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Advances on effects of terpenoids against hepatic fibrosis and their mechanisms
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Abstract: Hepatic fibrosis is the pathological consequence of abnormal extracellular matrix deposition in the liver during the self-
repair process following chronic injury. Persistent hepatic fibrosis can progress to malignant conditions such as cirrhosis and liver
cancer. Currently, no specific therapeutic drugs exist for hepatic fibrosis, therefore, early prevention and intervention are of great
significance for delaying disease progression and reducing the incidence of severe liver diseases. In recent years, terpenoids have
emerged as a research hotspot due to their significant multi-target and multi-pathway anti-hepatic fibrosis effects. Their mechanisms
are associated with anti-inflammation, antioxidative stress, anti-apoptosis, and the regulation of extracellular matrix deposition and
degradation. This article systematically reviews natural terpenoids with anti-hepatic fibrosis activity reported in domestic and
international literature in recent years, and summarizes their chemical structures and molecular mechanisms, providing a theoretical
basis and research perspectives for the research and development of innovative anti-hepatic fibrosis drugs derived from terpenoids.
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Table 1 Monoterpenoids with anti-hepatic fibrosis effects
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Fig. 2 Mechanisms diagram of terpenoids against liver fibrosis
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N, SPEiocthssa EIEE S — R8N
FERBO, HR #0400 HO-1. NQO1 ik F i Ay
RIEPUIR S EACAER, ot I 21 4 Ab HERE S0, B
TR, Z R I AP iE I S Nef2 8 5% R DT
A AR o 2802 R AT DL 42 Nef2/HO-1 13
SR, AKX OB S I AT 4 A AR Y
" 0-SMA. COLI. Keapl &i&, Fh& Nrf2. HO-1.
NQO1 KX, F&EPE ML RE IR T £ 44k i3t
FEBO), a0 A I3 B H A AT AT g el — 2 2 A
[t CCly A ZBEBR A 155 1 T 21 4 A A 28 T 2H 21
Nrf2.HO-1.NQO1 {8 FHFRiL, @it 4% Nrf2/HO-
| 5 5@ R4 ER . PR, HE
E —HiAE CCly %3/ CSTBL/6 /N BRI 2T 4 A i 7Y
W, R E PR T TSN a-SMA I8 AR,
e B Nef2 & RUEAG T HO-1. NQO1
MERIE, PEn HPTA e pLSI T e 5 0% Nif2 (55
TP IR I S A S A 2 D) AR DR,
4.3 PI3K/Akt (5 Si@K

PI3K/AKkt 15 5 i 4% & 21 Jfd PN — 2% 55 2 41 i
5, GAETIERMAMES, HS54K,
VEAE B4 ) 2T R, PI3K/Akt 15 5B K 32 3|
FERSC T, DA IR S R E R A RS . 2
LA 2008 B O M, 8 A2 A T S R 1) 83K
&4, PTEN 4 m) 15 /E FHISI, PI3K [HB0EL60),

Akt FIUREIOT R B S i [ BR168) S A 1Y) PI3KY
Akt {5 SR AT HSCs 20 4RI 77 35 R . 18
FAAIEHR, IR R B S AR ECM 8 E B
FEARIOOT0L Il A, 1270 I e 4 AR LR %6
P SN, 1T A REIORI 8 i S5 A AT AR T 2 A
FERE, Hkn] LS A PI3K/AKt 555
S RE oo N Kl A s A S = = AR W $ 3
AR TGF-B1 U B K B AR HSC-Te 41 A
PR, T3 B PIBK. Akt. mTOR (2 A
A mRNA 7K. 5 53R LT H REE1E 3,5-—
LR PR 14 A 24.6- = H oML e (3,5-
diethoxycarbonyl-1,4-dihydro-2,4,6-collidine, DDC)
753 IR AR M AT 4EA R v, 3 35 P AIC .
Z1f 0-SMA. TGF-B1. COLI. p-PI3K. p-Akt. p-
mTOR [WEARIZE, @iliH#E PIBK/AKUmTOR 15
I A HSCs WS A AT #0 | H2F 4E4L

44 MAPK 55@8%

MAPK & — % i B DR SF IRE 5 a8 g 74, e ml A
Bedu s E K E 7 RAER T AR,
ZEYIfiEK b AT SO KOW RS T 1)
S NEETS], MAPK ik 32 A7 (E p38. ERK il INK
#1%, 4 p-p38. p-ERK. p-INK if F ik £k
ECM JiAR, ML AR e ERET), [R]thd it i
5 MAPK 5 5885 th o] Lo 2 40 2 B 16 1R
FHUTY 5K FETS) A I e AR AT DA 2B CCLy 15
SRR 4EfL i b TGF-B1+ p-Smad2. p-Smad3.
p-ERK. p-INK. p-p38 ik, L7 MAPK (55
TR IR A 4EER . £ TAA S/
R AR tb s eh, Su 2500 50 kB, NS RH
AD2 @i ] p-p38. p-ERK M p-JNK FIREEE AL 7K
F, BEUGE THFAGNIRR . AL, AL RE
N TIMP1 F1 MMP13 [f13RIA, AT ek ik A ot
DU GE A SR B G . F CBEE SR 4E1k
R, p-p38 Al p-INK & A EE T, WA
FRAMEAR B AL B 5, ] LA RS p-p38 FH p-INK
FIEFEMID FAE,  [FIS K TIMP1 A TIMP2 7K
P, AT ECM DUARFEMR, AT AR 4504 4 44k
[ 0L,

4.5 TLR4/NF-kB 5Si@%

TLR A2 AR i —Ffr, 75 5 AH SRR 45
A REBUERO, TLR4 76T 3= 223 A 7E HSCs. JiF
WA S gh 4 (Kupffer cells, KCs) %%,
S 5 I 6 R M 2 2 RN 98 S Y, TLR4 Al
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TLR4 BCAR#SS N NF-«xB % 2 Fh 4 i PR 772 A 5
i), AT idE BT TR 27 4E AR 1501, 78 JE7RG P i s
P78 (nonalcoholic steatohepatitis, NASH) 3
5+ TLRA WKJZ T &, P& TLR4 Kik, W/ RLA
RCAME ARG, Lai S5O0 58RI H PR R E
CCl4 551 SD KR AF4efb iy eh, wI LI 3 1%
i a-SMA. TLR4. H&FE7> L7 88 (molecule
myeloid differentiation factor 88, MyD88). NF-«kB.
p65. TGF-B1. TNF-o. IL-6 F[RKIE, EiLE#E0E
% B /TLR4/NF-xB 15 5 18 #% K95 > 98 0F K 1 A=
B, 41 IL-6 A1 TNF-a, MR IESUIFF4ELLER -
703 N TR T ABR K T CCLy %511 C57BL/6 /iR
HFEF 4L A a-SMA . TGF-B1. CD68. TLR4.
IL-18+ IL-6. p-Smad2 1125 1l mRNA £k, @it
4% TLR4/NF-xB 15 5@ 2% A TGF-B/Smad {55 il
P G T A AEAG . DI AT DABRAIE CCLy 15
ST LR b 0-SMA . TGF-p1. COLI. HIF-
la.TLR4.MyD88.p-p38.p-INK.TIMP1.p-Smad2/3
Fi&, i MMP1, @A TLR4/HIF-1o 5 518
FEAVRT ECM Ffd R i 41 4R AL gk R 2

4.6 Notch (5 SiBEg

Notch #2& — sk JELRSF MG SIS, F2H
Notch 3244 FL/AA DNA 8 (A 45 G AR5, 48
(1) HSCs #iE A UL AT 4E 40 B i, 52 4% Notch2/3
B RE BT, A HISIH)E A9 HSCs i
1R 186-87) PR A 20T T Noteh 15 5388, I/ iR
LRYEORR, | HSCs vfk, ATRERCNIETEIRIT
FF 4T A0 ()G RUHE Ao K BRS8N A 7S R
B, RERERT LARRK T TGF-B1 Al CClLy i S IATLT
AT B 0-SMA . TIMP1. COLI. NOX4. Notch3
S EFRE, HALHI AT e 2@ #H] Notch3/NOX4
&I HSCs VELFIF A 4Efb ki A, FAE A
H ALK a-SMA. COLI. Notchl 3£k, i@
IL 4% Jagged-1 & F/Notchl 15518 B K IFE B4
HEAAE B,

4.7 JAK/STAT {55 i@

JAK/STAT 15 5@ FEESHRA . 4K
K75 55 FHCEE 2 —, o FHER. M/h
WATAER T (PDGF. VEGF). &, IL S L
BOE1Z B B 0195, BE JAK/STAT {55 @5,
STAT3 A IE N, M3 TNF-a. IL-1B. IL-6
ERIEN T RERIE, (R4 K PS8,
I, 4 JAK/STAT 18 B0 A7 58 O I8 e T 4

AT B B B T DL R I B CCla 15 S 1
A YEAAE AL NF-«B. p-JAK 1. p-STAT3 E KL,
FHE Nrf2. HO-1. NQO1 & [AKIE, Midis
Nrf2/HO-1 15 5 IE B A4 ] JAK/STAT {5 5 18 2% ik
T AF 44k HERR N, 40 IR T4 S A
(suppressor of cytokine signaling, SOCS) 1£°A JAK/
STAT {5 5@ NI CHE o5, @ S s
5 R R AE T 4EAL I VE T, Zhao 5100
W TR IR T LA i 1 TGF-B1 ii% 4k HSCs H
SOCS1 HHFEXE, A4 p-JAK. p-STAT %
1k, @ JAK/STAT 15 538 B 230 HSCs Ti51k
HIE/> ECM DI ECE AT 4EAE
4.8 Rho/Rock [5E@AH

Rho/Rock {55 5 i i 7] 1 775 2 Fh D) g, Wi
. BEFEAAEIREEI00, Rock 1E A4 2E5h 1)
F BT, Rock HEBUE I 2 51 EC 40 M B 4250 ) %
A T BB IR 2 2 A R PR A S 38 1021031 3 1
TR, Rock2 iiE2 {21 MRTF /- %,
I a-SMA Fl CTGF 3Rk, #2414
A1) 32 BERFAEN 02104 01| Rock ] RESE VR IT T4k
A B — Rl A S SR o R PRDOSTR BLFR AR B W]
PAE RUBRARAR A AMET R 4GSR o RhoA . Rock2
Fik, @it Rho/Rock 15 5Bk RIEVE M 07
0TI 50 5 I A SRR T ARG CCla 53 27 4
fhRERI G 0-SMA. COLI. NOX4. Rhoa. Rockl #
%, @A NOX4/i% 145 1 RhoA/Rock] 15 518
% AT 308 2 2 AL

S FHLEIET R B, WK AR T
TGF-B/Smad i (A5 2 . FLE FERSE) . Nrf2/HO-
1 CZ0TE N BESE) F1 PIBK/Akt iB % (NS R,
4k, MAPK. TLR4/NF-kB. Notch ZiEikth £ 5
W [EREERE, VU =0 (s EHE) Al
R = CUTHFRR) SRR R 451 2 FE I R B H
AR AP, P BN R B[R 4 Nref2/
Keapl Al TGF-B/Smad XU ; R EER A LLiET
IEZ 1/TLR4 15 53] NLRP3 %85 /MAE b M T ik
LRI A YA AR
5 SRR IREE

DA FCUESE, A4l 2 — DBl T 10 15
PR, 1955 TR R AR e, 25 1EAT et
BRI, T4 R nT g i i, i S A8 T
MM SRR E 2 IEHRA . Fik, T, &E
W FIVE TT 2 2 A T 100 By B A4 R JH S8 2 0%
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., IR, TR RN, B S A A
G IR, LR A [F] R GO 5 R A XU AR
H, WA 4EA IR I 7 AL, FHREZ
(2P SRR R B A Ak 25, T R0RIT
WA Yifl 22 R
5.1 #BE ECM EZERATSSRARFRE

H AT ECM B 582 (2 i AT 4R AL TR AR 1
— KRBT T7 ) - KCs A L@ 742 MMPs SKAEHEH
LFAEALITHIR, MMP9 J& KCs £IL ) 3% MMP.
Feng 50V IIE TAA 55 1)/ R4 4E LAY
t, XBR KCs MERLA4EIHIR. 5 BEKRE
MMP9 ™ /R I¥ KCs #HLL, ok B B4 R
KCs A #EH 4 4EAL IR . R W] KCs TR
MMPY (ELFAEAL I e rh B oC BB . JHSE N 4 i
(liver sinusoidal endothelial cells, LSECs) #7i\ /&
RS B R B T, POy R IR BRI &
PR R P9 s B A, B0 G S0 L Bl A If A T
B EFAEAC AT I e, 10 T 4Rk JE 22
KEZ, Lee FISIF 5 K IAE DDC 53 1)/ B
YA BRI, A SRR E B 12 (A-kinase
anchoring protein 12, AKAP12) fikx/NRIELF4E1L
THIBRIA PG, T Rt 440 Mo 0B 40 1 4L 52
IRBRIEF A2 FHIERE R4 RNA 53R, fE
AKAP127 FEAR T, 5 BCM R A 55 58 AH G 1
F AR LR Z T o A, Sl LSECs i1 AKAP12
AR IS AL R SEINN B R -1 RIA T U R R E
HEHEMAER, MRS 4 R 4 . 4ok, LSECs
ZACHEA SRR RS, U X 2K o 3D
A, BEBEAH WOV LSECs B4 E L, X —9
T DS PR ST AN DN 2 S T HE 4 2 A AR ) 2 Tk
XAk
52 EREzZHEETT

HSCs FEZ M2, GFHEER X 24k
(farnesoid X receptor, FXR) Flid%a bW 41 5g
Wy ¥ % % 4Ky (peroxisome proliferator-activated
receptory, PPARy) [, iXEszfK7F HSCs 15
BAHEAE  FXR 2 AR 57 I 5 JH I B A0 AH [ i
FaAS: PPARy ZZAR 1 ZYEFFFR SRS S
PUEAFAEALAEFH o BT FXR (GRS 3R B, FXR ¥
BB VLR VR YT BE 0 5 2% NASH BE 41
YEAREE A% DA BURAE R TE . SAEFI
BRIEAS) 110, PPARY /2445 HSCs iff )5 R MY ) S
B 5. WERCEW], HSCs £ S WH£IA PPARy,

T35 A 5 Fe Rk B 2 PR AIK, FXR ) mf o i &
PPARy Rk KRR EAI. HAT, $m PPAR
TSRS O NIRRT B, Wiz PPAR 30
7 Je £ (Lanifibranor, 3% PPARa. PPARS All
PPARy WA IE#H T NASH iR iR5e112, {4
REBNE, ZFEREHERILH TR
ST . WEAUKIL, R WER R
JE AR RIEAF A4 R 3y e B3k
W PPARy & [A5RIA, @& HSCs HIFERESM
MAHI IS . X R RE R AV EA ERK
AR R ITIE /1, RRAEAAE DA 44 254t
KT DL S oRE.
53 FREKIEMENRIBRIETT

JHF I 98 R A2 HE B 1P 9 2 Jee 1R D B Bk 3 7
DRI, B80S ) 8 3 B2 1) T 2 RO L 41 440 245
R N . T 3 EE L IR K R
TR A F 32 AR5 7 BRI A S TSk sE . HL
B R, FrEME I 2 5 B 0T 40 R
TS MR S AR E S, T S S B R
PRRIR AR, T IR A S N, e AR i 1 4
iR . A, RAEANIEAN HSCs AR BTG 2
ST YL Btk . TNF-o B3 E AR 2 T 304515
SR 2 R TR BRR R S B UR B IR 1T . RERE .
JEMR. ANZ 24 Rbiy #i5% B MIZRE R
MBI RL SRR AL, S5 mTREAIK
TNF-o [FRIA, HEii i 80 9O RIS AR 4Rk
1EH .
54 RUAHMEMARS

RGBT AN T iR 1k ok 2 B BB B4
YE4b 8 T GIR 259, (0 HA I8 R B BRI N I
KRB BT L. KR B T 2 A 5 [
[ —SEfR . SRR AE AL . TERNIBRAEAES
BUS IR M S AT BB AL 0 8 6 1 B AR R AN 3
R IR LR R I B S F 2 M AR AR 4 R
ISR BARITE SR K, FIFNEEH R 20
WAt £ 3 BRAS 06 2 IR 25 WK B BB TE A R R
AR, BAKRETZR . R R AR AR R A,
IX G E A A R I H 5 K T AF 4E 40 A B AR SR M A
gy, RHEHOMRAEVFIHEMR. KiEtkzE. #ELRRS
P 5 A5 22 FFF W93 ek S TT B £ I 1) JFF AU 40 b 253 128 1)
W, JLImPKN 22 T E R 2. ik, BERL
WA SRS NI T A . o, T YRR K
BREIBIE T S AN IS 25 Falg . $Em 25 A9
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FIFBE Bz A A TFB, 1 H 28 U Z AR
WAL

B HFAFEALEIIETT , AR RS R B
FT), HROOSRBSTE TR T RS eI IA &
IR AR MR, o X PP ) 38 16 AN e A R i B
WL YEACHERE, [N AT A 2511 4 S Ve 2R R I
Pl BE RV A 2 A A n R P 3 B 5 RS 1 ) 40 K
R ZETE R, BRI B B A TS0 HSCs
W, BROESHE T, B mER L HSCs 19
PEOT, WFEUERT, XA () 3 16 2R 45 R A Rl
HSCs 51k, AT SEIL I 1 B 2F 4 Ay 2%, - Hakk
T T AR S A B A R R
6 LHESRE

RILRGHT TR 15 FSCERIRE I B A P
CFUEACTE TR BE SRy o T AR R0 18 1 AT &
i R EE R, DL ECM S EEVTRUONERAE, Wit
Je IR L 2 e . H AT R B Z R a2, R
SR A ) R 22 B8 AR AL IR s ol e 4 4
IR A

I IWARF S BVIEZL &/ T a-4 ] Brian = R S 1 Wity
A UEAIE B AR, LR 5 s
fEPms . . DUBR =i A0 FEE =0k . B ITIESE,
X LG 25 2 B I R A Y Re il 2 8 S R
YE A R HSCs ¥k IE/> ECM iR, 1E£
PR A e B IR CRLFE CClys PR ZEHL. =4
BVAERE . TAA IR HURGYR] B2 558, il
R I B2 BT RCR . FEAMEAS R
f&, EERRPEREAY Clndu s JJSEE A
T BT RSB HUB X SAMPS FEE/INRD R T
JFEFAEA AR, ATZGH RIS B Re SRR
HARF RIS o PRI AT —2PAIE S, AE T,
FEAR I RS AT iE IS 4% TGF-B1 1 PDGF-BB #Ui
1) HSCs, A &35 RAE [ N AR RIBOKF o

Zi b, ARG T WA SV BT
Y T BRI ST . AR FT RN 2T IR A
TR R AL 245 R G b = AR R FH B DL B
BEIGRATFIG RE AL TT, RFF R R EE BT
YL B Bl

RBAR AR EATAEFBAR
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