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Analysis of the research status and intervention strategies for the treat-
ment of hepatic encephalopathy based on gut microbiota regulation
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Abstract: Hepatic encephalopathy is a common metabolic neuropsychiatric syndrome in the development of
end-stage liver disease. Since the concept of intestinal-liver-brain axis was proposed, the relationship between the
pathogenesis of hepatic encephalopathy and the gut microbiota has been a hot research topic. In recent years,
studies have confirmed that gut microbiota is involved in and affects various pathological processes of hepatic
encephalopathy. This article combines the latest research progress at home and abroad to elaborate on the research
status of regulating gut microbiota and thus interfering with the pathological process of hepatic encephalopathy,
hoping to provide new ideas and methods for the intervention of hepatic encephalopathy based on the regulation of

gut microbiota.
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Figure 1

Impaired intestinal barrier, gut microbiota disorder,
bacterial translation will result in the increased production of
ammonia, bile acid metabolism disorders, inflammation, and
neurotransmitter dysfunction, which further lead to nerve function
disorders. Intestinal flora participates in and influences the patho-
genesis of hepatic encephalopathy (HE), therefore, regulating gut
microbiota can play a therapeutic role in the treatment of HE.
Pharmacologic management of the gut bacteria, including ABX,
probiotics, prebiotics, other drugs, and nonpharmacologic manage-
ment, such as FMT, engineering bacteria, have been used in the
treatment of HE. ABX: Antibiotic; FMT: Fecal microbiota trans-
plantation; 5-HT: 5-Hydroxytryptamine; GABA: Gamma aminobu-
tyric acid; DA: Dopamine
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Figure 2  Production and transport of ammonia in liver cirrhosis.
In patients of liver cirrhosis, intestinal damage and gut dysbacterio-
sis can lead to the increased production of ammonia. Additionally,
increased muscle contractions as well as renal insufficiency also
produce more ammonia. Liver damage can cause dysfunction of
the urea cycle and reduce ammonia excretion. Eventually, the accu-
mulation of ammonia in the body can lead to brain dysfunction.
The transport of ammonia in the body mainly consists of alanine
and glutamine. Ammonia can be transported mainly in the form of
alanine in the muscle and glutamine in the liver, kidney, and gut
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Figure 3  The reduction of bile acid synthesis by FXR agonist.
Bile acids (BAs) are synthesized in the liver by CYP7AL enzyme
and transported to the small intestine by bile salt outlet pump
(BSEP). Most BAs can be re-absorbed into the intestinal epithelial
cells in the ileum by the apical sodium-dependent bile acid trans-
porter (ASBT). Then, they are transported from the ileal enterocyte
and actively absorbed into the liver cells. In intestinal and hepatic
epithelial cells, BAs bind to FXR in the nucleus and stimulate tran-
scription of proteins such as SHP and FGF19. FXR agonist indi-
rectly inhibits the expression of CYP7AL by activating FXR and
reduces the synthesis of liver bile acids. CYP7AL: Cholesterol 7a-
hydroxylase; FXR: Farnesoid X receptor; FGF19: Fibroblast
growth factor 19; SHP: Short heterodimer partner; FGFR4: Fibro-
blast growth factor receptor 4; KLB: Klotho-#; NTCP: Na*-tauro-
cholate polypeptide; BSEP: Bile salt export pump; IBABP: lleal
bile acid binding protein; OSTa/f: Organic solute transporter a/f
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Figure 4 Pathogenesis of inflammation due to gut dysbacteriosis
in HE. The intestinal flora disorder will increase the production of
endotoxin. Through activating TLR, liver macrophages will be
activated and produce inflammatory cytokines, such as TNF-q, IL-6,
NF-xB, and IL-8. Further, it will result in the edema of astrocytes,
microglia activation and neurotoxin in the brain. At the same time,
there is a decrease in the beneficial products of gut microbiota,
especially butyrate, which aggravates inflammation. Butyrate can
inhibit inflammatory factors including IL-10 and IFN-y. Inflamma-
tory factors can be reduced by regulating gut microbiota. TLR:
Toll-like receptor; TNF-a: Tumor necrosis factor-«; IL: Interleukin;
NF- xB: Nuclear factor kappa B; IFN- y: Interferon-y; SCFA:
Short-chain fatty acid
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Table 1  Current methods of regulating gut flora to reduce ammonia level

Therapy Mechanism

Effect on the gut flora Reference

Transplantation of
altered Schaedler flora

Decreasing urease activity

(ASF)

Transplantation of Increasing NH, consumption by converting NH,
strain SYNB1020 to L-arginine

Probiotics Reducing intestinal mucosa acidification and

endotoxin level

Reducing bacterial translocation
Fecal microbiota Correcting gut dysbiosis
transplantation (FMT)
Bioadhesin A Inhibition of proteolytic bacteria
Decreasing decomposition of urea and amino
acids in the intestinal
Intestinal non-absorbable disaccharides
Acidifying the intestinal tract and reducing the
absorption of ammonia
Intestinal non-absorbable antibiotic
Inhibiting the growth of intestinal bacteria

Lactulose

Rifaximin

Reducing the production of intestinal endotoxemia

Inulin fructan Inhibiting proteolysis by intestinal bacteria
Reducing the production of branched fatty acids
and ammonia from protein metabolites.

Citrus extract (CE)
Reducing the fermentation products of amino
acids (ammonia, amine, paracresol, and indoles)

(-)-Epigallocatechin-

3-gallate (EGCG) aminated metabolites

Increasing the abundance of gut flora with low-urease
activity, including Parabacteroide and Lachnospiraceae 2015[¢]

Increasing the expression of the full arginine
biosynthetic pathway and decreasing the expression of
genes involved in arginine catabolism.

Promoting the growth of beneficial bacteria

Inhibiting the growth of harmful bacteria such as urease et al.

Enhancing the mucosal immune dynamic balance

Rapidly reacting with ammonia to produce EGCG

Shen et al.

Kurtz et al.
20199

Rivera-Flores

bacteria 20207
Increasing the relative abundance of Burkholderiaceae  Bajaj et al.
species 20194
Decreasing Acidaminococcaceae

Suppressing hyper ammonia-producing rumen bacteria  Harlow et al.
(HAB) 202088

Significant differences in Actinobacteria, Bacteroidetes, Wang et al.

Firmicutes, and Proteobacteria 201902
Promoting the growth of beneficial bacteria, such as Ponziani et al.
Bifidobacteria and Lactobacilli 20167

The addition of Bifidobacteria Wang et al.
The reduction of Desulfovibrio spp. 202019
Significantly increasing the abundance of Barnesiella ~ Yu et al.

and Blautia 201910
Decreasing the abundance of Alistipes and Bacteroides

Facilitating the formation of EGCG aminated Zhang et al.
metabolites with microbiota 2019064
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PRI PR R0 — & AT AT 1

i A R B I PR b A8 TEAE R, B AR R H
ez BARRI G — ks dE, I BK 2 50T 70 A0 4 iR
56, NRE I B K YA T I 2 AR US e, R AR TRE
AR 4 B HEAT BSOE L REAE AR E BN TR YT
RAEFEEAER, B B TR R DI, A FMT |5t
B U AR T FMT TS A AE J7 722 B R BR 4, ax 4%

e

] S 247470 1Y AR D AP0 e A AR i 0 8 22 4 P L itk o 4
) S A, 7 N SR TR R E PR B AR A e A, o HL
FARA BRI QbR AL FMT, Q& A0 F2 A8 40 B A0
ST BRAEAL ST R 45 7 T 2 H AT K FMT (177 [ B4,
3.2 T ER AR R IE TR ER G AL

321 ZYEIE  AHVTER G A A I SZ A AR i 4H
o M WoR A, et HUR - LR U TR v n] Rk
I3 7T U 17 i A S HE M BA. R, FudE
B RS AR R A2 PXR A, Kk, 48 F
AJ A L I T PXR SR A 5 BA I TE B A M08 I R
Ao HAR AR UGE /DN B IE VR E AR
FE, WD R BRI B, Ke o RE R 5 3 1) i T TR A 2R L
W IR K. s T R B E R T 0 I 2
J5 75, AL EC AT LR R 1 T BA AR WA fig 1 e R o
/I8 R AE PTG 14 g W PE B 8 (non-alcoholic steatohepa-
titis, NASH), JL AL AT 58 5 1 77 iz il ik A= 4 [X A 5 (1)
Fef A R = 4R, R HE TGRS ik, DA K M 4% 5 7
xB (nuclear factor kappa B, NF-«xB) iitb A 5. b5 &
T NASH /N BATIH R P A2 T AT B AN ARCIR 25 1
TP A A 8T, AR SO e I v Y I
BT A4, 30 3o 3 75 Sl 5 ) FXR/FGFL5 18 %
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HTFXR B 28 (1, 5 ABX BT 801 W 18 1 B 4 R 4 1
5 B og B ) B SR BAZE T i el () R 2 B R
PP P84T R i o) ) AT DA eSO v i R K R
B s, BIRE A, D T IR BAE,
JAFREE 4K, £ (R VR b R 2 DR iy I B 5 e 3R e
4 B A % 3 N 1R BKOE 35, AT 3N B . P R
FXR #3)1 75 OCA Fl Fex #B fig 5 /b K g A 1 1) - 10 1)
P BRAE A A7, JE k[T K A AR PRI B PBT, ik
i BA I B AL, AT T M-I B F, 1% S IG AT 7T 48
T FXR X R FA I B i 5 e i EF i 1 3BT 1 8 T A
FHEO, 2 R =5 T 3G 0/ BR S M8  BA IR, (2 3k
BA [7] 4k 1 BA IR 6 Ak, AT il 5k &5 i o 1 Jiok vy I A
FAERR-1, R B A . FAEIX R AT R,
SER TS, o- AT B TR BCE A Brigm, i
JELEE TR 1] EH J R BRI 28 FR T B ) LR AT 1 % AR T,
322 FETAIEE B a0 TR I T R AR AL
i T A BEEREEER L. REEALFT
(Lactobacillus rhamnosus GG, LGG) AT LA Jik %% JH &
SEFL /0N BB IE 280E 4005 A AR 4R AL, I B PR AR
BAs. #M7t LGG nJ 145 i 1 FXR/FGF15 i@ %15 5, 11
il BA & R, et BAHEME, THFT BA I & AT £
FF 604 o Fh B 0 40 B 5T 4B O BEL VT 3K R (bile salt
hydrolase, BSH) »& &% 7 4= JF 45 & BAs (1) — P 32 &
fitf . LGG A & HA % i BSH i M, RIS 38 in 7
8P BSH B BE, 380 T BA SR MR, 55 AR
B VSL#3 @ i #2481 BA A BUR 42 5 S IR B
BA & 12 A0 [ i TGRS I 15 (15 S il %, A 1) T30
i BA G UK AR EY) & BT 5] B2 NASH. IE4h,
I VSL#3 G YT, AT R R b bk S B A R AR AT B
B>, BB RNEG N, e85 A4 T IR 5 18 15 K g A
FEOM A 0 T B3 I, B A TP TE R R, I L1 I R
R T s Ho T HE B 2 2 41, m] DL /b /&
B WA g A [y et

33 FEERRRREREKFE

331 ZAEIE RV RIGIER s =Yt
T i 38 TR B 10 R 45 RE B SR AR JORE N o 1 B R AT LA
SO W TE A B, I8 T R R MRR DS B A T R
PR 107 1 Y . 1 22 i ] DS B g F R3S,
AT T A R AR, A A R I R A
B NK4A316 F1 55 k57 0 & (1 £ & 93 >, LA J& SCFA 7= 7E
R (B 3 0, 0 AT B BOORT B A0 A 5 R IR R, I
PR JAE o BOHTBF 9T R IR, AR A R A P I -A
(ginkgolide-A, GA) F4 i PXR A o 3 JiF g 4k, B & %%
PR (I RIEIFR PBT. GAAREIEE PXR A5
) NF-B (45 BT/ TS 1 2 M 40 i X1 1 308, Ik

BT RAE,

i1 B AT 2 AR = B ek 2RE K P . SCFAS
25 5 Y R Wiy 1 R B 11 56 B AN 7 0 S SO o R
b 8B 3 M SCFA K N BE, IF H T RRIGH /K F 5
IRk R I PN R R AL AN A B JORE B A SR, BT
FHH, =T RN B an JERE T ] R (W SRR B 3G 2, T LA
W AT SOE R MO, TR Tt M T B
SCFAS ¥R %, PR T 3 A g h N R KF.
Ab, TR T0AT 0 B 2 2 1L-18+ 1L-6 AR A% 41 i
fk 2 F 1 (monocyte chemoattractant protein 1, MCP1)
ZRIE . T RGBT 98 200N 38 i 37 428 1 b 1 45 i 2
YIRE, WG I SCFAS 7™ A8 BRI /b P9 55 3% 25 W B 1Y) 2
Ho MXWRY, NEZRKTFESMEINEEFE 2
IEAR ST, i i AR ) X P AR R TR R 0 5 A TR FH R
TR A R E F, R RLIECR 98 RE 7K (TNF-as
IL-6 fll COX-2) ATP. A — 4 FIIT 41 21 24 040 2%, 78 74
i TIT B A 50 T A TR P 200 O 2 A P i AR SR g (o1,
332 IEHYNEEE A HMWE AR HET, 5 g1 R
AH & 1D 78 BRORF A6 A0 1) 4 28 46 i n LB I FMT 98042 .
JFRE Ak £ S A AE A 5 FE S BT B /DS BRI 48 S8 RE TR
FEHE R, GABA BEMIZ JuiG . Tt FMT V697 /5 &
IS FE VIR AR B FETC /N B, T RAsk b 2
FNE . WA R BEE T AR FMT R 3 6 J7 HE 1
|3 PR 2 22 4= 1Y), IX 22 e i 1 25 A1 PBT, -+
A W B R bR B R R OB B R B IR R A
JOKAT B8 B B 38 0, B2 REVERT 0. E AT, 1 I R i
B0 IEAEHEAT, CAIGE Hoxd o 28 ThRE H9T 2. #h Fe 5] k-
3-Z R EE TR I IL-22 P A B AT K 1L-22 5 510
PUE F C BY AL 22 F AR J By 107 248 3y IR IE, X L BE 5
510 16 0 VT 98 A ORA AV F, AT B LE 2 A A% A6 31 T
JUESST, R A TR T L1OL AN SRR % BE T L105 V897 IS, K
BRI PN 75 25 PBT A1 20 58 frll 285 440 R B 3R o >, 7T
CAER i 38 i ;. AL U 8 RE 48 B 81~ TNF-as 1L-6
IL-17A A IE TLR2.TLR4.TLR5.TLRY, N4 25 4H %
LA B RS RTS8, T 350008 4 TR A K Y T gk 2> 00T
i 2E R B2 20 Bl AT B 3 L ORI T4 AR AR o o
a2 1A AT I AR, 80 PR AR 2 R S8 T A 4 R IR
ST A 28 980 1) — P IR B A 200 SR g el
34 BRI EIERINEERERS
341 YRR £t N2 2 1F Rbl (ginsenoside 1,
Rb1) W67 J5, #4 Ty A 45473 8 AN A2 98 4t i [R] 7 3Rk
D R P B AR B R ) B FLAT B AR X S R
5. Rb1 3 E & IE T 1 GABA Z R R IEFF K
FEAR 2 R4 FH 002, AR i (1) 7K ¥ 1 22 0 AT DAYk 4%
N 5] EL ) 5-HT AT DA K, ¢ H 38 1 FLER AT E 4
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Fofr () 3= % JE0OT, - Chen Z8 00T 3, B2 5 R AIG 58 SR M (1)
OGNV &S B hey I E=R AR (R T WA 2 013
B8 U i 2H 2R i I AN A 2 R T, FE T A A I8
A AN 43 3, W NALDAL5-HT Al 5- 5% 5 15| Wk 2, %
il 8 147 771 PTC3-A20 J it LA LKBL (liver kinase B1)/
AMPK (adenosine monophosphate activated protein
kinase)/CRTC2 (CREB regulated transcription coactivator
2) M) 77 =R FGRF21 A FGFL I U438 i 1 T AR )
DX SR I 262 A RS 4 I 07 1% S . PTC3-A20 #2717
o 2 J& PR BRI PGB ) L, BRI T AT R RE K
Jo AT R AT R ) A1 08T
3.4.2 AEZHUEIE A AR DA LR DR P 4 i 0T T BE B A
A —EMER . A BT AERR S RR BN AP
i, 7 2E TR T PR NS8 e e 2 IILAAE K B ) DA 01 Ty i DR
MEEEREAT A — 2 BT R, 7T B 2 PR AR RAE bR
WK, FRARS-HT AU, N FNTh g, W RERVIA
IT 1 MLZCRE ST 3 (1) HE PRI T FE 25 7008, IG5~ FL R A
B IR U 0 A TR A 1R TR M5 A P AN /N
I L U, U T e 5 S A T AR G B R T
XF HE IR A — & B3 Bhiorl,
4 RE

AT AR A i — PR 3 4 B TR R AR
R R, NATT R Bk A 5 3 IR AR AS 1
K2, Wy dE TR AE I B A ] B4 O R
BT 9 R o I P 27 5 DR 2 2 AR 40 2% SRt 9 i
PR R 2 AR 7 ) AT 5 ) HE B S REAKG Py i PR i 72
Pyt — W T . LRI PR 7 T 2 EO) Tt S8+
Bk i 8 g 3 R R, it B R DA 8 B R DN RE S IR T
F-BORE, FMT A= 25 550 ok 40 B 1) A2 ) A s
SEAE HE B9G JT AT RS b WA T — B HE R, (H 5 2
B 22 HOAIT FERAE B HLATE 1 5 A DL A M A 182 FH #6 7T
7M. A2 Ja B0 78 AR b, RS E 1o 21 B A4 — b
TR HE HO 5 BE RS = A=A M B0 A 3 152 AT
Lk P RE . AT Re ik — 5 W — i el ) £
TUIALE], A2 2B 2 A R o) 3 I o £ g A A
3 K24 HE AT 3R A8 B8 e T T BL.

fEE STk I AR L EERE & wE T CIRE
58] B S B oy N A R S FIME I AR SOTE AR A JE 1 T SO
T 5 25 W B OR AR SCHR S B WL SRR I B2 H A
NI S SR RE B

FIZE S PG 1R 3 7 A AELE R Z i o
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