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Figure 1 Analysis of clinical features of liver injury related to Runzaozhiyang capsule. (a) Gender and age; (b) clinical symptoms; (c) purposes of
using medicines; (d) drug compatibility; (e) reexcitation of events; (f) prognosis; (g) biochemical indicators; (h) the cumulative dose of using medicine,
the latency of liver injury, the duration of drug use in individual patients and the cumulative dose of using drug
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Figure 2 Analysis of plasma biochemical index and HE staining of liver tissue in mice. (a) ALT; (b) AST. n=6, x+s. **P<0.01 vs N; *P<0.01 vs M.
(c) histopathological changes of the liver. Arrows indicate inflammatory cell infiltration. HE staining (x200). N: Normal control group; NL: Normal
group treated with low dose Runzaozhiyang solution; NH: Normal group treated with high dose Runzaozhiyang solution; M: Model group; ML: Model
group treated with low dose Runzaozhiyang solution; MH: Model group treated with high dose Runzaozhiyang solution
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Figure 3 Metabolomic analysis of liver injury associated with Runzaozhiyang capsule. (a), (b) PCA score plots of different groups in ESI+mode and
ESI-mode; (c) OPLS-DA scores plot (left) and S-plot (right) of serum metabolic profiling using the data from significantly changed variables among N
group vs M group; N group vs NH group; M group vs MH group in ESI+mode. (d) venn diagram illustrates numbers of common and uniquely signifi-
cantly changed variables in plasma of N group vs M group, N group vs NH group, M group vs MH group. , represent significantly changed varia-
bles from N and M group. , represent significantly changed variables from M and MH group. , represent significantly changed variables from N
and NH group. , represent the intersecting of significantly changed variables from N and M groups, M and MH groups. , represent the inter-
secting of significantly changed variables from N and M groups, N and NH groups. , represent the intersecting of significantly changed variables
from N and NH groups, M and MH groups. , represent the intersecting of significantly changed variables from N and M groups, M and MH groups,
NH and N groups. (¢) heat map showing the unsupervised hierarchical clustering of samples according to the similarity of metabolome composition.
The color of the indicator band is the same as that of the significantly changed variables indicated in the Venn diagram

953



A % B B 20195638 He4ks HoH

FENH, N4L[E]p) 25548 s 5 MH, M4 28 5748
WA TE—iR, EH BRI EBAS12MH, M
ZH 8] Y 22 S AE B 5 NH, NZH 8] A4 25 S8 N B & (]
5(a)), FHHX L2 H AR AU SZ LPS S5 259 D R VE FH Y
R TN 32 25 ) s LPS () L5 ) ﬂT@ LA T
WA AR . W L A0 A e AR i PCA%Y
HfMWWﬁfMﬁﬁéZﬁﬁ@mm%hmﬁ:
AR 5 0 BAT A e . )R I A A O
Ap il I IR 2L HE U £ B Mass Hunter PCDL
Manager£§ 4 /2 X KEGGi#i % 7347, i e 15 2184~ 2E 4
bRy (#2), Hpb MWy A DGR  Hm Bk

HET R 28 A (P 5(d)).

3 e

25 ) S ST 400 2 I R B ) 25 AN R
Z—, —BRANRES R A s 250, HH
THEABAREZENNEZ RS BEIRSE, BT
X DA TR0 H 5 IR A, RS B 4 R, AL
H i P 425 B 2 e I ARt i i e e A Y
FEF A 25 R T 005 00 5 TP A 5T 2 Y
I PN A1 7 B 2= AIE ST A S R TS BROEL AT ARR T
FEFRM, LG TCRE P 2 0 T 405 o) R 22 5 R S

(a) o (b)
. N ;
30 oM D%
25 MH 0.04/
7 0.02
= ol L g 0F
= 13 A & 002
im -0.04
i -0.08 \
:40 | ~-0.08] el .
60 —40 -20 © 20 40 -0.05 -0.03 -0.010 002 0.04
(© 1] P
a5 *5can (19.007 min) (279.2319(2=1)) T A1| 5 o [*product lon(18.996 min)(278.2318[2=1]) B1| [ *production(18.980 min)(278.2318[Z=1]) c1
3.0 | 25
2 ]
15 278.2320 ‘1::‘] 81.0696 109.1019 263.237 2 90684 263.2367],
1.0 568.5654 ; 95.0853 1381378  198.1876 245,2276 81.0695 100. 173.1331 247.2434
o5 1240877 Bs5.2843 OO o ssed | sog.aess | 0.5 570544[ | | 1611336 2231693 | 4| 67.0538 | | |1371315° “209.1534 I
O 0 Il %% 4 0 '] )| i M 3 | ! :
50 150 250 350 450 550 650 750 B50 B850 40 60 80 100 120 140 150 180 200 220 240 260 280 40 60 B0 100 120 140 160 180 200 220 240 260 280
(miz) (miz) (miz)
+scan (0.992 min) (116.0714{Z=1]) 132.0765 A2 B2 0| *preduct lon(0.208 min)(116.0714[Z=1]) c2
8 . 100 T0.08512 f z 58.0649
80
6 Ao 118.0857 < -
4
40 0.8
2191.0541 116.0702(121-0509 35.0027| 20 e 0.4 53,0485 s
1024274 21| 1304 aa_-ssl . 2801818 5303858 44.1057 | |
8 :
0 94 98 102 106 110 114 118 132 136 130 134 138 0 10 20 30 40 S0 60 70 80 80 35 40 45 50 55 60 65 70 75 BO B5 90 95 100 105
(miz) (miz) (miz)
+scan(0.613 min)(156.0780[2=1]) A3 +product lon(0.858 min}(156.0780[2=1])
g-g 7sqis0 | o 110.07127 o E Ba0s0z e =
] 164.9203 |
6 047
f’g 1210509 147113358967 5 ol
03 130.0861 :g 45,0807 4 71.0721 | 95.0504
. 69.0951 ‘
05 l "“"’T‘{ ] 201 56.04948 | 951-0501 G ]l | |
Py T 1L o | T et 680448 | | 0 1| _ i |
105 115 125 135 145 155 165 175 “30 40 50 60 70 B0 90 100 110 120 130 30 40 50 60 70 80 90 100 110120 130 140 150
(miz) (miz) (miz)
+scan(1.484 min)(176.0714[Z=1]) Ad4 FTTRET B4 +product lon(0.841 min){(176.0714[2=1]) c4
1.0|86.0087 100 2 S 90,072 SSilhana
o8| [132.1020 80 103.05423 20
13006512 :
0.6 80 18 71.0583
0.4 176.0662 367 0575 0 gor s 4D 16 1.0092 pa0ng | | 1M-227
u.s Al 306.8532 5120741 922.0098 1 20 51.02204 50.04640 | 0.5 ] Lol | I,
L it 5 Hhiills . | T ey
50 150 250 350 450 550 650 750 B850 950 30 50 o 80 10 130 150 30 40 50 60 70 B0 80 100110 120 130 140 150
{miz, (miz) {miz)
20 ;zmgﬁ? .200 min)(233.1272[Z=1]) A5 Pt TIaE BS - +product lon(5.008 min)(233.1272[Z=1]) cs5
16 1240866 257.1355 1:3 150.06787 20 159.0620
| 430,6958 184,1182
12] 1021281 1851142 2731649 60 145.07295 2 i :
08 0755 Noz-apay a0 osf 0788 | (113.3824] 141.0165
04 ¢ o0 91.0542%5:05423 174.09134 i =5
ol b1 L | 0 44.04948 L il | | 0 Lol d .J_I.I ' |“.Li" ||, Iy
40 B0 120 160 200 240 280 320 360 400 440 480 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180
(miz) (miz) (miz)

954



. 3RRIER
M—E-Coa ~"~""~~---+ T-HEEGE— HEMOI—
E=
RAAEN  ZHWs-e |
' ZUME -~ BER

18-ERE AN ek HmE
210 T @ 1.07 210
Zog || Eoas Eop
@ | - o
2 06 || 208 208
2 04 AUC: | go.a { AUC: § 0.4 AUC:1
802 Bl | 302 06 302 .
= | = (= |

0 0204060.81.0
False positive rate

0 0204060810
False positive rate

0 020406081.0 0020406081.0

False positive rate

0 020406081.0
False positive rate

False positive rate

B-EM Lt kol TSR W
| 19 210
Tos| T
2 2 o.ell 2o0s
@B &
204 AUC: 2047 AUC: g04 AUC0.9
@02 0.91 0024 0.86 © Q2
2 2| 2
| i =z az = = - 0 | = el

0 0204060810
False positive rate

0 0204060810
False positive rate

00204060810
False positive rate

00204060810
False positive rate

00204060810

False positive rate
Bl 4 AR P BT 0 2 R AR DA 1 43 BT . N2EL 55 MR ] 83 2 S8 e A PC AR () 5 AT I (b). (¢) /MBI rry- S0 TR | L- i 242
L-HHARR . 3-MIWRZRR . HBRAL-AS)W—F TR, 5 F b &Y I B1~B5) RN i 5 Fhik &9 — R Bus E(C1~C5). (d) ITFHidi
Dy PRI SO AR I IR 2R 18], 28 50 A S IRA TLPS F A& & it LSRR (o) 5 B SSE fEE bris
PIRIROCIIZ E(AUC>0.9)
Figure 4 Analysis of related metabolites in liver injury susceptibility of Runzaozhiyang capsule. (a) PCA score plots and (b) loading score plots of
serum metabolic profiling using the data from uniquely significantly changed variables among N and M groups. (c) the MS spectrum of y-linolenic
acid, L-proline, L-histidine, 3-indoleacetic acid and melatonin in mouse’s serum (A1-A5), MS/MS spectrum of 5 standard components (B1-B5) and
MS/MS spectrum of 5 components in mouse’s serum (C1-C5). (d) metabolic network of potential metabolite markers associated with Hepatic injury

susceptibility. Green and blue respectively represent the content of metabolites increase and decrease after lipopolysaccharide induced. () ROC curves
of potential metabolite markers associated with Hepatic injury susceptibility (AUC>0.9)
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Table 1 Results of identification of potential biomarkers for liver injury susceptibility in Runzaozhiyang capsule
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Figure 5 Analysis of liver injury related metabolites in Runzaozhiyang capsule. (a) Venn diagram displays numbers of common and uniquely signif-
icantly changed variables in plasma of N group vs NH group, M group vs MH group; PCA score plots (b) and loading score plots (c) of serum metabolic
profiling using the data from variables associated with Hepatic injury (d) metabolic network of potential metabolites markers associated with Hepatic
injury. Green and blue respectively represent the content of metabolites increase and decrease after using LPS combined with high dose Runzaozhiyang

solution. The common metabolic pathways of metabolites related to Hepatic injury and Hepatic injury susceptibility is in the red frame
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Table 2 Results of identification of potential biomarkers for liver injury related to Runzaozhiyang capsule
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Figure 6 The relationship among the metabolic state and the susceptibility to liver injury and liver injury induced by Runzaozhiyang capsule was
studied by metabolomics
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The underlying mechanism(s) that govern idiosyncratic drug-induced liver injury (IDILI) have remained poorly defined.
Several studies have shown that IDILI was caused by body diathesis, environment, metabolism, immunization, etc.
However, the underlying mechanism(s) of IDILI was still ambiguous, which led to an unsolved issue in clinical toxicol-
ogy. Understanding of such mechanisms is critical not only for the prevention of such DILI adverse effect as well as the
clinical diagnosis, intervention or management of the affected individuals. In this study, we carried out a metabolomic
study on mice treated with Runzao Zhiyang Capsule (RZZY), since Polygonum multiflorum, a key ingredient in this
preparation, is known to cause DILI. Clinical case analysis showed that a small number of patients developed
drug-induced liver injury (DILI) in a dose-independent manner. Meanwhile, the affected individuals often exhibited skin
conditions associated with features of abnormal inflammatory responses. In normal mice, treatment with RZZY alone
had no significant effects on biochemical indices of liver function, including aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) activities. At the same time, it had no significant effects on liver histopathology either.
Moreover, we used non-toxic dose of lipopolysaccharide (LPS) pretreatment to produce mild inflammatory stress mice
model, which showed no significant liver injury phenotype, except for a small number of inflammatory immune cells
infiltration in portal areas of liver. However, by metabolomics profiling, we found significant alterations of plasma me-
tabolites in the LPS treated mice, including up-regulated histidine and alanine metabolic pathways (P<0.01) and signifi-
cantly down-regulated tryptophan metabolic pathways (P<0.01), etc. These results suggested that metabolic reprogram-
ming might be an important underlying mechanism for susceptibility of liver injury. On the other side, the mice
co-treated with RZZY and LPS induced significant liver injury phenotype, accompanying with a large number of in-
flammatory immune cells infiltration in portal areas of liver. Meanwhile, there were significant changes in several path-
ways related to inflammation by serum metabolome analysis, including the arachidonic, linoleic acid, glycerophospho-
lipid, bile acid metabolic pathways, etc. The results above comprehensively suggested that metabolic reprogramming
may play an important role in susceptibility mechanism of IDILI. Furthermore, based on those disordered metabolic
pathways related to the susceptible factors, a receiver operating characteristic (ROC) curves analysis was used for identi-
fying biomarkers effected by susceptible factors. Eventually, 10 biomarkers were found to be able to identify susceptible
model mice from normal ones (ROC AUC all greater than 0.9), involving linoleic acid, calcifediol, beta-alanine,
[-histidine, cortexolone, cortisone, dihydrocortisol, melatonine and 18-hydroxycorticosterone, which may provide poten-
tial application value for recognition of susceptible individuals in clinical.

idiosyncratic drug-induced liver injury, Polygonum multiflorum, susceptible factors of idiosyncratic drug-induced
liver injury, immunological stress, metabolomics, metabolic reprogramming
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