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Research progress on astrocyte and microglia in the pathogenesis of hepatic
encephalopathy

Long Liyuan, Huang Yan (/.Xiangya Medical College Affiliated Changsha Hospital, Central
South University, Changsha 410008, China, 2.Department of Infectious Diseases, Xiangya
Hospital, Central South University, Changsha 410008, Hunan Province, China)

Abstract: Hepatic encephalopathy (HE) is a neuropsychiatric syndrome caused by acute or
chronic hepatic insufficiency, portal vein shunting or both. Its specific pathogenesis has not
been explained clearly, and current studies have confirmed that hyperammonemia, osmotic
and oxidative/nitrosative stress, lymphoid system, inflammatory cytokines, manganese
deposition, hyponatremia, intestinal flora and other factors are believed to cause dysfunction
of astrocytes and microglia activation to a certain extent, further triggering brain dysfunction,
thereby promoting the occurrence and development of hepatic encephalopathy. In this article,
the relationship between astrocyte dysfunction and microglia activation and the pathogenesis
of hepatic encephalopathy was reviewed.

Key words: Hepatic encephalopathy; Astrocyte, Microglia, Pathogenesis

2. R R SR

JHF 145 (hepatic encephalopathy, HE) & H
SESEHERThREA A T TE ksl 3 51
ECHIAH R 0 2 SR B AiE, $ ™ AR 4 N BE EHE
(0~1%) KEVEHE (2~440) , RIAANFERE
PN KN IhRE AR A CRLEE #2200 B A 2 1) R 2
RERIT/INARAE) | BEAR- DR P R AL RS AT
WECR IR, MEEMTTHI R, BRIEHER IR
B, (A E g B N H WA, BRESN. &

DOI: 10.3969/j.issn.1674-7380.2023.03.005

HETH: ExXAREEES (819705500 ; EREHLE KL
(201872X10723203)

JEIRME . T3 Email: drhyan@126.com

HAT%E . WK%, BshEEITF"Y, Nimn 7 &
B AN FEASR B TAE A RS
TEEE, LI R R RS ETF, Hodh mik60%
() 8 2> LA R FL RS (HE . — 103 T A FER AT
FoAtith, FIR4AA% I L B R A TESEN R BN
SYEHEY, BYEHERLRN S, JIHRAHE 3~44%
g, 7528 dA90 A mRstR", EEHKHE
{ERE B E R R NT%~15%"" . HESE 2 R 4L,
IR IE BN BE B R R, BE AR N HEAE: B (1 &
F v 4140% 1] BEAE 145 4 ITHEAH 5% J5 8 FE VN Be
FHEA L1075 B E NFE, BAERE % miE7012
%fl}[lo]o



HE B 1) AL A B, H BAT FEUE sk,
A& MLE . 1B 3E ML TR AL R 2
i SO T BT BN ILE 22 i 1 B R
EWNRAFHER S KR, v-2HE TR (gamma-
amino butyric acid, GABA) FMH I #h 458 i &
G BT R Th RE = A F s, IR RER
RN ALE— E FEFE b 51 B2 TR o 240 B P i e
/N A L )AL, AT 3R — 25 5 R T 7K i A i T
BERRRT . T R 4 PR AN /D i B 4 P 380 i T
WA, Horr RN E TR, RN
RAR P Thhe Az OAE M o A e o 400 Mt 2 3
B2 MR BRI B4, EHER KR
A FRAR, TR 5T 40 A ) R A /0 i ot 48 A )
T AR Y A B AR Y, AR SO R 5 40 M T
Wi 15 R /N fie 5 40 PR VS 44 -5 HE R 3 L 17 56 R AT
LR .
| EXRBRMEEAMKSRE
1.1 &tz HATHER R IRHLETY 2 Bl G821 752
PRI, EoA R RmEEHREY. MR
FER F 38 B RN B 5 AR 23 AR A I e )
1, @ ZAENEREAT AR, e R B
JH D Re B RS B A e, R I fF R 0 T
B, I FBERIEAIEIRARA, I s A",
R ML 51 AN /K e HE B 52 05 B A B LA . 7
I IR FER N, T B8 2 208 i v 7 B N
ORI, 5] B e 2 LR 7 R %) 98 3 e S8 2 403 36 1L i
b, b SECE LN KN, R A
K A5 1 B AT, AR A 2k e & s I )
Wr, BRI R 2N E M E R NS
RAMENG, TR 2 i3k A\ ARG P4 B AT (1) 24
ANETRR, Wl S A i B A e BT, T
TRAPIREE TC 5 32 Mg B A FH o

FEIEH DI Re A MR B RIS L T, wI B IR
ZRFERIIEN, e EAES N W bk
H IO REIR T I 2 A TheE, SEKE
FRENTEA RS0, i BBl S mEE", M
375 3k i 5 e N R i 75 5 B T T I A4 o A AR AR
AL, IR MRS TR AR A
FHE G B S L B B e i ph e, HE Ak
H SRR S E M T P R & LE AT 2
TR 0T 20 B S Tk Jie 5 Pl PR s 1, AT A L SR R
W, PEERPANEIE A A T e &K
i, AEA SR i 2 I — B R, oA
TN B SR o 2 S I M A S P A o ) B 2 R
MEBASE A BH L T S5 5 0 B2 T J ot 44 e e i R A

.« g5k - 29

KERBE T, R, XA SAE T R
IR T B K A2 T IR R AR R V), R
R 1 R TR T S AEHE &R HL ] A ) A O

bR T IR A S B R AR R, e s 2
AR B I S A R ) R R G, I PhE Tl
%, TS S E A AR I Na-K -C13E 4 12 14
TS AR A 2 T e ol 4 ) TS 25 1 o I o
1.2 B A8/ BRIV R 2ES
AL/ B A N B A7 AR C A BB FLUE S, /KO TE
£ A4 (aquaporin 4, AQP4) =%y B B 41 iy
Lk, WL A sE I A A AL B T AQP4
KA I TR R A X 7K 2 R UL, AT 51 A 2 T
IR S AH B K . 22 TOURIF 9 3R BH 2 R 15 5 2 TR I Jo 4
i A s PR AR — E A B AR R, N 51 K — LE T R
e, mEARARFE . RNAKMA LEZ
21, gk S IR T i 451 5 T I B 4 B P T e R 4
BRIEHE . W 7035 76 AR AL HE 22 35 10 K 2 2 s
MEEARAR-HHED . RReEE-27FHEN
RNASF IR B 18-F2 5k SR /K P 2 & Ty, 1M
JEHE ¥ BT AE Ak, 253 0 & BT ™. RNASFAL S
TR EERE K, MRMEEEZHERE
CAZTE BT 0 75 1o &0nT i B T e ol 400 it A ot 21
ZINEEE1 (heme oxygenasel, HO1) FINADPH%
{eBE4AE =, 53 I FR R0k 2 T v 4 L P i 5 I
BRI 5] R EAC N, 8 0E p S 3 A0 4 i i
b 35 TR p2 1R ik & 2L 2 Je J A P g 111220,
X LRI 1 2155 3 1 B A N AR 7S 5 R TR IR
A2 EEAEA .

VR AR I 5 2 AR IR T M (M ik D g
Pt R IEEELEH, B RIAERT /R 2% ERE /N
SRR AR R TR R o A L) 3 52 T A A R T e
PR, B IBIR RN IR SR R R Fa e
PE, EXFMBIR R AT . ARG PR g3
PEHERAE G BOMEIRIF R, AR HAARNRENG n] Fr 2 fE e
(UM E] S YR Aacizanss) B0, #F 5 A B
HHAT T — WO AL N Dh e O AL, o ot
Wi (AZH) MArhEYE (B4) WA, AAZBEAH
BEHERAER S i, BALRE —REZ kA Bk
HE &3, FH 2 Rl %0 2 g It 7 v 0 74 28 A 40
B BTN, 32N B VEHE B 81897 5 RS AR
ATA ¥, AHFENREAG ™ 5 FE FE Bl 2 EHE &
VE VB i iz g2t X R 28 Th g 45
B R ARG R . JLE T AR, A
EYEHER 2 B, RSB IT SR FF
BRI ROERY . R BEAE R AR T B HER) &



HEMBHEEE E RS ERNK, ATR
ATRERT IEHEX B [t — D45, %R E K A-HE
YETT IRV ZE I BB I e MR RS PR ABIRTT o
1.3 BHE AL A% HEM A N AR /K
Jib it S, FLRRE 2 A 4 A 9 AR A R AR SR . T
ANER R, KR E A AR ZIE R, LUE
Kt Z 85 Cinterstitial fluid, ISF) ), k5]
RIBH WK I A5 5 Wk A AR A oG . Rk
RGE TR R I T LA I — P 5 A R R 4
TERMAIT RS, o “BME RS P42, ma
JURF 2 JI 5 40 B () A5 — AN B 8 I M A [ e, 3G
HFR TISF, Hp o T W (cerebrospinal
fluid, CSF) , W RG0RKCSFM Bk E B 5] i %=
MsEf, B5EEREY. EARMISFRAHEAN
FEKE B, RN IR R I . B9 R I HE
FI R ALK SR Ik 2 R G TR A8 7 ods, HmT g
25 THERES K ED,

F - S5 3 D B 8 T o UL A 5% AR TR IR 5 4
JH (R A ity A2 SEAEAAI B 58 BB, /NI AN
BCEE T 1 B K R T IR R Al e B T, DR A
J2 S5 B 5 2% T A K5 30 4.0 % (1) T AR 78 76 45 AQP4PY,
It A3 7K 1 B I Ao e 5 B vy, B 7 B K i HP ISF S
PR A7 B R A 480, o G b o 200 D ) v £ o 2
Ko Tz EAREAETIRE, H AR T i
Al R el O a2 eowy PR S 1 e 7 N Sl B % Y
IR ARG o SR RG] 7 A 4 B ISF
SR o 28 ¥ e B e A BRI s BR R, A BT
A K TR R A 28 8 T TSR I P ) o Ao AT AF
TR IS 2 Pl )\ HI T REFRAS I A 5%,
BOT /R 2 e BRORE RN 2008 1k P 5 & FHER . H R
ROLTEL /N BRI A ThRg 210, TRl R
WK, RKERGREEZ DTS, X Reel T
BT IR 5 40 B S 5 AQPAI RIB A G . A
ZARGHE T ReRENS, BT K S A 1 R
BRI, WARBURTEANAE A, i 4 oK Xt
BRI R ShEERERS, [FIRES. BRI IR
FERN AT AN R B BEES 3 0, 325 i = AR
TEHESB #F d, IGISFRL R AR IR W) [ W0 R 4
WS R OE, X Ee 5 (1 RAFR i K
B PRI E, Hadjihambi%: "l sh 25 34 s i L IR
Xof EEHE A B R FEM L R G AT ThiaE, 4
KA1 5 FAAE R St o0 A I AR, DU TPl
MRE R A DL . B 78 R B R 7 FEHE K R 1
ML BRI F AU B B3 (3808 R 35 BRI, T & T
WX, RIFEHEK RN RS s R4 T

B ) 20234F F15% $3HH

AR, 2 B 1 T A HE 20 ) A58 3 v (i bk 235
R R GAAE W] R D REFREG o BIF 70 A MR BR A
WU B o IX P A B3 52 RN (i ) RE X #E4T T AQP4
BRI G LRI, RILAQPAIFRIE N FEAE %
Pl E AR, BB R E R4 5HE
KRR AR T RS, A5 IR AT iR
(N L
1.4 f&shdnyE BT e & UGE 5 AR AL R
G, 3 U R 2 e A % TR 20 0 5 G A i
RE o fRBAILGE 72 FFAE Ak £ 3 o J T8 LA LA o 3
AL, LA ZHLHI R T I 5K R AT AU R
AR, FEGUMEREER R S, T HR R R R
FIF AQP4AJE 5 e /K i) SR g in o A I AE A2 2
TR A NP A ) 28 — B 4Ty, Rk, 4] IEAIR
B AL of T B S T HE A B2
1.5 4247 AR — MR TR, RN — L
U RIEA T BRI, i SOk iE L &
RS R PR RGN, T E RN LR
R ZhRE, (RIS i 20 2R B AR e S A A
R, fElGIR LRIV 55 . 2 DhReREnG
AR AL
ORI 2SS THEN 2 A A 40
i b AR DX P 3 B S o I 9 B A T s R gk
AT HEME, TR R A FIREEE AR AR, [F
I AFERUAE A S8, MR KR, ARRE IR Ok
H I, AT 3500 K i 2T AR S . BT SRR
P FE A8 A 838 14 I Y0 R g i 7K P e v T 9
7% 19964F CVA BEFLHR BN ST FUIIE SEAR RIS B
BRI SR AR TR, @ AR AR AT
FELE of HL R 2 A0 I 7S 18 T4 B 93 A7 B
T FUAE S [Tk 7330 S T Ty RE R 5 2 o P9 R (3
FREE R, Hor Bk i 3 2 e R
T3 3 10 i 9 A R KT SRR AL K B
TR AR, B — 2 B KR, AT 3 3
HEM R4 . EH IR IAG RAZEREH T, &
BRI R, DI FIEt . HER Ak
(7 I 22 o T B AU i AR e I S A 1 25 P
iR LRRLRATP S R, RIUEER AR EIR IR th &
X ERLAR D RE 7 A AR, X Tt — 2D Ik B I
BT TR AL B R AEHE R AR
2 (N BRARBRYTE L
2.1 AbE RIE MHEE SO R — T DL A AR 2R 48 A i
RAEA Y BONFFAERIBR , Fe 5 R 2R 25 BRAE
WE < AR UL A 0 2B A K I G S5 A 22 IR
AR A R, B AR A R — AN



TR FERMWG R, /INB5T 4 9 9 PR ) B R
Ui, /N5 A LS A RN 9 R A R SIE I FR 8 . ol
8 R IE N B AR S RIS TR, TS E0A
A RERIIRE . BEIRPPIE JOEE 5 X
LARGHMR, BFERGIRG . SRR S
LTSRN, M RAEME RAED, HAHLH
A RE 55 28 20 P X -0 dfL i B B KB O . R
MAE H ATV 2 HER 2 DR O ) £ E R K, 2
TPF 5 2% WA e U ITUE AR B 1T 51 R4 B S e i >,
AT 9 A v L K BR AN A I AE AR A T
HIJEZE2 (prostaglandin E2, PGE2) . FHZHM/
%6 (interleukin-6, IL-6) . IL-10. JiR4R5ER T
o (tumor necrosis factor alpha, TNF-o) 238k 1) F2
JE£ B IRFTA], - [R] EF 435 /08 JB2 J5 248 Jf % €64 3 5 H v A i
], 25 SRR BLAI A L SAE AR BT o T/ 5 2
M EAL, R MLAE 5 5 AP A SRAE S T SE, 18
P v U MIUAE P I A0 i JOE S Bk — 20 5] R AR R
RE SN FI T e gt ST AR SR SE, E g
M S 0 I SR AL v, A0 SR I 2 o 4 i A
I eI T R R A R P AR N T
MURE S AN FEAER BRI, BRANAES & RAEVH IR iK1
BLUF (W FAPITNF-0) , #4R0E B 2 IR,
IE I R R IR 5 3 R A 4 JORE 2 AT T )

FI A1 72 -8 AL HE 58 25 B K0 7 R A A< & HE 3]
PR SAJAIE WA LE /N R A S A6, FLAE
L PNE AL OAEFH o /NI 5T 40 2 0 P R 4R
e A 20 L TR 7 F B RV, TR A R /0N IR 4 i T
SRR 22 R4 B AR HT,  (H 3G 5 5 AN B8 FH 115 9
HEFEEC, TR/ 40 M 35 7 AR TR R e IR 7 43
1K I Th e e A, AR R BOR AR, /N R
YHME A G 2 A F R FE R R AR 1, AT
5 AN R R ) 06 T RE R RS o BIF 5 R I B AL K
BB R 5t X 0N JiE ST A L R AL B B G T, e R
FEXG N, HizzhTheez . Hiok TR Thae X
580N 52 J5T 240 3 A ) AT 2 R b £ T T A R
BADREM A T EIBAL: W AR RN .
M Bl I A E RN- F E-D- R A& #2 (N-methyl-
D-aspartic acid, NMDA) 4K, o-ZFE-3-F53E-5-
FA 3L -4- 5 WA 2 (a-amino-3-hydroxy-5-methyl-
4-isozopropionic acid, AMPA) ZAKFIA & B4
A 3 R 79 73 18] 2 2 SACZRE T, TN 32 S
Ty-2 I T R M GABAREM £ A% 14 1 135 3 W I Al
FOIRETT . AESIISER T, A AR K R S X
I R 0E, IR E LN A RIS, ROAEAH
MRl F-4nIL-1B IL-658 34 i, 1fi 471 48 Kl F-1L- 1098

C Sk - 31

b fERR B2 KIEshThae sz . M2
F Tl R BRI PR 2R 00, I LG 5 e LA
TN RN, FAZRAGABASZ IR R IL IE
WAL, oA A 2 S Az e, Rk, W
Bk A1 JE 98 RE B 9T 28 BE 7 #B TT BE OB HE B #5 11
INFIThRE, NHERRITFEAE T 37 K .

2.2 RN FE R SRR ER IR 22 (BT TR
S i RS PR R S R B DIRY, R H X AT
i I RAEFFHER S . K2 BB WU E B A
FR ST AT TR P I 7 JH 9 AR A 2 g Ay 2 P
BEAT, IR FCVEAS TR T TR B 1 2 RN
MR AR, 10 TG B RS HE 2 31 BB
1 973 (1) S5 3 B A IS 00, X AR Ak 5 41 T A
FH AR LY kAT /A BT
T A AT R 1k 9 B o e 8 P s 2 gk — 25 %4k
B AR, SO AR R AR, T R T B A
S BRI R AR O, TR IR . 2 R
i, Mgl i iRk & i s iE S A A R
UL

i JE T AR P )RR S 5 S A 5o N AR B %
Thae e B EEAER, M B o fa 40 g i
R EE G AN IR, S BOE % R G E R
GG RRE RN . (ERFREAL B R, DR I B R O 1
SR AN I B AR K B I 5 1 1 0 5 B R
ST SRR N R E™ . NEERNIMLE
BRAGRAE, WTNF-a. IL-6FIIL-834 5, i#t—#
S EUFBEB A H R U e b, EEEREME RSR
B R R, SEUMR MRS, MTiER
HE™,

i T8 P A OO 5 R R R S D A — E R
1, REYFER AP0 B R P IR B AT B 1 i 0 4 R i
A, ORI I8 R B R Y e R . A R
) I i B0 B R i N i, i R IR o b s /b
153 Wi S 2% 5 2 BN BUR 1 R IB . IEH LT 4
JE IR R R Ay AR D, {E TR A% I BE RN I 4
Z, FEIASNEMAF B, MEA AR ERAKCE T
T2 A0 I A PN R A B R 1) S S, A B
B, g A ph g E R, i EOw A
K S G I K N B R URE R A, T i B
SR BRI ANMIP K, PR ER IUE 5] % 4 & R 0E
F A2 95 S BUNB RS AT, g
TEHFHER) % 4

55t B 38 B RE IO VR 9T AT CEHERY RS
Meta %y B o5 14 00 Bl AL BOREE, A 113241 &
o GRS ROV AR PR T BE AR



32 . GRik -

MW RERAKT, a8 1 RIEHERM IR ARGEIR, IFB
1R R HEHERE . 2 ANBF ST E 52 7L T
RAIEPHY, 84 IAS S LR AT B (K 8, sksh
A BE RGN E T, I TE I e . 5
— TGURFF 5 0 5 R4 W 20051 FrFAf 44, 58 25 i 1 A A
POREROSEN,  BE T IRRIAE & WIS, AR i I8
AES I SRR AR AR AL, R BRI AR B AT
Ul B TE R M A A B, TR X R PR
B AL, B 7 Hh ffe A 40 B 7 1)
KAV, IR IGURT FU A S B4R EF WG IN A A DY s R
WA R AT, HX RN DI RE &7 A a i, AT
SR vk P93 3% U S S A e TR J A 11
2P InAAE Y FLARHE . BT AR A A A g
AR AT A R MR R S R AN T BE T H AT
A W PRI ST Fk W 3 11 M T8 1l 2B W R A vl i
I SO HE B8 ) i T8 T R 2R 08, AN T e FL
The.
3RE

HEZ BEJ7 BRI & B0 e B R4 BN A
By R R AR, T e FBTHE R A
FBERARAERE R . FIER N5 2 5. L3054
. HERPREAE PR RAE AR, (HE00 K 3R
SHE™ BRI 6k = EAEA M, MR FE A
EREIT IR A AR AT BT HE R R 1)
ARG 5k, JUF A iR U5 A T R 28 5
BRI, anFAE I e AL RS, BRI IEAE
BFSETF R 1 5 SR 2 L R e 2 — A an), H
IR = ELHR B R B AR B R VR TT, VRIT AL
RAEES Nl . W THERNGST MiZ e 477 L
ZIiH. RGNS MINERFAZ S, E£ERBUN
WA IR b, 5 2 A VR B G2 B SO S I ok
AT o AR SO I X 2 R i 440 M 2 e B 1 AT /)N JE
Jo A BRI AL S HEAS [R50 ML 1] G AR ) A 45, A
SRR IR T RO E 2 W AT AT AL £, AT
R SEAL AP NI PRGN B 38 Stk ]
Ui~ BEARAN A SORE B2 KT W i E R A
5 4 L AQPASESE R B IR T, IR IBIR
SRR S N R AR Y D REIR A S, By mT 3 Bl
HE & R A3 ot 2 S i s

SE AR

[1]  LEE G H. Hepatic encephalopathy in acute-on-chronic liver failure[J].
Hepatol Int,2015,9(4):520-526.

[2] KARANFILIAN B V, PARK T, SENATORE F, et al. Minimal Hepatic
Encephalopathy[J]. Clinics in Liver Disease,2020,24(2):209-218.

[3] KRISHNARAO A, GORDON F D. Prognosis of hepatic

(6]

71

(8]

91

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

(7]

(18]

[19]

[20]

[21]

[22]

) ) 20234 F15% 3

encephalopathy[J]. Clin Liver Dis,2020,24(2):219-229.
MONTAGNESE S, BAJAJ J S. Impact of hepatic encephalopathy in
cirrhosis on quality-of-life issues[J]. Drugs,2019,79(Suppl 1):11-16.
CABRERA-PASTOR A, LLANSOLA M, MONTOLIU C, et al.
Peripheral inflammation induces neuroinflammation that alters
neurotransmission and cognitive and motor function in hepatic
encephalopathy: Underlying mechanisms and therapeutic implications[J].
Acta Physiol (Oxf),2019,226(2): €13270.

JAFFE A, LIM J K, JAKAB S S. Pathophysiology of hepatic
encephalopathy[J]. Clin Liver Dis,2020,24(2):175-188.

RAHIMI R S, BROWN K A, FLAMM S L, et al. Overt hepatic
encephalopathy: current pharmacologic treatments and improving
clinical outcomes[J]. Am J Med,2021,134(11):1330-1338.

LONG L, LI H, DENG G, et al. Impact of hepatic encephalopathy
on clinical characteristics and adverse outcomes in prospective and
multicenter cohorts of patients with acute-on-chronic liver diseases[J].
Front Med (Lausanne),2021,8:709884.

SAAB S. Evaluation of the impact of rehospitalization in the management
of hepatic encephalopathy[J]. Int ] Gen Med,2015,8:165-173.
ALSAHHAR J S, RAHIMI R S. Updates on the pathophysiology and
therapeutic targets for hepatic encephalopathy[J]. Curr Opin Gastroent
erol,2019,35(3):145-154.

HSU S J, ZHANG C, JEONG ], et al. Enhanced meningeal lymphatic
drainage ameliorates neuroinflammation and hepatic encephalopathy
in cirrhotic rats[J]. Gastroenterology,2021,160(4):1315-1329.
CLAEYS W, VAN HOECKE L, LEFERE S8, et al. The neurogliovascular
unit in hepatic encephalopathy[J]. JHEP Rep,2021,3(5):100352.
FrARER B PR 2 4 2. AL IV s 1297 F5 5 [J/CD). o [
JIEH3 2% 7 (L 31),2018,10(4):17-32.

FIATI KENSTON S S, SONG X, LI Z, et al. Mechanistic insight, diagnosis,
and treatment of ammonia-induced hepatic encephalopathy[J]. J
Gastroenterol Hepatol,2019,34(1):31-39.

SEPEHRINEZHAD A, ZARIFKAR A, NAMVAR G, et al. Astrocyte
swelling in hepatic encephalopathy: molecular perspective of cytotoxic
edemalJ]. Metab Brain Dis,2020,35(4):559-578.

HAUSSINGER D, BUTZ M, SCHNITZLER A, et al. Pathomechanisms
in hepatic encephalopathy[J]. Biol Chem,2021,402(9):1087-1102.
GORG B, KARABABA A, SCHUTZ E, et al. O-GlcNAcylation-dependent
upregulation of HO1 triggers ammonia-induced oxidative stress and
senescence in hepatic encephalopathy[J]. J Hepatol,2019,71(5):930-941.
GORG B, KARABABA A, SHAFIGULLINA A, et al. Ammonia-
induced senescence in cultured rat astrocytes and in human cerebral
cortex in hepatic encephalopathy[J]. Glia,2015,63(1):37-50.
BUSSIAN T J, AZIZ A, MEYER C F, et al. Clearance of senescent
glial cells prevents tau-dependent pathology and cognitive decline[J].
Nature,2018,562(7728):578-582.

CHASTRE A, JIANG W, DESJARDINS P, et al. Ammonia and
proinflammatory cytokines modify expression of genes coding for
astrocytic proteins implicated in brain edema in acute liver failure[J].
Metab Brain Dis,2010,25(1):17-21.

BAJAJ J S, SCHUBERT C M, HEUMAN D M, et al. Persistence of
cognitive impairment after resolution of overt hepatic encephalopathy [J].
Gastroenterology,2010,138(7):2332-2340.

OCHOA-SANCHEZ R, TAMNANLOO F, ROSE C F. Hepatic
encephalopathy: from metabolic to neurodegenerative[J]. Neurochem
Res,2021,46(10):2612-2625.



[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(1]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

CUDALBU C, TAYLOR-ROBINSON S D. Brain edema in chronic
hepatic encephalopathy[J]. J Clin Exp Hepatol,2019,9(3):362-382.
HADJIHAMBI A, HARRISON I F, COSTAS-RODRiGUEZ M,
et al. Impaired brain glymphatic flow in experimental hepatic
encephalopathy[J]. J Hepatol,2019,70(1):40-49.

ILIFF J J, LEE H, YU M, et al. Brain-wide pathway for waste clearance
captured by contrast-enhanced MRI[J]. J Clin Invest,2013,123(3):1299-1309.
NAGELHUS E A, OTTERSEN O P. Physiological roles of
aquaporin-4 in brain[J]. Physiol Rev,2013,93(4):1543-1562.
LOUVEAU A, SMIRNOV I, KEYES T J, et al. Structural and
functional features of central nervous system lymphatic vessels[J].
Nature,2015,523(7560):337-341.

AHN J H, CHO H, KIM J H, et al. Meningeal lymphatic vessels at the
skull base drain cerebrospinal fluid[J]. Nature,2019,572(7767):62-66.
THRANE A S, RANGROO THRANE V, NEDERGAARD M.
Drowning stars: reassessing the role of astrocytes in brain edema[J].
Trends Neurosci,2014,37(11):620-628.

HEIDARI R, JAMSHIDZADEH A, OMMATI M M, et al. Ammonia-
induced mitochondrial impairment is intensified by manganese
co-exposure: relevance to the management of subclinical hepatic
encephalopathy and cirrhosis-associated brain injury[J]. Clin Exp
Hepatol,2019,5(2):109-117.

ROSE C, BUTTERWORTH R F, ZAYED J, et al. Manganese
deposition in basal ganglia structures results from both portal-systemic
shunting and liver dysfunction[J]. Gastroenterology, 1999,117(3):640-
644.

RIVERA-MANCIA S, RiOS C, MONTES S. Manganese and
ammonia interactions in the brain of cirrhotic rats: effects on brain
ammonia metabolism[J]. Neurochem Res,2012,37(5):1074-1084.
O’CALLAGHAN J P, MILLER D B. Neuroinflammation disorders
exacerbated by environmental stressors[J]. Metabolism,2019,100S:153951.
BALZANO T, DADSETAN S, FORTEZA J, et al. Chronic
hyperammonemia induces peripheral inflammation that leads to
cognitive impairment in rats: Reversed by anti-TNF-a treatment[J]. J
Hepatol,2020,73(3):582-592.

RUMMEL C, SACHOT C, POOLE S, et al. Circulating interleukin-6
induces fever through a STAT3-linked activation of COX-2 in the
brain[J]. Am J Physiol Regul Integr Comp Physi0l,2006,291(5):R1316
-R1326.

DENNIS C V, SHEAHAN P J, GRAEBER M B, et al. Microglial
proliferation in the brain of chronic alcoholics with hepatic
encephalopathy[J]. Metab Brain Dis,2014,29(4):1027-1039.
BUTTERWORTH R F. Hepatic encephalopathy in cirrhosis: pathology
and pathophysiology[J]. Drugs,2019,79(Suppl 1):17-21.
HERNANDEZ-RABAZA V, CABRERA-PASTOR A, TAORO-
GONZALEZ L, et al. Hyperammonemia induces glial activation,
neuroinflammation and alters neurotransmitter receptors in

hippocampus, impairing spatial learning: reversal by sulforaphane[J].

28-33.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

J Neuroinflammation,2016,13:41.
ARAB J P, MARTIN-MATEOS R M, SHAH V H. Gut-liver axis,
cirrhosis and portal hypertension: the chicken and the egg[J]. Hepatol
Int,2018,12(Suppl 1):24-33.
SOOKOIAN S, SALATINO A, CASTANO G O, et al. Intrahepatic
bacterial metataxonomic signature in non-alcoholic fatty liver
disease[J]. Gut,2020,69(8):1483-1491.
BAJAJ J S, KHORUTS A. Microbiota changes and intestinal
microbiota transplantation in liver diseases and cirrhosis[J]. J
Hepatol,2020,72(5):1003-1027.
WEIR V, REDDY K R. Nonpharmacologic management of hepatic
encephalopathy: an update[J]. Clin Liver Dis,2020,24(2):243-261.
NICOLETTI A, PONZIANI F R, BIOLATO M, et al. Intestinal
permeability in the pathogenesis of liver damage: From non-alcoholic
fatty liver disease to liver transplantation[J]. World J Gastroenterol,
2019,25(33):4814-4834.
WOODHOUSE C A, PATEL V C, SINGANAYAGAM A, et al.
Review article: the gut microbiome as a therapeutic target in the
pathogenesis and treatment of chronic liver disease[J]. Aliment
Pharmacol Ther,2018,47(2):192-202.
DEMORROW 8. Bile acids in hepatic encephalopathy[J]. J Clin Exp
Hepatol,2019,9(1):117-124.
DAVERN T J. Predicting prognosis in acute liver failure: ammonia
and the risk of cerebral edema [J]. Hepatology,2007,46(6):1679-1681.
SHAWCROSS D L, SHARIFI Y, CANAVAN 1] B, et al. Infection
and systemic inflammation, not ammonia, are associated with Grade
3/4 hepatic encephalopathy, but not mortality in cirrhosis[J]. J
Hepatol,2011,54(4):640-649.
BT, YA 2 A BN R UV 9 97 AL B9 Meta 73 HT[J/CD].
] I8 2% 36 (FB T RR), 2022,14(1):19-26.
MANGINI C, MONTAGNESE S. New therapies of liver diseases:
hepatic encephalopathy[J]. J Clin Med,2021,10(18):4050.
ZERSL, AR 10, R AT B IR T v R Bk A TR BER T AT
937 25053 Hr [J/C D). w9 4 & (P8 1), 2013,5(3):18-20.
BAJAJ J S, HEUMAN D M, SANYAL A J, et al. Modulation of the
metabiome by rifaximin in patients with cirrhosis and minimal hepatic
encephalopathy[J]. PLoS One,2013,8(4):¢60042.
YANNY B, WINTERS A, BOUTROS S, et al. Hepatic encephalopathy
challenges, burden, and diagnostic and therapeutic approach[J]. Clin
Liver Dis,2019,23(4):607-623.
HIRODE G, VITTINGHOFF E, WONG R J. Increasing burden of
hepatic encephalopathy among hospitalized adults: an analysis of the
2010-2014 national inpatient sample[J]. Dig Dis Sci,2019,64(6):1448-
1457.
PORKR, B3, W OSOR, S5 FUAREINE S R B WIE 9T TR e
HRT LR —BiMetas ¥ [J/CD]. 7 E IR 2% & (B F
Jii),2019,11(4):32-36.

ek HH: 2022-03-11

Rm4E, k. B G e Fa s R Gm AR BT P S 5% &% AU P A R [J/CD]. P B IR 9% 22 & (1 FRR), 2023,15(3):



