE, SRH
JGER 19T ARRE (m/z 132) BT miz 417
[M—H—CsHsO4], FFEK 1 T HEEE (m/iz 162)
AR BT mlz 255 [M — H — CsHgO4 —
CeH100s] > HEMZAL S PIIARX 2 F & 550,
WA HHI7> TN CasH30013, BB LW AEY R HE
HEAF,
3.6 EBEHMHh

ST SZL 4RSI TE R AchE #HIE FH 2 (7]
FITE R AR IR EE A TR S e 4 R, YID e
3 NEARSC Y, 5-FR F - 2-BEIE AN L- R A= Tk
F-L-KHAIRS AchE M{EH 2 E#FIEAHX, H
RRE S AchE HMIE ] 203 U IC . X EE R Sy
5 AchE #IfifEFHZEUIAHIC, &P E A s>
H AT LB S B AR AT 5 . JE T 4RS00 i
eI, S5E RN 2 2E T e . AT
BEH AT RS 61 N5 AD M 2GR SR R4
XL 5 AD BIHE OISR, [RBTG5
(IR 8y o BEA 2 2R, Hhrfie 64 N2 K
B3 o

I L 25 2 S TR A . AT R

F4 ANMRDEELER

Table 4 Identification of compounds absorbed and exposed in vivo

it

WE

M5 tr/min wEY AR BT (miz) i (X109 FET (ml2)
1 085 D-(+)-Hak CeHiOs  179.056 3 [M—H]™  179.0561  1.12 161 [M—H—H.0]
2 140 JFJLER-3-0-BilRks CHeO7S 2329771 [M—H]” 2329761 429 153 [M—H—SO0s]"
33.00 JFILEER CHeOs  153.0192[M—H]" 153.0193 —0.65 109 [M—H—CO2]
4 320 34-Z-O-FIEEETFRRMEREE CoHio0sS  277.0024 [M—H]™  277.0024 0 197 [M—H—SO0s3]
5 404 tERR CiHiN202 203.083 1 [M—H]™  203.0826 246 186 [M—H—NHs], 159 [M—H—CO1],
142 [M—H—NH;—CO1", 116 [CsHeN]™
6 641 AHNEEF C3HasOn  525.161 8 MHHCOO] 525.1603  2.86 449 [M—HCH:0[, 121 [CHO>—H]
7 8.04 4-FRIEPWHR CoHsOs  163.039 8 [M—H]"  163.0401 —1.84 119[M—H—CO:]
8 11.09 WEHREKHE CHsO3  137.0239 [M—H]"  137.0244  -3.65 93 [M—H—CO2]
9 1175 FHEE CoHiOs  165.0557 [M—H]™  165.0553 242 122 [M—H—CH;COJ
10 1635 FHEHEH C6H30013  549.161 9 [M—H]™  550.1692 —0.91 417 [M—H—CsHs04]", 255 [M—H—
CsHsO4—CeH100s]~
111806 & CoHig0s  187.097 6 [M—H]™  187.0976 0 160 [M—H—H0], 125 [M—H—

H,0—CO2]”
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AT RS 11 DR WA 25955 BT 1)
AR 29380 E M oy B N LS 5 Bk 64 A2
RO o RIS B, WP 7€ SZL 1 Q-marker
NAFEHELT. AN EMTE R XElsS
AchE MHIVER % UIMEG, BAAROEN, HEW
ME A RSy, FRHEEE TS AD FEAHE/EH
IR S LRI I, T “3E-R-AR” KRBy
R SZL B Q-marker B A B UFHI 4T 1.

4 g

A SEEe I 7 SZL SRS E S A AchE i
FZ AR 3800k R AU 58 3 N RR A R
FH M 2 2580 2 7 45 G i ) TAE RS 2 T 5 AD
P B0 S AH DG 61 AN ZGRUAH KR gy s BT
UHPLC-Q Exactive 3 #FHEBHEAREE T 11
ANNIMLER Y o S5 G 53T 23300 SR oy e N LR 5
B T HAT SZL T mEbn it R IR Lo 4, VI E
SZL 1) Q-marker AW H HH  AJ 2 B H A F —
PR o IR 20 57 R N LS 1 R R,
HIRG T R B AR R, PR R AN
FeHAE IR RIE T HE ., aAJME S, b
HEE ., AJAABEE 2 A H B AT RRHEE K
oy WHFLRM, AR N H ) E T DL
AB. tau HABEERILIG = EIFRE(E ML T DNA FI
RNA RARAR, It HAMN R i 7R ELS AD
KIMBURIR R Z —, TR IR IR AL A0
RN EZEAN R, AR R R R B A )
H A PrAALIETE, 7EIRIT AD R TE—
EVER . [, AT25 B0 AD BB/ N R )2 2
W2 IhREA RO R, LA ESE RAUE Sy b i e
(1) Q-marker [FIF 1 o Bk 4> Hr R AHH FEHI5 K
LM Q-marker FF& “HJEN”, BIER. Frf. &
T SR AT AL T B .

TR RO R T AT LAASE 2 RO SRRk 4y, A
FREUEIE I RHIE S5 25 200 1t 8 R INEAA . BT
KF e W 2 2B 21 8 A R L SZL
[ A () B8 i T ) e o e v 2 P 245 2850 40 5
gy, RIS 153 BT RE I A AT A4 P9 2 8 1 7
TELRE R s o B RS A 0T, 153
(A P 5 oy BE 2 2 IR B R Ay, SO 2 0E T
By, A2 Q-marker fE ERE],

W2 2 URHE SR B R 2 TS W I R ) T R R A
SE1ER, AR AARS S @R 3 AN EIRFEA
(7 72 25 SR UG U5 RS R I A, R B

SEBRE L, PRIk e 24 A5 O o) A2 1E R At B 23
ILAFITE O T BEARAAILH 1Y) AchE #IHI/ERH . PR
HIGEf0F SZL BIRr FEIEAT 78 LAR i B 58 35
) Q-marker F£X Q-marker fit) 245 %0035 1 S A F AL
20 R 2 B SEE AT I e R B RS, AN 58
¥ SZL 1 Q-marker fff 75 TAE.

I8 -AR 7 R BRHT SZL B Q-marker B 7%,
R 0% 30 S s T 2 12 ol 2315 24 00 ) I PE TR
R, FREFMIER S DIRe BRI, SR
HIRERME “MERT 7 FERAL, IREE—
Btk ATEEPERIERIEE, AR TR PR IS R
JREES, MT SZL s L A EEE
o AN, AHFFEHRAL T — ol s H 42 48 Hh 25
Q-marker [ FESEME , X0 T~ FHAth o 24 (1) ot 48 1) 22
PRI e B A S R
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