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Study on basis of liver toxicity of decoction Bupleurum chinense based on
integrated model of spectrum toxicity relationship and liver toxicity network
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Abstract: Objective To study the HPLC fingerprint of Bupleurum chinense and the relationship between the spectrum and the
toxicity in vitro, construct the network of the liver toxicity induced by B. chinense, and integrate the spectrum and the network
toxicology to predict the material basis of the liver toxicity induced by B. chinense. Methods The fingerprints of 10 batches of
decoction of B. chinense were established by HPLC, the contents of ALT and AST in L02 cells were determined by decoction of B.

chinense, and the toxic components of liver were preliminarily determined by the method of grey correlation analysis. Combined with
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network toxicology, the candidate components of hepatotoxicity were predicted. Integrated analysis on the components of liver
toxicity induced by decoction of B. chinense. Results The established fingerprint of B. chinense was calibrated with 29 common
peaks. The results of grey correlation analysis showed that common peaks 13, 12, 8, 26, 10, 14, 27 and 11 had a high correlation
degree with the ALT content of L02 cells. The common peaks of 12, 13, 26, 8, 10, 14, 27 and 11 had a high correlation degree with
the AST content of L02 cells. According to the network toxicology, 17 components of B. chinense, stigmasterol, baicalin, etc were
speculated to be the hepatotoxicity components of B. chinense. The integrated analysis initially determined that the hepatotoxicity
components of B. chinense were 13, 12, 8, 26, 10, 14, 27 and 11 peaks in total, and stigmasterol, baicalin, saikosaponin D, etc.
Conclusion The hepatotoxicity of B. chinense is the result of the interaction of various components. This study can provide data
support for the further research on the material basis of B. chinense hepatotoxicity.

Key Word: Bupleurum chinense DC.; hepatotoxicity; spectrum toxicity relationship; interaction network; network toxicology;

material basis; HPLC; fingerprint; L02 cell; ALT; AST; gray relational analyses; integrated analysis; stigmasterol; baicalin;
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Fig. 1 Basic discovery and prediction of hepatotoxic substances caused by decoction of B. chinense
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Table 1 Sample information of B. chinense

ZTRS it FEHh | g 5 P
S1 160101 7R | S6 20160903 HR
S2 160701 WA | S7 170809 HIES
S3 171007 g | S8 171102 HIES
S4 171227 7G| S9 160811004 kG
S5 20160712  Hijfi | S10 181201 HIES

F[FEHE AT, 1300A2 BUAY 22 440, iR
IXBEAT IR A T ; DK-98-IIA H#VE IR /KIS, K
BT R TR A ]
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AR T, S 10%06 4 L35 1)
RPMI 1640 £5373%, 37 ‘C. 5% CO, #HAT H MR 77,
S IR 20 R AR AR EIO AT
2 FAEEHR
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Fig. 2 HPLC fingerprint of 10 batches of B. chinense samples
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Table 2 Similarity results of fingerprint
N HEARE
i S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 ot H
S1 1.000 0.935 0.821 0.875 0.836 0.912 0.961 0.945 0.940 0.631 0.970
S2 0.935 1.000 0.809 0.840 0.799 0.942 0.939 0.955 0.919 0.600 0.965
S3 0.821 0.809 1.000 0.807 0.829 0.657 0.815 0.849 0.813 0.516 0.858
S4 0.875 0.840 0.807 1.000 0.978 0.800 0.866 0.850 0.855 0.482 0.926
S5 0.836 0.799 0.829 0.978 1.000 0.733 0.848 0.832 0.848 0.515 0.903
S6 0.912 0.942 0.657 0.800 0.733 1.000 0915 0.887 0.894 0.629 0.928
S7 0.961 0.939 0.815 0.866 0.848 0.915 1.000 0.942 0.969 0.685 0.976
S8 0.945 0.955 0.849 0.850 0.832 0.887 0.942 1.000 0.937 0.626 0.965
S9 0.940 0.919 0.813 0.855 0.848 0.894 0.969 0.937 1.000 0.733 0.967
S10 0.631 0.600 0.516 0.482 0.515 0.629 0.685 0.626 0.733 1.000 0.663
X B 0.970 0.965 0.858 0.926 0.903 0.928 0.976 0.965 0.967 0.663 1.000
2.2.2 10 #HEEEHK AT LO2 4HAE R3S W h ALT. AR AR (U ORI LR /INI E - LA IS -4 b (1 TR

AST $8bris2m B FREEFR I 4EM EIEW 10 pL,
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SHEHALL, 452520 ALT Al AST S BA BEME
5t (P<0.05), REAFERIRKSETH/KBTHEA —E
(I
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WZHIFH], fagU B HA g AU A &R 91,

FER/N, IREKRER T8 R 5.
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HS IR R T R EoR, 130 120 8. 26,
10, 14, 27, 11 SHEFEEEEMEK, REEYRT
0.79; L02 il i AST HITEArE S8 itk %
BT as SRR, 120 13, 264 8. 10, 14, 27, 11
SIH R, REEEYRT 079, ALT Al
AST MR 0 A4 SR 2R R ) — 8, B3t
I 13, 12, 8. 264 10 14, 27. 11 XM AR AT
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T3 10 HLSEHAKRLART L02 HIEFFERMFE (X +5,n=5)
Table 3 Effect of 10 batches of B. chinense water extract on L02 cells viability (x £ s, n=5)
AHLAFE /%

LIk

6.25 mg'mL"! 12.5 mg-mL™! 25 mg'mL"! 50 mg'mL™! 100 mg'mL™!
S1 99.68+ 7.48 98.90+ 5.28 65.13+ 5.75" 0.12£0.92" 0.02+0.48"
S2 12235+ 1.11™ 112.74+ 2.55™ 60.73+14.70" 10.44+1.89" 1.91£2.03"
S3 109.01+ 3.39* 106.33+ 2.44° 4505+ 1.10" 6.63+0.84™ 5.26+1.02"
S4 90.79+ 3.60™ 76.13+ 3.86™" 16.19+ 230" 2.61£0.48" 2.40+0.67"
S5 97.64+ 7.12 82.02+ 3.52"** 55.65+ 3.19"" 16.63+4.78" 7.88+1.61"
S6 95.78+ 2.81 95.05+ 2.05" 7443+ 0.75" 10.52+3.81" 10.27£1.06™*
S7 10142+ 2.19 89.31+ 6.29" 63.82+ 4.51™ 14.29+7.21™ 16.26+2.42"
S8 96.191+11.08 92.77+13.47 77.13+16.61° 6.30+£2.24" 1.79+2.36™
S9 96.45+ 1.25 86.55+ 3.75" 69.89+ 4.10" 16.89+5.54" 1.93+3.64™
S10 95.00+ 4.11 90.16+ 2.96 79.71+ 0.94™ 10.01+2.54" 0.11+1.14™
XA R "P<0.05 P<0.01 "P<0.001
*P<0.05 “P<0.01 *P<0.001 vs control group

x4 10 HELERRZK AT LO2 AR L& ALT. AST 1545
G (Xxts,n=5)

Table 4 Effect of 10 batches of B. chinense water extract

samples on ALT and AST of L02 cell supernatant (x £ s,n=5)

4H 5 PRI ALT/(U-L™Y) AST/(U-L™)
(mgmL™")

X B — 21.3040.17 10.6041.93
S1 25 30.00+£6.93 24.50+5.57"
S2 25 36.20+£3.93* 25.90+2.26™
S3 25 42.30+5.72" 30.70£2.11°*"
S4 25 51.60+6.47* 34.60+1.57"
S5 25 37.60+£2.92"* 27204228
S6 25 30.00+£2.04* 21.60+£1.12*
S7 25 37.30+£8.55" 23.50+£0.67
S8 25 27.20+4.83" 18.8040.68"
S9 25 27.70+3.23" 21.20+4.62
S10 25 252040.57""  19.10+1.52*
Extiditbi: "P<0.05 “P<0.01 *"P<0.001
"P<0.05 "P<0.01 ""P<0.001 vs control group

e e S /K R 21 1 4

24 WEFEFHR

2.4.1 BRI R OB AR OO IR L AE
TCMSP V- & H 256 Bl 2o S EAT A0 27 Lo 15
BUEE, DIREDFIHE (OB) =30%F12824 1
(DL) =0.18 1F 4 Ry i AR AEN 2. K N TCMSP
HH e i a2k 0 A G ) B N LU R 4 5
PEHEFE (The Com Parative Toxicogenomics

®S5 SRMKRIRAFSMIESRE XKL

Table 5 Spectrum-toxicity results of grey correlation

analysis
4 WS ALT RIRE 1g5 AST REKE
1 13 0.850 8 12 0.8510
2 12 0.8382 13 0.8389
3 8 0.8218 26 0.8356
4 26 0.8171 8 0.809 8
5 10 0.796 4 10 0.801 7
6 14 0.796 0 14 0.801 7
7 27 0.7952 27 0.799 4
8 11 0.794 3 11 0.7950
9 4 0.7872 28 0.794 0
10 20 0.779 2 4 0.790 5

Database, CTD, http://ctdbase.org//) H3H{TBEPEA
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157 B AN A 87 o
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Re R EA G, WK 6.
2.4.2 S AEM MRS E
TCMSP Hdf FE A7 40 & W0 i) 2 B8 s Fiel, R A
UniProt ## %+ Uni ProKBt FIKZ Dhae, it %y
NEEAPRIFIREFA “ N7, K A B 44 )
BEIEN'E J7 485 (official gene symbol), 1S5
SR SEE . FIH Cytoscape3.2.1 #4444 17 4
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Table 6 Information on representative toxicity components of B. chinense

ELRE) 2 gy A FR T 2 gy R
1 i (stigmasterol) 10 2-Q2-FFFE-4-F IR IL)-6- F AU R - 1- 2R e IR -5 - i
2 a-# % i (o-spinasterol) [ 2-(2-hydroxy-4-methoxyphenyl)-6-methoxy-1-benzofuran-5-ol ]
3 HEFH (baicalin) 16017 11 #% &R (quercetin)
4 (H)-2 ¥ Gk [ (+)-anomalin ] 12 HiZe™ T (troxerutin)
5 BEPE i E (cubebin) 13 WiZF (kaempferol)
6 &K N2 E A (longikaurin A) 14 BERRTMIEERE (linoleyl acetate)
7 I3 E Careapillin) 15 RBREPIEELT (octalupine)
8 HFZEER (isorhamnetin) 16 Y2 H A (saikosaponin A)
9 FEIEEER (petunidin) 17 %#1%=1F D (saikosaponin D)

o 5 AR s SIAH AR N2, EAEM 48 A4S
17 A5 RRT 225 ANEE RS, RO - TIOI B A R 25,
SERILE 3. HAH 9 MR IEREE S =10 1
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Fig. 3 Component prediction target network of B. chinense
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El4 SEHBASHESBEREESH

Fig. 4 Enrichment analysis of target pathway of B. chinense liver toxicity

x7 LRRKERLGR
Table 7 Enrichment of target pathways

' BN £ 375
1 AEAN ADHIC. AHR. AKRIA1l. CYPIAl. CYPIA2. CYP3A4. GSTMI. GSTM2.
SULTIEI
2 AN R4 M 13 ESHS CCNDI. HMOX1. MMP2. MMP9. PTGS2
3 EYREYR AHR. CYPI1Al. CYPIA2. CYP3A4
4 TEAEVUREER AU CYP1Al. CYP1A2. PONI. PTGS2
5 BEREERER ESRI. NRII2. NRI1I3. PPARA
25 EESH BE %53 5 BRIt B AOCIRE o, R I 2 SE A 1Y

I SE AR AU EIE AT ALT AST fabr 2 (8]
I A 9< 28, ALT AT AST [ 75 20 Hr 45 R L8 H
m 2, e 8 AN ILAIE 13, 120 8. 264 10
14, 27, 11 FrfRER WIS, AT Re & Se K BT I T
B, XS A SEH I [ A R HL AT DA B
RAOMTEARBATIN G . P B 2202 T 5 Sl
WS, SERE D & 17 MTEEEBERS, X

[ By BEEr 2 LI, JETM 25 N SEHH S U
FEMEAH ST
3 g

LO2 4R N N TEH FF4HM, & 5 TR &
PUAIVPAN, B R R B3 @R AR DS HEsRY, y
¥ LO2 ZAE AR IS h 2 FRgURE 2 —
Fhega . MR EESE TR, HA BN
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PIRE AL, REATHR L2, HEmvrn = ERR
8 M J—E PRI,

TG B OC R g ds FORER A AT 7, 4R
SIS R ALY T Bl S 25 O B AT OC K, A
Mo 525 B 2 A DG 2R, I BH R 245 50N )
JRFERH T 72 5 R4, IR B TR R £
FF 253 ek 1 5 56 R AF e 20280, IR (SRR 0 M
T EBARAT >, REE R, FEAREDN, 5
T ERfR AN B AR RO, XL G M T A A T v AR
FGRAREOT . AT FE R F K 6 DG B 53 HTiZaon SE K
HILR) o B At A AR A0 B 14 45 SR 3k AT 35 35 DG I 43
BT o AR K L OCHRBER/NEF 134 124 84 264 105
14, 27, 11 S350 5 5850 IF 815 1 v R IR B
Tt BH S8 A O I 2 1 5 2 L R 36 B, N Rk
SIEFEVERME R . BT SRS B RS
HMRISCBAR, FERFAn AR B, BT e R
55, SEEHAR LRI vh A IR AT TR — P AT

IR £ B THL 2t i O ) X 8 A RO B T 2454
PR ER AT, DR ZG W ML ()55 R P T
HLAVENURIEED ., 2 B B ol I FE v A P, B
GEEBZRIMAHERR, WEMEBASR T, il
Wrh 2By, AT A 5 25 0 BE M R 43 17
. BEEHLHI ST AR TR Tk s N R
HEEM e B I, . SRR D 2 17 M
BRI RIS, AR E T A I RS L 2542
U7 ROR SR, g — A 5 EA L Y i
FEBI2) g i 1 B D¢ ZRORR IR I [0 26 B B 25 R AH JC Rl
SIS, SR AT AE IO S EH K B SO 5 1
IVEEAE Aoy AL 1% 130 12, 8. 26+ 10 14, 27,
1 RFEHI R G . 5. SEi B D 4.
N A BE K B SO 1 1 R 23 SRR AT B A
BRI . RN, A FE S ALE B2,
AMUIRR T —FlAT AR SCA . HERI P 2581k
YR A2 (OB O SRem , Th HONFET eh 2
A EAMEM B IR B AR, X HET SR %
Y. AEFEKEEBEHEER .
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