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Abstract: Objective To explore the potential Q-markers between crude Schisandrae Chinensis Fructus (SCF) and
vinegar-processed Schisandrae Chinensis Fructus (VSCF) based on multivariate statistical analysis and network pharmacology.
Methods UPLC-Q/TOF-MS was used to analyze the main lignans in SCF and VSCEF, and the potential differences of chemical
components (Q-markers) between SCF and VSCF were screened out by using multiple statistical methods. Furthermore, through
network pharmacology and bioinformatics, the main action targets and pathways related to significantly different components were
analyzed to construct the “component-target-pathway” network relationship and predict the potential quality markers between SCF
and VSCF. Results In this study, 40 different constituents of Schisandra chinensis between SCF and VSCF were screened, among

which eight chemical markers had significant differences between SCF and VSCF. Five chemical constituents were identified and
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confirmed, namely 5-HMF, deoxyschizandrin and its isomer, schisandrin B, and schisantherin D. The other three chemical markers were

speculated to be lignans by analyzing the first-and second-order mass spectrometry information. The results of network

pharmacological analysis showed that the five potential quality markers identified were highly related to the main pharmacological

effects of SCF. Finally, schisandrin B and 5-hydroxymethyl furfural were identified as the most representative potential quality

markers. Conclusion The results showed that the chemical composition of SCF had a series of complex changes. It was determined

that schisandrin B and 5-hydroxymethyl furfural could be used as representative potential quality markers between SCF and VSCF. It

is speculated that lignans may be the basis of the important effect of VSCF on liver protection.

Key words: Schisandrae Chinensis Fructus; vinegar-processing; Q-markers; UPLC-Q/TOF-MS; multivariate statistical analysis;

network pharmacology; lignans; bioinformatics; component-target-pathway; 5-HMF; deoxyschizandrin; schisandrin B; schisantherin D
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F1 ARKRTAHMEIR
Table 1 Origin of SCF
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Fig. 3 OPLS-DA/S-Plot of SCF and VSCF samples

]
A o
0.8
® Q
c
0.4 @
g 8]
f
°
0
. ®
®
~0.4
b@
2@ 4@
-08 o
-03 o1 o1 03

pll]

3 4. BERRKF S-plot

TRE R R TR AR R, AR, TERTA I 10 kAR
FURFHE S P RS TR T B K. Rk 3
ANZEFRHSr: CM-b (g 10.37 min, m/z 560.281 6)
CM-c (tg 16.89 min, m/z301.139 8) LK CM-d (1
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Table 2 Mass spectrometry data and identification of SCF and VSCF samples
%w'5  m/min 2R 2K PA RSN & T KL e R
(m/z) (m/z) (X107%)
1 2.64% S5 F2FIEHERS C6HeO3 [M~+Na]* 149.021 8 149.021 5 2.0
2 4.51  [4-{(15)-3-[(2,2-dimethylpropanoyl)oxy]- CasH44O13 — 588.2770 588.2776 -1.0
1-hydroxy-2-oxopropyl}-9-hydroxy-2,2-
dimethyl-6-o0x0-1,3,7-trioxaspiro[4.4]
nonane-8,9-diyl]bis(methylene)bis
(2,2-dimethylpropanoate)
3 558 — C23H42010 478.2776 4782773 0.6
4 5.66  1,10-bis(4-carboxyphenoxy)decane C24H3006 [M+H]* 4152105 4152115 -1.5
5 5.66" fkTEEH C24H3207 [M-+H]* 4332221 433.2201 45
6 6.73  anatolioside C22H33010 — 462.246 1 462.246 4 —-0.6
7 6.77 allyl 2-O-benzoyl-3-O-benzyl-a-L- C23H2606 [M+H]* 399.1782 399.1787  -1.2
rhamnopyranoside or isomer
8 7.32  allyl 2-O-benzoyl-3-O-benzyl-o-L- C23H2606 [M+H]* 399.178 1 399.178 7 -1.5
rhamnopyranoside or isomer
9 826 — C37H3603 [M+NH4]* 546.302 0 546.3003 3.1
10 8.30 hydrocortisone aceponate C26H3607 [M—+Nal]* 483.2353 483.2347 1.2
11 831% X K¥EN C23H2506 [M-+H]* 401.194 8 401.1958 2.5
12 897 — C2sHa3sN3O1o — 546.302 8 546.302 1 1.2
13 9.06* B-HifM CisHo [2M+Na]* 4313652 4313653 0.2
14 9.98* XKFE K C23H3006 [M-+H]* 4032099 4032115 -39
15 1037 — CxH37N707  [M+H]* 560.282 0 560.281 6 1.3
16 1037 — CsHiuN204  [2M~+NH4]" 416.176 3 416.176 7  —0.9
17 1039 — C3sHN20 — 532.2511 5322509 0.3
18 10.41 2-propenoic acid, [1,1'-biphenyl]-4,4'- C22H2206 [M+CH3OH+H]" 415.1735 415.173 8 -0.7
diylbis(oxy-2,1-ethanediyl)ester
19 1041" FPRFERH C30H3209 [M+H]* 537.2112 537.2119 1.3
20 10.78" HBKTER C23H3006 [M-+H]* 4032115 403.2106 24
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g2
%5 te/min e 357 B2 i 7313 nesEy SOE (m/iz) BRRAE (m/z) JREIRZE/(X1079)
21 10.98* X KEE CsH3409  [M-+NH4]" 532.254 1 532.2515 -4.90
22 1132 — Ca3HaoO9  — 460.267 0 460.266 7 0.70
23 1134 — CioHisN3O2  [2M+H]* 415209 6 415.208 8 1.90
24 1143 HEKRFEEZ CxsH3409  [M-+H]" 515.2276 515.225 8 3.50
25 1149 — C31H2s0 — 416213 3 416.213 5 -0.50
26 1227 — CHisNO  [M—H-+NH4]" 399.179 6 399.180 2 1.50
27 1269 — CsHisN/Os  — 279.092 2 299.092 2 0
28 12.85" HERTHE CuH320s  [M+H]* 4172272 417.2272 0
29 1289 — C3Ha09  — 462.282 0 462.282 3 -0.70
30 13.42%  MACKEE Ci5H20 [M-+H] 219.174 0 219.1734 2.74
31 1358 AR FHESHHEFMMAE CuH0s  [M+H] 417.2259 417.2272 -3.00
32 1432 RKRFET CasH3007  — 418.199 4 418.199 1 0.70
33 14.34" HIRFLER Cx;Hs0s  [M-+H] 401.194 7 401.1959 -3.00
34 14.38% B-AH§EE Ca9Hs00 [M+H]* 415393 6 415393 4 0.50
35 1484 — CasH3s07  [M+H]* 485251 6 485.253 4 -3.70
36 15.56* HBRFEET CoH2s09  [M—Ce¢HsO2+H]"  399.178 7 399.178 7 0
37 1612 HEBEXKFE My CsH306  [M+H]" 469.258 5 469.258 4 0.20
38 1634 MUKIR =T B8 CisH»07  [M+K]* 399.178 4 399.178 0 1.00
39 16.89 ARRHEE T CisH2Os  [M-+Na] 301.139 8 301.141 0 -3.90
40 17.63 myricetin CisHi00s  [2M-+H]* 637.302 8 637.300 7 3.30

G S E A SR SCHRIROE AL O LRI — R EETRIA

“Identified with standard products; *Identified with reference compounds; —Unidentified
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Fig. 4 Chemical structures of identified components different between SCF and VSCF (compound numbers represent same
meanings as those in Table 2)
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Table 3 Analysis of ion intensity trends of eight differential chemical markers from SCF and VSCF

i (M-a CM-b CM-c CM-d (M- CM-f CM-g CM-h

ETIRT 71283615466 5180.341490.08 1350.33371.83 241.85+ 99.81 46 781.00£17 732.26 50 312.60%16 294.35 17 040.17+6 752.09 5 015.88 12 457.4

ETBRT 150130488462 6431.84+1971.43 1979.941314.68 589.961247.97 21 788.70% 8 796.57 27 864.40%11272.98 9737.77+4 74343 2871.92£1 865.12
PfE 0.0125 0.1267 0.0007 0.0007 0.0009 0.002 1 0.0119 0.0413
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B R R S B, m/z 121.028 1 [M+Nal]*. m/z 5-HMF A2 HH i 2] 4 R B8 i K A2 i, He g
89.059 8 [M-+Na] 7> HIE R BT CO (28) 1 AR, BILARIE, HAAEENAEDEE
CH;OH (32), Xit— Bl 75w s R, Zlsyr HRFRIREHIERE T, b s i 5 2 & B n & .
WA AT RE & S-HMF. SRJ5, Aseibdt— ittt MR, &S B k 5-HMF, &2 M|
BOCERHZAL S0 MS b8l (DREAETE, R IR R AR — NIRRT, ASEEGH



° 4650 * ¢ %% Chinese Traditional and Herbal Drugs 25 50 % %5 19 3§ 20194 10 A
CM-a CM-e
| : ‘ _ ‘ b L .
50 100 150 200 50 150 250 350
CM-b CM-f/CM-g
r T t ¥ _LI‘ T — —,————rtr—r— ey
50 150 250 350 450 550 0 100 200 300 400
CM-d CM-h
r T T — “lm“J“‘P'LJJ‘l e r T | PSR ¥ T Ly v l““;\'ll J L "
50 150 250 35 450 0 100 200 300 400
miz miz

Bl 5 HZEBTRATRNBBECFFCYN ZRRRMENE

Fig. 5 Representative mass spectra of potential chemical markers detected in positive mode
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Fig. 6 Component-target-pathway network diagram based on potential quality markers
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