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Research progress of traditional Chinese medicine formulas and
active compounds in the treatment of non-alcoholic fatty liver
disease by regulating gut microbiota
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Abstract: Non-alcoholic fatty liver disease (NAFLD) is one of the most common chronic liver diseases.
However, due to its complex pathogenesis, there are no officially approved drugs for NAFLD treatment currently.
Therefore, it is extremely urgent to find safe and effective anti-NAFLD drugs. Nowadays, lipid-lowering drugs are
the main option for NAFLD therapy, but the clinical efficacy of chemical drugs is also very limited, as well as
the frequent side effects or adverse reactions. Traditional Chinese medicine (TCM) has attracted more and more
attention in the treatment of NAFLD due to its unique advantages through multiple targets and pathways with few
side effects. In recent years, numerous studies have demonstrated that the imbalance of gut microbiota plays an
important role in the occurrence and development of NAFLD. This review systematically summarizes the experi-
mental and clinical evidences of TCM active compounds and TCM prescription involved in the regulation of intes-
tinal flora in the treatment of NAFLD in recent years, so as to provide a reference for further exploring the patho-
genesis of NAFLD and exploring TCM treatment methods.
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A8 45 4 I8 5 BT (non-alcoholic fatty liver disease,
NAFLD) 2 llf K& WA 9, 4% H i 0 1 3 5
I B AU I 0 A2 P AR ORGS0 PR I & (non-alco-
holic steatohepatitis, NASH) i £F 44k, - il 44 2 4
P, LA R R R 2000 25%, B E AR A B NAFLD
R FIE 70%~80%"Y . R T H £ 4 NAFLD 24
Ak Wi A TR Il PR AT 72 B B, 5 H iy i o 38 B AT 24
i B PR (Food and Drug Administration, FDA) #t#E
NAFLD ZJH T Im R . & 251 R rh A AL 4i oAk
B, R R S TR G T 2 018 R R
W E A BT R A B T, R T Kb 25 R IR
PEAL &2 25V 0T 1) B L SRR, B IR YT & A R R
fE AR 50 4 NAFLD %5 75 TR % 1 EEAE A .

FE NAFLD JAp AL f R i o, B 14 i — ik
FI o572 U4, OB E 5t % B, NAFLD R 4K g
L8 W AT VI G . B HEES 5 4R AR
ATE T TR T AL RS S AR, TS R A e
AT i T T A SR A e e 5 o i R M B 58
B L RAE SN L TR AR A 40 B IS 07 BB (short-
chain fatty acids, SCFA) FJZE P2 IR HT IR &2
AN EAR S 5 I RE BTAC T SR JAE G028 S 8, de 2%
{23 NAFLD ¥ & 42 R S KGR 52 e,
24 CAIE SE 7E NAFLD HY Il R V8 97 H B V197 2%,
[ B, K B A 9T 3% B o R 2496 97 NAFLD B4 F AL
5 7 AR S W 8 TR R P IR A B AR ORI AR R
B RGHK R T ULk NAFLD [ 9 = 259897 SCHR, %5
R 7 23 5 T R Y G NAFLD B 2 itk Al
PRAJE 53 F& , I 19) Ji7p T 1 BF R 4576 97 NAFLD 18 24
Yt R IR 2% .

1 NAFLD 2 53877 20K
1.1 NAFLD 8932 lif

NAFLD & — F 8 75 O BEAT PR 9, 5 40 64 iR
o R A R AR SRR AT 0%, RO 5 IR B R AR IR
J AR 35 L B - T B4 FH 45 22 0 DR 3 AR O

NAFLD 85 1l 7R 12 W 32 AR 52 8 75 i 5l 41 27
AR A, A G AT A AR R, Rl
RS K0 IR 3 BUIR D7 HE ARG 259 (n Jig At
] 2 i 24 1 T Y G 2 A A B 55 55 ) L R 2R T 2
B GY (U 3 ) B PR B AR 0 ™ ELE IR A R A
BRI R B T 2 RS A7) 2 NAFLD K R B B
TR S bR AE™, A H T T AR R A% 1, KOK B
IS T BB AR PR A] 4P PR, R & e BV Y
2 W B 5 12 I R NAFLD S 0 &% 0 i3k J 7 1
CTBEE IR K . — B8 % (1 0 O B A 4 14 1) 12 i
77 AW R LB A VbR B AR BUR | s

% JFibroScan &5 BUR B 32 3| G 7EN
1.2 NAFLD K248

NAFLD £ AL T NASH. I £F 4 4k | BT A 44 %5
15 N I — 21 P 0, IS I B T Tl A FLadk
JEFEAL R <8 . R NAFLD it f& 2295 H A B
HA A, 5 H T 5 NAFLD A B 15 FARAS AL, i
Rl R _EAR 2 NAFLD &5 15 A 2 52 S 207 1
THl. BB A IE R NAFLD 1697 254 .
E pr b — 26 B BRI J1 25 2 b T I RS B
T R R ) ) R A R B (AMP-
activated protein kinase, AMPK) ¥ 57| . £k b A Bl [ 24
W) < T v U AR R -1 (glucagon-like peptide-1, GLP-1)
KA A KB EUY G Wi Sk & L (de novo
lipogenesis, DNL) #11 #l] 1] i 480 14 47 B 7 386 5 0% =2
i (peroxisome proliferator-activated receptor, PPAR) ¥4
B3 L JEBE X 524K (farnesoid X receptor, FXR) ¥ 5l
7 208 Hodh | OCA (obeticholic acid) A& #9 2= % H R
(chenodeoxycholic acid, CDCA) i1 A4, B A % H 1%
Z FXR I H], B8 552 25035 NAFLD I FLoE5y, 2
697 NASH [ Rfgik 259" . A, OCA IR #a) i
JIRZH 2 b i) FXR 5244, 51 K2 PR 5 i AN B SR Ry
PR AT IARIE =Y, BT 280 06T 49
BE =, W PR L &F X NAFLD [ 48 3 5 X BAT 2 Fps
3% NAFLD A R e, W R s v E e V4R RF
AR IR & RFF RS, AR B, B
AR RS R 259 (GLP-1 3715 71 %) ssie 245 4
25} B3 NAFLD 3#59°H — @Rl

£ 45 2= 2% P B NAFLD 3 44, 1E 4K 308 95 93
R AR L B A G s 2 v R AR R
ZEVEWE, BLAC A S V69T NAFLD £ 45 & fC B B g 3k 4T
Wi Jo ARFHERGFHEBE O E) T E LIt B
N Z 957 W A, Ja T B8 SO0 Al 22 n B 5 1 HIE & #5,
TR T W22 R L “HEN BRI . IR IR 2
NAFLD & A4 & i # vh 5 S (1) 93 BE 7 ) 5 B0 R 3R
HCR IR R 7 e 2 R . AU B2VE Y7 NAFLD
% 1A i g R, AT ORI, W AR 6 ), B
FRALEEAT 77 R &, FE G R T UL IT 3, HAR
SRR LN, SN R B R R R R Y
2 BEEEFLE S NAFLD

AR TE AR ) AR AR TR 7 AR T B A
BB A TAC T BB A, b iz T 40 T 0 H R e
ARV F LN G NERIE 1) 4 Fh 3 EAE]
AFF T (Bacteroidetes) J5 B2 B ] (Firmicutes). 48
JE T ] (Proteobacteria) AL £k # | ] (Acfinobacteria)™,
N 18 A 2 518 2 0 ae E AU 20 & ik
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SN 5 25 AN T THT 5 0 N AR AgE FREST Jigp 3 T R R A
{/ 3¥E NAFLD [ 8 2 [ %", Del Chierico %> I,
NAFLD &3 1) 38 18 22 FF 1R 2 25 AR T et R4,
H. Ruminococcus M Dorea ] F & W % NAFLD 7]
NASH # Ji M4 i . Wang 25 % 3, NAFLD & # 1)
FOFF B 10 32 P52 v T FE s R A, i JEEBE BT 1) A = ARG
Fx AL . Ye %P R B NAFLD # 54 /N § 14 Alistipes
M Bacteroides ¥4, T Ruminococcaceae W BIg /0 . i
— BRI FU R B, WA T R A i e B me AR )
IR BB R = e L SCFA L £ I R BE B 5 5K i i3k
NAFLD ] J& fc F0 ik B>, A ) A 0% 4 7 #55
[microbial-(or pathogen-) associated molecular patterns,
MAMP] M1 2 B2 7 28 1 i 18 o 28 P AR 4 £
NAFLD & J& i 251 a] R 45 AE FES %0 U () FXR 2§48
23 SO R 5 i g TE AR 2 R D e e A, T
JECE (HFD) fEH N ge BN K R, B & o2 i
TR AT A, T 400 T i T o e e A A R i I A
IF e 24 B P2 ¥ an g £ BE (lipopolysaccharide, LPS)
S Jo = WP fii S 5a ok 1) K ke N I, o ] H JUE 8 0
AARH 5 H
3 HAETHEERE AT NAFLD

o 24 RS A L B 2R A S B8, YR T R R R
A2 &0 2R NRHE. RIEIGKRIRE, r2 21 E
75 BA REFIHTNAFLD AE ™ iz 38 3 16 8 775 m)
RE A& T 24 R FE A B ) B0k AT, W0 o 240 2 il gy
AT A AL VTR R A AR =, R, 1 R i i vh 24
o T WS R B R EE AR FH R RTRE SRR . 2R AR
Rl S et ROR sy N A INE AL NE A - N Sy
AR, RLRA N ERIEME R KA W ETTRE
NAFLD 5 1 %5 i 18 T 1) 5% Rk AT S 45 (B 1)
3.1 PABYEMM AT NAFLD 53T 58w &
X FHR
3.1.1 £ /DNEBERK (berberine) X 4 BIE K, &
PR IR MRS A B, A% G 24 BE VBRI
BV By, K 2 B2 BSOS A O 5 R T g T
A K, RITEF PR . HEFLR I, ANBER AT 2 3%
A W T8 T A= ) 2 Pk, 38 3 R 1Y I 38 B4 3 20 HFD
7 AR Z5 G A, B0 45 Bl 18 rb B B 1 AUAT T8
1 A 32 B2 H 491 AR 4 35 31 /K L2 12 SCFA AR %
B Wang SEHE— P X EL T IR T 45 2575 K
T/NBEBNT HED 24 i 8 s RE RO VR L, R R A ik
AR /N BERE A BE (L B i 38 B R AR T IR #h, Rk
08 I I 0 IR A P, 0 W AR ) 5 Tl TE T R R
K. Wi NRRES S5 HIER R I R R RE ), 259
SCRE 7 T 980 1) [ IS 21 T % fifg P I R A A 12k 38 i g
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Figure 1  The relationship of traditional Chinese medicine

(TCM) and gut-liver axis in non-alcoholic fatty liver disease
(NAFLD) treatment. FXR: Farnesoid X receptor; AMPK: AMP-
activated protein kinase; PPARa: Peroxisome proliferator-
activated receptor alpha; LXR: Liver X receptor; NF-xB: Nuclear
factor kappa-B

By 2 GURPEY /N BERIE I 9D UM R A A 2 B 1
FETZ, Y/ LPS ¥ H, 40 fizp 38 48 0 308 B WOE , ek i
LA Ak, ANBETRIE T I SO AR N 5
FO B BR AR 1 AN 7 08 FXR A5 5 368 18 4 1 JFF M g o 4K
W, JU LR T % 18 o 4B B R (taurocholic acid,
TCA) /KF™ . izl B Bk o] A 5 /N BEGI 1 23 H 2R 4L
FEJF N, 72 A L/ NBERR, 2 e L i e R A 4 A
2R,

faf W88 (nuciferine) /2 faf it o I 25 H 4y, BATE
PBE 2 DR AEAE o AR S AR R T AROR
FERE AR 1E FH, FE 0508 e 10 78 Pk, S04 AR 9 id 4
A4 4y A7k 388 5 0 0T S2 AR -y FLBUE TR - 1o (PGCla)
I S8 A A il A 386 B ) ) B 52 A4 o (PPARa)™ s i I
BBl (1) &5 ¥4 5 /N BERRUAE AL, ELA= W0 R 22, 0 A T
T 3R T i T B A R R 28U L, BBt g R R,
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HRZETE T g R & OB w2 6 (Akkermansia
muciniphila, Akk B) 1 F B, REHFEREH . XA
IR BT Akk B IR A K AEVR T NAFLD Ok 35 — @ 1EH,
B — 28 1 R R R AR 0 o 24 SRR, T T AR
VIRE T ReAE R H R IR TT I £ B IR AR

B SR (betaine) A — il 2= e BY 7K V5 14 A2 WD Bk, A7
TETARZ RARME D), WikAc S H eSS0, B g
AT T 22 B 3 B R 4 Ty A va o7 AR A, BT
W T AR U A, A A O 7 i T R S R A
KRB0 HFD M7/ B & B SRR 97 )5, 80 N AEY)
FBE R AR A, Horb g K BRI a6 B W0 IR IR
J& IR B ER A JE B R OO B R B =
FLRAT R A 2 /R KR F G, §FHERDT]
P B J R e B B J 92 o e Ab, B SR T E i
A% gy T8 T B 1 7E 32 miR-378a J3 31 1) DNA i JE{k
K, BE e AR B SEIRIG ST NAFLD /E I 5
1 #1) TLR4/MyD88 (Toll-like receptor 4/myeloid differ-
entiation factor 88) & i 34 fill occludin #1 ZO-1 (zonula
occluden-1) 18 H3RIA (AERF 718 B % 1EE KT -
5 B BRI I 1A %, R ARV T IR B4 B
3.1.2 ZEREE P AEE (resveratrol) j& —Flh KR %
M A G, AT R B PR AL SR 250 TR R4S, 2 I AR
KT 2 AE) 2 Wy o 2 7 e ] o AR /)N B P
Ji 3 A D 2EL R, LA B AR D5 B AT B R} L B ] 1A
E MR BB B b 2 R AR B, s T R R A
PR JE AN =E B, 72 AR ad W BRI A i 4- 2 R
CTRAN 3-F2 FE IR T IR ; 44 11 2 7 W WG 7 1) i R AR Ak /)
B ) FE A EAT RE A, WA IR /)N B PR 7 T B AR S A9 3
e B R4 i T B 1) S0 RO, st e 32 AR
21 45 ) AMPK-SIRT %l A1 2k & # 28 76 i — oK 1o 44
22 n i, DL B FE B RORE SR 0 K B AR AR 25 A ERT
A, RERELIF AR O EERELGE
NAFLD I %, 15 i R 50 5 2R JF A — 2, I R vk %
A SRR UE B H AT YR T IR DT T, DR S BRI
NAFLD I & A R AR FL5

FPH & (curcumin) & MH 23 A4 AR ER
IR R R Z W R, R LTz ) 2 B
(TR BT 28 PUR PO S 2B R
TE— i Ilfs R 8 B 22 JEE 7)) BRATE 70 rp R R, 223 R ] ik
% I NAFLD . 33 K 23 NAFLD [)ig4e £ 22
I T RS TR PR SR R U PR AR
W WOE FXR AT LXR A5 5 38 8% 55100, BRI AN, 1
TEIR 222 33 FEMARNETAL, I 5 E A
B XA FH AR 532 3 ¢ . 7E¥R 9T NAFLD it f2 H,
2 ] I8 I U T i TE BB A R HFD 5 3 K

S P9 B 2R IMUAE W T E, e IR AR 1. 22
TR T R 5 R R B e A UL B A
JZ, g EARH. 53— J7 T, i Rt 0 22 5
FOEAT 25 IEAL B R B SR AL SR, 7R AR T
e 3 JEUR ELA B i 24 B R A R Y R A
Y. SEEFEMIL, —HEIEEZE XA ERMEN
el R AR A T A R RO X i T TR A AL
s R BA BEXTT R, il wE R 2y
P27 B AR AL T 1 R8T A & W02 4R 2 T
J5JLZRHR (protocatechuic acid) /& — Fh R 21k &
W, Eh i BTz 0 A . BERRY, IR LR BA
203 NAFLD A HI, HEAE P GL 35 8 =55 IR BT AX Y
B AT L U0 IR I8 I T T R el € T Oy T e AT
Al IE AR e E R TR O-p-E m A, AR
NEFRFEZ W EEZAB W~ Bk
B LR R T A 0 T L3RI 5T, 19 Lk PP U i
AR BT B 2R, I 450 7 T A 280 A o e o 348 59 M 3 R
ZH RS M0 i T A A A 7 A2 SCEA AT HE A I8R F) HEdik
KA S, BEWIE LA R VAT NAFLD 5 7 38 1 #F
THIRARED . Ak, H AR TR R, JRILRR
A 1 18 B B S L 20 NAFLD JE 2 (] 1R 5% &R A 1%
BE— BT .
3.1.3 HWEIX AEHER (luteolin) & — Pl KR
WA, FAET AW 2= B B 518 S RAE KT8
SRy, BAT R PR PUR DR KU
PP, RIF TR A JBR 2R AT e R A e i
HEVE, U - I 22 A K UK NAFLD . 5 HFD i
IR B EE, TR v s in R JBR 2K AT 1S N 3 ) 1 T
HER 2 R, 38 i 40 M ZO-1 3Rk, B AR i &b s il 7
P, F#AR I 2K LPS /K1, #1fi] TLR4/NF-xB i i, 275
AR R B ZR BB R A F AT R 5 0 5 i s A k7T
T (baicalin J& 7245 3¢ 55 (1 2 BEE K, X
JHIEA iz IEA RSE R . B2 F @A S AN
ORI 9 51 72 FR) 24 L A T R 88 I LR AR R A 24 BRAE
FAUS, W 58 & B, PI3K/Akt/NRF2 (phosphoinositide 3-
kinase/protein kinase B/nuclear factor erythroid 2-related
factor 2). Keap-1. NF-xB 1 HO-1 (heme oxygenase 1)
JE B R AT A T AR L I B R, TL-6VIL-18+
TNF-a (tumor necrosis factor- o). MIP-2 (macrophage
inflammatory protein 2). MIP-1a.TGF-f1 (transforming
growth factor beta 1)/Smads. STAT3 (signal transducer
and activator of transcription 3) Fl NF-xB #2 #& %> ¥ Jil 2%
RAE ET YA A0 2T SE AL B T BEREAR" . 4h, 3
%5 H I RE 3G I fizp 18 T RE 7 2E B SCFA, R 759 i 1 T A
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S 1R H VR, 3% Gpbarl (TGR5)FXR It 1%
ZAREE T 3R A% NAFLD By i 15 H ™.

KR T (silybin) 2 MK &SI 7 [ Al s o i
Fr A5 — b o B R IR 2 R GH, E & Fh 28 3L I
I T 2 I R A ) DR AP A R K TR R R O Y
Sirtuin 1I/AMPK ™ 7% FXR 5 5558140405 NAFLD™,
F 72 B, 7K % i) 52 % HFD 5 5 1) B i o 7 o s 2L A
WA, T HL )0 Y T8 R AR (1 SCFA FHIR 2
JEVTTR) (A B A 2 2 5o AN I, 1A S R I
oo — 28 AN B A i 40 T R I — e AR L
Alloprevotella F1 Lactobacillus. [R I, 7K 78 i 32 U4 [
T8 1 B 5 FL 3% NAFLD 28 R I8 7 E IR A I .
3.1.4 #@EE FEURR (oleanolic acid) A& 4 vi T IR
Ser oy B RS B mE KA A YD, T8 % LXRa M
PXR 41l Jig 7 2B B0 55 3R R AT AR A T i O
AMPK J& #% 3% NAFLD™ . $5 97 i g O, 557 3R
PR T 3l I PR ARG S BE B D AUAT B T T B3, e AR TR
R0 4 T oF 2, EE 9B HFD MR 2% KRR 38 1A A 1 4H A
I - RN 5 P2 PR AE L, R IR IROIE K
PUNAFLD /EH

RZIR A (ganoderic acid A) 72 )\ R Z R ILA =
WA, BA T 2 FAHEERPY. Liu 5205
RN R Z W A ] g 18 B, 90 i 1E 40 B AR
W AR 1K) SCFAs 7K ¥, 4 1 A i R 3 ek 346 {58 1R it 45
#1220 NAFLD, #2875 H 3% NAFLD {F il 5 M 15
T TR AH R B D e v BE AR G o AH DG AL AL 7R i —
W5 .
3.1.5 HEYIZHE K 2B (Astragalus polysaccha-
rides) /&R T H 2w KN 2R G, A R4
2 PR HE BB SRR ORI, p B 2O X
NAFLD (#3697 15 5 T 45 1 = A0 A 18 o i 2% )
#H 2R, Hong S5P B 7 & B 3 B 22 i v S 3 U 1Y
HFD W57 /) B 1) 7 108 T A 45 40, 1) FH 2 22k TR 40 2 23 i
R, R 25w AR T HFD MEFR /)N BRI 38 I B 5/ 40
F 1, b Desulfovibrio vulgaris 72 fix FLARR M1, 3t
— DI R IZ B AR = B A AL, T HL AT R & AR
W%, 3T 0% HED M 37 N RO BE IR AU, 0
NAFLD JE %, #2758 35 ¥ 2 B8 1T e e — s PRI 1)
AT, KT AR 1 97 va BT B T R T .

A2 2 ¥E (Lycium barbarum polysaccharide) 1
HIRC 1) 2 BEEVE RS, BN — P R i Ak e, B
JE L R T i 8 B B L 2038 NAFLD [ 1E ™, w] O
SIRT1 35 F i £t g P, Ik 4% HFD %5 5 ) JH IR i
AF PN Jf 38 1 NF-«B 1 NLRP3/6 i 12 24 3% T 45
Pt BRI 7T BN, MO AT 22 0 e 0k 2 A R

A0 i B B S Aot A 8 E 4%, 043 NAFLD.

MDG-1 & M\ H1 24 2 2 S AU 2 W5 v 43 25 (1) B-D-2R
FhE, B ARt AN R0 RS PR /)N B T 25 AR B
LR B OSSO B /R, Rk sk 2> A 35 o oK i i
HEE BR U, MDG-1 3 i 1 4 i - A )
NAFLD () & &', i& B4 15 PPARa 1 PPARy 1F H,
BER ARG /N BRI IR A 0%, DA R G e PI3K/ A 3 42 o fiL 4%
00, Ak, MDG-1 25 # NAFLD [ E Al fig 5 8 45
J¥ 18 R A OC, (g TE B RE R UR W R AR B A
NAFLD fE i B o1 Bk FE e i iE i B2 5 2 5 H
Xof R4 I A P 428 T AN T 2

R Z Z B (Ganoderma polysaccharide) & M R 2
BRI Z RN A, BA T Z AR E, X
NAFLD E A8 V) e B /E . 8 2 H A% R
Z Z W67 NAFLD /E H AT T IR AT, KRR Z
% X HFD i T i) NAFLD B %4 B A &5 2% 036 4 A,
HAZAE AR T X% HFD M 5% 3 ) )i 308 T A 1) 5, 3
ML 3 B 5 PR ML AR 580E « o508 W B B« R AERA i e Y
BREA K. MU RREHR RN, RZ 25
Y7 T VR AR AL R, MR B S, G R D
31,6 BHEHZE TSG (2,3,5,4-tetrahydroxy-stilbene-2-
O-pB-D-glucoside) =& i & & BA Rk 5> 2 —, "l
S0 SIRTS 0K 8 11 2 br 44 T R, ek 6 JFF i s 4% ),
1 7]l g U 2 % - B Sl L TLR4/NF-«B il 8%, o35
NAFLD!"'""2, 4k, TSG i3 NAFLD F it 5k &
J¥7 T8 TR A T4 L3 0 i 3B R ZO-1 M E A R IE i
3 I %6 T BF 158 Tl e PR ARG L3 LPS & &=, LA A M) 98 hE
ﬁa‘%[lll,ln]o

=B BT (Panax notoginseng saponins, PNS) J&
W2l = A ) R Ay, B BRI TG R T
JEFAR RN Xu &ML HFD 5 4 (0 AR JFE /)N
S A 0b/ob /N RN TER R, KL PNS 69T Ja 21
18 P RFAX 5 7 9 SCFA & B 1Y I . TLR4 N . 17 s 4%
B 2 %, 4tk PNS B ¥ NAFLD fE F 7 i 2 i i i
T8 2 5 1 - i 2 S0 .

H ¥R — 4 (diammonium glycyrrhizinate) J& H %
MR £ B sy, BB ORI Dh k. Wik B
H R —H@ T 1 TRS-1 A1 TRS-2 ) ff BR 14 $12 w5
By R BUBRME, 203 NAFLD™M, 9 a] 3@ i i 35 BH V1 R A
00 h1] 9 i 55 28 il JFF U G 07 A8 P, 3 ] e ok 18 4 R T B
FEFO P 5 1938 Bt B2 977 6 NAFLD! ™1,

A3 BT (ilexhainanoside) M T 2 2L, A
BLo ARITRI/E R, H U NAFLD 15 At 518 5 17 18 1
T L% g o B D) AH O, /60,4 B8R ARG S B B 1 AU A 1T BL
%, FA% Desulfovibrio #85%F =£ J& | ¥4 )1 Akkermansia ¥4
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f R, i 2O-1 A occludin 2K A 1 F ik, ¥
iy 18 ¢ B S 120

IR & 2 Bk 4 BT ¥R NAFLD {EH 5
VA e v A A R Bk T g i B B T R AR

Wy (SCFA K JH T R) . W% JF I 58 %8 4 K AT JIE TLR4 4y
T RGER 5B S A O, LI 2R U B
V& NAFLD 5 ] ¥ I & BFEMW X R B 4

n %% [44,45,47,48,51,55,57,67,76-78,87-90,95-98,101,104,108,110-112,116,118,119]
k1 o

Table 1 TCM effective parts for prevention and treatment of NAFLD. SD: Sprague-Dawley; HFD: High-fat diet; ACEA: Arachidonyl-20-
chloroethylamide hydrate; AM630: 6-Iodopravadoline; i.p.: Intraperitoneal injection; FMT: Fecal microbiota transplantation; CB: Cannabi-
noid receptor; TLR4: Toll-like receptor-4; FASN: Fatty acid synthase; LPS: Lipopolysaccharide; SIRT: Sirtuin; MDG-1: A f-D-fructan poly-

saccharide extracted from the roots of Ophiopogon japonicus

Category Compound name Main source Experimental subject Experimental design Modulation target Ref.
Alkaloid Berberine Coptis chinensis Wild-type and gut-  Fed with HFD, at the same  Bile acid metabolism, [44,
Franch., Phellodendron specific FXR time, berberine ileal FXR signaling 45]
chinense Schneid., knockout mice with 150 mg-kg™"-d" was pathway, gut microbiota
Berberis soulieana C57BL/6] administered continuously  structure; intestinal flora
Schneid. background; male for 8 weeks; HFD was fed  structure (Bacteroidetes,
SD rat for 16 weeks, and berberine Firmicutes), intestinal
150 mg-kg'-d" was mucosal damage
administered continuously
from the second week
Lotusine Nelumbo nucifera Male SD rat HFD for 6 weeks, at the Akkermansia [47,
Gaertn. same time, 7.5 and muciniphila 48]
15 mg-kg'-d" of lotusine
were administered by
gavage continuously
Betaine Lycium barbarum L. Female Kunming HFD with 1% betaine diet miR-378a/YY1 [51]
mice for 23 weeks regulates axis, short-
chain fatty acids, and gut
microbiota structure
Polyphenol Resveratrol Cassia obtusifolia L., Male SD rat; male  HFD fed concurrently with CB1 and CB2 in the [55,
Polygonum cuspidatum C57BL/6J mice resveratrol 50, distal colon, gut 571
Sieb. et Zucc. 100 mg-kg™'-d" for microbiota structure, gut
6 weeks, then with or barrier; intestinal
without ACEA, AM630 i.p. metabolic pathways (4-
for 4 weeks; Resveratrol hydroxyphenylacetic
300 mg-kg'-d" continuous acid, 3-
intragastric administration hydroxyphenylpropionic
and FMT experiment were  acid), intestinal
carried out during HFD oxidative pathway
feeding
Curcumin Curcuma longa L. Male SD rat Curcumin administration of Metabolic endotoxin, [67]
curcumin 200 mg-kg'-d"  intestinal inflammatory
for 12 weeks on HFD pathways, intestinal
mucosal barrier, and
intestinal flora structure
Luteolin Lonicera japonica Wistar rat HFD for 8 weeks, 25, 50 TLR4, intestinal flora [76,
Thunb., and 100 mg-kg'-d" of structure (Lactobacillus,  77]
Chrysanthemum luteolin were continuously  Bifidobacterium,
morifolium Ramat., administered at the same Desulfovibrio, etc.),
Schizonepeta tenuifolia time intestinal mucosal barrier
Briq., Prunella vulgaris
L.
Flavonoid Baicalin Scutellaria baicalensis ~ Male C57BL/6 mice HFD for 15 weeks, Short-chain fatty acid [78]

Georgi

200 mg-kg'-d" of baicalin
was administered
continuously at the same
time

metabolism, gut
microbiota structure
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Continued
Category Compound name Main source Experimental subject Experimental design Modulation target Ref.
Silybin Silybum marianum (L.) Male C57BL/6 mice HFD for 8 weeks, Short-chain fatty acids, [87]
Gaertn. concurrently with silybin ~ bile acids, and gut
100 or 300 mg-kg'-d" by  microbiota structure
gavage
Oleanolic acid Ligustrum lucidum Ait. Male SD rat HFD for 12 weeks, 25,50  TLR4-related pathways, [88-
or 100 mg-kg'-d" oleanolic gut microbiota structure, ~ 90]
acid by gavage for 8 weeks and intestinal mucosal
barrier
Ganoderma A Ganoderma lucidum Male SD rat HFD for 4 weeks, 20, Short-chain fatty acids, [95]
(Leyss. ex Fr.) Karst. 40 mg-kg'-d" ganoderma A bile acids, intestinal flora
by gavage for 2 weeks
Astragalus Astragalus Male C57BL/6] Adding or not adding FASN, CD36, short- [96-
polysaccharide membranaceus (Fisch.) mice Astragalus polysaccharide chain fatty acid 98]
Bge. var. mongholicus HFD for 12 weeks; mice in metabolism, gut
(Bge.) Hsiao different groups were caged microbiota structure (D.
for 8 weeks vulgaris)
Woltberry Lycium barbarum L. Male SD rat HFD for 18 weeks, starting LPS/TLR4/NF-«xB [101]
polysaccharide from the 10th week, signaling pathway, SIRT,
50 mg-kg"-d" Lycium bile acids, gut
barbarum polysaccharide  microbiota structure
was administered by
gavage for 8 weeks
Terpene MDG-1 Ophiopogon japonicus ~ Male C57BL/6J After 8 weeks of HFD diet Intestinal flora, "gut- [104]
(L. f) Ker-Gawl. mice feeding, 2%o, 4%o0 and 8%o  liver axis" structure
MDG-1 treatments were
administered, respectively
Ganoderma lucidum Ganoderma lucidum C57BL/6N mice HFD for 2 months, and Intestinal flora structure, [108]
polysaccharide (Leyss. ex Fr.) Karst. gavage of Ganoderma intestinal mucosal barrier
lucidum polysaccharide
aqueous extract with 2%,
4%, and 8% mass
concentration at the same
time; and FMT experiment
Plant 2,3,5,4- Polygonum multiflorum Male and female SD HFD for 12 weeks, and the TLR4/NF-xB pathway, [111,
polysaccharide Tetrahydroxystilbene- Thunb. rats drug was administered at ~ gut microbiota structure, 112]
2-0-p-D-glucoside 12,24, and 48 mg-kg'-d"  gut mucosal barrier,
at the same time "gut-liver axis"
Panax notoginseng ~ Panax notoginseng ob/ob mice and HFD for 4 weeks, TLRA4, short-chain fatty  [116]
saponins (Burk.) F. H. Chen C57BL/6J mice ginsenoside 800 mg-kg'-d" acid, "gut-liver axis"
was re-gavage for 4 weeks
Diammonium Glycyrrhiza uralensis C57BL/6J mice HFD for 14 weeks, Intestinal flora structure, [118,
glycyrrhizinate Fisch. concurrently with intestinal mucosal barrier 119]
intraperitoneal injection of
diammonium glycyrrhi-
zinate (150 mg-kg") every
other day
Wintergreen saponins Kudingcha C57BL/6 mice HFD for 14 weeks, Pro-inflammatory [110]

concurrently with
diammonium
glycyrrhizinate 60, 120,
240 mg-kg'-d" intragastric
administration

cytokines, intestinal
flora structure, intestinal
mucosal barrier

3.2 FEHETTNAFLD 5B EEE WX R
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B, FF 57 2 JHF IR B =, 5 WLAIE B 0 A 2 45 L TS
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Table 2

Complex traditional Chinese medicine treatment of NAFLD with regulation of intestinal flora related statistics. ACLY: ATP

citrate lyase; FAS: Fatty acid synthesis; ACC: Acetyl-CoA carboxylase; SCD-1: Stearoyl-CoA desaturase-1; IL-14: Interleukin-1/;

NLRP-3: Nucleotide-binding and oligomerization domain-like receptor family pyrin domain-containing 3; GLP: Glucagon-like peptide

. Experimental . . .

Name Composition of TCM subject Experimental design Modulation target Ref.
Simiao Phellodendron chinense Schneid., Male C57BL/6 HFD for 16 weeks, 10 and Fatty acid metabolism (ACLY, FAS, [122]
Formula Atractylodes lancea (Thunb.) DC., mice 20 g-kg"-d" were administered by ~ ACC, SCD-1), inflammation (IL-15,

Achyranthes bidentata Bl., Coix gavage at the same time NLRP-3), insulin secretion pathway,

lachryma-jobi L. var. ma-yuen gut microbiota composition (e.g.

(Roman) Stapf AKkk bacteria)
Linggui Poria cocos (Schw.) Wolf, Male C57BL/6  For 16 weeks of HFD, Linggui Restore the structure of intestinal [128]
Zhugan Atractylodes macrocephala Koidz. mice Zhugan Decoction was flora and increase the abundance of
Decoction  Glycyrrhiza uralensis Fisch., administered by gavage, and FMT  butyrate produces bacteria

Cinnamomum cassia Presl was performed every 3 days
Qushi Artemisia scoparia Waldst. et Kit., Male SD rat After 6 weeks of HFD diet feeding, AMPK, GLP, intestinal flora [129-
Huayu Polygonum cuspidatum Sieb. Et 0.47 g:100 g'-d",0.93 g-100 g'-d" structure and intestinal permeability, 132]
Decoction  Zucc., Grangea maderaspatana Qushi Huayu Decoction treatments  improve intestinal barrier function

(L.) Poir., Gardenia jasminoides were administered for 4 weeks, and restore colonic mucosal damage

Ellis, Curcuma longa L. respectively
Yinchenhao Artemisia scoparia Waldst. et Kit., Male SD rat NAFLD rat model was established ~ Glycerophospholipid metabolism, [10]
Decoction  Gardenia jasminoides Ellis, after HFD for 16 weeks, and purine metabolism and glutathione

Rheum palmatum L. Yinchenhao Decoction 3.6 g-kg'-d" metabolism; intestinal flora

was administered continuously for
2 weeks

Dahuang  Rheum palmatum L., Atractylodes Male SD rat, The rat model of NAFLD was Intestinal flora structure—the [134]
Zexie macrocephala Koidz., Panax male C57BL/6  established after 16 weeks of HFD, proportion of pathogenic bacteria
Decoction  ginseng C. A. Mey. mice and Rhubarb Zexie Decoction decreased and the proportion of

(5 g-kg™") was given for 4 weeks
and FMT was given for 8 weeks

beneficial bacteria increased; the
intestinal TLR4 signaling pathway
decreased the permeability of the
intestinal mucosal barrier

U BRI 20 27 AR AL o B e s L BT S B
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