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mechanism on attenuating hepatic fibrosis of Bupleuri Radix (BR) and Paeoniae Radix Alba (PRA) before and
after vinegar-processing and compatibility, and to screen potential pharmacodynamic substances by spectrum-
effect correlation method in this study. Firstly, SD rats with CCl,-induced hepatic fibrosis were used as an in vivo
model. The blood and tissue samples were collected for the analyses of pharmacodynamic indexes and plasma
metabolomics after six weeks’ administration of BR, vinegar-processed BR (VPBR), PRA, vinegar-processed PRA
(VPPRA), BR-PRA herb-pair, and VPBR-VPPRA herb-pair. The experiment was approved by the experimental
animal ethics committee from Nanjing University of Chinese Medicine (N0.202103A002). The results of pharma-
codynamics indicated that the levels of alanine aminotransferase (ALT, P < 0.01), aspartate aminotransferase (AST,
P < 0.01), and hydroxyproline (HYP, P < 0.01) were decreased significantly, while the level of glutathione peroxi-
dase (GSH-Px, P < 0.05) was increased obviously after administration of all treatment groups. Next, UHPLC-Q-
TOF-MS/MS was performed to characterize the endogenous metabolites. A total of 20 differential endogenous
metabolites related to the pathogenesis of hepatic fibrosis were identified in positive and negative ion modes, mainly
involving five metabolic pathways of retinol metabolism, glycerol phospholipid metabolism, glyceride metabolism,
fatty acid biosynthesis, and arachidonic acid metabolism. Meanwhile, a concept named correction rate was intro-
duced to evaluate the back-regulation effects of all treatment groups on differential metabolites, and 10 differential
metabolites were corrected by all treatment groups. The correction effects of the vinegar-processed herb groups
were better than those of the crude ones, and the correction effects of the herb-pair groups were better than those of
the single ones. Interestingly, the best correction effect was found in the VPBR-VPPRA herb-pair group, which
further verified the efficacy improvement through vinegar-processing and compatibility. Partial least square method
and VIP analysis combined with spectrum-effect correlation were applied for screening pharmacodynamic markers,
and 38 ingredients with higher correlation with four classical pharmacodynamic indexes (ALT, AST, HYP, and
GSH-Px) were identified as pharmacodynamic markers of the anti-hepatic fibrosis effects of BR and PRA before
and after vinegar-processing and compatibility. The results of the investigation could not only lay a foundation for
clarifying the pharmacodynamic materials and mechanism of vinegar-processing and compatibility of BR and PRA
in the treatment of hepatic fibrosis as well as provide a theoretical basis for demonstrating the scientific connota-
tion of processing and compatibility, but also provide a reference for further drug design and development of BR
and PRA in clinic.
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Analyst TF1.6 software Fl1 £ #f% 4k # 4% 1 & 4t Peak-
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I I S5 Y E T B R 24 K AR SRR B ) 0 1) B e R
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BB Z 44 (30 mg-kg™") BEAT BRI, JBRIE 5% 1) ) I 3 3)
JKHX I 3~5 mL 735 36 TR B APt i . (R itE
FIFEF =8 N E 2 h 5, 4 500 rrmin” &0 10 min
JE B EERI N MGEFEA . PLEtE P A Bl
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1300 5% 28 B ) A B R K, 3R B3 12 B 23 5 24 R AR 5%
PR . O TR SRR E MRy, BE4T VIP 08T,
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BUEALTE R GraphPad Prism 8 314 3E4T 54
ARFR, i R AR T B B br e = . ALt
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P, 5 N\ MarkerView™ A4 H gk A7 0] 5% F1A — 14 Ak
B, BATHIS M PCA R A3 b . A T 3 — B i e
JFF £ A0 AR 26 1) A Wb B4, 4 Par dniBEAL S, K25 A1
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FUE AR, 2 N IR RME 9 ALT AT AST /K
AT IR R N . 5 T R A b, B A i i
PR BRI BH B T (P <0.01.P<0.01). 5
RUSHAH B, B 254010 ALT AT AST /K P34 R (P <
0.01.P < 0.01), iF B & R KA B 6 97 )5 A BH 2 1) 9] 3
TER . SRRV AL, %5225 240 1 ALT F1 AST 7K~
BIR R R A dbAh, TS R B4 N I ALT A1AST
KPR TR ER R, ZREF (P<005.P<
0.05); B (AT = 7R 2 R ALT /KPS AT AT &
A ZH (P < 0.01); M8 28 8-l 3 AT 2500 & 77 & 4L
ALT F1 AST 7K~ 25 . 25 A T+ 28 #H- 0 AT 245 06k 1 771 B 40
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Px 7K 520 25 FAn ] 1 B o 25 6] R 4O BT
(1) HYP F1 GSH-Px /K3 E IE T A . 575 0 I8
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Figure 1

IR HYP RIEKF B H BE TS ok, b
HATR A B 2 22 00T A AR 2= (P < 0.05); BiE 5%
W~ T 1 AT 24 56 i 7)o 2H S 3 AR I S W e R A
(P<0.01). 575 6 B4 AH bl 55 80 20 K BRUFF I 1
GSH-Px i 1 B 55 PR A (P < 0.01), %45 25 41 P 0 o i)
GSH-Px ¥ Y 25 S 30t AS R 72 B35 1) v o T 5t AL ad
T AEMmH, H R REEZESR (P<0.01.P<0.05.
P <0.05). Zi & A [F 4 245 4% ALT AST.HYP Al
GSH-Px /KT IR 52 M, Tt 25 -t (9 A5 7 24 ) vy 77 = 40
Xof 47 AR R B DR AP VR A B £k o
3 PCA##TIEIE

FE R B 175 0 R 2H R A% 28 20 K BRI 5 P 9ot
B AT IR UEAG AL S 3E4T PCA 40T . S5 R ER, &
10 HR 2H B 15 AR 2 (9 R 5 A A B, DD SO TR R
(BE2). 25K, AWM BN G CCL AR i 7 it
J&, R BRI IE 5 AR BEARU A T3, U I AR 4R A 7Y
ST BT, a8 2 TR P R P AR A 1 o A R SR
ZE SR E bR EDD -
4 EMEERSTHR

B2 KT A VB A | A R A T AT
PR S R A T S R AL SR - B Ay
24355 R 7R L RN T S - A 2 n) R 2 3k 8 4.
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Effects of BR and PRA before and after vinegar-processing and compatibility on ALT, AST, HYP, and GSH-Px levels in hepatic

fibrosis rats (x £ SD, n = 6). A: Alanine aminotransferase (ALT); B: Aspartate aminotransferase (AST); C: Hydroxyproline (HYP); D:
Glutathione peroxidase (GSH-Px). #pP<0.01 vsK; "P<0.05,"P<0.01 vs M; “P < 0.05, ““P <0.01; **P < 0.01. K: Control; M: Model; Y:
Colchicine; BR: Bupleuri Radix; PRA: Paeoniae Radix Alba; VPBR: Vinegar-processed Bupleuri Radix; VPPRA: Vinegar-processed

Paeoniae Radix Alba; L: Low dose; H: High dose
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Figure 2 PCA score plots of rat plasma samples. A: Positive ion mode; B: Negative ion mode. K: Control; M: Model
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1 QME 4 7124 0.583.0.962 F110.696, %5 Ff 5 7E % H AL
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Figure 3 OPLS-DA score plots and permutation test results of rat plasma samples of control, model, and treatment groups in positive and
negative ion modes. A: OPLS-DA results of positive ion mode; B: OPLS-DA results of negative ion mode; C: Permutation test results of positive ion mode;

D: Permutation test results of negative ion mode
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Figure 4 Pathways of potential biomarkers related to pathogene-
sis of hepatic fibrosis. A: Retinol metabolism; B: Glycerol phos-
pholipid metabolism; C: Glyceride metabolism; D: Fatty acid bio-

synthesis; E: Arachidonic acid metabolism
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Table 1 Identification results of potential biomarkers of plasma samples in hepatic fibrosis rats
No. m/z t,/min Identification Adduct Formula HMDB ID Trend
1 216.172 54 6.27 12-Hydroxydodecanoic acid [M-H] C,H,,0, HMDB0002059 !
2 314.245 71 6.28 9,10-Epoxyoctadecanoic acid [M-H] CH,,0, HMDBO0061650 !
3 436.258 99 7.30 LysoPA(0:0/18:1) [M-H] C,H,0,P HMDBO0007851 |
4 465.285 54 7.31 LysoPC(14:1/0:0) [M-H] C,,H,NO,P HMDBO0010380 1
5 410.243 34 7.32 LysoPA(0:0/16:0) [M-H] CH,,0,P HMDB0007849 !
6 886.557 13 7.40 PI(22:4/16:0) [M-H] C,H,O,P HMDB0009914 !
7 438.274 64 8.87 LysoPA(18:0/0:0) [M-H] C,H,0,P HMDB0007854 1
8 493.322 58 8.87 LysoPC(16:1/0:0) [M-H] C,H,NO,, HMDBO0010383 |
9 376.297 75 9.47 Lithocholic acid [M-H] C,H,,0, HMDB0000761 1
10 254224 58 10.49 Palmitoleic acid [M+H]"  C,H,0, HMDB0003229 |
11 312.230 06 11.15 9,10-DiHODE [M-H] CH,,0, HMDB0010221 !
12 238.229 67 11.24 Hexadecenal [M+H]' C,H,,0 HMDB0060482 !
13 555.522 66 11.62 Cer(t18:0/16:0) [M+H]"  C,H,NO, HMDB0010697 !
14 511.496 45 11.73 Cer(d18:0/14:0) [M+H]" C,,HNO, HMDBO0011759 1
15 256.240 23 12.84 Palmitic acid [M+H]" C,H,,0, HMDB0000220 1
16 270.219 50 12.88 9-Oxohexadecanoic acid [M-H] C,H,,0, HMDB0030973 !
17 288.230 06 12.89 (S)-10,16-Dihydroxyhexadecanoic acid [M-H] C,H,,0, HMDB0037798 !
18 301.221 70 13.24 Retinyl ester [M-H]  C,H,0, HMDB0003598 !
19 299.489 30 13.47 9-cis-Retinoic acid [M-H] C,,H,.0, HMDB0002369 !
20 303.156 30 14.22 Arachidonic acid [M-H] C,H,,0, HMDBO0001043 !

Table 2 Correction rate of biomarkers related to hepatic fibrosis after intragastric administration of decoctions of all groups

No. mlz t/min Identification BR VPBR PRA VPPRA BR-PRA VPBR-
VPPRA

1 216.172 54 6.27 12-Hydroxydodecanoic acid 20.00%  72.73%  44.16% 55.16%  63.24% 94.85%

2 314.24571 6.28 9,10-Epoxyoctadecanoic acid 15.22%  57.62%  71.99% 79.11%  85.31% 101.12%
3 436.258 99 7.30 LysoPA(0:0/18:1) 60.85%  80.46% 66.01% 100.00%  76.03% 92.82%
4 886.557 13 7.40 PI(22:4/16:0) 27.08% 56.05% 51.57% 65.06%  85.56% 102.12%
5 254.224 58 10.49 Palmitoleic acid 30.99%  73.95%  29.56% 74.45%  90.60% 98.42%
6 238.229 67 11.24 Hexadecenal 43.88% 93.18%  42.00% 93.21%  96.35% 100.58%
7 288.230 06 12.89 (5)-10,16-Dihydroxyhexadecanoic acid ~ 26.42%  77.50%  27.75% 87.32%  89.38% 101.39%
8 301.221 70 13.24 Retinyl ester 67.84% 81.60%  63.79% 86.24%  74.92% 99.70%
9 299.489 30 13.47 9-cis-Retinoic acid 57.86% 95.26% 57.28% 98.53%  91.54% 100.50%
10 303.156 30 14.22 Arachidonic acid 79.11% 89.36% 83.88% 90.94%  95.77% 98.85%
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Figure 5

Intensity of 58 ingredients absorbed into blood of all treatment groups

Table 3 Possible pharmacodynamic ingredients in medicinal herbs on anti-liver fibrosis screened by ALT and AST indicators

ALT AST
Correlation Correlation
Component . VIP Component i VIP
coefficient coefficient

Quercetin -0.015 1.462 (2)-(18,5R)-p-Pinen-10-yl-p-vicianoside -0.052 1.447
Tryptophan -0.030 1.415 Palbinone -0.009 1.434
Paeonol -0.105 1.391 Salicylic acid -0.007 1.426
Linoleic -0.074 1.330 Albiflorin -0.042 1.403
Palmitic acid -0.076 1.319 Mudanpioside B -0.022 1.403
Oxypaeoniflorin -0.110 1.295 Linoleic -0.028 1.345
Isochlorogenic acid A -0.120 1.290 Dipropyl phthalate -0.070 1.290
Palbinone -0.052 1.249 Isochlorogenic acid A -0.116 1.240
Paconiflorigenone -0.158 1.235 Quercetin -0.126 1.192
Linoleyl acetate -0.014 1.229 Saikogenin b -qt -0.008 1.150
(2)-(18,5R)-f-Pinen-10-yl-f-vicianoside -0.058 1.216 Benzoylpaconiflorin -0.048 1.131
Saikosaponin b, -0.035 1.213 30-Norhederagenin -0.150 1.121
Lactiflorin -0.135 1.203 Saikogenin q, -0.016 1.109
Saikogenin b -qt -0.060 1.195 7,8,4'-Trihydroxyisoflavone -0.082 1.062
6'-O--D-Glucopyranosylalbiflorin -0.067 1.073 7,3'-di-O-Methylquercetin -0.025 1.052
Mudanpioside E -0.203 1.072 Isorhamnetin -0.025 1.048
Salicylic acid -0.023 1.068 8-Debenzoylpaeoniflorin -0.044 1.040
Dipropyl phthalate -0.056 1.068 8-Nonenoic acid -0.068 1.039
Mudanpioside H -0.203 1.026 Myristic acid -0.057 1.032
Paconilactone A -0.028 1.026 Paeoniflorgenone -0.032 1.026

Methyleugenol -0.034 1.022

g
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Table 4 Possible pharmacodynamic ingredients in medicinal herbs on anti-liver fibrosis screened by HYP and GSH-Px indicators

HYP GSH-Px
Correlation Correlation
Component . VIP Component . VIP
coefficient coefficient
Quercetin -0.015 1.462 Oxypaeoniflorin 0.019 1.415
Tryptophan -0.030 1.415 Saikogenin f 0.038 1.296
Mudanpioside H -0.203 1.391 Palmitic acid 0.020 1.250
Linoleic -0.074 1.330 Saikosaponin b, 0.017 1.136
Salicylic acid -0.023 1.217 Methyl(2E,4E)-octadeca-2,4-dienoate 0.029 1.136
Palmitic acid -0.076 1.319 a-Eudesmol 0.168 1.125
Oxypaeoniflorin -0.110 1.295 Linoleyl acetate 0.140 1.105
Isochlorogenic acid A -0.120 1.290 [(3R)-3,7-Dimethyloct-6-enyl] acetate 0.018 1.091
Plbinone -0.052 1.249 Paeonol 0.059 1.060
Paconiflorigenone -0.158 1.235 Prosaikogenin d 0.098 1.036
Linoleyl acetate -0.014 1.229
(2)-(18,5R)-p-Pinen-10-yl-f-vicianoside -0.058 1.216
Saikosaponin b, -0.035 1.213
Lactiflorin -0.135 1.203
Saikogenin b -qt -0.060 1.195
Albiflorin -0.012 1.164
6’-0-4-D-Glucopyranosylalbiflorin -0.067 1.073
Mudanpioside E -0.050 1.072
Dipropyl phthalate -0.056 1.068
Paconol -0.105 1.037
Paconilactone A -0.028 1.026
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