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Abstract: Fibrosis is one kind of pathological change of organ parenchymal cell necrosis, abnormal increase and the excessive
deposition of extracellular matrix in tissues during the chronic inflammation. The main pathological feature of fibrosis is the increase
of fibrous connective tissue and the decrease of parenchymal cells in organ tissues. The continuous development of fibrosis can lead
to structural destruction and dysfunction of organs. Ginsenosides, including Rgi, Rgs, Rd, Rbi, Rhi, and AD> are considered as natural
monomer ingredients, which are reported to possess several effects on interfering with the development of fibrosis through regulating
transforming growth factor B (TGF-f)/small mothers against decapentaplegic (Smad), nuclear factor-kB (NF-«B), p62/ Kelch-like
epichlorohydrin-associated protein 1 (Keap1l)/nuclear factor erythroid 2 related factor 2 (Nrf2), Janus kinase (JAK)/signal transducer
and activator of transcription 3 (STAT3)/B-cell lymphoma-2 (Bcl-2), cyclic adenosine monophosphate (cAMP)/cyclic-AMP dependent
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protein kinase A (PKA), phosphatidylinositol-3-hydroxykinase (PI3K)/protein kinase B (Akt) and liver kinase B1 (LKB1)/AMP-
activated protein kinase (AMPK)/Sirtuinl (SIRT1) signaling pathways. This review mainly summarized the beneficial effects and

molecular mechanisms of ginsenoside on diverse fibrotic diseases, in order to provide a novel avenue for the treatment of fibrotic

diseases in clinic.
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Table 1 Chemical constituents of antifibrosis ginsenoside

e =S R R> R3 M Sk
1 Rbi JRNS Glc2-Gle Glct-Gle I FULWLE 4Ll BUE R 4E4L 16-18
2 Rd PN - Glc2-Gle Gle T P £F4EAL 19-20
3 Rgs JRNS Gle2-Gle H: 20(5) ¥ PITEr4ith . BuEer4ith 21-22
4 AD> 25-OH J& A& [ H I I BUF£F4Etb . BUOWLEF4ELL 23-25
5 Rg; JRNS = -GLC H Gle PR 4etl . U 44tk 26-28
6 Rhi N -GLC H H P44 29

25-OHJE NS [

JANZ e

Ra .
JENZ =1

Bl REAZZE:. 25-OH RASZE. RASZEUFEH

Fig. 1 Chemical structures of protopanaxadiol, 25-OH protopanaxadiol and protopanaxatriol
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1 AZEHBZIEIEE L EKE F-p (transforming
growth factor-p, TGF-B) /Smad (small mothers
against decapentaplegic) {55 BT AT, B4
LBy 5 F AL

JH 21 Ak R 22 M R 2 TR 5 LS 1 1 1 P4
FrE i LA pfu4h 2L 5 Cextracellular matrix, ECM)
B (EER AR I AR E A D d R R
B AP YEVE IR, 2k 1T AR S 40 1) 18 2 SN HFAE
)— RN RE, M ERAM (hepatic stellate
cells, HSCs) HIBUE & M4 4ifb kA ik e it FE A (1)
BEIEHEEKE, BRI, HSCs RIUIFFA
R W LT, DL ) L T S Y0 P A AE AR
ACIEA YRR s, H AR SZ A0 P s, A L
(A L% A o BT SR RE ) 98 ECM B RS 2 | 5
o et fifh 52 IHL S5 AP AE PR UL ST 4 A 4 A A P 2 Y
ATk i SR B A WA A e IR AH SR 1, 1T 3
B I A 4 A B A

FEAFR G I RE P, TGF-B1 S 4 g R il it 55 43
W77 s HSCs, 1M TGF-B1 177 A4 ] DA 3k -4
Fe— B - g iR R B R R Rk, R b
W Jm R AR A LS| TR Rk, 3 ECM i
FEDURRI AR 4L i) R BB, TGF-B A& —Fh) il E K
7, AR 2 AR A i, SRR
Ko b b, B, ALUBR TSR, H
o, TGF-B1 /2 H T AN S 4F gk AR A O 1)
FEAKRFZ—. TGF-pl/Smad 15 5@ EEH
3 ¥y 4. MUAME TGE-B1. HEfE B TGF-B1 %2
& (TGF-B1 receptor, TPR) A M) Smad EH .
TERABAAAEERIEOL R, TBRI 5 TRRII fREF %
AR, M 5EASE & G TPRITE R 1L H-340% TBRI,
P E S EIERIMAN . Smad & TGF-B (s
ForF, & H AT EIME— 1) T8 SZ2AAR A ECA) - Smad
2/3 KA L IR IR AL J5 1 NAZ N A LT YRR 5%
B DRI P e S 133360 (P 2) . TGF-B 4T 4EAb 1 32 %
AL (D S TR IV R A4iEs
S5 A0 RR BT 373815 (20 (it 2T 4 4 i
R 2 P A P 2 i A 1 AL T A 4 e 4 13738,
(3) B EANREREIELNE S ECM K
BBy C4) WA & 8 E A B ( matrix
metalloproteinases, MMP) HJ& AR i MMP 1
A& ST ] ECM A0,

ANZ BT Rgy« Rby Rhy #A] 3@ R i TGF-B1
(LK, H0 T IF Smad 5 5 @Eg, MIEb

gL MHICH FmEHANGSHAEKRH T
(recombinant human connective tissue growth factor,
CTGF). HZUMH|7 48 5 FHlE-1 (tissue inhibitor
metalloproteinase-1, TIMP-1). Hif 41l i AH 5C 3 4] -
I (prostate and colon gene-I, PC-1D. i 1| i AH 5%
FEPA 1T (prostate and colon gene III, PC-IID [H5R
ik, #) HSCs HIiEH, T o-FEINIEER (a-
smooth muscle actin, a-SMA )KL K-, M ECM
G HEORD, BRI Z, FMYESZA, b ECM R
WIR, R LYEL IR Az D162940-461 N 2 A Rd
AL 25 BEAIS B RIS B RS2k i — B 15 91 3 1)
AEf 32k CD36 B A MELIS, i CD36 :H/ 3
f) TGF-B1/Smad 15 Z i@, &K Smad 4 FI7EHTE,
FIk/> pSmad 2/3 5 Smad 4 AHH. 454, HETfIREMALT
YEAUAHOCIE DR [ Rk o-200, NS B Res AliEd 5
B B F--1a Chypoxia-inducible factor-1a, HIF-
lo) S5l Azt , 1> TGF-B1 MIERIL, I
U PG 2 A L ) LS T 44 200 P A A B b R T Jo
1t (epithelial mesenchymal transition, EMT), %
SR AT AEAH T AL RE JIUES BT 44N
BRI R EER AR Rk, TR A R4 4
Wi A 212247 (] 2),

B LT YA LUE/INE [ LT 4EAL . B /N ERBEAL,
B 52513 SR AN 2 ML IR I D REAE s A2 & PN [R] 5
(R B T R i B 2R T S ) L R i AR N
FEHALAL . HRR AL BN ERE I BT 2 45
eI AR, BN R AEYEYE ST, A
T 77 A %% i A DR - AR T3 A0 R T 4 P 43
. R TEIERT, S RET SN
BRAMNABTX, 3 ilh R A% R 2 A AR, R fd
FRE A AT AE LR S AL, ik IF 50 KB ECM
B8, B A KR IR IR TR, S EUE A2 S5 A
Diifie 240 tH LB 1 4EAG 100,

TGF-B1 J2 H Nii# Smad {5 5 ¥ F /8 & - 4k 4L
MR EEEREENIEN, MK TGF-
B1/Smad 15 = i #% A IHON AT B AIH ECM 13T

S AT A b Rz 18] B AL T > ECML Y
AR, NZHEA Rg it N TGF-B1 AK-F iz
Twist. Snail. Slug # k¥ 5| #2 E £5 5 AR IE
R, B NE B AR, A ik
JEL S BEL s IR b R A M AS RN AR
715 DA AL DR R B, DT A ) A 4
i R AT
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Fig. 2 Antifibrotic regulatory mechanism of ginsenoside Rg1, Rg3, Rd, Rb: and Rh;

2 ASEHBEIMS #%EF-«xB (nuclear
factor-xB, NF-xB) 5SS BIBEAF LML D
FHLH

NF-kB Je — M EA R EE IR E i, &
T Rel EAFKE, LLENEECSRIE — R XAEAE,
B LI R AN p65/ps0, & KAE A ThRe i
FTERR . RIEILH NE-xB A T4H85 N, 5 NF-
kB 42 [ (inhibitory kB, IkB) A =%
WEEY), HMMZRRYER T A E HEE RS
RGBT B BEERIEE (1B kinase, TKK) AJ#
WOk, i IkB N i T X ) 2 AR SUBEER AL, 4k
Mz R AR, 5 kB 703 5 NF-xB #&3E \
A% N 5 BE DR R Bl I3 91 1B AL s A
TR 0, SIS R AR W], NF-xB Al g ik
—LET[EE HSCs MR VERR . @R FRIRIE,
S RAE RN, P R4 R B,

ANZ B Rg w2 4 b B ot R 2 4
(glucocorticoid receptor, GR) A% K4 NF-«xB

(A% € B AT T T A5 = 38 6 IR0, T 1R I 4
&5 B 5> F-1 (vascular cell adhesion molecule-1,
VCAM-1) [R5, F T Ui S 25 (8] s TR B0 R 1~
o (tumor necrosis factor-alpha, TNF-o) 1 41/
#-1pB Cinterleukin-1p, TL-1B) 25K IER TH#5%, B
RS A YIEE (myeloperoxidase, MPO). H
% (malonaldehyde, MDA) &1k, MifiEb
PERL 0 BRI , R 2ORE OB, #] HSCs FTE AL,
ERIPUAF AT e AE RSS2, NS B Rgy thald L
B AR NF-xB 3 PR R 1 ifiL /MR AT A AR K PR 52 44 -
B (platelet-derived growth factor receptor-p, PDGFR-
B) ML, {1 HSCs i3, ECM RIES 7
WAL AR AR 4428520, jhalh, NS Rb
Al IE A p6S BWETET TR Sk KOS, T
A5 4 )@ B HEE-9 (matrix metalloproteinases-9,
MMP-9) J MDA. TNF-a. IL-6. IL-15 Z5{)% A
FIKIKA, ] RORE SN, I Z AT E i K A
R (E2).
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3 ASEEHEIHE p62/Kelch H#INE S A KkIE
X&EH 1 (Kelch-like epichlorohydrin-associated
protein 1, Keap1)/#Z & F41 & 2 #HX E F 2(nuclear
factor erythroid 2 related factor 2, Nrf2) @&
BF 4L RIR B9 5 F LI

S BTSN 3 S A U A A U A B 1 AR
(reactive oxygen species, ROS) i &A= a1y 5 A2
PR E ROS 32 Bk H B o 4% 326 B A1 i Joi
S0 Jr i M > — % 1 R 15 R (nicotinamide adenine
dinucleotide phosphate, NADPH); Tfij #MJi 4 ROS
RIS FE YD . R R R 5 b 2k e B A
& SIERIPN 11 S ol O NN B B ORIV SE VAL VAT G A
DA PAFIE 2R, T BE P AR () ROS M5 KA R
SRBE, REAHML A0, 40 DNA F25eAh . HEH0
15 B B B AR M 5| A B 1)

Keap1/Nrf2/ $it %6 46 ) B 7 f ( anti-oxidant
response element, ARE) 15 ‘5182 ADTE LR
B EERIAE, Nef2 R PUa i RIEuE A EE )
S BB A AR 0, AR IR AR BARAS R, 0 s
Nrf2 HIFRIAEYERFEEUR/KT, 7E ROS Bk HLTE
WEWEFA R IVER T, Nif2 5 Keapl fi#ff
B, ¥ A%, ARE 2Ny, R8N ARE WEER)
BB, UK A S B IR B
(glutathione S transferase, GST). FREFAMILIREEF 1
(quinone oxidoreductase 1, NQO1). Ifil 21 2 %A K-
1 Cheine oxygenase-1, HO-1) ZHTEALEEF - &
TRVt = IR A il (y-glutamylcysteines synthetase,
y-GCS) %5 11 25, 940 g BR ROS 1)
REJT, AERRH M A SE D JEUIR A 1R P48 P PRI AU
P, ORI HILAR G 52 S8 A S5 B & A AR 15T,

R FLRE, NS 28 Rg XIEH P EUH2F
el S A PUEAERBY . NS H R @
IO p62/Keapl/Nrf2 {5 5 18 #98/> ROS BIAE K,
X AR YA 2 1iAE B2, p62 HWaFr 51 ik
1, A 5 Nrf2 3¢ F 455 %) Keapl, M7 2 H Nrf2
W2 I RIS, NS BT Rg nliEid L
p62 FiE K> Keapl Fl Nrf2 2 [B2EE, it
Nrf2 {8 AR E 1 A AL #2381 HO-1.NQOL.
A& R A R E B i 46 T ( Glutamate
cysteine ligase catalytic subunit, GCLC) FIZ IR}
It & TR % 2 B¥  ( recombinant glutamate cysteine
ligase, modifier subunit, GCLM) P54 1
RIELT8, ehh, il 2 s, AZRH Rg ikn]

IS Keapl FEME, AT N2 S5E R
ZREAMMBEAEN, {22 Nef2 ANMZIFH] Nrf2
A%, MImE> ROS HIZER, AR B ST Ll
[ H AR (glutathione, GSH) FI43 Bt H ki S W I
(glutathione peroxidase, GSH-Px) ], &K Ftm
) MDA A1 MPO, fRIFSZHIATAIIE, Biia AT 4Ett
A BT-581 (1] 2D
4 ASEHFHBEIHER X Z{K (iver X receptors,
LXRs) ) HSCs & %528 T £F4E 1L 89 53> F#LI

LXRs s A 4E JORE R B 2T, 3282
ST R AU & ARIE N, 2 FE I, LXR (1)
WO AT LAH] HSCs BOWE L), LXRs W& Ak AT 0
HSC 1 TR a-SMA Fl—LL R F[1RIX,
P HSC WiEA,  DASVUSCET AE4H MR s AN 41 4E
R . LXRs fEAR EIBEACHT . BEACH . B i
RIES NS FE R 38 R E HEAE N, A ERCONIE
RS TENG DT 28« 8 B34 JHF 2 A 41 440 55 R
PR IRITHE S, BbAh, P2X7 524k (P2XTR) #
I 5 I B T SRR R O ) S 5 R 23240,

NS AD, nliEd it LXR g,
A R KT Caspase-1+ IL-1B+ IL-1R1. IL-6 1 IL-18
Ik, ) P2XTR /SR EHIREE A R WA
WRESZAR KR pyrin 25K & [ 3 (nucleotide binding
oligomerization domain-like receptor family pyrin
domain protein 3, NLRP3) #$JE/ AL, M
I BRI 23407 TIMP-1. a-SMA SR 4F4ELAH
KEEIFRIE, 0| HSCs H95H, FRHARIMNIE A ZIRE
FAEEFLME (alanine aminotransferase, ALT) FIRAE
TR I F%f (aspartate aminotransferase, AST) 7KF-,
B> ECM EAR, AT RIHU AR R (B 3),
5 ASEFBIRAEHEBANE 3 ¥
(phosphatidylinositol-3-kinsae, PI3K) /& B ¥ B
(protein kinase B, Akt) X AF¥HE B1 (liver kinase
B1, LKB1) /R EELE L & B HEE (AMP-activated
protein kinase, AMPK) /Sirtuinl (SIRT1) {5S51&
BT IRt A 4L B 5 FHLE

PBK & K 5 M fE 8 B B U B
(phosphatidylinositol, P1) ZXjEH—/NEE AL, PI
fie 3 M BEmEmR i, oA BA S 2 EEEH VLR
NEAD IR (e, SEEEFNBOE NI AR 3 —
RINE TGN, Akt S PISK Rl — A~ B 2
FUBNE, BALAMRR. TRRIRMEHETE, PI3BK/Akt
& TG MAATE 50 g AELRC ., iEah AR
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Fig. 3 Regulatory mechanism of ginsenoside AD: in intervention of fibrosis

T4 22 P A BRI B0 A2 rhole 3 2 H . PIBK # K
WIS, TGS FURH) Akt 1AL Akt BE— D RERR
A FH O BRI L N R AR, W
ECM. HSCs #uffFSEE4iiEih, =544
PRI R, Hta] W, PISK/Akt 15 530 % 72 T 21
e R AR R R R R % H /R 24, Sirtuind
(SIRT1) & —Fpii- i L . GE ARt —b
] ECM & i B O Belly, HAERSM T
i HSCs 354k . LKBI/AMPK/SIRT1 15538 B4
P A Al /> ECM FITARR,

Nz ﬁAij‘ﬁPBKﬁAMMﬁM
&, #i PI3K/Akt {5 Fid g, Hi@EEhn LKBI1
W21k, OE AMPK/SIRTI 5 5@ %, #9958 SIRTI
(RE T, #0H HSC BEA, MM ECM it
L, 0TI AR A0 R R BRI AR AR 24
(K 3). teah, AREAARTII RS REH, AS
B AD, T EIE L S LKB1 >k i AMPK /K
Vo, WOE AMPK 5 T il H LB Rk RO
(angiotension II, AngID) 553 Cx40 (recombinant
connexin 40) M1 Cx43 2K, P Angll if5 1)
CMULET AR B0 UL A0 B T 1250,

6 ASEHIBLINE Janus EE (Janus kinase,
JAK) 5SS RHEET 3 (signal transducer
and activator of transcription 3, STAT3) /B itk EE4H
Bf1JE3-2 (B-cell lymphoma-2, Bcl-2) i@EIRZE O
LA H 5 FHLE

Oy LER Ak 2 DLCo I 1] 53 ok 2T 44 240 B o i 4
B BRI S UAR B S 8 AT AR AR o JFE 1) /5 2
Fo H 3 BRBERIA LU VEREEE S N, OIS 4
/A N O R 7 Q1 1V 2 2 A S e | P S U RIVYE N
AL EEWM%’J?JE?CE‘?E* W2, SRR
el e, JUHE T8, 11 AR5 LU il v A
L, Hﬂff#ﬁ'uﬂﬂﬁiﬁéﬁ?ﬁﬂﬂ@ﬁﬁiﬁﬁi, FHEL
LA AL AR 100, | RiE O ILEF 4 AL ) B A AL
Hil EEIN N2 58 R-E Rk R B RS
PEGH i R 7 A DG 000, — 7 i, ok 7 R VK Il
(mitogen-activated protein kinase, MAPK) &2 %
MHIHIME 5 T Cextracellular signal-regulated
kinase, ERK), f&iECoULECET4ELN ke 5E, 2 —
WOEIR R R AR SR SR R AR
eIk, AT OILZE/RCY; 5—J7 T, Angll
AT DL 4 M IS T i L A T ﬁ:%%% SRy
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S NG B IR, B A AT AR 1 Y T Y
JB SR A R A G 58 . HAh Angll R 2E K SR & g in
(R E]IS, 38 W] DA 411 MMPs 1 — 5 520 Ji J5 1)
RIS,

LA T BRI AG S S, JAK KA
BB, WO i STAT3 BERR 1L, #1155 H IR
ik, STAT3 2 —RELHAE S FIRE A #
SR DIRER IR, 5 JAK 5 51HEk 5
HERG G IEER. LiE SR ARE 5
WG GG, JAK #is, BIRBERIL )G 524 s
&, BB STAT3 BRIk, STAT3 BRI )5 AL
AR SRR NRZ A, R fd TIMP RIS HE 0, 04
ECM [IREfE, HEMgin ECM RJTTARI,

&R G R EAEKRFREA KR Cheparin-
binding epidermalgrowthfactor-likegrowthfactor, HB-
EGF) je—MERAEKE T, mhFOllERIT,
A O USRS M i 3k HB-EGF m] Jn & st il f5 0 LT
et FERAEO NI T, BRI I,
ANZ 21 Rb, 1] N HB-EGF [k,
JAK2/STAT3/Bcl-2 {5 SBEELL, /D> JAK2 AN
STAT3 IR J% Bel-2 IIAHXTRIEAK T, i
IAEVET-MI SR A Caspase-3 J5 1, R4 OILRET
eI TS, Bk O LA B 51 25 L DA [ Jo F
gefplsasl (F 2).

7 ASEEHBIHHIIREEEE (cyclic adenosine
monophosphate, cAMP) /&R A (cyclic-:AMP
dependent protein kinase A, PKA) @HIFE LA
AU FHLH

FWN'E LR E (isoprenaline, ISO) s&IEik M
Bl B2 SZARWANA, #7 B 2 BEWEE, i b
i GPCR WU N i I B IR 1L B (adenylate cyclase,
AC) /cAMP/PKA i@, PKA ERd %, AT
DT P Ca® R FE IR 1) T 1y o 224 R R i 2 05 ok 1)
%, WHEEKEW, mA&FEPUEROERET
KA, G ARRB A TR, NS 2H Re 7]
L FEWT ISO 5L L4H A L F) GPCR &, i
HMUF cAMP/PKA 5 5 4% F: I8 B AN 2 4% A1 /K
GHR SRR, NI ZZ O LA A i A 1631,
8 LHEFIRE

LRYEA R T RO T BUES S P4 Ik AR A
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