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Abstract: Drug-induced liver injury (DILI) is one of the common clinical adverse drug reactions and remains
a major cause of drug restriction, development termination and withdrawal from the pharmaceutical market today.
In recent years, a variety of chemical components and metabolites of traditional Chinese medicine (TCM), as well
as the endogenous effector substances influenced by metabolism of both, have attracted much attention for their
significant hepatoprotective activities. However, the mechanism of TCM against DILI is complex, the related
effector substances are still unclear, and its metabolism-related studies are still relatively weak. Therefore, this
review summarized the mechanisms of DILI and its treatment by TCM from the perspective of metabolism, and for
the first time, innovatively classified the Chinese medicine effector substances into two categories: exogenous
(active components and metabolites of TCM) and endogenous (intestinal probiotics and endogenous metabolites),
in order to reduce the occurrence of DILI, explore and develop effective anti-drug-induced liver injury effector
substances of TCM, and further develop clinical drugs with hepatoprotective effects.

Key words: drug-induced liver injury; treatment by traditional Chinese medicine; mechanism; effector

substance; metabolism

JFIERZ 5 W IEIE AMEIE S s AR R 2R E . YR (drug-induced liver injury, DILI)
TR 254 S HARH P W) 75 A, Bl T AR 25 [ HAX

VR H 0 2022-08-18;  flel HLW: 2022-12-28. YT 0 ) 5% (AR e o 5 01 505, T
HEWH: HRBREEESTBTIH (81973457). RUEEZEI T AR R B 25 R R A s

BT Tel: 86-21-81871262, E-mail: tingting_zoo@163.com

DO 10.16438/j.0513-4870.2022-0999 U= 512 . 255 VE 0 B85 B AR 12



TR0 A AT PR v 25470 25 BT 45 47 B L) B R 5% 2507 40 5t - 647 -

2, RIS T A R AE I
PR 07 AN AE A 4%, L A IR X 7)o IS
ZA4H, GURTET0 578 72 25 W) BR 1l S F (Wi A 2% 1
AL T R A R RN 2R A O A A
HIHL AN B 2%, (EA I 7E A DL S5 A DI G
254 [ H A W Bk BB 25O 25 A Il 3 1 DA i
5 s 259 B AT RFAE A1, 38 W] DUIE I 300 A R
YED) AR 51 R 4

AR, BRIEAE 1R ST AR F 1 2 25 7 2,
B2 R HAR MU PRAT LI LT 2 T . KRR TR
W, o2 op 2 MG 2 i 0 2 B L SR AR A A
KPR R s . T 257] AR s 7 S B
A T OB T DR 5 RIS, A mT DA 5 O 45
T TR 45 ) 2 R 3 T 5 A AR AL, A M T TR
RS LA I A AR 7 0 58 PR PR o R 45 A

HT AT L, 25U AT 40 05 AL B r 24 A 4% IR
P AL AT 55 AR B DIAR G, PR e AR ST A A 4
WAL ERiR 25U R T2 475 7 ZE ML DL B mh 2536 77 (1R 7
FENU, I 20k, B G0 kUK o 25 N R 7
SR (R 2595 TR Ry B AR ) A R (i 28
B R PEACUE ) PR, Ui 24 5k T 45
15 IR I TERAT R b 25 U 25 PN 453 00 ZOSL 0 e
It — B wk ] B A R E R IR R 25 3R 1 2% .
1 ZRMER R R E PR HLH

FELG ) A AT RE v, 259 S AR ™ 0 T g
S 25 Al (0 DRI L T8 B R IR R SS) 1
JKV B, 0TI 5 0 250 1 B s Y 24 400 A R
ik, 5 51 R BT A0 B ez Ab, ALAA il o AR

Liver injury

g Enterohepatic
circulation

Drug .
Portal vein

Figure 1 Mechanism of drug-induced liver injury generation
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Table 1 Summary of the effects of active components of TCM against drug-induced liver injury
Name of herb or compound Model Liver injury model Molecular mechanism Ref.
Aqueous extract of Radix ICR mice, Wistar  Acetaminophen Inhibited the increase of activity and translation of cytochrome P450  [3]
Bupleuri rats (APAP) enzymes
Berberine Wistar rats Methotrexate Activated Nrf2/HO-1 pathway and PPARy, and suppressed oxidative [4]
stress and apoptosis
Ferulic acid Wistar rats Methotrexate Activated Nrf2/HO-1 signaling and PPARy, and attenuated oxidative [5]
stress, inflammation, and cell death
50% ethanol extract of Sprague-Dawley ~ Genipin Regulated the microbiota, promoted butyrate production, and [6]
Gardeniae Fructus, 50% rats, HepG?2 cells activated antioxidant response
ethanol extract of Zhizichi
decoction
Allicin Sprague-Dawley  Cyclophosphamide Activated the Nrf2 signaling pathway and downstreamed antioxidant [7]
rats genes that attenuate oxidative insult and inflammatory and apoptotic
responses
Ethanol extract of licorice HepG?2 cells, ICR  Triptolide Activated the Nrf2 signaling pathway and increased the level of Nrf2  [8]
(Glycyrrhiza uralensis) mice and its downstream genes
Liquorice aqueous extract, Sprague-Dawley  Retrorsine Inhibited activities of CYPs, especially CYP3A1, the major CYP [9]
18p-Glycyrrhetinic acid rats isoform responsible for the metabolic activation of RTS in rats
Glycyrrhetinic acid BALB/c mice Acetaminophen Down-regulated CYP2E1 expression, refreshed the content of GSH, [10]
inhibited APAP-induced pro-inflammatory cytokines production
Cordyceps sinensis BALB/c mice Cyclophosphamide Enhanced modulations on cellular oxidant/antioxidant imbalance, [11]
polysaccharides, Ganoderma mitochondrial apoptotic pathway and pro-inflammatory factors
atrum polysaccharides
Chrysin Wistar rats Cyclophosphamide Inhibited oxidative stress, apoptosis, inflammation, and autophagy [12]
Berberine C57BL/6 mice Acetaminophen Inhibited oxidative stress, hepatocyte necrosis and inflammatory [13]
response
Laminaria japonica fucoidan ICR mice Cyclophosphamide Up-regulating the Nrf2/HO-1 pathway and inhibiting the TLR4/NF-  [14]
kB pathway
Galangin Wistar rats Cyclophosphamide Activated Nrf2/HO-1 signaling and attenuated oxidative damage, [15]
inflammation, and cell death
Gallic acid Wistar rats Diclofenac Reduced cellular ROS generation, restored enzymatic and non- [16]
enzymatic antioxidants, as well as improved liver function enzymes
Ginseng saponins Sprague-Dawley  Cyclophosphamide Upregulated CYP2B6, CYP2C9, and CYP3A4 protein expression in  [17]
rats rat livers, lessened oxidative stress, inhibited inflammatory factors
Naringin, hesperidin Wistar rats Diclofenac Antioxidant, anti-inflammatory, and antiapoptotic actions [18]
Glabridin Swiss mice Methotrexate Attenuated oxidative stress, inflammation, and apoptosis [19]
Naringin Wistar rats Cyclophosphamide Increased antioxidant enzyme activities, and regulated inflammation, [20]
apoptosis, autophagy, and oxidative DNA damage in hepatic tissues
Silymarin Wistar rats Diclofenac Reduced oxidative stress [21]
Silymarin Wistar rats Triptolide Improved antioxidant and anti-inflammatory status, as well as [22]
prevented hepatocyte apoptosis
Saikosaponin d C57BL/6 mice Acetaminophen Down-regulated NF-xB-mediated inflammatory signaling [23]
Quercetin Wistar rats Cyclophosphamide Activation of Nrf2/HO-1 signaling pathway with subsequent [24]
suppression of oxidative stress and inflammation
Saffron stigma alcoholic Wistar rats Vincristine sulfate  Reduced antioxidant depletion and lipid peroxidation, presumably [25]
extract due to its antioxidative properties
Processed Aconitum HepaRG cells Acetaminophen Inhibited CYP2ELI activity, GSH depletion, and mitochondrial [26]
carmichaelii dysfunction
Dendrobium officinale ICR mice Acetaminophen Suppressed the oxidative stress and activated the Keap1-Nrf2 [27]
polysaccharides signaling pathway
Baicalein, baicalin L-02 cells, Acetaminophen Suppressed the oxidative stress and activated Nrf2 via blocking the — [28]
C57BL/6 mice binding of Nrf2 with Keap1l and inducing Nrf2 phosphorylation
Salvianolic acid B C57BL/6 mice Senecionine Suppressed the oxidative stress [29]
Hyperoside Kunming mice Acetaminophen Increase activities and mRNA expressions of uridine diphoshate [30]
glucuronosyltransferases and sulfotransferases, as well as to inhibit
CYP2EI activities, and thereby suppressed toxic intermediate
formation and promoted APAP hepatic detoxification
Dendrobine ICR mice Isoniazid and Regulated oxidative stress status in the liver by the regulation of [31]
rifampicin CYP1A2
Poria Cocos polysaccharides Kunming mice Acetaminophen Suppressing inflammatory response and apoptosis in liver cells [32]
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Name of herb or compound Model Liver injury model Molecular mechanism Ref.
Schisandra chinensis acidic ICR mice Acetaminophen Inhibited oxidative stress, inflammation, and cellular apoptosis [33]
polysaccharide
Schisandra chinensis ICR mice Acetaminophen Improved antioxidant capacity and inhibited apoptosis, possibly [34]
polysaccharide related to inhibition of JNK signaling pathway activation
Platycodon grandiflorum ICR mice Acetaminophen Activated AMPK/PI3K/Akt signaling pathway and reduced NF-xB ~ [35]
saponins signaling pathway, inhibited oxidative stress, inflammation, and

cellular apoptosis

Sophorae tonkinensis Radix ~ ICR mice Acetaminophen Suppressed the oxidative stress [36]
Polysaccharides
Wuzhi Tablet C57BL/6 mice Acetaminophen Inhibited the activity of CYP2E1 and CYP3A11, which related to [37]

APAP metabolic activation
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Table 2 Applications of metabolomics in the screening of TCM against drug-induced liver injury

Research subject Analyflcal Result Ref.
technique

Protection by ginseng saponins against LC-MS 14 potential biomarkers in serum samples were identified. Four pathways, [17]
cyclophosphamide-induced liver injuries including L-arginine and proline metabolism, phenylalanine metabolism,

fatty acid biosynthesis, and valine, leucine and isoleucine biosynthesis, were

all responsible for the regulation of liver injuries induced by

cyclophosphamide treatment.
Ginseng alleviates cyclophosphamide- UPLC-Q-TOF- 19 endogenous biomarkers in serum samples were identified. The mechanism [54]
induced hepatotoxicity MS/MS may be related to modulating the disordered homeostasis of primary bile acid

and GSH in vivo.
Protective mechanism of astragalus LC-MS 23 differential metabolites enriched were identified. The mechanism may be  [55]
polysaccharides against cantharidin- related to regulating primary bile acid biosynthesis, glycerophospholipid
induced liver injury metabolism.
Protective effect of Zheng Chaihu Yin on UPLC-Q-TOF- 19 potential biomarkers were identified. The mechanism may be related to [63]
acetaminophen-induced acute liver injury ~ MS the endogenous metabolites including lipid metabolism, amino acid

metabolism, glucose metabolism and energy metabolism.
Protective effect of Coptis chinensis and 'H NMR 14 potential biomarkers in urine and 9 biomarkers in serum samples were [64]
berberine on cinnabar-induced identified. The mechanism may be related to the endogenous metabolites
hepatotoxicity including energy metabolism, amino acid metabolism and metabolism of

intestinal flora in rats.
Hepatoprotective effect of Citrus UPLC-Q-TOF- 44 endogenous biomarkers in serum samples were identified. The mechanism [65]
aurantium L. against acetaminophen- MS may be related to regulating liver metabolic disorders in glycerophospholipid
induced liver injury metabolism, fatty acid biosynthesis and glycerolipid metabolism.
Green tea extract alleviates acetaminophen- UPLC-Q-TOF-  Significantly altered pathways included fatty acid metabolism, [66]
induced hepatotoxicity MS, NMR glycerophospholipid metabolism, glutathione metabolism, and energy

pathways.
Determine the mechanism underlying the UPLC-HRMS 14 significantly differential metabolites were identified. The mechanism may [67]
effects of Sagittaria sagittifolia be related to restoring fatty acid metabolism, taurine and hypotaurine
Polysaccharide on isoniazid- and metabolism, amino acid metabolism, the tricarboxylic acid cycle, and the
rifampicin-induced hepatotoxicity ornithine cycle.
Protective function of Schisandra Lignans ~ GC-MS 35 kinds of differential small metabolites were identified. The most [68]
against acetaminophen-induced significant changes were in the urea cycle, ammonia recycling and arginine
hepatotoxicity and proline metabolism.
Protection of paeconol against epirubicin- GC-MS 7 endogenous metabolites were identified as the candidates of the potential [69]
induced hepatotoxicity biomarkers. The underlying metabolomic mechanisms refer to lipid

metabolism, amino acid metabolism, energy metabolism and the AMPK/

mTOR signaling pathway.
Indicating glycyrrhizin's protection against UFLC-triple Targeted metabolomics study indicated that glycyrrhizin acts by reversing [70]
acetaminophen-induced liver damage TOF-MS fatty acid metabolism.
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Table 3 Application of network pharmacology in the screening of TCM against drug-induced liver injury
Category Research subject Database Result Ref.
Traditional Hugan Tablets alleviate SciFinder, ChemSpider, UNIFI™, Mass Bank, Predicted 10 key targets, 19 active [71]
Chinese atorvastatin-induced SwissTargetPrediction, TCMSP, Online Mendelian  ingredients, and 5 signaling pathways
medicine  hepatotoxicity Inheritance in Man, GeneCards database, including PI3K/Akt, TNF signaling
formulae UniProtKB, DAVID, STRING database, Cytoscape pathway and others.
v3.7.1, RCSB, Discovery Studio 4.0 (DS) LibDock
Potential mechanism of Erzhi ~ TCMSP, PharmMapper, SwissTargetPrediction, Predicted 10 key targets, 23 active [72]
Pill against drug-induced liver =~ PubChem Compound database, DrugBank, ingredients, and 20 signaling pathways
injury GeneCards, UniProt, DAVID, STRING database, including PI3K/Akt, MAPK signaling
GO, KEGG pathway and others.
Traditional  Sedum sarmentosum Bunge TCMSP, Cytoscape 3.7.1, HIT database, Predicted 61 key targets, 5 active [73]
Chinese attenuates acetaminophen- SysDTmodels, UniProt database, DisGeNET ingredients, and 20 possible signaling
medicine induced liver injury database, DigSee database, OMIM database, pathways including MAPK, PI3K-Akt
DAVID, STRING database signaling pathway and others.
Potential mechanism of OMIM database, DrugBank database, DiGSeE, Predicted 14 core targets, 17 active [74]
Schisandrae Chinensis Fructus PharmMapper Server, Uniprot, Cytoscape 3.6.1, ingredients, and 15 possible signaling
against acetaminophen-induced BIOGRID, BIND, INTACT, MINT, GO, KEGG, pathways including ErbB, PI3K/Akt
liver injury Omicshare signaling pathway and others.
Traditional Hepatoprotective effect of GeneCards, Disgenet, Drugbank, OMIM database, Predicted 17 core targets, and 65 possible [75]
Chinese forsythiaside A against Uniprot database, PubChem database, signaling pathways including
medicine acetaminophen-induced liver PharmMapper, SwissTargetPrediction, TCMSP, proteoglycans in cancer, pathways in
monomers  injury Drugbank database, DAVID 6.8, STRING database, cancer and others.

Cytoscape v3.7.1, Bisogenet, CytoNCA

Schisandrol A attenuates
acetaminophen-induced liver

injury WebGestalt

Swiss Target Prediction, Comparative
Toxicogenomics database, STRING database,

Predicted 23 key targets, and 8 possible ~ [76]
signaling pathways including TNF
signaling pathway and others.
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Table 4 Summary of probiotics against drug-induced liver injury

Probiotics

Anti-liver injury mechanism

Related herbs with upregulating effect

Bacteroides
Bacteroides vulgatus

Akkermansia
Akkermansia muciniphila

Streptococcus
Streptococcus salivarius
subsp. thermophilus

Lactobacillus

Lactobacillus rhamnosus

Lactobacillus acidophilus

Lactobacillus fermentum

Activate the urea cycle-Nrf2 pathway to regulate redox

homeostasis against APAPY”!

Activate the PI3K/Akt pathway, regulate the composition

and metabolic function of the intestinal microbiota, and

alleviate oxidative stress and inflammation in the liver™”

Attenuate oxidative stress by decreasing the lipid

peroxidation level and recovering antioxidant capacity'®”!

Mitigate oxidative stress injury by activating the Nrf2
pathway'®!

Lysates significantly inhibit the APAP induced apoptosis,
prevent mitochondrial damage, modulate crucial end
points of oxidative stress induced apoptosis™”!
Lactobacillus fermentum postbiotic protects against

APAP-induced HepG2 cytotoxicity by enhancing the

[78 [791

Ginseng polysaccharides™, Folium senna decoction

Rhubarb, Ganoderma lucidum, Ephedra sinica, Flos
Lonicera, Salvia miltiorrhiza Bunge, Codonopsis pilosula
Nannf, Morinda officinalis, Astragalus membranaceus
and Salvia miltiorrhiza, Huang-Lian-Jie-Du-Decoction,

Shenzhu Tiaopi Granule, Linggui Zhugan Formula,

Tong-Xie-Yao-Fang, Wuji Wan Formula, puerarin!®!

Polysaccharide from Chinese Yam (Dioscorea opposite

Thunb.)™!, soybean protein’®!

Turmeric extract %

Polysaccharide obtained from persimmon (Diospyros

kaki L)), Lycium barbarum polysaccharide'™’,

evodiamine™”

Polysaccharide from seeds of Plantago asiatica L.®*

activation of the PINK signaling pathway-dependent

autophagy®"!

Lactobacillus casei

Bcl-2, alleviate oxidative stress, reduce inflammation,

inhibit apoptosis'*”
Bacillus
Bacillus licheniformis
Bacillus indicus
Bacillus subtilis
Bacillus clausii
Bacillus coagulans

Increase the hepatic expression of HO-1, SOD2 and

Probiotic blend of spores from five Bacillus species can
alleviate oxidative stress and reduce inflammation'!

Galactoglucan isolated from Cistanche deserticola
Y. C. Ma.™

Bacillus coagulans can be up-regulated by Sini

Decoction””!
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