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Prediction and analysis of Q-Markers of fried Ziziphi Spinosae Semen pieces
based on multivariate statistical analysis and network pharmacology
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Abstract: Objective To explore the potential Q-Markers of fried Suanzaoren (Ziziphi Spinosae Semen, ZSS) (FZSS) based on
multivariate statistical analysis and network pharmacology. Methods Ultra performance liquid chromatography-quadrupole-
electrostatic field orbital trap mass spectrometry (UHPLC-Q-Orbitrap-MS) was used to analyze the main components in ZSS and
FZSS, and the potential differential components between ZSS and FZSS were screened out by using multivariate statistical analysis
combined with VIP > 1 and P < 0.05. Further, the main action targets were analyzed to construct the “component-target-pathway”
network relationship through network pharmacology, and predict the potential Q-Markers of FZSS. The scientificity of potential
Q-Markers was verified by the content determination of the potential Q-Markers in commercial samples. Results A total of 54
chemical components, including flavonoid (such as spinosin and swertisin), saponin (jujuboside A and jujuboside B, etc.) and
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alkaloid components (magnoflorine, coclaurine, etc.), were identified from ZSS and FZSS, and 28 differential components, such as
magnoflorine, 6"'-feruloylspinosin, jujuboside A, and betulinic acid, were found through multivariate statistical analysis. A potential
Q-Marker component library contained 17 potential bioactive components (including jujuboside A, jujuboside B, ceanothic acid,
betulinic acid, magnoflorine, coclaurine, nornuciferine, asimilobine, spinosin, swertisin, vicenin II, 6'’-p-coumaroylspinosin,
6""-feruloylspinosin, apigenin, betulonic acid, vitexin, isovitexin) was screened by network pharmacology. Magnoflorine, coclaurine,
spinosin, 6"'-feruloylspinosin, jujuboside A, and jujuboside B were finally identified as the Q-Markers of FZSS combined with the
preliminary research of our research group and the results of the commercial samples. Conclusion The Q-Marker predicted in this
study can provide a reference for the whole quality control and clinical application of FZSS. Meanwhile, it can also provide the basis
for the further research on the efficacy-substance relation and mechanism of FZSS.

Key words: multivariate statistical analysis; network pharmacology; Ziziphi Spinosae Semen; fried Ziziphi Spinosae Semen;

Q-Markers; UHPLC-Q-Orbitrap-MS; component-target-pathway; magnoflorine; coclaurine; spinosin; 6"'-feruloylspinosin;

jujuboside; whole quality control
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F=1 WEE. PERECHMKIE

Table 1 Origin of ZSS and FZSS
e s PHORIE| e s PEHERR
ZSS1 181001 L7 FZSS1 1909001 ik
ZSS2 20190101 LIZRIX |FZSS2 20190901 il
ZSS3 201907 vk FZSS3 180908006 it
7SS4 201913 %4t FZSS4 180601  U%
ZSS5 201901  Brib FZSS5 190901  WI&
ZSS6 201911015 L HEHE|FZSS6 191001  iH[db
ZSS7 201912 IR FZSS7 190403  J[dLfiEéA
ZSS8 201911 AR E[FZSS8 191009005 jdk
ZSS9 201909 [k FZSS9 190305  IIA
ZSS10 201908 4k FZSS10 10070114 A FT
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#2 UPLC-MS BARYZEE. WEEICHFERS
Table 2 Identification of composition of ZSS and FZSS by UPLC-MS
Fe 0 AW wmin AFR MEHF i H WhET W= # HRET AN
(x109) [M—COOH]" (X109
Al 3R-N-gle-3hydroxy- 426 CisHiNOs 370.1133 370.1138 -0.0005 14606029, 18807077,190.05003, 3680987 3680989 -0.0002 14404417, 146.023 44, 15805997, + +
indoleacetc acid 208.06055, 21207104 176,070 62, 368.099 33
A2 BT 948 CyHioNO; 286.1438 286.1440 ~0.0002 107.049 65, 269.117 28, 286.143 89, - - - - P
175,075 64, 237,091 16
A3 juzirine 989 CyHisNO; 2821126 2821125 00001 282.11246,188.07068, 155604451, - - - - +ot
128,049 68, 283115 81
F4 4RFI 1000 CoHnOs 5951450 505.1657 -0.0207 32507056, 45711331, 379.08118, 5931309 5931512 -0.0203 53015240, 35306711, 297.01706, + +
295.060 06, 427.102 94 38307779, 413088 41
A5 ETREERE 1000 CuHxNO: 3281547 3281543 00004 328.15439, 297,112 34, 265.086 15, - - - - -
282.088 93, 23709103
F6 6"-(4"-0-K4if)- 1228 CuHgOx 9212659 9212668 -0.0009 327.08658, 15103929, 35108682, 919514 919.2527 -0.0013 757.20013,200.045 06, 167.0339%5, + +
FREBBHR 29707602, 429.118 68 292,037 46, 307.062 16
F1oOHHE 1280 CuHaOn 433.1133 433.1129 0.0004 283060 15, 313.070 71, 337.070 85, - - - - - 4
367.081 51, 397.091 58
F8 RHHE2Y-0p 1298 CaHuOss 5951450 5951657 -0.0207 313.07065,433.11310,283.06003, 5934309 5934502 —0.0203 203.04599,50.01227, 413088 44, + +
I TR 337.07056, 415.062 51 593.1523¢, 7101221
A9 KETEH 1326 CxHaNO: 3421701 3420700 0.0001 34217017, 58,066 14, 297.112 27, - - - - tot
265,082 27, 237.091 06
F10 6"-(4"(O-BifE) 1341 CuMuOx 9472816 9472825 -0.0009 177.05473,327.086 36, 14500864,  945.2670  945.0679 -0.0009 78321521, 42710254, 29203812, + +
BTSRRI A % 351,086 30, 297.075 90 307,061 89, 235,060 94
FIL %#B 1343 CuiOs 7272000 7272080 00010 287.05502,85.02917, 7105007, 7251943 725.1934 00009 28403268, 255.02966,27.034 36, + +
97.029 08, 129.054 68 7251944 46, 151,002 47
L REREE 1369 CHzOs 609.1821 609.1814 0.0007 447129096, 285,076 05,327.08649, 6071675 6071668 00007 292.03812,309.04153, 28104568, + +
85.029 24, 297.076 08 42710446, 117,032 98
A-13 LB 1378 CuHNO, 2681041 2681332 -0.0291 251,106 54, 219.080 49, 191.085 57, - - - - -
180,093 26, 268.133 03
F14 HikiER 1386 CasHOss 609.1821 6091814 0.0007 327.08643, 29707590, 35108643, 607675 607.1668 00007 20203812, 427.10306,307.06146, + +
429118 23, 381.096 92 281045 14,50.01218
F15 FALHE 1420 CuHaOn 4331133 4331129 00004 28306018, 29506082, 31307089, 4310984 4310983 00001 311.056 34,283,061 22, 341.06686, - +
337.070 92, 397.061 06 431,008 42, 323,956 40
F16 4f%% 1488 CoHnOw 4471286 4471290 -0.0004 297.07565, 32708633, 35108624, 4451140  445.1140 00000 207.04062, 28205338, 328.82346, + +
411,107 1, 267,065 00 230854 69,310,821 75
SUEELT ¢ 1555 CpHO 447.1282 447.1286 -0.0004 447128 85, 299.055 81, 327.086 33, - - - - -+
285.07578, 313.031 32
F18 6"-FHRMAEE 1602 CoHOss 7592140 7592131 00009 327.08646,15103925,351.08667, 7571991 7571985 00006 200.04443,167.03380,427.10211, + +
297.076 23, 429.118 19 757196 67, 292.037 05
F19 IZ-30-%% 1606 CoHuOss 5951666 5951657 00009 287.05524, 85,029 22, 7L050 11, 5931512 5933351 -0.1839 285.04053, 25502085, 22703471, + +
i) 129,054 93,57.034 58 21103932
F20 6"NEBHEATH 1645 CsHuOp 7202034 7292025 0.0009 327.08633,121.02872, 35008640,  727.1888  727.1880 00008 137.02303,179.03400,930329L, + +
HigikE 297.075.90, 429.118 23 239,055 82, 427103 33
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gk 2
5 e Wmin AFA MAH mz R ) W HE WHET 788 F55
(x109) [M—COOH] (X109)
F21 SHEHZ-O-6-HEE 1670 CaHiOy 7412035 7412025 00010 14704427, 31307080, 283,060 18, 7391885 7391880 0.0005 29304578, 41308871, 16105943,  + +
i) R S A 397,070 71, 433.112 88 593.155 82, 205.050 00
F-22 SHHE-2-0-(6-MAH)- 1685 CoHisOss 7702033 7702131 0.0002 177.05475, 31307062, 1450285, 7691992 7691985 00007 203.04581,413.08850,235.06062,  + +
I T 283.060 06, 337.070 86 193,050 02, 134.036 07
F-23 6"-(N-f-D-glucopyranosyl)- 1760 CubeNOz - - - - 9562623 9582631 -0.0008 64917850, 469.11459,292.039%5, -+
2" 3" gihydro-2""-0x0- 146,023 77, 307,062 44
3""-yl-acetate spinosin
A2 B 17.84 CoHyNO 2681043 268.1033 0.0010 25110686, 219.080 78, 19108583, - - - tot
252.110 20, 286.083 36
F25 6" K TBEMREE 1794 CaHiOw 8152405 8152393 00012 207.06548,327.08655,175.03923, 813253 8132248 00005 427.10400,29203821, 190.02623,  + +
351,083 80, 29707590 31107950, 265,071 9
F26 6"~ AAMEMMNEL 1795 CaHsO 8733176 8733184 00008 327.08640, 350086 36,207.07593, 8703030  871.3041 -0.001 1 427.10324, 30706128, 607.16168,  + +
30300155, 331,122 04 292.038.09, 309,041 78
FOT G"HETHIREL 1829 CoHeOp 7552189 755.2182 00007 14704428, 327,086 43, 35.06862, 7532037 7532036 00001 14502815, 7530410, 163.03888,  + +
297.07578, 429,116 94 292,038 02, 119,048 65
F28 6"-FIABLAEE 1848 CaHiOie 785.2286 785.2287 -0.0001 177.05452,327.08597, 145.00843, 7832151 7832142 00009 78321667, 13403598, 29203796,  + +
351,086 00, 297.075 56 421.10394,193.049 73
A-29 mucronine J 2039 CoHioN:Oy 4853124 4853122 00002 11412814, 72.081 64, 48531241, - - - tot
56,066 10, 115.131 45
A0 %R 2061 CigHiNO, 282.1127 282.1488 -0.036 1 265.122 28, 250.098 83, 23410339, - - - ot
266.125 85, 282.149 08
F-31 6"(-)-phassoylspinosin 2118 CasHsoOis 8713019 871.3030 -0.001 1 327,086 43, 350086 73, 297.07581,  869.2874  869.2881 -0.0007 427,104 74, 29203772, 307.06149,  + +
393,007 44,429.11829 607.162 60, 325,073 94
F30 OIMBAMAAL 2087 CaHioOie 785.2286 785.2287 -0.0001 117,054 76,447,128 94, 327.086.40, 7832151 7832142 00009 16102350, 78321338, 175.03897,  + +
145,028 63, 285,075,687 325,070 74, 607.166 99
$33 FRAELEHA 290 Coti0n - - - - 1385.6592 1385,6594 -0.0002 949.466 86,1 081,508 54, 138566052, + -
625.360 84, 787,414 86
F34 Bl % 219 Cotodr - - - - 3010354 3010353 00001 31003549, 15,0047, 17899750,  + +
107,012 11, 65,001 66
A-35 sanjoining A 2338 CaHiNiOy 535.2921 535,327 9 -0.0358 14811227, 149.115 72, 133.088 84, - - - T
105.07053, 72607 %5
53 BELEHH 25 CateOsr - - - - 12236071 12236066 00005 787.41345,625.360 35, 122360767, + +
919456 12, 13103363
$37 BELRHG 80 CotOz - - - - 11075582 11075581 00001 106156055, 92951190, 91149054, + +
749.445 98, 625,358 46
A-38 lotusanine A 2502 CyHiN:Qy 535.2921 535,327 9 -0.0358 14811221, 14911583, 133,088 84, - - - T
287.175 66, 86.097 08
F39 6“PIAAE6"-ARRE 2541 CeHuOn - - - - 9332459 9332490 -0.003 1 577.134 64, 2920398 54, 23506155, -+
% 175,039 25, 13403590
F40 R 571 Cistds - - - - 2600455  269.0457-0.0002 22505478, 15100253, 117.0%250,  + -

13381317, 107.012 12
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gR2
B e AR T m REAT T REAT 255 258
(X10%) [M—COOH] (X10%)
A-41 amphibineD 2583 CssHioNsOs 632.3814 6323806 0.0008 148112 24, 289.19113,261.196 26,  630.3666 6303661 00005 342.182 46, 630.367 68, 273.12460,  + +
344,196 96, 149.115 75 134,059 60, 247.144 60
F-42 6" 6" XIHH 2628 CisHusOx 9612761 9612772 —0.0011 177.054 79, 327.086 52, 145,028 66,  959.2615  959.2623 0.0008 16001541, 175,038 88, 13403581,  + +
WlEE 303,097 11, 351.086 15 603150 51, 235,060 68
S43 FRECETA 2706 CsHus - - - - 12055078 12055061 00017 107355444, 74944873 10002276, + +
11302267, 911,501 16
S44 BELEEC 212 CoHuOn - - - - 12816124 12816110 00014 123560681, 107355457, 74944916, + +
1055.543 70, 108 9.544 31
S45 RELEHA 2753 CoMols - - - - 12516010 12516004 0.0006 120559595, 107355420, 74944928, + +
101,022 77,125.022 93
S46 FALCEEB 2817 CoHuOn - - - - 10435446 10435421 00025 91150244, 749449 16,101.02282,  + +
603,391 24, 893.491 76
S47 BALEHI 2824 CoHxOn - - - - 11195582 11195581 00001 107355444 91150330, 74944885, + +
603.393 49, 101,022 79
S48 CBEVEI BB 2049 CoHOn - - - - 11315582 11315581 0.0001 749.44946, 102553296, 91150049, + +
893.489 44, 104 354773
S49 U-FEFEWER 3025 CoHuOs - - - - 5013224 5013221 0000350132303, 47031271, 42132397,  + +
91.979.80, 472,315 37
S50 ZEMHR B CyHels - - - - 4853272 4853272 00000 485.32736,423.32755,48633093,  + +
609.911 46, 265.754 12
S51 -BEFENRE 3325 CoHuOs - - - - 5013224 5013221 00003 501.32272,47131213,401.32193,  + +
409,311 49, 60.991 46
§52 F IR U5 CuHuls - - - - 4853272 4853272 00000 485.32770,423.32788, 6099155,  + +
486.33115, 424,329 38
53 (IR 526 CoHuls - - - - 4553531 4553531 00000 455.35342,61.98680,456.356 96,  + +
97.654 97, 115.919 27
S54 HAHE B76 CoHds - - - - 4553531 4553531 0000045535333, 116927 06,10093176,  + -

180.889 25, 254.850 33

AL Y, F-IERRRASY, S-RBA R “+7 FoRiilE], “—7 FoR AR E]
A-alkaloids components, F-flavonoid components, S-saponin components; “+” detected, “—" undetected

A B

L ZSS ZSS
ML A l / A e AMM\_-_JAA_,\_.*AM’\ h l Ak
mv Y | W v r T b §
FZSS FZSS
' 30 ' 4

0 ' 10 20 30 ' 400 ' 10 20
t/min
1 %, WESFIZIE (A f1 (B) BFERATERIEE
Fig. 1 Basepeak image of ZSS and FZSS in positive (A) and negative (B) ion mode

.

<=
| Y
T




¢EH 2021487 $52% H 168 Chinese Traditional and Herbal Drugs 2021 August Vol. 52 No. 16 . 4817 -

#r Cprincipal component analysis, PCA) 437t (20.4%) NALKRIE PCA 18 BUSE, 4. W
MEREE M BRI S MR A = S, B AR L fr s TR, R 1
2-A M 3-A Fiiow, 1B, BTN, QCFEAY)  (54.8%) FIEMS 2 (27.4%) NAAbRILE PCA 15
SN RES L, RPLIT RIS BT R BUSE, 4. BERA AT 2 fiadf, BEWR
EE PR, BEms 1 (58.7%) MEMy 2 WA PR HEA RIS s, Wik,

LA A ZSS B
30 - v FZSS 1.04 e
®QC P
101 . v 0.6 p e B e
*‘ o~ e | OR2
— o 1 e - QZ
&, 104 FZss = 02
A x O = |
301 zss I
-0.2 1
-50 . . . . . . — . . . . . -
-80 -40 0 40 80 -0.2 0.2 0.6 1.0

t[1] LS

AcC A ZSS L D
WFZSS 101
15+ v :
Y 0.5
5 -
- ¥
0
51 zss ) -
= .
~154 v ~1.0- -05
FZSS
4 ' ' o.el
-1.0

p(corn[1]

&
o
@

1.144 71%to[1]/( X 10%)

T B -15 . r r
0 4 8 -0.6 0.2 0.2
1.000 03*t[1]/( X 105) p[1]
A-PCA B-#MIGHE  C-OPLS-DA & D-S-plot &, &3 [H
A-PCAgraph B-model permutation C-OPLS-DA graph D-S-plot graph, same as figure 3
2 UHPLC-MS EBFZEito#r (n=6)

Fig. 2 Multiple statistical analysis in positive ion by UHPLC-MS (n = 6)
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S zss S -051 o
& 7101 ®
— —1.0 1 [ J 05
-20 T T > -15 >
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El3 UHPLC-MS fAaBF %% it7H# (n=6)
Fig. 3 Multiple statistical analysis in negative ion by UHPLC-MS (n = 6)
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IR P A AFAE— E 5

PCA NTCHEE W/ 51k, T/ E 25 5 i oy i
TR AR MR ZE, WAREH RS H IR
BEMLIRZERY, Rk, 7FZESRAA B OPLS-DA,
DA AR IR (AL 2 S Ay ER
FAHEB IR EGAE PLS-DA BRI LA FEIE, IEET
AR 200 NSRS (B 2-B) I R2=
0.998. Q?>=0.993; fE T\ T 200 MHEFIREAY
(F 3-B) 130N R2=0.990. Q*=0.946, H Q?
[FlHLE S A i A T F A LR, Ui A
R, W7 UAgkak Y e = Ry . 0 R A
OPLS-DA 73#fr, FH_#H ZIMHIZER 5, K 2-C
M 3-C i, fEIE. MBI, A& BIRELC
Z 35 RE AR s 70 T

¥ VIP>1HF1 P<<0.051F Ak 2 A & 11 1)
EARE, FIRAE. PRECHBIEIE. 537K
TR ZER LAY . HE 2-D fIE 3-D nf A1, 1E
IES R R IR 10 AN ZE A &, 75 005 14
LRI 10 MESAEY, B 7 A EEZE. 5
AN EAF SR 8 NMEDIHR LS -

XF 20 AN 22 S ST ARG B AT, 45 R
T 4, Hrhogm (2). KRR (9. b
(135 9 MM LA FE XD ) 2 J5 AR 2 i 2
I (P<<0.05); HipiiEz (14). 6"~ 2R i i
WE (28). 4ERT I (4) % 6 DML a1
P R AZ R AR B R S T RS (P<0.05);
BRIRA R B (46) FIREMATH (50) FEIbHi
ZJEEE TN, AR EE A (43). AMEAR

10 N
- 15 2T+ - — juzirine (+) o = 3) s SR ENERR(H) sonen & R ZTE(+) sk
o o (=] . (=] e o [
X 10 o X6 e X X .
b 15 4 i3 =
<T‘1105 0900 {HI[ {HI[ 1 . <T]I .._'_'..O
=7 T2 seeesd = Sopee & 2
= =z £z Z
8 ’ 251 g 4 N 4 e
= LB (+) e = LR (+) sekok o~ | 6B B K (+) N LD (+) okk
=) . =] ., ) ek =) o 0®
X AR e ¢ . x 3 .
=6 o =15 * < o5 =
iz I . g 2 i 21 .
ﬁf .<E. o esee .<E & oo
_@% 4 coges® E'E 05 EE 1 seseee % 1
15 I 6 L 5 o570 S T
— LRI & | amphibineD(+) _ o o | HERTNE) - = W ERE)
‘C_>. . 8 b & o S L] 3 Fkk
X 1.0 X 5 *:* X 4 _.._ X '—.—M
= = = = 0
: : ‘
Qo L L] i ’”3 . gt
0.5 4 — 3 S L
: e R S|
= = =< =
3 2 2
~ 20 eRIMBEERC) T mepsAQ)
& 2.67 WEREM-3-O-ZFHE (-) —~50, O MEEMMLWEERE) 39 * S
3 e 57 fe X RO :
S '. X 45 o 1§ 1.6 oo i 5 5
iz} 2.2 ® mTHH . Hkk s o & . )
A Fkk ) . i = Kk
'i‘;' tl%l" g 4.0 s _% e % v
%18 ZE35 1.2 3
32 o e _ 12 s _ 4 {1 HE T
o EECEE RO & FFMERIE() & FMHEIE () . & FIHERIR ()
= . % ° % X L
% = —— x < 10 -5 = —
< . segee Em 28 .o .. ® EEH :o . ﬂém 3 o (X ]
Fkk M Qs *x O .
EEIA . ' g8 . b .t o
= seger E = ¢ = .
=y ’ 24 6 2
ZSS FZSS ' ZSS FZSS ZSS FZSS ZSS FZSS

S A “P<0.01
P < 0.001 vs ZSS

P <0.01

P<0.001

4 ERMRSPENEZELTL (n=6)
Fig. 4 Changes of differential components (n = 6)
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g (53) %5 3 MR R G T Z 5 X & &
23 B (P<<0.05). AEWIHE. Bl A E SRS
FHXT 25 Bt i v] e BT i) Js R A o th R Afe
T R sy (v 89, H sl 23 18 i s R 2 ot
VR B T 2R T 5 5 5 25 T B T U 55 L R 22, DT
FECEER S R ) A S .
2.3 BEREMRSTEE AR M TN
IR R 2 RS2 BEE E TCMSP Chttps://
tcmspw.com/tcmsp.php) F1 ETCM Chttp://www.tcmip.
cn/ETCM/index.php/Home/) £ 1f) 2 AL & HI1E A
AL, KRR REE B S ALELZ STRING 11.0
(https://string-db.org/cgi/input.pl) 3575 PPI IN4& . 4R
J&# Uniprot ID 5 A\ David 6.8 %## /% Chttps://david.
ncifcrf.gov/) S 7E A% 0 #E U B HEAT JE DR AN 44
(gene ontology, GO) LjjEeAl T #f kR A HE PR 24H
445 (Kyoto encyclopedia of genes and genomes,
KEGG) g &£ 01T, &5, il Cytoscape 3.8.2
¥t (£[E Bethesda Softworks 2A]) 43 & 7 Ak,
RTINS ) gy -0 Rl 7 2% R &R
HxF R AT ERE T

231 HAHEA LY &A BAE (protein-protein
interaction, PP MZ&73#r  EdR R T4 RG
FEHEEE (TCMSP,  http://tcmspw.com/tcmsp.php)
M (ETCM, http://www.tcmip.cn/ETCM/index.php/
Home/) 7% UHPLC-Q-Orbitrap-MS B W4 #7 fll £
TGS 28 DR IIERBE AL, R&HRE] 20
MEREI 389 MELEH (& 3), M
Uniprot ##&)% (http://www.uniprot.org/) K5l H
(PR R B 1 4 A RN R IR B TR 44 o K 3R A5 ) 2 A
42 'F N\ STRING 11.0 Wi Chttps://string-db.org/cgi/
input.pl), #FPiEFE AN (homo sapiens), i HE
FEEEAXTESHITE>0.90, HAhSHEEAR
A, EPMZ PR, 3R18 PP, S
Cytoscape 3.8.2 HEAT1EE], . 5.

¥ PPI %% 5 N\ Cytoscape 3.8.2 #EAT# ML
b, EEUEE SO ME (degree) . HRATHLE
(betweenness). Lttt C(closeness) 3 &3
BIRTF h A% H. degree=10 ) sS4 Wiz OB A, 4
ik fE A9 3) 52 MZ ORI, WK 4, HFEHRK
ATRETF AL BRA BT By EMAIR. AMERIR.

*3 HLEMEERE
Table 3 Compound and target number

lE=) D%y 5% PubChem CID Mol ID AMFIHE (OB) 2y EeEE (DL
1 6"-NWESBAT R 6 51859291 MOL001547 5.73 0.28
2 6-BIBER T R 12 21597353 - - -
3 WiiEE 8 155692 MOL001540 6.31 0.72
4 HAEER 13 124034 MOL001542 31.83 0.75
5 4ERTN 7 3084407 MOL001543 3.42 0.78
6 IIEM-3-0-Z=F M 2 5318767 MOL002693 3.64 0.73
7 LWL 1 23335 - - -
8  EIMHER 11 161352 MOL001521 33.41 0.77
9  juzirine 2 3085285 - - -

10 HHMIERR 18 64971 MOL000211 55.38 0.78
11 B 19 160875 MOL012974 25.34 0.33
12 FK 25 41169 MOL006986 22.63 0.36
13 S 23 23335 MOL001522 42.35 0.24
14 ARETE0 43 73337 MOL002891 0.48 0.55
15 BELCEFA 18 51346169 MOL001526 8.04 0.02
16 BT EHB 18 24721031 MOL001528 13.60 0.02
17 RER 121 5280443 MOL000008 23.06 0.21
18 4hIIE 12 5280441 MOL004925 3.05 0.71
19 SR 12 162350 MOL002322 31.29 0.72
20 MEKREHER 18 122844 MOL001996 16.83 0.78
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FETONK Pt KRR D250, 2R mtm. . I s i

T MEME. BT L 6N RS E

Bl aves QP s S 6 BIBEEIT i 2. PR MOKTRRR . AEIHE .

A, = FELIAIE 17 DRI

e g~ -~ 232 IhREEENNT SEBANT GO ThAEs

e it g o R TRIARRFEE S II6E, BEMMIIgE. 51

s DR RIAEYITBE. KEGG & /0T nl A4S 27 7R 4E

PN T TS e VT AR5 230 . GO B 44T IR P<0.001.

e s S BRI (FDR) <0.001 [ 4 FE ik i 63 1> GO

ol LA T | g %H, HAoEYidRE (biological process, BP) 5

. s o ™ 39 N, EEE L T X271 [ M. (response to drug)-

g B MM HESEI4E (regulation of cell proliferation).

5 PPI R4 T #2145 (regulation of apoptotic process). 78

Fig.5 PPI network SN Cinflammatory response) %5t e 7T Ihfg

F4 BLEA
Table 4 Core targets

Fe5 R R4 EE|FS AEA R4
1 RAC-a serine/threonine-protein kinase AKT1 30 | 27 o-2B adrenergic receptor ADRA2B 13
2 transcription factor AP-1 JUN 27 | 28 a-2A adrenergic receptor ADRA2A 13
3 cellular tumor antigen p53 TP53 27 | 29 &-type opioid receptor OPRD1 13
4 tumor necrosis factor TNF 24 | 30 5-hydroxytryptamine receptor 1D HTR1ID 13
5 transcription factor p65 RELA 22 | 31 p-type opioid receptor OPRM1 13
6 eat shock protein HSP 90-a HSP90AA1 22 | 32 5-hydroxytryptamine receptor 1B HTR1B 13
7 glucocorticoid receptor NR3C1 19 | 33 interleukin-1p IL1B 13
8 cell division control protein 2 homolog CDK1 18 | 34 «-2C adrenergic receptor ADRA2C 13
9 interleukin-6 IL6 18 | 35 dopamine D3 receptor DRD3 13
10 G1/S-specific cyclin-D1 CCND1 17 | 36 G-protein coupled estrogen receptor 1 GPER1 13
11 estrogen receptor ESR1 17 | 37 NF-xB inhibitor a NFKBIA 13
12 nuclear factor NF-kB p105 subunit NFKB1 16 | 38 androgen receptor AR 13
13 cyclin-dependent kinase inhibitor 1 CDKN1A 16 | 39 muscarinic acetylcholine receptor M4 CHRM4 13
14 nuclear receptor coactivator NCOA1l 15 | 40 Bcl-2-like protein 1 BCL2L1 12
15 retinoblastoma-associated protein RB1 15 | 41 interleukin-4 IL4 12
16 retinoic acid receptor RXR-a RXRA 15 | 42 interleukin-2 IL2 12
17 5-hydroxytryptamine receptor 1A HTR1A 15 | 43 insulin INS 12
18 proteasome activator complex subunit 3 PSME3 14 | 44 CCAAT/enhancer-binding protein p CEBPB 11
19 mRNA of PKA catalytic subunit C-a PRKACA 14 | 45 cell division protein kinase 6 CDKG6 10
20 muscarinic acetylcholine receptor M2 CHRM2 14 | 46 14-3-3 proteing YWHAE 10
21 26S proteasome non-ATPase regulatory subunit 3 PSMD3 14 | 47 G2/mitotic-specific cyclin-B1 CCNB1 10
22 caspase-3 CASP3 14 | 48 muscarinic acetylcholine receptor M1 CHRM1 10
23 dopamine D2 receptor DRD2 14 | 49 cell division protein kinase 4 CDK4 10
24 vascular endothelial growth factor A VEGFA 14 | 50 apoptosis regulator Bcl-2 BCL2 10
25 proto-oncogene c-Fos FOS 13 | 51 tyrosine-protein kinase JAK1 JAK1 10
26 dopamine D4 receptor DRD4 13 | 52 nuclear receptor coactivator 2 NCOA2 10
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(molecular function, MF) [ 184>, HHEEHET %
Bz, ' LR ZEmMgid ik (dopamine
neurotransmitter receptor activity. alpha2-adrenergic
receptor activity) AIEH 5 (protein binding); #Jd
4% Ccellular component, CC) 564, AILLAEH
FEF LT Cintegral component of plasma
membrane). Z&filt (axon terminus) 5 [X 3.

KEGG &4/ #1153 89 4%, L. P<<0.001.
FDR<0.001 [ 4% 4 fiiidk 58 2%k . 1EHEnT 20 4%,
PLIE K A ZAAASR, FDR Dyt AR R g < B (& 6).

[5] F 1 K /MR R AZ OB i 2 5 g 2 1 2 R A
¥, KB iERE (pathways in cancer) F1%
H5MERNELZ, N 22 4. A, BERE BT
Chepatitis B) 5 ¥ % I8 I A 3R B 82 IR 17 Ccyclic
AMP, cAMP) {5 5l %, iR IRSEE T (tumor
necrosis factor, TNF) {55 i@EE. 2R EEALE A
W4 (mitogen-activated protein kinase, MAPK) {5
SR, MR- Z A EAER (neuroactive
ligand-receptor interaction) %5/ A, FRIIDER
AT AT I I I I B IA BT TR R

inflammatory bowel disease (IBD) 4
herpes simplex infection

chagas disease (American trypanosomiasis) -
leishmaniasis +

T cell receptor signaling pathway A
Epstein-Barr virus infection 4

cAMP signaling pathway

apoptosis

neuroactive ligand-receptor interation
TNF signaling pathway 4

Measles 4
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Viral carcinogenesis
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prostate cancer -

small cell lung cancer
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N
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- 8

e
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PI3 K-Akt signaling pathway {@
pathways in cancer 1@
hepatitis B 1@
0 05 10 15
FDR/(X 10°9)
E 6 KEGG Z&7#h
Fig. 6 Enrichment analysis result of KEGG
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HUS AR 17 ARy 58 2kiEEkis ] Cytoscape
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A B AT A AL A BT I (A R 4 AR
KR, o “Zls. Z8A7 ks, FIH
Network Aalyzer Jdi {01 1% M 46 AT 40480 #3845
R (degree) fH, AR AR A WY s AE M 25 v
(L, HEMND B AT R AL AT Re 2 17
A EE M R I i A (FE{H 22) . PI3K-Akt
{5516 S#4% (PI3SK-Akt signaling pathway) ({4
21 A TE PERCAAR-S2 A A BAE H (FE4E 15) cAMP
S5 (B 13). TNF {5 5 (BEE 11) %5
£ %1%, fEH#E RELA. NFKB1 (JE1H 42). AKT1

SGORBERENR . FIRSERRW], ASLIG Tk tH 4k
F 53 AT AR IO B AT B3 M o0 AT IR 2 IR 9T
234 Q-Marker Wi HT ZuG it 5t F M
EAGH AT, TRk IR B AL IR ET
B. EMAM . AMENEIR. KRZEAEm. 250, %
Ao R, B, MR, 4ERT
. 6" Fr ST R i 20 6/ -B BRIE 0 B v 2
FrEER - MOREIRR . AHR 2. AR RS 17 ME
TR R I R AT BV E Q-Marker J .

R R T AR FH LIS (b 2 5 W 4 2 B 2 A R
P28 TR Fr3ga . WiR R R e
H A TEAR AR IT AR P TR RS 4 5 1)
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Fig. 7 “Compound-target-pathway” network
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R A B A FIRR A2 B Nfahs, S5 IREA
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A FIRZ ZAZ 2 H B AR FhiE &, 0 70% FH i) ot
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242 AR [\ “2.2.17 Ti.
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26% . fiE: 43~45 min, 26%~37%ZJiE; 45~47

min, 37%Zfi; 47~54 min, 37%~39%Z ffi5; 54~
63 min, 39%~100%Z.fi; AR &N 1.0 mL/min;
FEIR 25 °C; HEREE 10 uL; SAMGIIBE KA 227,
335nm; ELSD Z4{: EBERSE 105 C, =k
N 2.5 Limin. KA 227, 335 nm 1 ELSD £
D25 R kAT I A,
244 FERIE KR “24.17 DUNREE X
IR, FRORE AR B R A I R R,
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=5 . BWEEFECHRIENEER (n=4)
Table 5 Determination results of ZSS and FZSS (n = 4)
e R (mg g ™)

i UM RS BEEE eRIMEBNEE O MRLCRTA O BRCREB
ZSS1 0.11 0.96 0.41 0.26 0.59 0.24
ZSS2 0.08 0.98 0.74 0.31 0.53 0.34
ZSS3 0.10 1.26 0.65 0.30 0.63 0.21
7SS4 0.10 1.15 0.69 0.32 0.50 0.14
ZSS5 0.12 1.23 0.65 0.35 0.48 0.11
ZSS6 0.14 1.21 0.81 0.49 0.56 0.19
ZSS7 0.11 1.00 0.73 0.34 0.70 0.17
ZSS8 0.09 1.14 0.50 0.29 0.60 0.15
ZSS9 0.06 0.99 0.71 0.21 0.61 0.19
ZSS10 0.12 1.32 0.71 0.37 0.57 0.16
¥IE 0.1040.02 1.13+0.13 0.64+0.11 0.314+0.04 0.5740.06 0.1940.06
FZSS1 0.11 0.96 0.53 0.41 0.96 0.25
FZSS2 0.10 1.10 0.76 0.33 0.71 0.22
FZSS3 0.15 1.09 0.76 0.40 0.71 0.45
FZSS4 0.11 1.12 0.70 0.34 0.81 0.24
FZSS5 0.11 1.20 0.65 0.33 0.86 0.22
FZSS6 0.11 0.82 0.54 0.29 0.82 0.16
FZSS7 0.07 0.79 0.47 0.21 0.50 0.14
FZSS8 0.13 0.86 0.67 0.37 0.63 0.20
FZSS9 0.08 1.53 0.75 0.40 0.70 0.36
FZSS10 0.05 1.04 0.51 0.28 0.70 0.35
WE 0.1040.03 1.05+0.21 0.63+0.11 0.3440.06 0.74+0.12" 0.26 £0.09

5 7SS ¥ A "P<<0.05
"P < 0.05 vs ZSS mean value

FHESY, FEXF B 7R IR g BRE A — 5 I R0 Ak
FCo B A B IR . BOIAR &5 24 BRAE 0L, A
SLERH A UHPLC-MS ORI PR 1L 5
AT A TRAE, 4562 ngqit okt
g A= 20 MBTERILERREY), 19 MEA T
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