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Research progress on biological activities and mechanism of silybin and their
derivatives
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Abstract: Silybin originates from the seeds of Silybum marianum, and belongs to the flavonoid lignin family. Clinically, silybin is used
in treatment of acute and chronic hepatitis or recovery of abnormal liver function. In recent years, studies have found that silybin has
anti-tumor and anti-metabolic dysfunction effects. Moreover, the inhibitory effect on tumor can be achieved by regulating the level of
reactive oxygen species. Some studies have shown that the therapeutic effect of silybin on diabetes can be achieved by protecting target
organs and increasing the expression of glucagon-like peptide receptor. Research progress on biological activities and mechanism of
silybin and their derivatives in treatment of liver disease, tumor, diabetes mellitus were described and discussed in detail in this paper,
which provide a reference for studying the biological activity of silybin and their derivatives and expanding their clinical application.

Key words: Silybum marianum (L.) Gaertn.; silybin; derivative; anti-oxidation; anti-tumor; diabetes

KR JE T AR RE R A, MK K
Silybum marianum (L.) Gaertn. {157 3EH 7 H 15
o KCHETEH 2 FrAEXT B R A K CE R A
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SR OB T PUE A S TR E AR B A 2E XU
A 5 T B B R AU 3 B 40 i 19 5 NASH #5274
o, 2 ZFiEWE B (mitogen-activated protein
kinase, MAPK) 5 IRMEALEE 3-B1 (phosphatidyl
inositol 3-kinase, PI3K) /&% i B (protein kinase
B, PKB/Akt) BT, 3 BU A AR A AL B
59E, KGRI EZREE N GIX —d AR, FEEI
WOE - = BR &5 H ¥ -3 (cysteine proteinase-3 ,
Caspase-3) fig 2 B FE A0 fd I8 72141, #% K7~ B (nuclear
factor kB, NF-kB) #&— k& ML) RAEMEL, 7K KHi
AN O-N- CEE b EpEHEAL (glycosylation of O-
N-acetylglucosamine, O-GlcNAcylation) ] [#{[& NF-
kB H R U R R SE Rl F-a0 (tumor necrosis
factor-a, TNF-0). F/# (interleukin, IL) -6. 5
FH—FWE AN (inducible nitric oxide synthase,
INOS) Hyd FE3RIL, e NASH #E S, MM
HIHNEDIRER). HAh, FEAFARR RS 21K/ B NASH
BRI, AN R 7K 5 R RT S R A AR R T
51 D PR M W i R R Y A% B R (nicotinamide
adenine dinucleotide, NAD") 7K~F[F#{, MIMEGE 2
A% 2 BEALEE Csirtuin type 2, SIRT2) BRI
HFWEA, SA&ME IL-1B RIERTR74, M
T AR SERE S RAM0T o 7K TR o, Ty 36 o 44 ok B — o
PR R - 1% B8 5 &% (poly adenosine diphosphate-
ribose polymerase, PARP) HJi#HE, k&2 NAD /K-F,
¥ SIRT1 5 MRG0 8 H 8 (adenosine 5'-
monophosphate-activated protein kinase, AMPK) )3
ik 5T RAE IR YT NASHU,

7K R ) AR A IR AORE R 4 AR P AR OR
2 B2 Hb A T B AR 41 2435 PE %0 (reactive oxygen
species, ROS) /K-FSEH. Ou SEBIFFT A& I /K K&y
08 OIS Z F  AH SR F 2 Cnuclear factor-
erythroid 2-related factor 2, Nrf2) iH, 7 HFF(K
ROS /KF, Jft ROS MR S 5 —T7
11, i e MR TR 8 Ak AT 3 ROS FIVEMEA (reactive
nitrogen species, RNS) 4N, 325 98 5 180 26 Bl i
W, KRBT A A RIRTUEAFIREFEL ROS /K-,
BETIHH] RHEH NF-kxB (p50/p65 WA 5 p65 |
JiEf) INOS KIE5iEME, MR HT R GELT
112 TR K RET R AR — e R B
il JH [ BN BE CYP27A1 35 A R Tk e
fiE X 524K (farnesoid X receptor, FXR). i%84t4)
PR GV 0TS 52 v (peroxisome proliferators-

activated receptors y, PPARy). FFHE X 5244 (liver X
receptor, LXR) ik, o6-fff IR % b5 E 8 C6-
phosphate glucose dehydrogenase, G6PD). AR R 4:
8 H 4 (fatty acid-binding protein, FABP4). Jlf&
F1 g 77 B (lipoprteinlipase, LPL) . 734k #% 36 (cluster
of differentiation 36, CD36) 7K, MMl Ag 7 &
AR, B APFIR = HH (triglyceride, TG) 7K1,
TR EE 4 S A LMIAIEE-1 (stearyl coenzyme A
dehydrogenase-1, SCD-1) J& — Ffr 4 1 A1 5 15 B2
(saturated fatty acid, SFA) FEAL A AMEAINE IR
(monounsaturated fatty acid, MUFA) HJl, 7K & #i
AR E R (LRI S T4 SCD-1 3R
5N, TR, 2 NASHPL,

FEfR BRI 75T, b3 PPARa. PPARS/KF-H]
TR AR BT A, AR TR 51 kS i) [ e 5 o b 4 6 2
F1-1 Csterol regulatory element-binding protein-1,
SREBP-1) i FIA W] /K Wai i, (H15H R
HIAG A ER & g (fatty acid synthetase, FAS) #[%
IR IEFE K, HATT R IR P TR i e At
FEHEFEIE 1A (recombinant carnitine palmitoyltransferase
1A, CPTIA) FRik/KTHRE, X—HlH gl N2
KV T ek IR 5T AR 5 0 A ) T2 B AR,
AN, FEZ P NASH ZhPpiflh, sK Gl = RS
c-Jun ZFE K Ut (c-Jun N-terminal kinase, JNK),
W T A, FrRE, TiH PI3K-Akt 30 2-[N-
(7-F IR FE2- 4 44 -1,3- e -4- 51 3 )-2- B 46 -D- 7
%j B [2-[N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-
2-deoxy-D-glucose, 2-NBDG]IHEHL, 7E— &2 kL
S5 5/ 0L 2 A P ) HERR AT 0470 NASHIM
113 BGRAKIRTIRE  7E NASH AR o a] B 20
WP RARTEA S TR, /K ET = A g ng
KRR, BGELRARIE ThRe, 39N 40 i 4k i4
CPT-1 5fkifk CYP2EL [RIE, XHuIaliER % S
H LR A 45475 5 i T R AR R o i A (BRI
KT J DNA SEALAR A [HE i B R R E %
BN IEE 1 Capurinic-apyrimidinicendonuclease 1,
APE1) #1 DNA 1553 %4 I (recombinant polymerase
DNA directed gamma, Polg) HIFRiA], F3E i %
B, ARORFEBE K S 2Rk D Rel 2. K%
] S A FH b A T R R A B I R Al il A it
Z M (very long-chain acyl-CoA dehydrogenase ,
VLCAD) Kf#fEItEH 2 (uncouplingprotein 2,
UCP2), il E bl (cyclooxygenase, COX) i



¢EH 202167 £52% B 128 Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 12

= 3719 -

P, R, AR A R F miR-122 RIEKTF,
W 7T KIEIE & E 9 (aquaporin protein-9
polypeptide, AQP9) [FRIAS HlEEM:, MHEssE
YR AR A IR AR AT R e, B RiETR
7N, AQP9 AT REAE /K WHIFIETT NASH HEFT IR,

LIRBEFLER I, 7E NASH % K LR, 7K
WA EE T ROS Fl PPARa. 8+ vy #lHI KE &
N5 REARET AL, ZRE R0 NASH WiEKE
CE D, MIEPR LR /K CET SR T NASH $2 42
WHEA .
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Fig.1 Mechanism of silybin in treatment of NASH

1.2 K YERIATTAT &

KRNI IR b H A TR b
BIT SR MERUY . TRk, WK TR = AR
AT HIRANMTE . ERA SBT3 KRR
R A, 7K s 22 B 0] NF-«B @ 4%, {1f17E TNF-
o IL-6 7K, AR S B 75 S M —
T 7K T v, AR T J B 45 Ik H K G BH 2 5
Wi, 3X R BH K KA T AT I R AR S ERE
MAZ AR .

1.3 K YETRIATALHEN

JH 98 T REAR SR R T U AT Ak, S BUR I —
WA o FER BT AR b, 7K GET 5 100 mg/kg
AR T AR P RE TR AL AR
RN ISR EE K-, BUSEEY)
WA S A B P U — TR T 1
T FE SRR R & A A TS, KR
] 7= A DRI SHUAA 4 E RS, /s A
TR~ Z R T, W] 5] AR AL 2T AL,
T I Bt NS Pt I Bkt 25 4% 72 1 (lysophosphatidylcholine,
LPCAT) fE f/MSOE A T B A A2 oy i EE 2 A

B, 7K RE 5 ATEOE AL K SR LPCAT1 5 LPCAT2
NG PE S RIE, G2 L/ IS A BT 555 JHF U ) 45243
AT U012 Ak L0 1 b, 2557 4 i 2 1 B MIMIP-
2/9 (matrix metalloproteinase-2/9, MMP-2/9) {EA—
P2 5 I R B A ) - 2L R R, 7E NASH JH 28w i
Yl R R R FRE R A SRR E R, ZEN RS IR I
R 15 211 NASH A& Huh7 4, /K K@i sEal |
i MMP-2/9 215 IS A MG DT, 3K 2 T
WF9T 3~ LPCAT B, MMP-2/9 T g J& /K KBl 5 A7
JH 2 24 A4 1 B 2R R
1.4 KXBIETEYNEXIER
2,3-Mi A /K &#ij 52 (2,3-dehydrosilybin, DHS)
/K K E Z AT A T iR AR R EY)
Z—o fE 2,2-BROREE-1-7 Bk AL (2,2-diphenyl-1-
picrylhydrazyl, PDDH) ZEHi%fbsLE 1, DHS Xt
H HERIEERAE 12K CaI R 25 F508, ARAE %
FEiz e R B, DHS S84 g R i 3L Bk 450 H
A SE G L A e B R0, 7R DO SR
FRUHAEH (DNA #FREY) /KFTHE R KR
HF 4Rt el , DHS m i #4 FIK ROS 7K
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-5 G I R L AT DNA SR, I
HPERME S TNF-a. IL-6. y TIE. —HIE
(nitric oxide, NO) Al iNOS [ #&iA/KF, #/~ DHS
VRN K TR T B 5 R T A A ) (R R AT o e
AL RIS 9 S SR A% 20

K RETEATAEY 1~7. 100 11 (B 2) AJREEA
FE U (T A A TR T B8 Ath 2H 2R 1) 48 A B A

ORj

OR,

MeO o
IR= o , Ry=R;=R,;=Rs=R=R,=R¢=H

OMe o)

2 R;=R,=R;=R,=R=R,=R¢=H, Rs= yﬂok©

[0}

3 R=Ry=R3=R4=R¢=R;,=R¢=H, Rs= 3/\0)&/\@
o Cl

4R= E)J\CHZ(CHZ)UCHg , R,=R;=R,=Rs=R(=R,=Ry=H
o)
5R,=R,=R;=R,=R(=R;=R¢=H, Rs= %

NH,

6 R,=R,=R;=R,=Rs=R(=R,=H, Rg=OMe NO»

O

7R ;=Ry=R3=R;=Rs=Rg=H, Re=R;= [

8 R =CHj, R,=R;=R ;=Rs=R(=R,=R¢=H
9 R,=CH,CHj, Ry=R;=R ;=Rs=R(=R,=R¢=H

1521201, Gazak R7IER A PDDH ¥EX /K & & 52
BIPUEAE RN KB, C-20-OH £&Péatb. &k
3 L, C-7-OH [AELE 2 B /K G 8 5
P EARE ST . HAWRTF 7S BoR, XF C-20-OH #4718
i, WTAEYD 24 3.5, TR 2026 6 i i AL
S Hh 51 I R A K R A ) P AR, X
AT e BT Bl e 7 AN [RIE B R G2 57

(0]
ORj
OMe
(6]
OR, OR,
10R, /
Ry= N »Ry;=Ry;=R;=Rs=H
fo) \
11R1=§‘"\:< , Ry=R;=R,=Rs=H

12 R;=R,=R,=Rs=H, Ry=CH,CH,CHj

_CH,CH,CH,

o N , R,=R;=R,=CH;4
13R= 3 :
=N Sencmcn,

14 R;=R,=R,=CHj;, Ry= E\MIS\I )

15 Ry=Ry=Ry=CHy, Ry= 4 N 0

B2 KEERTEVHOUFEN

Fig.2 Chemical structures of silybin derivatives

2 IBEER
2.1 IKKEIRGTAE(ERNLF

KA PR AL E 2 (GR 1, Husd
0 R 4 ROS 7K, A5 24H i A A Rk S A
W, SR RAE T R K TR 5 R 3 PR AL
o WFICRI, K CHEZiFE ST ROS KTHITH R 540
FPES & FERA G, KA, BT AT RERZ I R kL 4
Ihie 33 ROS M3l SR FONAN M AMS & T 54
F AT PR C 55 S ROS KNG, B 5T
KB, KR T2 1 0 R 20 P 2 b A A i £ 2R
C/KF, dEMidE S ROS M/=4E, Sufdig i k& A Pk
FALPIBIAET RS, Zheng ZEPOIEFL iRHE MCF-7 4
o R BT (200~300 umol/L) 7K K &1 515 5
2 BRAE T T FRAEAE 2 PR ELpP ML — 7T
KR AT N MR SR o RIAIGIEAN L H
WEJE 125 55— J5 K K8 55 51 ROS L AT Xt 4t
F AR . A 2012 4, Yu ZEM07E N FEE A431

b A IK BT T2 200~500 pmol/L £/ 24 h/48 h
AR ROS /KF, TEESFANMSET I fE &

®1 K KEIRENERMEETN D FHLER
Table 1 Molecular targets/pathways of silybin in different

cancer cells

L5 B JiRg R R W Uk
Notch iH ## JHF 4t s N 28
JHT B A e i e i 29
BiEREA AN 7] i 30
MAPK1/2 BRI T 31
YFHEEN 1 4 e T 32
Hedgehog i FEJEC A H T 33
Akt =N A 34
M P B AR R 724k B8 e TiA 35
MMP-9 R T 36
B IE AR EA 1 LI FiA 2
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T 7K 6B T 78 T B A R A R O AR A R R A
W, RRAARIERAL T B SR PLR D RE RS, —
R A FH 5538 s ok IR R IA B T ROS 7KF5
A7 K KA =N T 40N NO /K, iS40
MEMES T XEEHEFER, K EI ARSI
FEHXT ROS Mg BA “XT18)” fEH, 1X—
R R A M E 5, (HRBAENE
72 SRR ARG BUE L .
2.2 K KEIEATEYREER

AR, /KRBT AT AP PR R 52 2]
TR, TR ZFUK RETZATAEY (8. 9.
12~15, &l2), I HRBOK T E] T 5 R (1 P Ms i
PE, W 2.

Fz2 K KBIERLTHE YN A [E BhiE 4 P Bk B0 3N 5B 1
Table 2

different cancer cells

Inhibitory activity of silybin derivatives on

E Sk ICso/(umol- LYy ik
12 HI5UIE PC-3 41K 1.71 41
8  JIF& Huh7.5.1 4iiH 9.50 42
8  HIZIR LNCaP 4z 0.44 42
9  LNCaP 41 0.35 42
13 PC-3 4R 2.03 43
14 Hi%IIYE DUL45 4iH 2.69 43
15 DUI145 4ijig 3.06 43

KT K KA FEATAE YR I VAR i R R
N RE S AT A AR R 5l N T e 5 55 i T v
S8 SRR D%, BRI A2 A 05
ATAEY BT HLE BRI LB R e TT
3 JATTHERTR
3.1 FEEmAE

JiF e L BE ZAERR-1 (glucagon-like peptide-1,
GLP-1) s&—FiiziE L 40fusr b iaie iz, #ah
GLP-1 24K (GLP-1receptor, GLP-1R), HA[F{K
MHE PRERES B AHMSEER, (HNUENE GLP-1 8¢
N LA BRI IR . K K E SERERE I+ 48
J GLP-1R #UE )3RIE, AR #6147 B 1 = A
T S A U 44, e Ak, 7KK i 52 5 DHS $57]
it H 5 AR IZ 8 (glucose transporters,
GLUT) FH EL A 51 40 B 8] 2 B4, 1A F N
K KHEI B DHS FH SR LT VA DR St 1
PR HLAY, JRRRK KA 2 DHS AIREVER T
& GLUT i) 31 & A R SUB o7 BB PRI ),

32 RIFEERE

KR R R A, G R R Sk
ZRIk 50, FEE gk 4 M B RS A0 R T
ZARY R B 41 % 52 TNF-a 5 TL-1B BT 80 41 i 7
o], IERTRYIRIR B 4HH G5z HIBE 25 B-IE Mt
FHAFESI7A M ROS FT RNS 4 i s 4545147,
[l {2k SIRT-1 ik, AFIVEMRS B, W8 & i
B, ABE 2R B AN ARES), PRI K R A T A
R, ATRERARRMER . 1Ak, K KA
ik E R 25 S K 1 (insulin induced gene,
Insig-1), BEMIHIH] SREBP-1¢ KA, H4E FiF—
RYVME TR, PR B AN RERRG, FHIT
UM TR S ARG J7, (R I 2R WA I A
JiR Y. HBE R TR 2R A S HUBE R K B DNA
s OLAE K B =R T A R B, IX1G a8
TR AT AR R P iE e H 2 X A
s RBE, IXAELRY DNA %52 ROS 445, —Ef%
JE EAAERE T /KA R g 3R A A L1501
3.3 RTTHRERRILE

e W PR S5 IS A B 4 R ) 453 4% 2 W PR i )
FEIERIE, AR IS 2R 2 NOS 11 iR 1
FPFR, K6 s FE PR LA AR — F RS 2
FRIKT-, W2 G W PR /) BN R D REREAG U, L4,
FAOMUASE FH K R 7 R A] RO R SR AR DR R S R
AOBEEE, DR I P B 20 M b 52 S AL S 1052
Fy T, BE PR AT 5] A S A L A 4
fk, K KB FEIE S Akt {5 SOEES, RS
FRBEEE-3B AHARIH TR 155 Caspase-3 7K, &
B WE e 52 = RS S B, TR AR 4R AR
h, KRE R LT AR iR E A N
o P EE RER M A FREY, I T
NF-kB 1k 7KV 0% s 1B o S 2T A 5354,
4 FHEERE

KR 0 22 P R I R IRR T AR,
HTHPIR . Db 5550 A ErE LSS
W, KR R RIGTT & RE A] ReiE— Py K. R
PrME T, AKCE ERIRPCE LR, RANK
KR &1, AR HAR LS Fridt— 2B 55 .

o XK B SR FT A R U] R R B K R

B AR RS RG A, XN TRIFFOK KT AL B I

Wi S 5E SR A P A R TR R B R B
FB AR FIANEH P RATALEA G F R
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