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Identification of chemical components based on UPLC-Q-TOF-MS/MS
and network pharmacology of Zhuru Decoction
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MAO Chun-gin', LU Tu-lin'*, MEI Xi'"
(1. School of Pharmacy, Nanjing University of traditional Chinese medicine, Nanjing 210023, China;
2. Shenwei Pharmaceutical Group Co. , Lid. , Shijiazhuang 051430, China)

[ Abstract] This study analyzed the main chemical components of Zhuru Decoction via ultra-performance liquid chromatography cou-
pled with quadrupole time-of-flight tandem mass spectrometry ( UPLC-Q-TOF-MS/MS), and then predicted the mechanism of Zhuru
Decoction in clearing heat, resolving phlegm, detoxifying, and treating vomiting and alcohol-related vomiting caused by heat in stomach
based on network pharmacology. The gradient elution was conducted in Agilent ZORBAX extend-C ; column (2.1 mmx100 mm, 1.8

" and the column

pwm) with the mobile phase of 0. 1% formic acid aqueous solution ( A)-acetonitrile (B) at a flow rate of 0. 3 mL+min~
temperature of 35 °C. The MS adopted the positive and negative ion mode of electrospray ionization (ESI) , and the data were collected
in the scanning range of m/z 100-1 500. A total of 98 compounds in Zhuru Decoction were identified via BATMAN, SYMMAP, TCM-
SP, and relevant literature, including 36 flavonoids, 7 triterpenoids, 8 gingerols, 20 organic acids, 5 amino acids, and 22 other com-

pounds. On the basis of the available studies, 9 components were selected as index components, and the protein-protein interaction

[fmBE#] 2022-02-11

[EE£TH] THEHTAERS ERAHI %% 5 B (KYCX21_1773)

[BEEE] "k, 28, LA SIF, L2 RF P HIBH AP BRA RHEHFESNAL, E-mail: 1112021@ njucm. edu. cn; ™ % , 813 LI )7,
FRRFE T HIH B BRA R BAR AR, E-mail : 3544651869@ qq. com

[EHF/ANA] MRS, MELHE A, E-mail: 13844563203@ 163. com

5235



2022 4E 10 H | 4547 %55 19 ) & P E PG RE

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Vol. 47, No. 19 | October, 2022

(PPI) network of the common targets was established with STRING 11. 0. Finally, 10 core targets associated with the pharmacodyna-
mic effect were screened out. This study established the UPLC-Q-TOF-MS/MS method for identifying the chemical components in the

classic prescription Zhuru Decoction, and employed network pharmacology to explore the core targets of its efficacy, which provided a

refe-rence for the quality control and the research of the pharmacodynamic substances of Zhuru Decoction.
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Fig. 1 TIC diagrams of Zhuru Decoction in positive ion (A) and negative ion (B) modes
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Table 2 Identification results of chemical components in Zhuru Decoction

= :
Voo gt M T Lot SR T o
1 066 CHENO, 1751189 175.1193 1.9 [M+H]* WHEm 175.119 2,158. 108 9,116.071 1 4% [6]
2 0.72 C,Hp0, 3431235 3431237 0.5 [M+H]* e 307.1722,255.272°9,181. 043 9 £ [9]
3 0.72 GHgNO, 1160706 116.0706 -0.4 [M+H]* =N 116. 067 7 % (6]
4 0.74 CsH,0s 149.0456 149.0457 0.8 [M-H]~ D- Bk 149.045 5,131.033 5 el [10]
5 0.95 CgHg0, 193.0343 193.0344 0.4 [M+H]* PR 129.018 0 il [10]
6 0.96 CoH,N,05 243.0623 243.0622 -0.4 [M-H]~ B bR 152.899 1 Kl (6]
7 0.97 CH3NsO, 268.1040 268.1045 1.7 [M+H]* JiRty 268.102 5,136. 063 1 KA GEE [11]
8 1.04 CoH;3NsO5 2840990 284.0998 3.0 [M+H]* B 152. 056 6,135.029 8 KA [6,12]
9 1.05 CHO, 117.0193 117.0205 9.9 [M-H]~ TR 116.938 1 HH [10]
10 1.05 CoHNO;  182.0812 1820812 -0.1 [M+H]* ik 2 TR 165.051 3,147.044 7,136.074 8 % [6]
11 1.09 CHO4 187.024 8 187.0253 2.6 [M-H]~ 1-TH-2,3,4- =588 142.896 3,125.023 2,115.040 0 £5#R [10]
12 1.25 CH;NO, 1321019 1321020 1.0 [M+H]* l-isoleucine 113.962 5 P [11]
13 1.63 CpH 05 289.0918 289.0925 2.3 [M+H]* glucosylisomaltol 127.039 9 et [10]
14 1.72 CH,0q 191.056 1 191.0563 1.0 [M-H]~ quinic acid 162. 893 7,146,936 2,129.052 9 H# [10,13]
15 1.79 CoH;NO,  166.0863 166.0862 -0.6 [M+H]* phenprobamate 120. 079 5,103. 054 4 % [14]
16 1.79 CgHyN 120.080 8 120.0809 1.0 [M+H]* N-2K 0 F 5 e 103. 050 0 pH [11]
17 1.90 C¢HgO4 127.0390 127.0391 0.8 [M+H]* 5-hydroxymethylfurfural 127.034 9,109. 027 5 K -
18 2.24 CyHy0p5  593.1512 593.1511 -0.2  [M-H]~ BRI E-T-0-AFFHAHF 593,158 0,473 111 2 B [15]
19 2.24 CyHy0,5  595.1658 595.1667 1.6 [M+H]* WA ER-3-0- 25 F Wi 595.167 5,433. 114 4,283.060 4 K% (6]
20 2.35 CyHy0p, 5791708 579.1712 0.6  [M+H]* Wiz 579.1715,417.118 0,399. 108 0 E5HR [16]
21 2.50 CyHyp0p5 6091814 609.1818 0.7 [M+H]* kakkalide 339.087 1,335.091 3,327.088 0 Zi4R [10]
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Zi42
t m/z RE N . %
Noo g e T T L4t LR HT '
22 2.52 CyHa0p  709.1974 709.2000 3.6 [M+H]* (1R, 28, 3R, 4S)-1, 2-cy- 709.205 3 T -
clobutanedicarboxylic acid, 3,
4-bis( 3, 4-dihydroxyphenyl ) -,
1,2-bis [ (1R, 2R, 3R, 58)-5-
carboxy-2, 3, 5-trihydroxycyclo-
hexyl ] ester
23 2.79 CyHy0y  431.0984 431.0981 0.6 [M-H]" 3-EMERE 311.056 5,283. 061 6 B [15]
24 279 CyHy0y 4331129 4331132 0.6 [M+H]" genistin 397.092 3,313.071 7,283.060 9 Z1R [15]
25 2.80 GyHy0y 4331129 433.1140 2.5 [M+H]* 3RAEEMER 415.103 0,433. 113 6,397.092 3 F1R [10]
26 2.80 CyH0,  193.0506 193.0506 -0.1 [M-H]~ BT AR 149. 056 6,109. 028 8 R [16]
27 2.80 C;H,g0g  237.0405 237.0405 0.1 [M-H]" cyclopaldic acid 161.024 6 B [10]
28 2.94 C HgN,0, 247.1441 247.1446 1.8  [M+H]* lenticin 188. 070 4,146. 060 2,144. 080 0, F5#{ [10]
29 2.94 C;HNO, 188.0706 188.0706 -0.2 [M+H]* 3-amino-2-naphthoic acid 170. 058 1,144.082 9,142.068 0 H ¥ -
30 3.25 CyHy0p  417.1180 417.1195 3.6 [M+H]* BR% 399. 107 2,381.096 8,351.086 3, iR [16]
297.075 4,267. 064 6
31 3.32 CyHp03  547.1457 547.1461 0.7 [M-H]~ BRE- T AR 295. 062 4,267. 067 2 R [15]
32 3.33 Cyuly0p;  549.1603 549.1620 3.1  [M+H]* FERFRRER 549,161 2,417.119 0,3%9. 108 5, HHR [15]
381.098 1
33 3,41 CpHy0,  447.1286 447.1298 2.8 [M+H]* T A AR 411.108 9,327.087 7,297.076 5 1R [16]
34 3.41 CpHy0,  447.1297 447.1300 0.7 [M-H]~ isosakuranin 327.087 8,297.077 8 R [13]
35 3.41 CpuHpu0p,, 445.1140 445.1144 0.9  [M-H]" 3-HEI SRR 325.071 7,307.061 0,282.053 1, E# [15]
297.076 5
36 3.51 C,HeO, 153.0193 153.0193 -0.3 [M-H]~ 5-propyl-2-thiouracil 109.030 9 P -
37 3.75 CyuHy0o  461.1078 461.1087 1.8  [M+HCOO-H]™ daidzin 415.105 1,153.051 2 L -
38 3.92 C,H,0,  207.0663 207.0668 2.4 [M-H]" 3, 4-dimethoxycinnamonitrile  118.992 3,145. 034 4,162.983 0 K/ [17]
39 3.93 Cylly0p,  563.1406 563.1409 0.4 [M-H]" 3 EAEIREAT 311.057 6,283.062 1 HiR [15]
40 3.93 CyHg04 177.054 6 177.0548 0.9  [M+H]* BRPEER 149.057 5,145.026 8,117.032 2 Hi{ [10]
41 3.93 CyHy0p,  565.1552 565.1566 2.4  [M+H]* i3 565.1757,433. 114 6,415.104 3 FH [11]
42 411 CuHy0y,  607.2021 607.2021 0 [M+H]* B A 461.139 0,299.092 7,107.050 6 #1} [10]
43 4.15 CoHg04 163.040 1 163.0409 5.2 [M-H]~ enol-phenylpyruvate 119.050 2 R [10]
44 417 CpHp0,,  463.1235 463.1241 1.3 [M+H]* ST 3]:%'713224’445'“5 5,:33.081 5, R [10]
45 4.27 CyHa0p;  549.1614 549.1617 0.6 [M-H]~ RS R 549. 164 7,255.065 5 HE [18]
46 4.27 Cy,Hy0,5  707.1829 707.1820 -1.2  [M-H]™ (1R, 28, 3R, 48)-1, 2-cy- 707.185 8,443.098 1 HE -
clobutanedicarboxylic acid, 3,
4-bis ( 3, 4-dihydroxyphenyl ) -,
1,2-bis [ (1R, 2R, 3R, 58)-5-
carboxy-2, 3, 5-trihydroxycyclo-
hexyl | ester
47 4.36 CyHpOy  417.1191 417.1195 1.0 [M-H]~ R 255.066 7,135.010 1 e [18]
48 4.51 CpHp0,,  477.1039 477.1041 0.5 [M-H]~ AR 3R 431.098 0,269. 044 2
49 4.60 CyHpO,,  503.1184 503.1195 2.3 [M+H]* 6"-0-F —F R E 1 255.067 4 R [10]
50 4.65 CyHa0p;  563.1759 563.1769 1.8 [M+H]* glycyroside 431.1357,413.1253,311.093 7 HH [18]
51 4.77 CpHpOg  429.1191 429.1195 0.9  [M-H]~ AL 309. 076 4,281. 080 6,265. 047 8 Ei4R [15]
52 5.33 CoHyN,0.P 312.096 6 312.0963 -1.0 [M-H]™ L-serine 312.094 9,253.080 7,252.072 6, Al -
268. 105 3,238.058 7
53 5.35 CiHi0s  313.1071 313.1081 3.5 [M+H]* AR AE R 131.050 4,121.064 0,107. 048 8 H5#R [10]
54 5.63 Cagll0;  457.3676 457.3680 0.8 [M+H]* R 457.369 3,439.367 9,2 331 906, KA [19]
141.095 6
55 5.89 CisH0, 2530506 253.0512 2.4 [M-H]~ K 223.038 9,209. 059 7 Pl -
56 5.90 C;sH0,  255.0652 255.0660 3.1 [M+H]* pNGR: N 237.054 2,227.070 3,137.022 6 ¢H [11]
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Zi42
t m/z {RE e - %
Voo R . TR ks BT ww o
57 6.08 C,H;,05  283.0612 283.0616 1.6 [M-H]" 5, 7-dihydrox-4'-methoxy 268. 037 6 R [15]
isoflavone
58 6.10 CsH,0, 2550663 255.0670 2.7 [M-H]~ HHE 135.008 3,119. 051 2 e [18]
59 6.22 CyHy0p,  517.1341 517.1347 1.2 [M+H]* KA 269. 081 9 KA [10]
60 6.47 C,Hp0,  985.4639 985.4646 0.7 [M+H]* HERAY 800.499 7,647.384 7,615.389 4, H [20]
453.338 4
61 6.66 C,;H,0, 3150803 315.0870 2.3 [M+H]* eI/ e S E 315.088 4,259,091 7,283,071 1, F#i [13]
175. 047 1
62 7.06 CisHiOs 271,060 1 271.0607 2.2 [M+H]* FHE 253.050 1,243.064 1,153.017 1 HEE [6]
63 7.45 CypHpOp;  839.4060 839.4078 2.2 [M+H]* HEBI G2 645.361 8,469.333 8,451.321 8 Hi [20]
64 7.66 CygH,g0,  309.2060 309.2064 1.3 [M+H]* HIEE-6- LR 300.206 0,293. 048 5,221.083 6, E% [21]
193.152 9,165. 098 2
65 7.86 CyuHepOye  823.4111 823.4139 3.4 [M+H]* HHER 647.382 1,471.347 4,453.338 7 HH [22]
66 7.86 CyHu0,  471.3469 471.3477 1.6 [M+H]* AR 317.213 2 e [23]
67 7.86 CyuHeOp  823.4111 823.4139 3.4 [M+H]* H 2 H2 647.382 1,471.347 4 5 [11]
68 8.39 CyHy0,  441.3727 441.3730 0.7 [M+H]" A 441.374 0,365.324 4,275.242 4 KM [10]
69 8.80 C,H,0,  269.0808 269.0820 4.3 [M+H]" TR 253.050 5,237.055 6 B HE [18)
70 8.98 CiHy0, 2722584 272.2592 2.8 [M+NH,]”  #&tilihiz 137.062 0 FH -
71 9.22 CyoHa0, 2951904 2951906 0.8 [M+H]* 6-Z P 293.062 4 % [21]
72 9.35 CuH0, 3231278 323.1282 1.3 [M+H]* 8-prenyldaidzein 267. 066 0,239. 073 2,255. 066 2 $1R [10]
73 9.37 CyuHy0¢  369.1333 369.1346 3.5 [M+H]" curcumin 271.060 9,229. 085 7 A% [6]
74 9.38 CgHi0,  302.3054 302.3063 3.2 [M+NH,]” 5@ 302.307 7,284.296 7 R -
75 9.58 CyH,05  357.1697 357.1706 2.5  [M+H]* LT A 357.172 3,301. 108 0,235.137 2, % [6]
21. 119 4,165.056 0,123. 044 5
76 9.67 CyHpOs  355.1540 355.1548 2.3 [M+H]* HET L 299.093 2 R [11]
77 9.84 C;;H3;,0,  286.274 1 286.2748 2.7  [M+NH,] -9 7S H R TR 239.515 4 KA -
78 10.09 CyH;g06  355.1176 355.1180 1.0  [M+H]* B e 299.058 1 e [11,23]
79 10.14 CyH,0,  339.1591 339.1598 2.0 [M+H]* TR R A 339.157 4,283. 111 8,219. 105 8, H¥ [23]
163. 060 4,121. 023 3
80 10.39 CyHi0g  367.1176 367.1184 2.0 [M+H]* H 311. 056 6,281. 046 5 G [23]
81 10.83 CoH04 163.0390 163.0389 -0.6 [M+H]* benzene-1,3 ,5-tricarbaldehyde 163. 036 8,135.043 0,133.027 9 E#R [10]
82 10.90 CyH;s05  355.1176 355.1180 1.0 [M+H]* SR 299.058 1 o [18]
83 11.16 CyHyOs  353.1384 353.1393 2.8 [M+H]* HET 189. 091 1 B [11]
84 11.21 C,H,0, 344.3523 344.3529 1.8 [M+NH,]~ methyl arachidate 327.086 2 KA -
85 11.23 CiHy05  305.2111 305.2119 2.4 [M+H]* 8- 177. 104 9,137. 061 2 HE% [21]
86 11.67 CyH0s  337.1071 337.1080 2.7 [M+H]" daldinone A 295.058 8 HR [10]
87 12.31 CgH5,05 205.2279 295.2281 0.8 [M-H]~ (E) -8-0x0-9-octadecenoic acid 295.227 1,277.218 3,195.141 5 H#f [10]
88 12.31 CHy0,  279.2319 279.2325 2.2 [M+H]* linolenic acid 149. 023 6,121.029 7 EN -
89 13.00 C,H;0;  333.2424 333.2432 2.3 [M+H]* 10-shogaol 192.853 0,177.091 6,166.897 0, *£:% (6]
148. 883 7,137. 060 4
90 13.66 CyHi05  361.2737 361.2748 2.9  [M+H]* 12-shogaol 157.114 5 % [6]
91 14.37 CyHs0g  495.3892 495.3905 2.8 [M+H]* Qe Sob Yo Ll 177.108 8 FH [11]
92 14.97 CoHy0,  321.2060 321.2071 3.2 [M+H]" 8-gingerdione 321.205 8,207.089 7 % (6]
93 15.50 CygHuN,04 659.2882 659.2876 -0.9  [M+Cl]~ Wi 5 B 581.224 1,310.018 1,268.010 5 A -
94 15.72 CHy0,  279.2330 279.2334 1.5 [M-H]~ TR 279.233 0 A [6]
95 15.74 CHy0,  331.2843 331.2846 0.9 [M+H]* Hfmiﬂ‘ﬂm‘a 313.2723,257.240 9,239.264 6 HH -
96 16.27 CyHsy0,  328.3210 328.3212 0.7 [M+NH,]”  (E)-1I-=1k# 311.292°9 KA -
97 16.63 CpH,L0,  339.3269 339.3274 1.6 [M-H]~ e L g 339.322'5 K -
98 17.12 CyHy0,  355.2843 355.2853 2.0 [M+H]* o R 355.120 5,245.230 0 o [23]
3.1.1 EERAGY MaimhiEmEASY FEORE TR, SR SR | S S
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Fig.2 Cleavage of puerarin in positive ion mode
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i m/z 351.086 3 B B F, MRAE SCRRHRAE A
G SR HENZAL G Y R SRR T REIY
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g AR =R A A T A R A
Y1 54 60 .63 .65~67 94,

L 65 S U], BRI =ik 2 o A R
RGP Y AR AR . 76 I BRI I HESy
TE Tl m/z 823.413 9] M+H | i34 IC K 4L
ZEA A HT U AT RE ) 4> F R CpHg 060 BEES
T 2= A8 2 0 B R AR R m/z 647.382 1 Fl m/z
471.347 4 WIRE B, B — 22 1 4 H,0
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Fig.3  Cleavage of glycyrrhizic acid in positive ion mode
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Fig. 4 Cleavage of methyl-6-gingerol in positive ion mode
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Fig.5 Cleavage of arginine in positive ion mode
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Fig. 6  Cleavage of 1-butene-2,3,4-tricarboxylic acid in nega-

tive ion mode
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TR A Dk, H R IR A BT R BUNZ S e 9 9 A
Fﬁo AR B RN W LR, A 1L K52y
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Table 3 Ten core targets and their degrees

5 R B RN R A S B A BRSSO
P A ORI 225, 25 BT P4
T SR AT RS A 5T, SRR 37 S EAR R AR
R -MAREERE BRI RO
HOREHIC HHRE 6-Z K, 9 ML EY
YEMEEAL A Y, 72T STRING (45 #EFll Cytoscape
KRR PPT Z% LI 7, B 2E Y 10 A% 004 55
% 3,70 9& NR3C1 . KDR ,GSK3B . BCL.2L1 \MTOR ,
CD4 MMP9 . PPARG , STAT3 ,SRC, H ' BCL2L1,
MTOR , CD4 . MMP9 . PPARG , STAT3 . SRC 1 J& {f
¥1>30,3X 7 AN 80T BEAE AT 40 I RIS HFE A
H 1FIRIA YT B AR )i R v A AR

K7 HLEL PPI M4 [E]
Fig. 7 PPI network of targets

FLA FR JEfE ABep o E23 10t Iy
NR3Cl glucocorticoid receptor 23 0.0310 0.509 4
KDR kinase insert domain receptor 29 0.016 2 0.517 1
GSK3B glycogen synthase kinase 3 beta 30 0.026 2 0.5113
BCL2L1 BCL2-like 1 34 0.012 0 0.5152
MTOR mammalian target of rapamycin 36 0.026 0 0.523 1
CDh4 CD4 molecule 38 0.052 8 0.535 4
MMP9 matrix metallopeptidase 9 40 0.039 2 0.539 7
PPARG peroxisome proliferative activated receptor 41 0.069 1 0.5397
STAT3 signal transducer and activator of transcription 3 44 0.024 7 0.548 4
SRC tyrosine-protein kinase SRC 46 0.074 8 0.569 0
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