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Research progress on berberine in treatment of nonalcoholic fatty liver disease
by regulating gut-liver axis
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Abstract: Non-alcoholic fatty liver disease (NAFLD) is a common clinical chronic liver disease. It is a risk factor leading to liver
cirrhosis, hepatocellular carcinoma and cardiovascular diseases. There is a lack of effective drugs in clinic. NAFLD has a multi-factor
pathogenesis, and the gut-liver axis plays an important role in its pathogenesis. There is a multifactorial pathogenesis of NAFLD. The
gut-liver axis plays an important role in the pathogenesis of NAFLD. The imbalance of intestinal flora can lead to the destruction of
intestinal barrier, the entry of relevant toxic metabolites into the blood and bacterial translocation, and the induction of liver
inflammation and injury occured, which is an important inducement for the development of NAFLD. Berberine is the main medicinal
component of Huanglian (Coptis chinensis), which has specific effects such as reducing liver cell lipid accumulation, anti-inflammation
and anti-fibrosis, etc. It has typical multi-target and multi-system pharmacological effects on NAFLD, and is a typical representative
of traditional Chinese medicine components in the research on the therapeutic mechanism of NAFLD. Berberine affects the gut-liver
axis in a number of interrelated levels, including protecting the intestinal mucosal epithelial barrier, reducing liver microbial exposure
and proinflammatory environment, adjusting the gut microbiota structure, changing the microorganism metabolites derived from such

as short chain fatty acids and secondary bile acids, activating the intestinal farnesoid X receptor signaling pathways to regulate liver
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metabolism, thus plays a protective role of NAFLD. Some TCM compounds have shown the clinical effect of treating NAFLD, and

studies on the mechanism of action have preliminarily shown the regulatory effect of TCM compounds on the gut-liver axis. However,

the components of TCM compounds are too complex, so the research on the compatibility of TCM monomers can reduce the dimension

and difficulty, and help to reveal the action mechanism of TCM compounds.
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Telad iz 4 45 i - FF el 730 NAFLD B9 25 BAEH .

JUE /INBEGR R BT B R By, INBERRE B
XoF Ji T R AR T ED A AR R BT AR 2R T )

B TR, AR P 2 AR TOATL R 8 PRAIRYESE
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ik, Hi p53 B E SEEALUSI8 FERERG IR BRUH2H
BN ZE TR 2 #HKREF 2 (nuclear factor
erythroid 2-related factor 2, Nrf2) mRNA & 3%
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T I B s3 RIRE A, ORI i b S B P 5 A P D e 1) 5
w3,

AW R B 2R R ) i S A TR A0 MW s gk N
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J BRI RIRE, FHETTEKE NN, HFE
MR A B Toll #5324k 4 (toll-like receptors 4,
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KEFIEE B = HLHT, S5 NAFLD K. /NEERREE
I LPS 7P B3E I, F-5 RGN RAEAKF- I FAY
fRbR PR A ME A 1 BRI 2] SRR MR R R
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R [KF «B (nuclear factor kB, NF-xB) ¥,
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TE/NEERR A AR I 5T HR Y, SR & SRR
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mass spectrometry, LC-MS/MS) B A1 AH th 15
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EEAS ) 4. 2 BRI o)), ik — 20 16S RNA
DU AR 73 B /N BERROGS AR B 7 T T A PR S
RILEREZ FEIEM B B2 >, A 55 Fhi
J& 32 B /NGERR . 2 S (23, JRBER T op S AR BR
AR T M S R T I rp ) SRR R . BIR R
Roseburia J&- T8 B IR E . FAT R BRI F R B E
Wb, ZHOZTIRIMGE, REUSIEMEY)ZPE N
16 EIRBEREE . ST 1A [ P 40UFT 11 i 1 3 25 3
I, AT RE4E R il R A B, e AR A
BEG . AR ] b i AR I B e R 3 T
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B A M HL A #E A E I BRAGY) « Zhang ZEAV[EIFEIE
SENBERRE IR /D I TE R I 2 A, O 134 A
R EAE AL (operational taxonomic unit, OUT)
SRR AAEDE, Horb 60 4 OTUs F 5 R F%, 2A0M
FEBENR TG = B 1) OTUs 1E/NBERRIR T o 2%
A, WA E)E - Allobaculum & Blautia J&~ T
BR1# J& A1 Phascolarctobacterium J&%5 . HHT #5871k
D A EETFB, i ERErN g0, Hk
BN I E R ORI A e, DRI /N BB GT
JrTE TR AR MRS B —,  HETRIESE
FRRDTAEM Z PR A FH A E R 2,
H BT /NEER X NAFLD B 7 AER o
24 WEHEERFRE~Y

Y7 3 A A D AR TR 2 R0 ) B R T M TR
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2D FUIHITERUA-4S), EATT A ik 3 W IR i i R
hE, XLACEYIWAAET IR T, WEA AR KA
A e 2 o3 G B T AR D P, AT B T
JIE ) JAE B e AR
241 SUWE AT IR H AR 6
TR 8 AR AR T TR RT RE A /N BB U T
JUEHRE AU B LR 2 — . T RRJE TR BENR
TR, i 2R 4EE R M B i A P S EL /)
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RE AR, LR GLIE T, IpiEME EEEL L
PeAdile A-T BLHEE A-T RIS ST R, Hrh
AR SRR ATP UL JE R EFT (nicotinamide
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adenine dinucleotide, NADH) HJ/KFi75 ), Hik
A YrReES T 4H B ATP 17 2E B NADH 7K
S, AT RE SRS B T T Ak A A v ) A T DT R 7K
SPLeATl ) A 2 BOLR B GC X T IR AN HAth 55 4 i
B AT AL SR, R /N BERRLLE A4 Y A3 e 1=y
TERRE &, HHEES M NG ST 5 M 1E 40
HETE AL, N/ NBERRFS 5 (1) i 3 4 B e ==
FEA AL AR AR AT T AT, B AL
B 2N, — 7 TN BRI 8 i i e R 2
B, SN AE T BRI AR I E R AR AT R T
PRAR TR . KRUEAT R AR S 5 — 7T, ZNEERR AT
HI40E ATP [7=2E M NADH /K°F, SECT Bl A
Wahn, feZomd g R T RN T BRI
AT G A @ CIRGHEE A FRiRIE S T BRI~
A, TR, S EUMARF AR ACE TR, /NEE
Bl e ok Ji 3 Tl A 0 P s i N ARAR R A =,
PRS-/ B 4 T PN AR A B AU RV R AL o

WA LT S as e A, W 7L R /N BERR
AJ DLyl > — = A T ER AR B 1 R, anERARAR ZE A
MO 7= T BB o] LA 20, T
FIRALEAMORER, R T BRAN B 10> A B T U6k
ReEAELE, IR RN AR R 81, ) — 55
TERAMNIGUE NEERR A T A B T BEAHEE A - 4R
HilG A HEEERKT, SO T Mm A,
AL FRAR T R A =1 IR Rk P10, X ezt lL 3%
HH /) B il Ak 35 e 00 1) 17 0 440 R 0T £ 4 4 1Y) O T
T FRMA0-501, Tl I b T R SRR TR B T T BR AE
TERI PN AN [0 5 1, R4 IR D R AE P i T L
BYRAEM, SAEFIEERGBCH W =1, A6
{233k NAFLD R4 . SRR, XS R I/
B T 88 3ot 2 e ok A ) B I DT TR AR 2 5
JHF I e B AR
2.4.2 DU NE BN IRV ER AR, B ek
JEBERTAEY) X 4K (farnesoid X receptor, FXR) 15
SiEK AR, BIEME N FET RS
WAl FXR 1851465, FXR fRGIATTIHT R &
FSCMNTTT 2838 i T8 R B, 7EAEJHE . NAFLD S8R
T R A OS2,

FXR s&—FECAREIE 244, R B, B
U 2IE o BE FXR AT AT AR« B PR s A0 g
JHF s e5CE v I TRE A ey R . {H 4 A PR ER 2 FXR
FEHUAIRT A A . BRI SR AR PUAEE NAFLD
AR EBSY, TR, EiiE /N BRI A

I = T 9 23 ) R AR 19% 47%. T AE ST
P FXRint—/—/N, NEERR A &3 /E B, &
BF /INBERROGT I A g 17 A PRI 192 FXR A 1050,
ANEEBRIR YT . AR /0N BRI R 20 o 2 H R 7K
IR, ANEFIREAER ST FXR ST A 1)
WAER, AR IE R FXR P IR PE B sh 77160,
B UUIRPR 2 FXR 77, 2015 458 BT I R
RIGLE R R NASH VP4 SOREFEFGEL IR Aol
H, SR, 1ZSIe B DR R S 80T i AR
T BTS Z g PR ) FXR B3 A
fexaramine NI 7 DAI st i 78 B BEVE RO T8 FXR
A TGRS/GLP-1 155, AT F 57 AR JHE AL AH DA 2
PIol, JTE FXR Bh70E vl AR il 240 b ik 755 A
Ko, B 140 S 0N b B i SR AKL60) % TR AT 4R
7~ FXR A a4 FH 2 A S0 oM.

WEFE R I, /NEERIRT FXR 8051 F A I A7 AE
AaHAESR ., FH/NBERGYT 8 FBUE T HiE
FXR I8, HAABEIER) FXR #EEE, N
B 1 FHSE SO, /INBERR 1 R 5 7E 7 1 B AR,
BeE A /I B B A AR 2 LA B 7% XTVa A1 TV [
FHAH £5 /K f# B (bile salt hydrolase, EC3.5.1.24, BSH)
TEPERY, SRRV R AR, SRR AR R,
WS A TE FXR {55388, 4610015 5 i et 44 i
K K7 15 (fibroblast growth factor 15, FGF15)
ik, FGF15/19 fEH T HHAE, PRI IR % is &
FH C(cluster of differentiation, CD36) 7K°F, #fi|fT
N CD36 mRNA FE[K [ EKIE. FFN CD36 ik T %
RE A% i /D> JH- 248 it JI oy 1R 66 DU = Tyl R 2R 1010,
BSH 2 W IE R AEY) X F 7= A4 B — P, /R iE
BSH 1A AT DL 35 R0 AR o & I 375 JIH [ R
JUE =R H KT, A AT 32 AR AR EAE
IR 2 —02), /NBERRYG YT 2 B 8 I #fAe sz maiH vt
BRI A G 03, BOR TR 7 BIIEHE R B, /NEERR,
RS FIHTE FXR BIBE0E, 55— R T i@k
SRR 0 & A, kS T FXR T2 B0 T 3
B RGNEAS R
3 FE(hREHBE -7 NAFLD

AR AR RIL T R 2 ARG, gk
139 DURB B ) IR T R, B PR
At ALY . M2, PR, EREE
F &AW RIS s, 25 36 BN A B
AR E, ArEERE— D HIREARRE AR .

/INBE 5 T Ath o 24 B AR (1 FC AR BE TR AR KT 2 5
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TR, CHS TS, ST/ N AR TR
AR EE, BoARAE H ae S48 & HAE YR EE G
B TR T T Ao /NBERR AR 1 AR A= R
FERTRE T HRIA R (56%) LI AL iE
(43.5%) FIFFAE (0.14%) B IERN . shab, /NEE
BRI Rl Re S B B R A BIEHRK. P-gp T
(R S HEFA FFEE PR A DG0405T, /NBERRZ —Fh P-gp
W, K RETRBEANHI P-gp, HKIH P-gp /3 H/NEE
BAMHE, REB5IE SR/ NBEB B Th R, TRV 24T
XA 2R AL I RB FE, KRBT AE A P-gp #
A, S/NEERIE G R AE . BEREIIG PR BCRBT  H
BEREAF[33.3 mg/(kg d)|F/NEEDK[66.7 mg/(kg d)|BLE
FIAREE 24 i 3 1 ot GKOK R BB R BCE,
o7 A ROy, BS ZHXUI[200 me/(kgd)]AH
o FIRERAFANEEGR 73 4R P-gp 1L S i 2
w|H (CFAWIMERIZE DD MR, AEME
PHIER, ANBERRIP A A B SR 2 24 ] Jd it $) 1
Uiz ST B s 1 FR K . R R s AR
MI1~M5 F7KF, SERFEMAREERD, XAl 655
A TN BER S RN BE R AT 2 (8] A ELAE A
Ko L IR SRR BE b R I ) T A P M FRAR
Ay, BEPUE. P DUIRBERIGURE R 2
VEFH, ZINBERRIG A A7 AR i RE 08 100 1] i i TR £ 2
e I ISR K R 7 T R ] e 1 PR A8

BOER F BB T NEER, WA EER . B
YT, TR NBEGHOT 7 18 TR R A5 AL 1 R
HA—FO, R LEEIER R, 5/NBER
AL, FIERMFANEmEREE SRR, A
W F A R T X R . NBER R =
LN ER 7= A WM g b b s 5 W Bl o 2 IR
Akkermansia muciniphila, T #%E RIFIE AR FIS
BHEZHTRAE W, WIIKWIE. ZWRE, LA
MEUEEJE . SRR E SRR TR
RUERE R R E A S M e i o, HHOE
FERIHL] 5 /N BERAS 52 2 AH A .

W25 7 1R 2 AL LR SR A S s gy IR R TT
RS B B TR AN, 22 Bl 2 TR AEAH
TR HEEANEIEA,  F AR 25 05 R FALHE 5T
FOREHR. W5 EIEETIE GBI & 2
X, NI S, SR G R R RER
T8 T 256 G AT S s HH Tl SR 2 5 R B 3 1)
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