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Research progress on hepatoprotective effect and mechanism of Solanum nigrum

ZHANG Yueming', HUANG Fengwei"*, ZHAI Jinghui', ZHANG Sixi' (1. Dept. of Clinical Pharmacy, the First
Hospital of Jilin University, Changchun 130021, China;2. College of Pharmaceutical Sciences, Jilin University,
Changchun 130021, China)

ABSTRACT Solanum nigrum is a traditional Chinese herb widely distributed in China. It is rich in active ingredients such as
alkaloids and saponins, and has shown remarkable hepatoprotective effects and various mechanisms in the treatment of various liver
diseases. It can prevent and treat chemical liver injury through anti-inflammatory, antioxidant, gut microbiota-regulating, and anti-
fibrotic pathways. In the prevention and treatment of fatty liver disease, it can regulate lipid metabolism, inhibit lipogenesis, and
promote fat degradation. It has potential antiviral activity against viral hepatitis. By inducing tumor cell apoptosis, arresting the cell
cycle, and inhibiting tumor cell proliferation and metastasis and so on, it plays a role in the prevention and treatment of liver
cancer. Clinically, S. nigrum has been used in the treatment of liver cancer and liver fibrosis after chronic hepatitis B, showing
good efficacy and high safety. Future research should focus on further elucidating its mechanisms of action and promoting the
development and application of new drugs, in order to benefit more patients with liver diseases.
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HON BRI R BA RGO FE 00 Ve TE T B G v
BB 2 175 AT 200 B T T IS T 4 L] A0 A o) e g
YRI5 5 5 A% S Z AL A DO VR R, RIS R
sRALR S 2 DI Re , iR i 7 SR A T AT Y 2 3 A
WA o
1.1 ZERRUFERRGHEIZERASIEH

T PE FEGE PR BUE AL A EF A R
DR B S A= I . A R 2R SR )
XoF Ji 3 TR AR 89 5V FIAE B I 5 O vh i 3 24
FH. Wang Z 5T I, Je 35 AR Y GRS 23 £ RS
S TE DR S R 30 g A A (AN R 28 1 B 5 = )
HARXS B, A B TR A S A Re s A Qi s R, e
P I T i pa b 7 A B 20 (lipopolysaccharide,
LPS) (20 B 19 =F B, B#AIC LPS ZKF- 3% i LPS 51211
PRAE S FHE AR, N3P I S s2 40045 . 7R DR
i (CCL) B £ P75 S 1/ BRUHFL S R v, g 2 4 B
WAL B Wik 35 AR I K A B R e g T 2 PR e g
PEWE TR |y -3 2 2% I AR B L1 3R 17K F | i ey
TR AR AL e (G4 2o S A U 2 DR T ke S Ak )
it R S AL B AR AT ) s M JFRR AR 8L i —
T 5 i, DA R0 Th R P ) E & B LB o Ak
A7 24 0 R 1 s P S T 00 U A 2 R A 0 0
FRAREE , Ak 2=V A B B i SR It 1 A Ty (2 B A
X,

Je 5 B 4 e ik R i A R 3 B A
1% 5% 1K o« (peroxisome proliferator-activated receptor al-
pha, PPAR«) Flisk S8 A6 40 ARS8 56 0 005 52 A T
F la(peroxisome proliferator-activated receptor gamma
coactivator-la, PGC-1a) /Y mRNA %3k, T I##x K b &
Yy 2 Bt 14 4% & 5 11 (carbohydrate response element
binding protein, ChREBP) | Z, it 4l i A ¥& fk. 1} (acetyl-
CoA carboxylase 1, ACC1)#ll Fas i) mRNA & ik % I} 2%
U/ IR ALY & Az ()3 2ot AR - P UL B 2
(a-smooth muscle actin, a-SMA ) 7K 55 HT- B IR 41 it
B A, DA T A 280 S 5 R0 0 v A 5 g I v b
BB AL L= W S AR di AL E RS A, e 254
By i B 22 fif CCL g | A2 1 R S B 407, B IR y- TR
(interferon-v, IFN-v) . lifJ&4 YR FE [H F o (tumor necrosis
factor-a, TNF-at) . 40/ 2 6 (interleukin-6,IL-6 ) 4F 48
ik PR 1 TR 7K [l Bsf (2 2 13 1 4 A 8, b
JHZH 2R PP R I 2R 1 5 1, 2 T 24 L 6, 1B 52
Z AR AR LA B> CCLAI Y S A0SR AR , 4nfiF
SR AEA MR U A L A BE R AR HE— 2P A
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7N, JEBE R0 I A3 e H K S 55 A8 il o R BRI, 2K
B OIS SR R
1.2 ZEMERERFNEZERSHE

T ZEAE XA W 7 T2 20 R 2 R AR
TE R RS 1 /N BB R g% I 25 AR T v =
T Ak L [0 Pt AT 5 B2 AR 2 10 A /K- ) B it v 1 v 2
FERREE Y-, FLRE RV FH AT R A2 3 5 400 ] 2 PP R R
TR TR A B A I8 R (3-hydroxy-3-methylglutaryl-CoA
reductase, HMG-CoR ) i 1 0 JIF [T B R 41 1 -0
WAL, DA R 3 i JIEL [ st o fe ok S AT, (EAS I B
HMG-CoR i 5 7] 5E K B E i 11 (cyclic adenosine mo-
nophosphate, cAMP) - 55 [ ## fiff A (protein kinase A,
PKA) BRI 2% , M5 2 RER e S50 AR B0

TERR BTAC I RS 20 42 R v, e 25 B E 0 52 e
05 A= BRI U 3 A 1 BT ML A 4R T o 9 AR
Fas . H - 3-BE R ML L F4 it Al HMG-CoR A BRI AE B
PR, 0 PR AR 54 A2 B 1 (carnitine palmitoyltrans-
ferase 1, CPT 1) il PPARa NI = 5 I8 W5 4y fi oo A2,
Balkrishna 25" [ IF5E A& 30, 825 g 38 1o 1 77 [ B 55 o0
{F45 4 1 1c(sterol regulatory element-binding protein
lc, SREBPIc) . CCAAT/H 5 1~ 25 45 45 11 o (CCAAT/
enhancer-binding protein alpha, c/EBPa) | Fas . JIg i £ #
1 2 . TNF-a % AT kB (nuclear factor kB, NF-kB) £l
48 AR G B 1 1A/1B % 4% 3A (microtubule-associated
protein 1A/1B light chain 3A, LC3A ) %5 58 1 I i A 1l
FARAE A 5 7, LA SRR 8 975 R 7~ 1 (silence in-
formation regulator 1,SIRT 1) .CPT 1A fil PPAR« %5 E Hij
1R B A AL AH DG R, A 4% H 5 1l B A B s JHE 9V H
L WIFFEIE S, e 254 UY) RE 8 2 4 | LPS/Toll #
Z & 4 (Toll-like receptor 4, TLR4 )/NF-«B {55 53 % , Il
BRI AEAE , I3 3k TS i — W R 15 1L 28 1 8 (ade-
nosine monophosphate-activated protein kinase, AMPK)
FIPPAR {55 1 , e HE I 7 70 ik 45 71 (4 CPT 1 H-ih
=T 1 7 e AR R B D ) 1 2 3k [ B A o
SREBP1c #ll Fas il # , F# it HMG-CoR J J&iF 25 1 (40
c/EBPa . PPARY TR 4E & 2 11 4 FIIRIE R 55 ) 3R
TR, AT A 25 6 g P 2 o, ek AR P A o O [ e
i, IR e DR i A At 7 AR BRI A3 , TR
JHRE g BT (R HE AR eAh 2R iR g S B AR
(PGC-la PR &5 F IR AR 1 16 FIAFAHIEEE H 1) A [ W2
(I LC3- 11 ) RIA K I, KPR r] RE il i e i
7 HRORIT AL SHe aE— 2D A A A LR, DA T s
NE W FIEAR

hEZG B 20254555 36 45 711



1.3 REARSEFXNEZERSNHE

TeZEPUR R R 2 BAE TSR A £ . Javed
SR R e 25 H B U 80 S 1A B
B G5 188 43 %5 TR BT 2% (hepatitis C virus, HCV) B i
F A TRIBCR | BB 15 BE R AR 50% LA I i — 2011
AT SR e 2R AT FE G R T RV H LS A
25 CHTRZE NG SAL A, 3 2 B A 2o b 2 A HOV
RNA % il R 5 M BHLIWT HCV NS3 2K [ il 136 4 11 &
YEMH .
14 REPRFFENIZERSIE
141 AR AT

B REVE PR 2530 7 I 0 DGR L i858 4
HC B A 98 248 R A1 o g A4 o e SR v R A [
PR3 38 i 2 AR U R il & R B R TR .
F55 A A Aot A HepG2 41 g ELAG e B 1 20
MR VE T, Hal i IR PR AR (Zehi iR iR 1) M IEPE I
1 (BET- 32 ARi% 1% ) B /N RNA 21 (microRNA-21, miR-
21)/F2 Fy PE 40 B #E T~ K - 4 (programmed cell death 4,
PDCD4) /{55 545 5 55 %% 5% 1306 K 7 3 (signal transducer
and activator of transcription 3, STAT3) {5554, JE il £ 4
P K R S N G I e D U T I R 7 i W |
T BRI, e 2 v ) 5 1R AR P B g A O
AMPK il #% , 3 5% B 2l il 4k I 97 2 (B-cell lymphoma 2,
Bel-2) 45 X £5 H (Bcl-2-associated X protein, Bax ) fit) 3¢
ik, {2 JE 40 i 2.3 C (cytochrome C, CytC) M Z& A 14 B
B, 5 T & A B8 TS B F 1 (apoptosis protease-
activating factor 1, Apaf-1) 255 TE LR T-/IMA , 7 Cas-
pase-9 & i Caspase-3/7, e 4 T8 2 R 1 ZBETRAZ M
& & M [poly (ADP-ribose) polymerase, PARP] Y fi# I
DNA #i07 , 5 A A = Rl , Hod s i b
VA Fas 7 1 S HAH ¢ J6 T 45 #4 3k 25 9 (Fas-associated
protein with death domain, FADD) Y 33X , ii7i Caspase-
8 I 59 U] BH3 AH H./F F Il 4t 12 ) 7] (BH3 interacting
domain death agonist, Bid) , J& i 42 #8 115 5 it K
BEU WkERM MRS R I, AT AV 25 ) PR A , LA
T ZE AR A SRR B B R At e ER R Eh (sola-
sodine hydrochloride , SH ) X A JH-Ji 210 H i) P 55 il e 2
AR, SHZEAR M AN Re A &m il s i i 2B, B2
TG MR R S ; IEAh , SH A BBl 1 7 ] miR-21
Fi5 | LI PDCDA4 33k , BHIBT STATS {5 5 1 I Y B iR
A, TR Bel-2 LM T-{5F 5 o Meoh, e 38 R rh bl iR
F e 25 i B ) R B PR i M Hrh R
Uttroside B (Utt-B) fig 18 £ 417 i % 2 At c-Jun 22 oK Sk
(c-Jun N-terminal kinase, INK) Fil#5 i {1 i FLsh 4 &5
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A 7 2 #8245 [1 (mammalian target of rapamycin, mTOR)
T | B L H M S R b e e 12-1- DO R TR 13-
TR TR 5 3 B #4006 25 A 1 (activator protein-1, AP-1) 7K
-, R 22 58535 A6 8K 1 B (mitogen-activated protein
kinase, MAPK) Fll mTOR {55 3 [ i 3234 , 755 JH-Ji 240
MIJHET . Utt-B XF HepG2 4H Il (4 40 i 25 1 2 R AR e iy
1045, HAFIE & R o2 m™, Ut-B AU A S 2 A
5 K A7 IR A AR T, i B ARy I B ), 5 R
PrAR SSRGS RS A A W R0, 0 ) 1G5 [ Wik
L, R A A DG HT H Beclin 1 [R]EISFE A | F WA & HE
5(autophagy-related gene 5,4TG 5) FIATG 7 {3 ik7K
-, 58 HepG2 4 it (9 A7 85U | [R]I sk o 1 Rk
Jenlfes DR EERIE ™. 76/ BB R Ute-B
HEAT ) 2 B2 VP A IR & 3, RV {9 3910 4 (25
mg/kg) #& Utt-B A 205 i (5 mg/kg) 14 5 4% , AR ML 3|
FEA] 2R RN, X — AR i — 2P UESE T Utt-B 1Y%
VERHEIRT TS 1™,

1.4.2 BHH0 A

TERRE VAT T, 1 T4 L 103 LA A0 o] e 248 B 7 I
IR ) 18 5 2 — b i DL SR . SH AT i i miR-21/PDCDA
AR T WA R EE 1 D1 (eyclin D1) AYZRIE R AT
YU BRI 7E GO I R gy A=K, e s 2
i (polyphenol ) $1& U4 AT 38 i 8145 4 Jia J&] 30 1 D B i 42
PR] - ——— 44 i 24 S 19 2 1 0 AR el S0 8, i A e 0
fif 1 (cyclin-dependent-kinase inhibitor 1, CDK1), J{ HJ&
i o 48 [) CDKCL A 77 40 73 28 SR BT D 1 25 (el dli-
vision cycle protein 25, CDC25) , A L i 7E G/M 5] &
20 Jf0 SR I A T L DT AE — 2 SR F T HESh FL A T AR DG Y
subG LR | AT il FHH9a 200 AR 4™
1.4.3 0050 e 40 R 15 58 5 5 7%

Ja e B e — 0 S A BRI B 2 B A 4N
MaZE M BBl R 5, LA b K - 18] 58 5§ Ak (epithelial-
mesenchymal transition, EMT) LI A= A SR 1520, 3T
AEMRIFTE R, T 3505 P o3 7 38 2o 22 88 s AL 4
e AR G BEANR o BAn, e 2% v RN st S A
A Wy e i 2 ) p38 MAPK /4 A5 58 3 ity
{55308 [ % A, 75 P 200 L ] SO BEL VA, DA T e
G B 7 R | S 7 Y T P ke e = B A O
(protein kinase Cot, PKCar) [k , $i =y AH I B 70+ I
R BRI A BB 1 1 R FRIBAKOE [
TR S5 R AR RN A5 264 1 B 25 VRN Snail K GE:
ST 2 8 UK ] i 5 4 J 4 1 2 (matrix metal-
loproteinase-2 , MMP-2 ) Fll MMP-9 f) &35 FITE AL , AT
il EMT &2 F2 , fe 2 A7 2030 6 98 40 i o) 3 % AR
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22, Nawaz S UBFFEE— P AIESE, K E M TR &
TR U T s 240 M ELAT o 2 PO AR X T e
LR LRI 3 e & W AR W oA e 28 Z A O™,
JRIEP R FIE$E Y, B S50 (solanine ) i 2 A BT T 14
Al g8 5 ¥ fb 4 K A B (transforming growth factor-,
TGF-B)/SMAD {5 5 il i B VI A5G , I HAZ o7 I 5
TGF-B.SMAD3 .SMAD4 3 335 J o R M, HLAK
KUk, e ZEmE ATl ik N R TGF-B 3L N % ik, [ A L 1
SMAD3 Fll SMAD4 5 3R35 , il HepG2 4l ffl H TGF-B/
SMAD {553t % F T Ak, DT BELOT I8 4 i A 3 5 5 4
78 IR A T . A, SHOREAE I il 7 S P F Twist
1% EMT 1 #2 , 18 5 miR-21/PDCDA4 {55 5 3 % i 45
STATS3 ({2 fb.—— T i miR-21 . STAT3  Bel-2 K5 45
Fi \cyclin D1 Twist tHICH 1 1 FIFH 255 R 8 R 3RIA
[F]EF_F- 3 PDCD4 (138 1k , AT T A9 240 e 1) A= <
FEEFL™, Yang S5 HHTIE o, Je 28 B 2 1 S LY BE
DA S A e ) el o 1l A8 P B AR PR (vas-
cular endothelial growth factor, VEGF ) i 5 i JIT-Ji S 24
S5 8 A B JFFEAR VEGF 1551 VEGF ZZ 1K 2 (vascu-
lar endothelial growth factor receptor 2, VEGFR2) | £

1#8 B (protein kinase B, PKB, X #% Akt) .mTOR AR
MK, T A AFB IS A AL R AR RS iR H

R ZE ORI B9 o3 B s S LR 1,
144 SE5EPEIIRE

Je g R LR S DIfE . Akshatha 55 F5E
IR, e L WA P98 A LA 7375 T i S e
JHIEETE BRAVERT, IR 7 B A 1 A A KRR S e
W o e SRAT AR AL R SR RS AR /N BB, R R
T ZE R R D /N BRAA P I 1P T 40 L e e g £ 2 ik
i SR S WAL, e s BT R A AR AL TR
2 REERE . BMZIEFAFENPRIIGRN
RAEFRTHh

UTAER I Im PROF SR B, LU 28 R 203 0 5 07
YITEYUT T TS T B EIRITRCR . s kR,
Je2E R (FegE =L I H ) g 5 R
SR 58 A G2 AR SRS RO, R A U i - )
REMIMK A, AR 9 E X1 (IL-1 . IL-6 \ TNF-a) /K-, -4
B AR, IRIRANE RS T SRR
U (5 i Je 2 R R AN ARSE AT S CH R X
A AR 38 I RE B O A9 1 520, e IR A

RER BER
e €
v 1 l
@[] vese] [l ) —
B4 i'\l.? ’ 7- l l l '\l'c £
Bt g NP} T TTLRII-J [\ TFas1
Lol ] l ' ' 2 T *
. i T (i BR# :
| o g% [N @ g
FSRRREES A 1acc2s \ (esiye) i \
TITCPTIL BT 4  wmy | J kel
ooy : ¢
r || * ] "
SMAD2/3 EomwmA ‘_\ 1/ =/
SMAD4 Q

\ N

4 ChREBP

L SREBP1c

STATI"—— |
v

v
SREBP1c PGC-1a™ | ~hk1 1PDCDA

La-SMA AR 1CyelinD1 4miR-21

TPPARa :
J S5REEEE J' : P

WM
IR, ISREBIESNR HRRAE,
MAERR
1 L 2 T
HRILATIRD, FTE ESEnAT BENAET E

: IS T ISR +
H 4 MMP-2, MMP-9 EHEE
; LEEEE
) LIFN-y, TNF-a, IL-6 v

Y i

WEMEER 08NS, Ak, B A
! L — (it 1 LA Q) MRkt
HE PTEREA, S

—i il TR @ ZRk

ROS: 1 144 (reactive oxygen species ) ; Procaspase-9 : Caspase-9 [ i {4 JE 2 ( pro-form of Caspase-9) .
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TRYT A 0 e SRR e 3 R R B T D g
FEbn , A HE AR DU e 2 45 2 S ity P W TR I
SVIBET 22 K B IR, 9 gl 158Gkt K |
e AR S I R 0 K A 5 RIS, e 35 <3 1 v
AR VIR I EA R, NG T2 M BE RS T HAE T
T ARG RENGI T, BEARM AR R
e ZE AR ARG I B kA A8 AT 4 ZE R (transcatheter
arterial chemoembolization, TACE ) 1] fi & P40 3% i & PEAT
S R AR AL S e Difie—— 5132 TACE B & 1]
A GRS R TR AP IR TT BN BRZEAH LL , WRSE 4 AR
I I3 35 B TR KT b 3 AR, FLEL IR | T 2 iy
J2 5 JOR K J2 Ak i 2 1 AP 00 T v A T S T 5 ot
AbIRIT IR WS AL R 1SR R 43 4N R Y Bl i J CDA4'/
CDS{H ¥4 W Z T, it FRLH R WL B AR . iR 5T 25
SAEIR SRR 1m0 A P 2T 2 A R G s 20
Ji0 G HE T B L HE K T g AR A 0 AR A I O ol LR TR
Ji i
FE S M 2B IS A7 ik 0 1, A 43 (5
BH PSSk S REE R R AR4
AR R B SOH R W S A A TR O
Je 4R B8 BOTRTT RO ™, Jk IS5 ™ 112
B0 25 A 44k OF-AR G RR ) F B BERL Sk 2 41,
B THUW R Y B R HIRYT, S dP LA - ]
WA, LRI 6 N H o xR 45 R w5 % R
AR LY, WEEZH F8 5 18 A IF D e e A (U R A& SRR e
A R RREE AW BT R ) MAT L 415 br (an T
RURTRE SRR L IV BLRE 2 A B 1 3 B SR ) )y I 1Y)
RO TR 2, HAR SR B N R, 2% B RE
A B R R E e O I IFEF Ak O
ARG M ) SB35 I DI RE , AT 28 H LR (b kR, A 0w
ARl PRIV A1
3 BEHRE
UEAER , b S % e 28 (4 T L4 VR T B LA 5
g T R, 2R E R R R E S R
A n L R 2 B AT S B, A AL
PoR N A IE B RE BUFER Al R R AR A
R 15 A B0 i B 15 53 BT 2 175 g A e 7
IEL 5 240 A S 300 00 o e 20 B 3 5 s B 4 L2 T 20 B
Yo e ZEREREAS NG b ) R AR s K-, T2 )
il , A A i B AL, s b A e SR A
AMPK-mTOR NF-kB Fl MAPK %5 55 (553 i & 15 14
FER . FEIR R L, B 25 0 F I 2 1 O I BFEF
AARRIRTT BT SR F R SHURE R 2 Wk A 1 e B
P&, MDD RE RS, H B B e A

TEZG; 2025455 36 55 71

WAL, e 2 X6 Ji 3 B R B R Y 4 A A B T B v T

P30 S ET e 22 0T 2R T14 e 57) , (ELREE OF

FERITR AR B T K, AR RSN 16 777 T v

TG A B B F R Z AR PR . RN W

GRALXS JE S AR PRI ABIESE , Ak AR IO B A3 B i e 52

ARG LR, 4 Sl HOB 25 W T 2 AN, DL R 2

R

) . 52« PR A AR 3 5 A R A AR A 209 )
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