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Study on relationship of vinegar Schisandra chinensis on acute liver injury
based on theory of 'vinegar into liver" in traditional Chinese medicine
processing
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Abstract: Objective To investigate the composition changes of Schisandra chinensis with different vinegar preparation times, based
on the traditional Chinese medicine processing theory of "vinegar preparation into liver", HPLC method was used to analyze the
active ingredients in S. Chinensis with different vinegar preparation times, and identify the basis of the active substances protecting
liver. Methods HPLC was used to establish 10 batches of raw S. chinensis and 1, 2, 3, 4, 5, and 6 h fingerprint spectra of S.
chinensis prepared with vinegar. The levels of schisandra alcohol A, schisandra B, schisandra A, acrylamide, 5-hydroxymethylfurfural

(5-HMF), and schisandra ester A were detected. Using CCl, induced acute liver injury in mice as an animal model. Combined with
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serum biochemical indicators such as aspartate aminotransferase (AST), alanine aminotransferase (ALT), total superoxide dismutase
(T-SOD), malondialdehyde (MDA), and tumor necrosis factor-a (TNF-a), using the grey correlation method combined with partial
least squares method to analyze the correlation between its liver protective components and drug efficacy. Results In the fingerprint
spectra of 10 batches of S. chinensis, a total of 23 peaks were identified using the schisandra alcohol methyl chromatographic peak
as the reference peak, including six characteristic peaks. Comparing the similarity between the fingerprint of S. chinensis from 10
batches of raw S. chinensis and the control fingerprint under different vinegar processing times, it was found that the similarity was
between 0.913 and 0.999 within the group. With the extension of steaming time, the overall 5-HMF content in S. chinensis shows an
upward trend. When vinegar was used for 3 h, the mass fraction of S. chinensis ester A slightly increased compared to raw S.
chinensis, and then gradually decreased with time. Within 1—6 hours of vinegar production, the mass fractions of schisandrin A,
schisandrin A, and schisandrin B showed little change compared to those of raw S. chinensis. Compared with model group, the
MDA, AST, ALT, and TNF-a level in the vinegar treated groups for 2, 3, and 6 h significantly decreased, while the SOD level
significantly increased (P < 0.01), the levels of AST and MDA in the 1 h vinegar group significantly decreased, while the levels of
SOD significantly increased (P < 0.01), the levels of AST and ALT in the 4 h vinegar group were significantly reduced, while the
levels of SOD were significantly increased (P < 0.01); the level of AST, ALT, TNF-a significantly decreased and the SOD level
significantly increased in 5 h vinegar group (P < 0.01). Comparison between groups showed that the pharmacodynamic indicators of
the vinegar treated 3-hour group were significantly better. As the processing time prolonged, compared with the vinegar treated
3-hour group, the AST, ALT, and TNF-a levels in the serum of the vinegar treated 4, 5, and 6 hour groups were increased to varying
degrees, while SOD content decreased. Therefore, a spectrum effect relationship study was established based on the correlation
between the 3-hour fingerprint of S. chinensis prepared with vinegar and its pharmacodynamics. According to the combination of
grey correlation analysis and partial least squares analysis, 5-HMF, schisandrin B, and schisandrin A are the main contributing
components to improve liver injury in mice. Conclusion The best effect of 3-hour vinegar preparation of S. chinensis on CCl,
induced acute liver injury in mice was observed, with schisandra B, 5-HMF, and schisandra alcohol A having significant effects on
biochemical indicators in mice.

Key words: Schisandra chinensis (Turcz.) Baill.; liver injury; spectral effect relationship; grey correlation analysis; partial least

square method; 5-hydroxymethylfurfural (5-HMF); schisandra B; schisandra alcohol A
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Fig. 2 Fingerprints of S. chinensis (A) and vinegar made 6 (B), 5 (C), 4 (D), 3 (E), 2 (F), and 1 (G) h sample
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®2 BEEFERFIEYLEZECETNER
Table 2 Similarity evaluation fingerprint of S. chinensis
prepared with vinegar

fiE mEED I Wi mERD EEH WS
X lh 2h 3h 4h 5h 6h
S1  0.987 0.937 0976 0955 0.984 0.983
S2 0913 0.922 0984 0936 0.960 0.981
S3 0.980 0.945 0984 0963 0.908 0.931
S4  0.952 0.955 0988 0963 0908 0.996
S5 0.995 0.995 0985 0981 0974 0.998
S6  0.996 0.997 0991 0920 0974 0.999
S7  0.998 0.981 0968 0938 0976  0.999
S8 0.999 0.977 0930 0937 0975 0.999
S9  0.999 0.970 0.927 0978  0.991 0.998
S10  0.996 0.978 0.907 0977 0990 0.998
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R3 BEREMKFI ALT.AST.AST.TNF-a.MDA .SOD ;& B 2208 (7+s,n=10)
Table 3 Effects of S. Chinensis vinegar on activities of ALT, AST, AST, TNF-a, MDA, and SOD (x+s, n=10)

Mol FIE/(gkg ™ ALT/(U-L™D AST/(U-L™) TNF-o/(pg'mL™")  MDA/(nmol-g")  SOD/(U-mg™)
oyt — 72.53+8.39 102.69+11.25 418.00+21.96 2.28+0.28 442.18+20.92
7Y — 301.91+16.78% 519.36+24.49* 571.84+15.83 4.48+0.35" 172.42+13.427
FH A 0.325 84.42+8.99" 155.24+16.52" 437.33+17.28" 3.23+0.217 336.48+15.12"

C, 26.000 205.67+11.39 322.99+25.227 473.31+18.60 3.71£0.22™ 305.55+13.09™

C, 26.000 136.42+9.65™ 382.07+21.48™ 438.63+22.06™ 4.15+0.24™ 305.85+13.08™

C, 26.000 113.71+9.55™ 238.09+17.69” 442.57+11.70” 3.62+0.21" 305.70+13.39"

C, 26.000 154.68+9.44" 461.04+23.64™ 450.55+23.11 4354023 296.38+12.79"

C; 26.000 185.52+9.78" 479.34+17.79" 451.47+12.02" 4.26+0.24 290.79+13.11"

Cs 26.000 191.99+8.96" 374.82+29.43" 458.21+23.06™ 3.74£0.21" 285.53+10.94™

X4 :"P<<0.05 #P<<0.01; SR L :"P<0.05 “P<0.01

*P<0.05 *P<0.01 vs control group; P < 0.05 P <0.01 vs model group

F4 FEE3 h EBRF HPLC 4 B L A E S IR E AR EUE

Table 4 Characteristic peak area values of S. chinensis HPLC fingerprints after 3 h preparation of vinegar

A PRI B 5-HMF Lk T I Lkl TR TH R hRT LR
C3S81 1279 183 5423 503 7346 091 666 112 1765 845 5132029
C382 1364 649 6479 960 7 149 158 847730 2035 883 5016 784
C3S3 1297 859 6529 774 7227 598 854 966 1 825 855 4785472
C354 1350 950 6 663 579 7 090 667 805 706 1 852 667 5053292
C3S5 1378 415 6692 277 7030491 645 664 1786 287 5057071
C3S6 1383418 5424324 7 381 856 642 840 1780 396 5148 951
C387 1224 558 5570 004 7693 982 679 206 1914 701 5851 550
C3S8 1115858 5180 850 7250713 636 111 1 803 492 5263620
C3S9 1414 183 6465 921 7024 162 716 049 1 545 344 4739 459
C3S10 1415 145 6404 470 7015 888 775 993 1 696 052 4 883 586

RS HPFHERHELLEER

Table 5 Results of pharmacodynamic indexes averaging

st SOLIER R (SEVEE VL IE]
ALT AST TNF-a MDA SOD
S1 1.002 1.0792 1.0146 09377 09205
S2 1.0783 1.0067 1.0183 1.0164 09889
S3 09941 1.0700 1.0000 09911 09785
S4 09880 09978 1.0238 09477 1.0976
S5 0.8340 1.0000 09837 09181 09875
S6 09971 09714 09783 1.0438 09927
S7 1.0183 0.8524 09963 1.0408 0.9991
S8 09895 09366 1.0201 1.0790 1.0188
S9 1.0025 1.0067 1.0238 1.0650 1.0006
S10 1.0080 1.0792 09412 09603 1.0158

0.6 J9 5% i % - R /Y = STk H L W] 3 h 4L
e I TN UG EINE T S A SN TN S N
T4 M B Jie R 5-HMF X 8 25 20022 45 b7 A B 8 19

AR

25 BYBEESERBRGIERMER RN ZER
=(OPLS) 34
2.5.1 OPLS[HIA G FEME S S mtr DL g
U TH B VE S B A8 &, 43 495 48 bR AST L ALT .
TNF-a . MDA.SOD fE A A % & , #| F SIMCA 14.1
At H oy BI3E4T OPLS AH S 0] 9 43 #7 , E Bh40
AEIERTTFE

Yier=m,+a X +aX,+ - a X,

Yy =m,+b X, +bX, b X,

Yinea =Myt c X e, X, eeee cX,

Yypr=m,+d X, +d,X,+ - -d X,

Yiop=m;+e X, ++e,X, 4o e,
X~ X, N A U V8 T A MM, a,~a,a b, ~bys ¢, ~ oo d,~d,
e, ~ e A WS A5 bR 1 [ R E m, ~m 9 En

SR E 4 BTN, MO R BT I 5 /N BT
145 5 b B9 AR < M, B T/ BROBT 4% 45 AR AST.
ALT.TNF-a.MDA 5 25 % 2 5 AH 5, #0153 R
BRI U U S X 24 I DT R 0 o R A 4 4R A
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Bl 3 h IR FAHFEIEE X IEE R SR FRRRIE R X RO

Table 6 Analysis of relationship between characteristic peak area and pharmacodynamic indexes of S. chinensis after 3 h of

vinegar preparation

KI o Sey
TR = =
ALT AST TNF-a MDA SOD ¥IMH HEF
R0 1 fe 0.6712 0.744 8 0.648 9 0.709 7 0.644 5 0.683 8 4
5-HMF 0.605 8 0.705 4 0.514 3 0.572'5 0.6110 0.601 8 5
TRl 0.796 7 0.743 8 0.780 4 0.764 3 0.743 8 0.765 8 1
LT i 0.614 8 0.660 9 0.476 1 0.539 5 0.612 8 0.580 8 6
FRTHER 0.733 3 0.682 0 0.757 1 0.671 8 0.679 1 0.704 6 3
AT OFR 0.709 6 0.709 3 0.722 8 0.701 5 0.705 4 0.709 7 2
0.02 A 0.002 B tc T
T T — - : 0.002. .
—_ : = | _—— — ‘
=4 0.01 @0 = o | i ]
8 g N -_—
€ o z 570002 2-0.0021 i —
O 1 @)
OV SHME kT BT BURE BT SHMF VKT T0ET EUKT Tk Rt ‘
- Ptk S-HMF HUKT HWKT H%T % T ) y ; ; ; ;
Wit W RE R 2% Wi M W WE % gﬁ;@ S-HMF igg igg £;k§ ﬁ;’g
VarID (Primary) VarID (Primary) i, ST
ary, VarlD (Primary)
.‘D ‘E
] 0.006
0.24_ , 0.004 . :
Z I = oo
@n 0 —- 70 l - ——-
g -- g 0 — -
8 02 S —0.004
! —0.006 | !
04" —0.008 . i i i i
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& 4
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Fig. 4 Fingerprint of S. chinensis after 3 h of vinegar preparation and standardized regression coefficients of liver injury

indexes
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Fig. 5 Contribution of fingerprints and liver damage indexes of S. chinensis after 3 h of vinegar preparation
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