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Analysis of differences in volatile components of classic formula Xiaoxuming
Decoction in different extraction solvents based on GC-MS/MS technology

ZHUO Weijie!, LIAO Siming!, CHEN Jingxia?, JI Ruifeng', HUANG Zhuohua', LIN Bishan?, HE Xin!
1. Guangdong Pharmaceutical University, Guangzhou 510006, China
2. Sinopharm Group Guangdong Medi-Word Pharmaceutical Co., Ltd., Foshan 528303, China

Abstract: Objective Using gas chromatography-tandem mass spectrometry (GC-MS/MS) to investigate the differences and
characteristics of volatile components in the classical formula Xiaoxuming Decoction (/N4E1177%) under different solvent extraction
conditions, aiming to select the optimal solvent for studying the volatile components of Xiaoxuming Decoction. Methods GC-MS/MS
was employed to analyze the volatile components in the petroleum ether, n-hexane, xylene, chloroform, diethyl ether, ethyl acetate,
and n-butanol extracts of Xiaoxuming Decoction. Chemometric analysis was used to evaluate the differences of different solvent
extraction groups of Xiaoxuming Decoction, while statistical methods were applied to visualize the types and quantities of these
components. Molecular docking was conducted to predict the binding ability of potential marker volatile components inXiaoxuming
Decoction with key targets of ischemic stroke. Results A total of 63 volatile components belonging to 11 categories were identified
in Xiaoxuming Decoction. Ethyl acetate extraction identified 31 volatile components, chloroform and n-hexane extraction identified

28 components, petroleum ether extraction identified 26 components, diethyl ether and n-butanol extraction identified 25 components,
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and xylene extraction identified 20 components. Using peak area, oral bioavailability, and normalized percentage content as indicators,

63 components were screened and docked with ischemic stroke key targets interleukin-6 (IL-6), vascular endothelial growth factor A

(VEGFA), and tumor protein p53 (TP53). The results showed that ligustilide A, 6-gingerol, cis-cinnamaldehyde, panaxynol,

medioresinol, 8-gingerol, and gingerdione exhibited lower binding energies. Conclusion By studying the intrinsic components and

their differences in different extraction solvents, representative volatile components of the classical formula Xiaoxuming Decoction

were identified. Ethyl acetate, diethyl ether, and chloroform were selected as the optimal solvents for further research on the volatile

components of Xiaoxuming Decoction.

Keywords: classical formula; GC-MS/MS; Xiaoxuming Decoction; volatile components; ligustilide A; 6-gingerol; cis-cinnamaldehyde;

panaxynol; medioresinol; 8-gingerol; gingerdione
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Table 1 Information of samples

%5 Ff i 44 55 ARALE ]
S1 XX221116-SYM XX221116-DG
S2 XX221116-ZJW
S3 XX221116-RJB
S4 XX221116-YSYZ
S5 XX221116-YM
S6 XX221116-LF
S7 XX221116-ZDC
S8 XX230901-SYM XX230901-DG
S9 XX230901-ZIW

S10 XX230901-RJB
S11 XX230901-YSYZ
S12 XX230901-YM
S13 XX230901-LF
S14 XX230901-ZDC
S15 XX240301H17-SYM
S16 XX240301H17-ZIW
S17 XX240301H17-RJB
S18 XX240301H17-YSYZ
S19 XX240301H17-YM
S20 XX240301H17 -LF
S21 XX240301H17 -ZDC

2 7k

2.1 pEEamAEENREIE

HIRE R EAEE R RAAN CGHREBLTT
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Fig. 1 Total ion folw chromatogram of volatile components ofof Xiaoxuming Decoction
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Table 2 Volatile component information of Xiaoxuming Decoction
75 WEMARR R CAS 5 MSIMS # ;i 81 {5 & U

1 6-FEim CiHu0s  555-66-8 276.00, 259.10, 219.00, 205.10, 163.05, 137.0 96

2 6EHZE CiHsOs  39886-76-5  294.00, 259.15, 205.05, 179.00, 150.05, 137.02 95

3 10-E5H CuH:0s  36752-54-2  322.20, 301.00, 316.20, 219.00, 205.10, 163.00 92

4 \BHE CuHuO 81203578 229.00,173.10, 159.05, 141.05, 115.05, 91.05 95

5  EHCW CuH2uO:  61871-71-4  292.15, 261.05, 221.00, 179.05, 137.00, 122.05 96

6 BANE CiwHuO;  81944-08-3  190.10, 161.05, 148.00, 105.05, 77.00, 55.00 97

7 ISR CoHeO 57194-69-1  131.01, 103.00, 51.00, 133.00 95

8 HNENEA CiHis02  63038-10-8  107.05, 79.05, 77.05, 192.20, 57.10, 159.10 95

9 5-fSE-1-(4-REE-3-FEARSE)-3 2 CiHOs  77398-92-6  322.20, 287.10, 273.00, 179.05, 150.00, 137.05 90
0 #FEX CoHs02 91-64-5 146.00, 118.00, 90.05, 63.00 92
11 6-REZR CuyH2u0s  863913-659  276.00,179.10, 137.05, 122.05, 91.00, 55.05 95
12 8- CioHzs0s  36700-45-5  304.20, 287.20, 219.05, 205.00, 137.05, 119.05 96
13 BFAR CuHisO2  6415-59-4 194,15, 165.00, 149.05, 108.00, 79.00, 53.00 96
14 FEtk CirHss 629-78-7 240.20, 197.00, 155.15, 113.10, 85.00, 71.05 92
15 ASHHEME CuH2u0;  72800-72-7  260.00, 231.00, 161.00, 133.05, 121.00, 91.00 90
16 FE=Etk Ca2Hes 544-85-4 450,00, 169.00, 141.15, 113.10, 85.10, 71.05 90
17 ETHFRE CiHuO:  6066-49-5 190.00, 172.00, 133.00, 105.00, 77.00, 51.00 92
18 AR HER ¥ CuHiz0s  117-81-7 279.00, 261.00, 221.05, 167.00, 149.00, 113.10 91
19 2-(L133-JUFET H)%R CuH20  3884-95-5 206.00, 175.00, 169.25, 135.00, 107.00, 91.00 90
20 79-TRTHE-LEAIEA45%-69- 28" CuHuOs  82304-66-3  276.15, 261.10, 217.10, 205.00, 174.00, 135.00 91
21 TR CisH202  60-33-3 280.20, 263.00, 196.15, 164.10, 136.00, 109.10 93
22 2H-1-EMENE-6-FF 2-[(3E)-4,8- “H -3 7-JLME-1-  CaHO,  155661-15-7  329.00, 328.15, 285.05, 246.00, 217.00, 192.10 93

H]-34-lWE-28-~H 3t

23 JFEEH CxHsNO  112-84-5 337.30, 306.10, 229.05, 212.00, 140.10, 126.00 91
4 Eot CoaHas 629-94-7 296.20, 284.20, 239.00, 197.00, 169.00, 141.00 93
25 UINER KRR CxHesOs 28474900 652.00, 256.20, 213.00, 157.00, 129.10, 85.00 94
26 ZEH CuHuOs  122-48-5 194.10, 137.05, 119.00, 91.00, 65.00 93
21 2B H CiHs0s  23470-00-0  330.15, 312.00, 299.25, 257.25, 239.00, 193.15 91
28 WHEE CisH120s  632-85-9 284.00, 269.00, 241.05, 213.00, 167.00, 139.00 91
29 TR#EA CisH1205  480-11-5 284,05, 269.00, 241.05, 210.00, 167.00, 139.00 91
30 ZEB-t kR CuHigO2  822-26-4 368.00, 350.20, 167.10, 139.10, 111.00, 97.10 93
31 EfIk CaaHio 5856-66-6 589.00, 547.00, 141.15, 113.00, 85.00, 71.05 90
32 (IR2R)-rel-1-Z. 1 #-2-(1E)-Fh A it CuHis 22822-99-7 150,00, 107.00, 79.05, 77.00 91
33 RiMER CigHu02  112-79-8 282.00, 264.25, 222.20, 193.15, 165.00, 137.10 92
¥ HNIEWEH CiHi0s  912359-25-2  180.15, 151.10, 55.05, 95.05, 165.10, 224.15 97
B FEE CsHgO0s 121-33-5 152,05, 151.10, 81.00, 123.00, 109.00 95
36 i CuH202  80-53-5 139.10, 108.10, 96.00, 81.05, 59.00 92
31 AEHE CisH20s  77398-90-4  266.00, 231.00, 205.00, 179.00, 150.05, 137.00 96
38 MERRLE CigHsNO  301-02-0 281.00, 238.00, 184.20, 140.10, 126.10, 83.05 90
39 FANBEBER CiHzNO  629-54-9 255.00, 212.10, 170.15, 128.10, 86.05, 72.00 91
VIV 11 CiHz02  57-10-3 256.20, 227.00, 213.20, 185.00, 157.00, 129.1 96
4 WER CoHs02 621-82-9 147.05, 131.00, 103.05, 51.00 96
2 EHAk CisHas 544-76-3 226.00, 197.20, 155.15, 113.10, 85.10, 57.05 90
43 FMEEE CisH14Os  32383-76-9  270.05, 255.00, 226.05, 197.10, 161.05, 148.00 91
44 AREIEPNER CuwHwO;  76760-43-5  162.05, 147.00, 131.05, 91.05, 65.00 93
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75 WEMARR R CAS 5 MSIMS # ;i 81 {5 & U
45 BEZHR-TH CisH20s  84-74-2 278.05, 223.00, 167.05, 149.00, 104.00, 57.05 91
46 TR CigH02  57-11-4 284.00, 255.20, 241.00, 199.00, 185.00, 143.10 91
47 5-O-HYERTHKEE CisHisOs  80681-42-1  290.10, 261.00, 257.10, 231.05, 213.00, 186.00 90
48 PIRER CioHwOs  1135-24-6 133.00, 195.00, 77.00, 177.00, 105.00 97
49 PKERE CoH10 104-54-1 134.05, 115.05, 105.00, 92.00, 51.00 97
5  JHRE CiHisOs  37921-38-3  306.00, 273.05, 247.00, 229.00, 205.00, 173.00 95
51 RAfEMG CaoHso 111-02-4 410.10, 350.25, 270.05, 231.20, 137.05, 121.10 90
52 ENEAEEI CuwHis0s  94596-28-8  224.00, 206.00, 180.00, 151.05, 123.00, 95.00 92
53 Z-WTHAER CuHO;  72917-31-8  189.10,188.00, 159.05, 131.00, 103.05, 76.00 90
54 A{(E)2-(4-FAINEERR) O] - HEEAER  CisHisOs  7329-69-3 273.10, 272.00, 239.10, 211.00, 169.00, 115.05 90
55 2,3-T-35 ZFRAL-6-FEE-4(H)- M IR-4-F CeHsOs 28564-83-2 144,00, 115.00, 101.00, 73.00, 72.00, 55.00 90
56 11-ZRTRE-2-FERL CiHs02  13262-24-3  159.10,129.00, 73.00, 71.00, 57.05 91
57 LTHEELRTHEETR CuHe02  20266-12-0  159.10, 129.00, 103.00, 73.05, 57.00, 55.00 91
58 S-fRHULREE CsHs0s 67-47-0 126.00, 97.00, 69.00 92
59 2-FEHE-A-LIARR CoHwO2  7786-61-0 150.10, 135.05, 107.05, 77.00, 79.05, 151.10 94
60  TTHORFIREARE CisHu02  5395-8-4 163.10, 151.05, 107.05, 77.00, 57.00 90
61 3-HEYFE CsH10 587-03-1 22.05, 107.05, 91.05, 79.05, 77.05, 93.05 90
62 12-TXMEELE CisHis 538-39-6 105.05, 210.10, 79.05, 77.05 91
63 IS AR CuHis0;  4567-33-3 108.05, 79.05, 53.05, 137.00, 220.10 94
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The compound serial numbers correspond to the serial numbers of each component in table 2.

& 2

INERARER MRS EREZFERATEPRA— AN S ESIEE n=3)

Fig.2 Bubble chart showing normalized percentage content of each volatile component in Xiaoxuming Decoction across

different extraction solvent groups (n = 3)
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Fig. 3 Statistical petal plot of volatile components in Xiaoxuming Decoction extracted by different solvents (A) and heatmap

of various volatile components in different extraction solvents (B)
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Fig. 4 Cluster analysis of volatile PLS-DA in Xiaoxuming

decoction under different solvent extraction
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TE/NSA AT 63 FhE R MERL A, L0
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D, W% 3. Hh EEALE 4-[(E)-2- 4-F2FE-3-F4H
FORHE) OIREE]-2-H ARy . HE IS MBS H 5T
Melie . &9 &R BANEE. 6-ZBR. AR,
BTERIR . FHRRZR . IE T BEORBRSE RS« 5 T XUIE
IIMTEE A HEMIROY, Xif 20 Fob 25 S48 1 A o i3k AT 3k
TR KT Z5 T (One-Way ANOVA) R 45 &5
E, BUELE R BIRIX 20 PR s P AN T 0.05
HVIPEKRT 1, BAEEEMER, HErelilEd
M) /) 2352 i 3 A () A E 711) 2 2 (1) 22 S 1k ) O
K%

#z3 TERBAZERTNESZTERZELXERS VIP EES (VIP>1)

Table 3 VIP scores for differential volatile components in Xiaoxuming Decoction in different extraction solvents (VIP > 1)

i 's RSE/EL S VIP {f EiRe] WA RR VIP {8
23 IR TR iz 1.110 50 3B FEE 1.103 51
18 ARoK R — 3 1.110 48 48 PUEmR 1.099 18
10 FER 1.110 25 54  4-[(E)-2-(4-F2HE-3- AR IL) O L] -2- ARy 1.098 86
28 WHEEER 1.109 58 6  EEANEE 1.097 90
34 N ABEE H 1.109 40 17 IETHEEZEREK 1.094 84

7 S PR A 1.109 16 53  Z-WP T EFAK 1.094 75
33 SR 1.109 08 20 7,9- BT 315444 [4.5]%5-6,9- —)#-2,8- 1.094 03
21 G 7H R 1.108 63 40 ERAARR 1.092 25
50 VALS 1.106 78 49 PIEERE 1.088 43

2 6-LHE 1.105 37 25 BUIRIMER AR AR T 1.084 32
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I A 7 T SRS A . I ARIEE X U S B
FI7 R0, AR AR A SRR — AR G 22

X /NBET A 63 MR A% o AT 4R VAT
VE4BAR % S AEAN R ZE O 77 P B TR L 1%
5 R A% B A — A A ) 5 PSIRL iz o) AE
HARGHH B ES o F & TCMSP
(https://old.tcmsp-e.com/tcmsp.php ) H4 4 1 1 AR F)
FEE. 1T 2 Dbt E R E RN 40, J5—DUHRIRALE
WE N 20, ARIAEEA T A LA 5070 BB i & 1
ME—{H, &N 1000 FRIELEE VTR BT HEAT 37
oo 7 MARIZBUEFT, 73RSV s
() 3 RN B iz s 70 B B A AR 1 1) B L
PERMERSY o« W BARK MR 7 5 /NSt iz S It 4
R E SCEREEE AU 4l R/ #-6 (interleukin-6, IL-
6) ME W & A K [F - A(vascular endothelial growth
factor A, VEGFA) HFIJE &5 p53 (tumor protein
p53, TP53) PAZEAT 7310 HEI0IE

M T FIANFEAROAE R PR ) 21 FhERE 1S

DREMTER RS (R 4. 5 F R A hE
BN, rrHEASAEBE, U4 ER<-50
kcal/mol (1kcal=4.2kJ]) B A SR E, W]
R B AT AR o RIARYR 7542
gE IR, P45 G BRK TS5 keal/mol HIRZHP1IEA
7o SRS NS AL 6-2EB R R EERS
ANSHUE, MR ER. 8-E Ml 2B, H
FRES S RERACKINEN S A B A (B 5).

4 i1ie

H AT NSz AR R AR i B 2 W

X AT R A o A FE R WARTE « A TS
‘i FH PP 24 B3 BRI 7R 2R 00 260, ke BB 1 it EH
AINBIRAR VO AMEE. IECkE. WK, &5, &
k. BEPER CER. IR T EER) 7 POARIZEROER . A
GC-MS/MS HAKG M /N i iz v 5 K YE Ry, 18
ik 3 7 FRAS [E 2O R v 2R TR, ke
RN 11 26 63 FIERMERSY o W& ZEBUEFIHIE K
PERC A — AR & AT VIS o K, PR

%4 TRBFFESELERSH FrHEER

Table 4 Molecular docking results of important volatile components in different solvents

S HEE R e TR AR TE 1R A o5h 2 &gl (keal mol )
" % /By B/ ERY /5 IL6 VEGFA P53
Rl FFERBLR 19.78 3171 5.57 57.06 -4.65 -2.64 -3.66
8- 3371 1144 475 49.91 -6.18 -3.41 -5.47
E+tk 1331 2512 1.73 40.16 -4.11 -4.38 -4.01
Fok AR W 423 4412 8.12 4435 -1.94 -2.15 -2.03
1E T HEARER 17.14 7.93 11.01 36.08 -251 -2.62 271
F=tog 14.41 8.46 1.61 24.48 -1.21 -1.50 -1.35
“HE FER 1532 3156 2.24 49.12 -3.32 -341 -351
3-H AR 621  21.33 10.49 38.03 -251 -2.77 -3.04
Z 1 1024  12.42 5.04 27.71 -4.45 -4.02 -3.95
K EH 39.27 2955 1.77 70.59 -5.45 -5.14 -5.28
THREA 2202  26.22 8.27 56.51 -4.11 -4.21 -4.62
TR 2116 16.02 3.96 41.14 -151 -2.33 -3.16
. ; FiHELHER 4121 1364 12.09 66.94 -6.25 -5.13 -5.01
NS 4124 1323 8.67 63.14 -4.45 -5.21 -4.54
AR HIR T 2328  16.14 12.91 52.43 -4.89 -4.78 -5.12
FEER B HE)IE AR A 3244 2743 13.65 73.52 -5.72 -5.71 -5.95
Jigi=X A AL S 3012 1111 5.44 46.67 -5.61 -5.73 -5.49
6-LH % 2143  17.84 7.13 46.40 -4.01 -6.92 -5.40
ETE 53 HImEms 1344  16.12 9.01 38.57 -3.20 -3.06 -3.07
23-"4-35 "/ 1842 1261 7.56 38.59 -0.93 -3.01 -3.27
6- FF HE-4(H)- M -
4-fil
i 719 1014 3.56 20.89 -3.00 -3.26 -3.52
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Fig. 5 Docking models of ligustilide A with IL-6 molecule (A), TP53 molecule (B), and VEGFA molecule (C)
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