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[ Abstract]  Objective To investigate the modeling elements of various types of animal models for acute liver
injury, and to provide references and suggestions to establish and evaluate animal models of acute liver injury ( ALI).
Methods The animal experimental literature of ALI from 2002 to 2022 was searched in the databases of the China
Knowledge Network, WanFang, Chongging Vip (VIP), Chinese Medical Journal Full Text Data( Yiigle) , and PubMed.
The animal species, positive control drugs, modeling method , modeling drugs, and drug administration of the animal
models of ALI in the literature were summarized. The result were analyzed using Excel, SPSS Modeler 18.0, and

Cytoscape 3.8.2. Results A total of 896 articles were included in the databases. The most used animal models for ALI
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were male KM mice. The modeling method were mainly chemical liver injury, alcoholic liver injury, drug-related liver

injury, and immune liver injury. (DThe corresponding main modeling method were intraperitoneal injection of 10 mL/kg of
0. 1% CCl, in vegetable oil at 24 h before experiments, @gavage of 12. 0 mL/kg of 50. 0% ~56. 0% ethanol at 16 h before
experiments , (Qintraperitoneal injection of 300 mg/kg APAP at 24 h before experiments, @tail vein injection of 20 mg/kg

Con A at 8 h before experiments. Evaluation of the models was based on liver pathological indexes as the gold standard

combined with biochemical indexes of serum ALT, AST, and SOD and MDA contents and activities in liver tissue

homogenate as direct indicators. Conclusions

Because the causes of ALl vary in clinical practice, the preparation of

animal models of ALI should be based on the specific study content and characteristics, and the corresponding modeling

method should be selected.
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Table 1  Distribution of experimental animals in ALI

animal model
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FVB 2 0.22% 2.3.1 AsEHEF
Cv];;‘ i g' 1;2” 15 473 FA A e s AL Sk v, 32 %2
Sabra I 0.11% S 3o PG ( CCL, ) (389 7 ,82. 24% ) 15 5 ALL 5
K v e WIBERL. %f 389 i CCI, i 5 ALLEUR SCHRIEFT I
Wistar 78 8.71% S N S N - s
Rats . ) o 200 o, ke BLH 4 25 05 2N 32 IR IR VE 9 (338
TR 86.89%) , 4y 24 if ] 4 H 7 S BG AT 24 h (205
, 3 0.33% e
Experimental dog 52.84%) ,CCl, 25255 F 2K 10. 0 mL/kg 0. 10%
White ﬁfxil l 0.11% CCL, FHYIE W (64 4 ,37.65% ) . FRULIEI 1,34,
ol i 1 i~ 2.3.2 WRTERTS
Other Grass carp o TE 146 5 Z IS ALL SCHRY, B4 25 0y
o Comw SRR, R SR 16 h (44 5,
PO 47.31%) B EE N 12. 0 mL/kg 50% ~ 56%
1 0.11% - s \
Cynomolgus macaques Zﬁ?( 39 )FF% ’50 00%) ’ﬁéfJ—IL@ 2\%% 5,
R 2 ALL SWRARL S0 B T T2 4 A A7 0
Table 2 Distribution of positive drugs used in ALI animal model experiments
P25 T FiZE Al FHPE T i 2Y B/ n i /%
Positive intervention drug type Positive intervention drug Frequence Proportion
IBEZE XL Biphenyl diester 171 56. 62%
K KE[Z Silymarin 66 21.85%
H o 4
Diammonium glycyrrhizinate injection i 3. 64%
WA Bicyclol 1. 99%
PLVE 3 Tiopronin 1.99%
7izh MR JEEA Gk
Western medicine Reduced glutathione 5 1. 66%
N-Z. B2 e 2 N-acetylcysteine 1.32%
7R 5 AP Dongbao Gantai 1.32%
HoFEKAA Dexamethasone 3 0. 99%
S H B R
Magnesium isoglycyrrhetate 3 0-99%
4t4: % E Vitamin E 2 0.67%
R Liver-protecting tablet 14 4.64%
ks *E;ﬂ:%gi;n;;g;;n; Granules 3 0.99%
Chinese patent drug Fufang biejia ruangan tablet 2 0. 66%
T2 E B #E Marine capsules 2 0. 66%
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Table 3 Classification of ALI animal models

SPEEAIZEH Animal model type ERLZGH) Modeling drugs SRR/ n Frequence 5 Eb/% Proportion
PasE ALK CCl, 389 82.24%
D-ZHEFFU D-GalN 47 9.95%
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(146)
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25V T B TR (103) KB # Chlamycin 2 1.94%
Animal model of drug-induced liver injury BUHSFEREH Diclofenac sodium 2 1.94%
(103) LI Paclitaxel 1 0.97%
PUFRZE Tetracycline 1 0.97%
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P IIEEREH A Concanavalin A 62 38.75%
D-SF L IR G s 24
ey o —
A ﬁfﬁﬂj?{?ﬂ}%*‘%ﬁlﬁ( 16_0? D-GalN combined with LPS 8 36.25%
et mode 0( llénon)mne Hen iy JI$ 28 Lipopolysaccharide 29 18. 13%
PSSl EEZ i " p—
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e o - FA Surgical operation 7 50. 00%
o m;"?ﬁf’“hﬁ%ﬁ&( 14) S CrCl, 4 28.57%
ther anima m(olj)s of liver injury T Cocaine ) 14,299
R4 Sodium nitrite 1 7. 14%
#2575 50 45 241 i)
Administration mode Administration time
86.89%0HE i T 9
86.89% Intraperitoneal injection — 5284%24h
8,23%‘{‘%’!&%’ — 2552%16h
8.23% Stomach perfusion 9.79% 3~12 h
4.88% K7 FiES — 0; 18-
8.23% Inject subcutaneously 8.257618-204
= 3.60% 48~84 h
B 1 CCl, ¥55 ALL 252 )5 2 R 45 24 8] 43 A 17 100
Figure 1 Administration mode and time distribution of CCl, induced ALI
®4 CClL BT ALL AR B B0 oA 1 D (JK = 10)
Table 4 Volume fraction and dose distribution of CCl,-induced ALI administration( frequence=10)
{RFR %0/ % Volume fraction FH( ml/kg) Dosage FRIR/n Frequence 5 EL/ % Proportion
10 64 37.65%
0. 10%
20 12 7. 06%
0.20% 10 42 24. 711%
5 11 6.47%
1. 00%
10 11 6.47%
50. 00% 1 12 7. 06%

100. 00% 1 18 10. 59%
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Figure 2 Distribution of ethanol-induced ALI gavage times
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Table 5 FEthanol-induced ALI volume fraction and dose distribution( frequence=5)

EFGH/ % Volume fraction 58 (mL/kg) Dosage AFIK/n Frequence 5 H./% Proportion
12.0 39 50. 00%
14.0 13 16. 67%
50% ~56%
3.0~10.0 13 16. 67%
15.0 7 8.97%
100% 6.0~8.0 6 7.69%
25275 25 24 I 1)
Administration mode 76.09% 15}z 73 5 Administration time — 60.87% 24 h 40
= 76.09% Intraperitoneal
injection - 22'83:/" 10~18h 31
23.91% B — 11.96% 2~8 h @30 -
2391% Stomach — 4.34% 36~48 h \2 E
perfusion E E';2O B 18
— 13
10} g 9 9
4

Eapapilios
Administration dose

3 APAP 5% ALL 452575 2 45 24N 18] K 25 24510 ] 23 A 55 0

Figure 3 Administration mode, administration time and administration time distribution of ALI induced by APAP

L2 40 -
Administration time
48.39% 8 h
17.74% 9~12 h
17.74% 24 h
9.67% 16~22 h
' 3.23%36~72 h

323%6h

[9%)
f=}

20

BK/n
Frequency

P & & & & & &
SIS S 9
DTN DTAT PN R

45 27 B
Administration dose

B4 Con AT ALL Z3 241 ] K 45 245 it 7 Ao fi5 0
Figure 4 Administration time and dose distribution of ALl induced by Con A
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Table 6 Detection of indexes in ALI animal models

FabR Target IIfi RZEFL Clinical manifestation
@ PR AT
(D Weight loss
Q@ BARWTHICGEE
® Dry and lusterless hairs
FWIEHR @ WK BT AR ORI RS SR AR
Apparent indicators @ Frequency of activity decreases significantly, the amount of food and water intake decreases, and the spirit

is depressed

@ JRIAE BT BERLE R

@ Urinary incontinence, unsteady gait, slow movement, lethargy, etc

O NFALUL R Z ARG IRFE , A - 4L U
Liver tissue showed multiple fused necrosis with fibrotic tissue
HE IR bR @ Jran e ik ALt HEB) L
Histopathological indicators () Hepatocyte swelling, degeneration and disorder of arrangement
@ AR B

(3 Massive inflammatory cell infiltration

BWNHEER T ALT T
ARG T AST 1
1% B VERE R T ALP 1
Serum JsEE RS F - T TNF-o 1
_ HAZE-1T IL-18 1
R it e o S ALY | GSH-Px |

Biochemical indicators
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PR i AR | CAT
p o JEFHLALLT | GSH |
HAFE-61 IL-61

N T-«B #HH T NF-«B proteinT
H‘F’E’ﬂ:ﬁéﬁ]?—a EAT TNF_TOL protein T
PN NLRP3 # 1 T NLRP3 protein
Inflz KF+E3f{ﬁdE . FI%E-6 T IL-6 protein T
nflammation related proteins TLR4 11 TLR4 protein |
—S R EEER T INOS protein 1
WERR AL A0S IR 2 (1 AN A Y 2K s T p-ERK/ERK 1

N N : Bax 2511 1T Bax protein 1
Pathﬁfﬁt]ﬂ;ﬁ({ﬁpileins B ffEL AT -2 £ 1 L Bel-2 protein |
PTG H AP BT REARGE T T CHOP protein T
Apoptosis related proteins Caspase-3 5[4 T Caspase-3 protein T

Caspase-12 #E 1 T Caspase-12 protein T
Grp78 51 1 Grp78 protein T

CYP2E1 FEH T CYP2E1 protein 1
SRR DGR MATHAEH-11T HO-1 1
Oxidative stress related proteins Nif2 11 T Nif2 protein 1
T IR T S S A ity B 1 Sty SR SR it B (8 T p-JNK/JNK T

Ji9E R FE R T~ mRNA T TNF-a mRNA 1

RAEAAFE mRNA FH/1%-6 mRNA 1 IL-6 mRNA 1
Inflammation related mRNA — A LA A B mRNA T INOS mRNA T
F7%-18 mRNA T IL-1p mRNA T
3 M AHE mRNA JAT-AH2E mRNA Caspase 3 mRNA 1
Pathway related mRNA Apoptosis related mRNA Caspase 12 mRNA 1

4T Z 44 A0 1 T mRNA HO-1 mRNA 1
(0 WA mRNA T CYP2E1 mRNA 1
P38 MAPK mRNA T

Nif2 mRNA |

Keap 1 mRNA |

SAALRLAHE mRNA
Oxidative stress related mRNA




P He AR R ek

2024 4F2 A% 34 55 28 Chin ] Comp Med, February 2024, Vol. 34,No. 2

95

2.5

HELIERR KB 5347

WA S Fw B sig =10 B2 E BT8R S A SPSS
Modeler 18. 0 #F47 I BEHL I 23 B, B 72 W7~ B /IME

WM 10,

s

AT

(GEIE s L 7 QS e Y P e

B it— T A Cytoscape 3. 8.2 X 5% K K I k] 2%
B AT AT AL -2, DA S BRR I F] v mp 45 Y DG I A5
5 A AL FE AR A~ ALT-AST-SOD-MDA

3 itig

AL I PR UL 4 16 3 2a0hE 22 — 1) /gl AL
SR RBEST ALL ZImAILT S e A R 2 o
Zigra, IRIR b ALL 35 R 45 5, 800 < HE Uk ife
67 I N AR R & AN [ BRI 25, TR T R
SIS ST, LA A [F] A BIF 5% PN 25 1l 45 A [R] 1Y
ALIBIRY | AH SR AR P AN [F] ) 1 8507 =X, 8 ALL 3)
YIRS A2 L0 RS PR 05 25 v
0 AR G DU LR 7,

5 AAbds bR SR A

Figure 5 Neteork association diagram of

Biochemical indicators

R7 AL Sy
Table 7 ALI animal models

BRI A il 2 5 1% Peri R N7 HIFE
Model type Preparation method Advantage Disadvantage Applicable scope
S HT 24 h ME U 5T . L BIRTT AR I A s B A B2 AL 5
00 mig 0.1 o, W sk co, ek st ol TR S R
. - - - 4 N ] ! ; i
e BT e MARMRL, R ok G XA MR B .,
Wit . L ~ Low cost; simple operation; {5 e L
Intraperitoneal injection of . To study the pathophysiological
Chemical symptoms are similar to those  CCl4 is toxic; the specificity

liver injury

R YEIT
Bt
Alcoholic

liver injury

ZTENT
IR
Drug-induced

liver injury

G VENT
45
Immune

liver injury

10.0 ml/kg of 0.1%
CCl, vegetable oil, 24 h
before the experiment
FHHET 16 h #EH 12.0
ml/kg 50.0% ~ 56.0%
L

Gavage of 12.0 ml/kg
50.0% ~ 56.0% ethanol ,
16 h before the experiment
SLH T 24 h M R T ST
APAP 300 mg/kg
Intraperitoneal injection of
APAP 300 mg/kg, 24 h

before the experiment

SZEOHT 8 h 2k i At
Con A 20 mg/kg

Tail vein injection of Con
A 20 mg/kg, 8 h before

the experiment

of people, and the stability is

strong

PR 5 By U 5 N6
BRI R — 3
Simple operation; easy to
become a model; it is more
consistent with the human

pathogenesis process

JRAAE 5 5 NS R R 3 B
ZH 255 B B

Low cost; similar to human
clinical manifestations

and histopathology

JEB R s AN 5 2 4R AT B
XTI T R A e
I PR IE FE A 45 7

Short cycle; no need to be

sensitized in advance;
damage to the liver is
specific;  good  matching

with clinic

is low, and it will also cause

damage to other organs

AT i 2R A )
25

There are strains and gender
differences in

alcohol modeling

YIRS T
Low drug solubility; high

mortality rate

e B — A Tk
PRI AT 20 A
Operation  is

difficult;

unable to sustain liver

cell damage

mechanism of acute liver injury and
the toxicity of chemicals and

metabolites to liver

WFFTRE AR 5 T PR P I R AL
i TR IR RS AT 5 254

To study the mechanism of alcoholic
fatty liver and alcoholic hepatitis;
development of drugs for treating

alcoholic liver injury

W R I 3 AR S BT 5

Study on clinical intrinsic and

atypical liver injury

SR B3 1 20 M G 5 A AL
W
Study on

cellular  immunological

mechanism of acute liver injury
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REARIERE R S A2 35 . CCL, 5SS AT O LR
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Bt SR A ML, B CCl, AR, 3By
YETRT B, RE AR R B[R] P ST ALL SR  {H CCl, 3
PR R, RS PRI, X b O g1, 2 5 it 451
DRI AN TS e L 45 0 T Ao

TR P 48 47 A 28 1) s S % 3 o B T B
I T 55 T 5 S I, A AR A R b, SOk
ZVEFHHENR 12. 0 mL/kg 50. 0% ~ 56. 0% 1) Z. 15 , &
ZAETT, /N B B0 S R R, I YE ALT
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