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Analysis of hepatic encephalopathy modeling methods and clinical match
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[ Abstract]  To analyze the existing method for obtaining animal models of hepatic encephalopathy and their clinical
characteristics with a view to providing ideas for the establishment of animal models that are more in line with the clinical
characteristics of Chinese and Western medicine. To search the Chinese Knowledge Network and Wanfang database, the

2

keywords “hepatic encephalopathy”, “hepatic coma”, “animal”, and “animal model” were used. For the Pubmed
database, “hepatic encephalopathy”, “hepatic coma”, “animal model”, and “animal” were used as search keywords.
The literature on effective method of specific animal model preparation was collated and classified according to different
modeling factors and method. The modeling method and characteristics were summarized, and the degree to which the
animal models shared the clinical characteristics and symptoms of hepatic encephalopathy according to Chinese and Western
medicine was assessed. The clinical match of the animal model was assigned and analyzed according to the clinical
symptoms of hepatic encephalopathy in Chinese and Western medicine. There were 128 valid literature articles featuring 11

animal models obtained using 15 different modeling method. The highest degree of agreement with Western medicine was

the CCl, oil solution intraperitoneal injection+gavage+ammonium chloride intraperitoneal injection model (92% ), and the
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highest degree of agreement with traditional Chinese medicine was the CCl, oil solution intraperitoneal injection+ethanol

aqueous solution self-drinking model (65% ), but both lacked a combination of Chinese and Western medicine clinical

characteristics. At present, animal models of hepatic encephalopathy that combine the characteristics of Chinese and

Western medicine are lacking. Improving and refining the models to encompass the characteristics of both Chinese and

Western medicine are expected to provide ideas for mechanism research and advance the clinical diagnosis and treatment of

hepatic encephalopathy.
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Table 1 HE modern medical diagnosis

LS

Diagnosis type

E32

Performance

I
Main complications
I D A

Auxiliary tests

0 % AT RIEH
Grade 0: Normal behavior
1 9% . VEIE , N IR S8 AT R s S b  RGTIE R
(DHE IGR N R B (M3 fE4r  Grade 1: Lethargy, delayed reaction, reduced behavioral
%) L16] activity, normal reflexes
@ HE clinical cognitive o 2 LB E R S IE
manifestations  ( Brain  kinetic
rating) 3 9. R AHEHI
Grade 3: Gradual loss of reflexes
49 Bk

Grade 4; Comatose

Grade 2; Ataxia, but reflexes still normal

QT
(@Elevation of blood ammonia

OFRZRIIER 12 A FOE 5 5% FRIE AR

(3Neuropsychiatric symptoms; emotional instability, irritability, anxiety, depression

@28 B NG : RS L3R I8 &5 S EAS

(@Neuromotor disorders : myoclonus, increased muscle tone, uncoordinated movements

OMF BRI : ALT AST 75 SILT 3R EL4RANLI 3 BUN LA 7F o5 , 0K M {4 L 4934
AR A | AP L IR LA 26 R A B 2R L
(DLiver function tests; ALT, AST, serum total bilirubin, direct bilirubin, BUN, creatinine are
elevated, the proportion of amino acid ketone bodies increased, hyponatremia, hypomagnesemia and
hypophosphatemia and other electrolyte disorders

QBT HEAA . AR IL ARh JBEJ s £ E F T ek i K
(@Endoscopy: esophageal mucosal congestion, edema, erosion; esophageal and gastric varices
OB A A AT HTFITRRIK ML 5K AT AR 2

(3B-ultrasound ; enlarged liver, dilated blood vessels of hepatic portal vein, uneven echogenicity of

liver tissues

@CT MR A A [0 5 1001 VA SOOI AN | 9 A8 1 5 G 2 A 30 50 = It 8 AT A i 8 R 69
K5 PN AR 8 BE IX e 55 X

@CT, MRI:; blurring of cerebral sulcus patterns on the surface of the brain, shallow cerebral sulcus;
enlarged ventricles, especially the third ventricle and the frontal horn ventricular system; intracranial
low-density areas or high signal areas

M H Pl A« 075 1 3% 3l BRSSP i 0 delta 205 2155 57

(® Electroencephalography; abnormalities such as slow wave activity, spiking wave activity and
intermittent high-amplitude delta wave activity
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Table 2 HE Chinese medicine diagnostic types

rf EIE R i PRI Ik

TCM certificate Clinical manifestations Tongue and pulse
PR BE WL S BRI T A e

i T O BRI TR . T I
Syndrome of the liver Dizziness, headache, numbness and tremor of limbs or . R .

T . Red tongue with thin moss and stringy pulse

and wind convulsions of hands and feet
AR PURIIE

Syndrome of excessive heat

and toxicity

EL B 5 231k

Syndrome of internal organs
of the Yangming bowels
RIS L

Syndrome of which phlegm

and heat obscure the orifices

I BHAR e
Syndrome  of equilibrium

between yin and yang

S BRBNANL R BB B I

Heat, estlessness, delirium, skin rash or epistaxis

KAEANG B AH WA T8 51 PR AT TR I R

Unruly or dry stools, abdominal distension, thirst, hot

flashes and sweating, short and reddish urine
BRENANZ BT I KRR AN I IR R
Delirium, bitter taste in the mouth, sticky stools, short and

reddish urine

PR B ek RS DU RS L/ IMEASF] KA A 5
Lethargy or coma, weak breath, cold extremities, dysuria,

spontaneous stools

AR Y G N 8

Red tongue, yellow or scanty moss, slippery pulse

T RAL, & B R AR, K
Red tongue, yellowish or dry moss, slippery pulse

EAN= Y1 Wi iE
Red tongue with vyellowish greasy coating and

smooth pulse

I kA 55 SR bk A R 4

Tongue impotence, weak pulse or weak pulse

&3 HE SRR AN 5 br

Table 3 Commonly used evaluation indexes for HE animal models

K 2 4 £zt
Types of test Indicators
— RO KR R Ed) B O RS

General status

S By i Bl RE 2
Grading of cerebral kinetic
energy of experimental

animals

13 R%
Behavior

Diet, spirit, locomotion, coat color, body mass, etc.

0¢(11 53) AT HIEH
Grade 0 (11 points) : normal behavior

190(>10 H<11 4y) VIR, R ZE AT TG shisk />, SO e

Grade 1 (>10 and <11 points) : lethargy, slow response, reduced behavioral activities, normal reflexes

290 (=9 H<1047) 2B B G IE#

Grade 2 (=9 and <10 points) : ataxia, but reflexes still normal

39(>0 H<95p) : AT B HTH K
Grade 3 (>0 and <9 points) : gradual loss of reflexes

4900 7)) SRR, 34 Bk

Grade 4 (0 points) ; corneal reflexes disappeared, animal comatose

LU S g e

Mental status: elevated cross test

BB B RE T L

Spontaneous locomotor activity: open field test

23 6] 2 2L AL AR T : Morris 7K 5256

Spatial learning and memory ability : Morris water maze test

1z Bl UM RE JIAS I <38 B 5 sl e A% S e

Motor coordination ability test; motor fatigue or rotation experiment

WA S0 DRSS
Light and dark box test, gait test, etc.




] LA R 2 24k 2024 4F 10 A% 34 55 103 Chin J Comp Med, October 2024, Vol. 34,No. 10

129

Liver function indicators

TP S all

Brain tissue related tests

HoAth
Others

&R3
2 5 EL2)
Types of test Indicators
M= 5E . s - )
Bloodft:mnll\:nia 2 H A AT AR R BRI 20K F- L3R R
Fully automatic biochemical analyzer to measure blood ammonia level and plasma endotoxin in rats
measurement
ML ALT AST 2 ARSI R R R A
Serum ALT, AST, albumin and total bilirubin, urea nitrogen and other tests
T fEekr JFLERIAAG P44 HE i3 (4, NADPH-d {8 Je e 0%

Liver tissue biopsy, HE pathology staining of liver tissue, NADPH-d staining, Ni-staining, etc.
FFZH LR S5 2 4k . TLR4 \NF-kB p65 NLRP3 Caspasel 2 H & #%

Liver tissue immunohistochemistry; TLR4, NF-kB p65, NLRP3, Caspasel protein content, etc.
i A i 375 LA BB Y EB A iR

Blood-brain barrier permeability and EB content in the brain

i 5 K G A T 2L ke = (R - T ) /R X 100%
Brain water content: brain tissue water content = ( wet weight —
RT-qPCR K AR ZH 2L TNF-o | IL-1 B IL-6 mRNA £ik
Detection of TNF-a, IL-1 B, IL-6 mRNA expression in brain tissue by RT-qPCR
Western blot 4l NF-«B p65 PI3K . p-AKT K H BRI 125k
Detection of NF-kB p65,
ELISA VEA6 I ik & &\ TNF-o . IL-1B . IL-6  LPS %7K -
ELISA for brain ammonia, TNF-a, 1L-18, 1L-6, LPS, etc.

dry weight) /wet weight X 100%

PI3K, p-AKT and its phosphorylation and other protein expression by Western blot method

Ji L PR P P R A e 7 AR LA D) 25

Electroencephalography, magnetic resonance imaging of the brain, esophageal mucosal pathology testing, etc.

F4 AW HE Shprisd
Table 4 Existing animal models of HE

BRSPS (11 i)

AR A

Model categorization BOTIR(15 #) BUREHY) Model i PRI £ 15 0L
g Modeling methods (15 types) Model animals . Clinical match
(11 types) characteristics
BAR MG (TAA) B T 52 i Bl ik Py DU I 1] 3R] &)

TAA HE $57
TAA HE model

TAA EHE35 600 mg/kg( 200 mg/kg, K 1 WK, 3%
223 d; 8% 300 mg/kg, R 1R, ELE 2 d; 8
300 mg/kg, BER 2 d, # L2 3 K ); K TAA ¥
H5.20 mg/mL, &K 1k, 4L 4 d

( TAA )
injection : to make the total amount of TAA in
the animal reach 600 mg/kg (200 mg/kg, 1 time/d
for 3 d; or 300 mg/kg, 1 time/d for 2 d; or 300 mg/
kg, 2 d/time for 3 times) ; or TAA gavage[ls] : 20
mg/mL, 1 time/d for 4 d

Thioacetamide intraperitoneal

[23-25]

i H 20% CCl, AW S mL/kg,
BRI, ES 2 d )5, BT,
ARUR S FLIF 3556 A2 mir v e o

CCly, 9 +  DIBRUEPIM AR EE T A

AL IR e AR
3 i Gavage of 20% CCl, oil solution 5

CCly gavage +  ml/kg, 1 time/d, 2 consecutive
the

ligation of the left anterior lobe of

ligation,, days, exposure of liver,
resection of 2/
3 of the

liver method

the hepatic tip and the middle
lobe,
and then ligation of the right lobe
of the

without resection*

resection of these two lobes,

liver
26]

exposed

HEYE SD  Wistar K
f, C57BL/6, KM
/N
Male
rats, C57BL/6,
KM mice

T Wistar K,

Male Wistar rats

SD, Wistar

5,55 R, 2t
AL Bl AT
JEIK MR
Advantages :
controllable time and
dose, high induction
lethality ;
Disadvantages

rate, low
may
cause ascites,

spleen enlargement

Mo M R
SRR B B
YRS 2% A T it i P
TEVERO Y 7T A
Advantages :
repeatable , high
stability ;
Disadvantages
complexity  of  the
operation, there are

possibility of hepatic
ischemia/
reperfusion injury

FE. 1TOQ@@I®
O@, Wy & JE 84%; T
E.1OQRGI®
®, W5 50%
Western medicine: [ D
QBDIRBD, 84%
match; TCM: [ @ ®@
@ 6 1 & 6,
50% match

fiE. 1 O@@@ 1O
Q@, w4 JE 84%;
. 1000 10@
&®, A E 60%
Western medicine: [ @D
QBN D@, 84%
match; TCM: T D@
GOIDO®G®®,
60% match
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EE
SR (11 TGN —_— LR 51 .,
(ORI E) (15 ) B PG & s w4

Model categorization . . Model .

Modeling methods (15 types) Model animals L Clinical match
(11 types) characteristics

CCl, MM¥% W HE
]

CCl, oil solution
HE model

CCl, +5 fb 82
I i 5+
ccl, H#EE
CCl, +
ammonium
chloride
intraperitoneal
injection +

CCl, gavage

CCl, + TAA
4
cel, +

TAA injection

cal, 5+
IRV R
H X

CCl, injection
+ ethanol
aqueous
solution

self-drinking

CCl, 4+
EEZ ST
CCl, injection
+

endotoxin

injection

0.4% CCl, W7 W (10 mL/kg)
N TSR 5 AR
0.5 mL/10 g KHOSAAL &R

0.4% CCly oil solution (10 mL/
kg )
combined with gavage, and then
of 0.5

ammonium

intraperitoneal  injection
intraperitoneal injection
mL/10 g of
chloride soluble %"}

40% CCl, BTS2 )/
JalL#E5E 9 Jil/6 /12
B RERRE S 5 mL/ke, 15 B
UWHST 3 mlv/kg, IS TAA T8 i
WG, B ES 300 mg/ke, B K
LIR,EZE3 d

Subcutaneous injection of 40%
CCl, oil solution 2 times/week for

9 weeks/6 weeks/ 12 weeks! 2! .5
mL/kg per injection in the first
week, 3 mL/kg per injection
thereafter, followed by
intraperitoneal injection of TAA,
300 mg/kg per injection, 1 time/d
for 3 d

JE T EEST 40% CCL, B,
5% LT E AR E E R
KRG 238 R 0.5 mI/100 g,
PURHEH 0.3 mL/100 g, 4% 1 i/
20 RS 9 Ji/12

Abdominal subcutaneous injection
of 40% CCl, oil solution, 5%
ethanol tap water solution self-
(el First
administration 0.5 mL/100 g per
rat, then 0.3 mL/100 g per rat,
total 9

drinking

every 1 week/2 times,
weeks/12 weeks

B TS 50% CCl, IR, 2
W/, T2 AR 0.3 mL/
kg, 5 8 JEI 4 0. 4 mL/kg, 3L 73 5
10 J4, 55 11 A H-G#RIKTESS 10
pg/mL Y P 7E 3R AR 3R KA IR
1 75—»\[35]

Subcutaneous injection of 50%
CCly oil solution, 2 times/week,
the dose of 0. 3 mL/kg for the first
2 weeks, 0.4 mL/kg for the last 8
total of 10 weeks
injections, the 1lth
margin intravenous injection of 10

weeks, a
week ear

png/mlL endotoxin saline solution

1 time'®

N
Mice

TN Wistar K ﬂ,
e e SD KRR

Male Wistar
male and female

SD rats

rals;

SD  Wistar K fi,
SD, Wistar rats

HIE A
New
Zealand rabbits

DR SRR B
A A R WU
CCl, 5y %) 34y 1 A
EPN (T
Advantages : fast,
simple , repeatable
modeling ;
Disadvantages ;

double CCl, is easy to
cause more damage to
the animal

DL AR T A
R BRI Y
JR PR
Advantages :
controllable  dosage;
Disadvantages ;

manipulation

Vs BT B, AR 5
B A PG

) A By e il

Advantages: simple,
low cost;
Disadvantages: self-

drinking dosage and
time are not easy

to control

DR B S S
HE 1Y % Jré i 72 ; 5k
SR, AT RE 2
FEEYRIGET
Advantages ; more
realistically reflecting
the process of the
development of HE;
Disadvantages: a long
period of time, which
may cause the early
death of animals

ik, 1 O@@@ 1O
QR@, W A 92%;
hEE, TO@G® 1O
@O, W& 60%
Western medicine; I (D
OISION NOISISION
92% match; TCM: @D
OISIOR NOIOIHION
60% match

FE. 1OQ®@ 1 D@
W, W+ B 82%; h
E. 12000123
@, W5 1 55%
Western medicine: [ @
QOIDOBD, 82%
match; TCM: 1 @®
® ol Q6 ®,
55% match

7iE. 1OQ@ 1D
OB, W& JE 84%; T
E.10OQ0@@® 1D
@O, W5 B 65%
Western medicine: 1 D
QBRDNIDB®), 84%
match; TCM: T O ®@
SIONON | HOXON6S
65% match

PigE. 1O 1 O®
@, WA 14%; P IE
[O@@®®® 1 GV
HEE 55%

Western medicine: [ @
QI D2®, 74%
match; TCM: [ ©®®@
® 6 © I ®,
55% match
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Model categorization . . Model .
Modeling methods (15 types) Model animals L Clinical match
(11 types) characteristics
DL B A R
L B R
MALRETE e 1001000
, H. X He %*uﬁﬁ @ %AF‘F72%EF‘|§
D-Gal e D-EIEK UM (D-Gal) HMUKIE I ES 2.5 o/kg  MEPE SD KRB REMRMIE T BN s
a D REARS ! L e 1066,mh
e [36-37] SR K 0. 27 o/kg A Advantages:  simple
A . L . JiE 35%
D-Galactosamine ( D-Gal ) is injected Male SD rats and and fast; L.
D-Gal . i . . Western medicine: 1 D
[36-37] intraperitoneally at 2.5 g/kg or intravenously at  cynomolgus Disadvantages: lack DIDOO®. 2%
HE model 0.27 g/kg into the forearm monkeys of controllability and ’ !

APAP HE #5#
APAP HE model

AT D) + R A
¥ HE FiA!
Hepatic lobectomy
+ ammonium
chloride

HE model

170 e I Al —
43 HE B8

Portal vein side-
to-side shunt

HE model

R 25 FL HE
s

Bile duct ligation
HE model

W Wd% HE $m
Ammonium
acetate HE model

X LT S HE 1B (APAP) B UL IE P9 3 4T, 1000
mg/kgL 7]
Single intraperitoneal injection of Acetaminophen

(APAP), 1000 mg/kg”’

JFH SRS UIER B0 5 min 0]+ 48 AR
WA 2. 5% 52 7 BAHAR S mLY

Most of the hepatic lobes are resected, and 5 mL of
2.5% compound ammonium chloride is injected into

the duodenal cannula every 5 min?*

JRRI:, PN 22 5% 1T K , T2 AR B 200 T30 bk %
H— A3 3 GO Py H AR A % 42, T2 15000 - ) 43
i

Anesthesia, dissect the abdomen to expose the portal
vein, and connect the portal vein and one of its
branches to other parts of the body with surgical

sutures to form a side-to-side shunt pathwayw)]

JPRERE TR AR BIMAL FEEAT A5 4L, DU 2000 1
fl 15 e

Anesthesia, open the abdomen, locate the bile duct
and ligate it to the extent that it does not damage

. (39
other tissues' >’

25% MR IR B Se R 4 J 1)
25% ammonium acetate diet continuously fed for

4 weeks'*!

BALB/c /M,
BALB/¢ mice

G =
New
Zealand rabbits

HERfE SD AR
Male and female
SD rats

Tk Wistar K5,

Male Wistar rats

T Wistar KB
Male Wistar rats

can only simulate the
stages of
disease development

early

Pori T, B R
e, < A T/ 2
L)
Advantages :
fast

Disadvantages :

simple ,
modeling;
only
for small animals

DR s AR A7 01 dik
JERPUEIE7 LI FILAON

Advantages:  simple
operation ;
Disadvantages: more
traumatic to
the animal

e Ao B ) 6, A
P B B ECR,
G Eh R

short
time, fast modeling;

Advantages :
Disadvantages: more
traumatic, prone to

bleeding and infection

;48 A A 4 ok
T E AT,
Advantages: easy to
operate ;

Disadvantages:  low
reproducibility,

shorter duration of the

disease

Do s 1A 5, A 2y
5 BT B 3 )

YIPLAEI =
Advantage: simple,
high success rate;

Disadvantage ; easy to
cause  damage to

animal functions

match; TCM: I @ ®
H@@@, 35% match

i, 1OB® 1O
@, W& B 64% ;s
[O@® I D®, W&
J 45%

Western medicine: [ @
OWIDOO®D, 64%
match; TCM: T O ®
®T@®, 45% match

7iE. 1OQ®@ I DO®
O@, w5 JE 82%;
E.1Q0@1®,Y
B 35%

Western medicine: [ @
QWIDOB@, 82%
match; TCM: I @®
©I®, 35% match

iE. 10010
@, WIETE 54% ;L.
[OQ@® 1 D®,v)
HEE 50%

Western medicine: 1 D
@I OO, 54%
match; TCM: I @@
@@ oI O ®,
50% match

FiE. 10O@@ 1O
@,M/J%F{ 66%;*@:
[EOIBIGION OOl
©, V)5 60%
Western medicine: [ @
Q@1 OO, 66%
match; TCM: [ @6
el o6 o,
60% match

P, 1OQ®@ 1 O@
O, W& B 14% 5 B
OISO ROIO6)
@, W13 60%
Western medicine: [ D
QDI OB, 74%
match; TCM: T O @
GOID®G®,
60% match
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ey
SR (11 TN - LI .,
PURIEE (1R RO (15 §) B PO Wik 4522
Model categorization . . Model .
Modeling methods (15 types) Model animals L Clinical match
(11 types) characteristics

JHLL% HE BB ST ST LT EE 150 me/kg! !
Bilirubin Single intraperitoneal injection of bilirubin, 150 mg/
HE model kg“”

BN L B HE

1O P e 2]
Knockout Knockout of liver-specific GS, Albumin gene,
HE model [42]

Ugtlal gene, etc.

B BT 4 5 % GS., Albumin 3 | Ugtlal 3

7 Hilr SD K4
BUCHRE 11~ 17
2)
7-day-old SD rat
pups ( body weight
11~17 g)

KO /M,
KO mice

D B A i L Bk
R R SRR

TR
Advantage: easy to
operate;

Disadvantage : the

results are  easily
affected by the diet,

environment, etc.

Do o BE R A2
o BLIR S 5 B L 2
SR LU e X LLE
T I IR
Advantages : high
simulation of human
pathology ;
Disadvantages :
difficult to convert the
results, difficult to be

E, 1 O@ITO®
@,%%E 64%;':':'@:
I EOIBIGION ROIOI6);
©, A 60%
Western medicine: 1 @
QI OB®@D, 64%
match; TCM; 1 OI©)
GION ROXORHEON
60% match

FE. 1O 103
@, W15 B 14% 5 B
[0 1DE®, )
A TE 45%

Western medicine; I (D

QBT OB®, 74%

match; TCM: 1T D@
© I © ® ©,
45% match

used in the clinic
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H I W R ot s 140 CCL, TRVAS TR Jis 1 ) + 2 Bk
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Yl Aot A e 1) HE AR

4 Wi
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