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[Abstract] Objective: To investigate the therapeutic effect and mechanism of Solanum nigrum on hepatic fibrosis induced
by carbon tetrachloride (CCl,) in rats. Methods: Sixty SD rats were randomly allocated into blank, model, low-, medium-, and

[K#mABH] 2025-04-24
[(E£mBE] EEKAKREEELIH (82160893,81760865) 5 [ 5 v I 24 & L sy 55 4tk 4 1 B2 WG IR O 75 A A WHE 500 H (1 v 5 245 AL
PRI(2022) 15 ) 5 5 M vl s 24 k2 o I 1t 9 BB B0 A A T BA 3 350 H (5% v 5 TD 20221005 5 ) 5 5 M 44 v 1 24 48 1)) o

PE2h R R R R0 H (QZYY-2024-014) 5 5N 4 TLAE (i R Z Bl B R B 4 01 H (gzwkj2024-120)

[E—1EE] R fEEME, AT B2 R B 25 57 16 T 10 5 Go 530 (1 3L 6l X 16 PRBF 5% , E-mail : 354374573@qq. com

[EEEE] o W, BT, g A S0, NG P2 RK B 25 B IR T8 1 3 G058 5 (0 S Rl B I PR BF 78, E-mail;
407206115@qq. com

< 117 -



532 B 2 W HEXBAFZRS Vol. 32,No. 2
202641 H Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2026

high-dose (0.9, 1.8, 3.6 g-kg", respectively) S. nigrum, and silibinin capsules (18.9 mg-kg") groups. Except the blank group,
the other groups were subjected to intraperitoneal injection of 40% CCI, solution for the modeling of hepatic fibrosis. After 4 weeks
of gavage, blood was collected from the abdominal aorta following intraperitoneal anesthesia. The rats were sacrificed, and the
liver was separated. The pathological changes were observed by hematoxylin-eosin staining and Masson staining. The levels of
alanine aminotransferase (ALT) , aspartate aminotransferase (AST), and liver fibrosis indexes [ type Il procollagen (PCII ), type
IV collagen (Col IV ), laminin (LN), and hyaluronic acid (HA) ] in the rat serum were determined. The mRNA and protein levels
of B cell lymphoma-2 (Bcl-2)/Bcl-2-associated X protein (Bax)/cysteinyl aspartate-specific proteinase-3 (Caspase-3) pathway-
related factors were determined by Real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) and Western
blot, respectively. Results: Compared with the blank group, the model group exhibited significant hepatocyte edema, infiltration
of inflammatory cells, connective tissue proliferation, and collagen fiber deposition in the liver tissue. Compared with the model
group, low-, medium-, and high-dose S. nigrum and silymarin capsules significantly improved the structure of liver cells and
alleviated the edema, inflammatory cell infiltration, connective tissue proliferation, and collagen fiber deposition. Compared with
those in the blank group, the serum levels of ALT, AST, PCIIl, Col IV, LN, and HA were elevated in the model group (P<0.01).
Compared with the model group, the serum levels of ALT, AST, PCII, Col IV, LN, and HA were reduced in all the treatment
groups (P<0.05). Real-time PCR and Western blot results showed that compared with the blank group, the model group had up-
regulated mRNA and protein levels of Bcl-2 and down-regulated mRNA and protein levels of Bax and Caspase-3 (P<0.01).
Compared with the model group, all the treatment groups showed down-regulated mRNA and protein levels of Bcl-2 and up-
regulated mRNA and protein levels of Bax and Caspase-3 (P<0.05) , with the high-dose S. nigrum group showing the best

therapeutic effect. Conclusion: S. nigrum modulates the progression of hepatic fibrosis in rats by regulating apoptosis through the

Bcl-2/Bax/caspase-3 pathway.
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T TTTGAGGGTGCAGCGAACTT

Bcl-2 i GCCTTCTTTGAGTTCGGTGG 221
T CTGAGCAGCGTCTTCAGAGA

Bax -3f GATCGAGCAGAGAGGATGGC 249
Fiif GTAGAAAAGGGCAACCACCC

Caspase-3 i AGCTGGACTGCGGTATTGAG 182

T CGCGTACAGTTTCAGCATGG
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(X£s)
Table 2 Effect of Solanum nigrum on body weight and liver index

in CCl-induced HF rats (x+s)

4151 no Fldk/gekg! RBH/g HFAESREU%
EYSE| 10 541.20+14.55  2.08+0.09
R 2] 9 412.44+8.41"  3.82+0.08"
KRB RG99 0.0189  468.11£9.657  2.90+0.05%
e BE A 4 21 9 0.9 419.56+6.44  3.79+0.04

T 25 e 9 1.8 456.00+17.50%  2.80+0.11%
T %5 7 R 9 3.6

T 528 4L VP<0.01; SRR 2 He A 2 P<0.05(36 3-3 9 [))

482.22+8.18”  2.63+0.09”
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240 JE HE 50 AN LU 0 3 240 B R K i i K D
RN, WA L.
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2. %3,

3.3 BZEXNHF KEBEMEMEAT-REm  SH4

' TUNEL FHMEM T- g i 2 A4 B b o 1 5E
R, 55 HA i, B4 TUNEL FHPE 40 g

A B C

D E F

TE:ALZS I BRI CLoK R B2 R 20 s D Je 25 (G 50) 0 2 s . e 2% o il e 2 5 F. J 2% v 9 2 (P 2- T 7 1))

B1 Z%EXCCLFESHHFXRFALAHE LB (HE, x200)

Fig. 1 Effect of Solanum nigrum on HE staining of liver tissue in CCl -induced HF rats (HE, x200)

A B C
B2 REICCLIESH HF X RAFHZR Masson BRI F NI (Masson, x200)

Fig.2 Effect of Solanum nigrum on Masson staining of liver tissue in CCl,-induced HF rats (Masson, x200)

®3 RENCCLESHHFKRIFAARRFLERZI X+ 5.0=3)
Table 3  Effect of Solanum nigrum on collagen fibers in liver

tissue of CCl,-induced HF rats (x+s,n=3)

415 /g kg! JHFEF 4 Ak 5 H TR %
ki 1.103+0.006
HI 2 8.736+0.213"
KR i A 2 0.0189 5.486+0.147%
Je B 1 2 0.9 8.454+0.123
e 3 b a2 1.8 6.494+0.154”
e %% i ) 21 3.6 5.330+0.170”

L 9] i 2 B AR (P<0.01) ; S AL 4] L 5, 459697 41
TUNEL BH 4 98 7= 20 i b 1) e 455 780 21 B &2 4 Bt |
(P<0.05) , {H 7K W& i 0 Jg 24 21 | g 5% 1K 591 o 2 o 5]

WM ERTRITFE L. WE3ME 4,

3.4 JpZEXT HF K BUIF 41 21 Bel-2, Bax , Caspase-3
FKILWFm 525 HA R, BRI 2 Bax  Caspase-3
R PRI B35 BRI (P<0.01) , Bel-2 8 H FH 1 &
Ik TR (P<0.01) 5 S5 BE AU AT b, K I 22 i 4
Ko g 35 45 5 1 241 WH {2 T %5 Bax | Caspase-3 & H FH M
F 35 (P<0.05) , W] & B IR Bel-2 2 11 B M 3R 38 (P<
0.05). W5 KK 4-K 6.

3.5 JEFEXF HF KR M i o 2 6e 21 4k 1k 36 A
SO A S R S I A S - N 1 e el
ALT \AST J2 HF #1 G 4845 LN \HA \PCIIL #1 Col IV {14
o W TR (P<0.01) s SR AL R, B 25N
o 7 e A R K s e 8 2 4 e B W IR ALT .
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A B C D E F

B3 REXNCCLFSHWHFXRFALHAEETHZIM (TUNEL,*200)
Fig.3 Effect of Solanum nigrum on cell apoptosis in liver tissue of CCl -induced HF rats (TUNEL, x200)

F4 REWCCLFESHHFARFARMMEBATENRM (X £,
n=3)
Table 4 Effect of Solanum nigrum on apoptosis rate in liver tissue

of CCl,-induced HF rats (x + 5,n=3)

415 /g ke A E TR /%
ISk 8.207+0.742
AT 2] 2.583+0.274"
K TR i A 0.0189 5.397+0.267”
T ZEAR R k2 0.9 4.620+0.519%
Je g h R A 1.8 5.263+0.287”
Jo 5% 70 4 3.6 6.610+0.313%

AST K HF ¥ FR 9 /K- (P<0.05) . W& 6.4 7,

3.6 Je ZE X HF K B 41 21 Bel-2, Bax, Caspase-3
mRNA £IKM M 525 (4], BRI AR B
Bcl-2 mRNA 3 ik & 3 Ft & , 1 Bax 1 Caspase-3
mRNA ik i3 F R (P<0.01) ; SRR L85, 43R
J7 41 19 Bel-2 mRNA /K - 3 B & B {IK (P<0.05) ,

W

A B C

4 REICCLFESHHF XRFHRABcl-2RZH M (IHC,*x400)

F5 REX CCLESH HF X R 44 & Bax,Bcl-2, Caspase-3
RIEMTM (X £ 5,n=3)
Table 5 Effect of Solanum nigrum on expression of Bax, Bcl-2,

and Caspase-3 in liver tissues of CCl,-induced hepatic fibrosis rats

(x + 5,n=3) %
= &
20 51 “Ji_] Bax Bcl-2 Caspase-3
/g kg
sk 10.99+0.28  0.42+0.01 6.80+0.14

(e 2.86+0.05" 6.83+0.11"  1.25+0.11"

KRB HEL 0.0189  5.69+0.07% 2.56+0.05% 3.07+0.04%
EFEMEAREA 09
JeE R A 1.8

T % R m Al 3.6

3.9240.05% 5.62+0.09” 1.97+0.06
4.56+0.05% 3.92+0.08” 3.27+0.14”

5.98+0.02% 1.32+0.07% 4.97+0.31?

Caspase-3 mRNA FiA B &, 2R AARIT¥E
SL(P<0.05) , MLk, e B rh g 7] a2 R K KB T i 4%
1) Bax mRNA Rk I, 25 BA G5
(P<0.05). UW#S8.,

Fig. 4 Effect of Solanum nigrum on Bcl-2 expression in liver tissue of CCl,-induced HF rats (IHC, *x400)

A B c

B5 REXCCLESHE HF X RAFHELR Bax RIZRIF M (IHC, x400)

Fig. 5 Effect of Solanum nigrum on Bax expression in liver tissue of CCl,-induced HF rats (IHC, x400)

A B C

BEl6 REX CCLESH HFXRAFHLR Caspase-3 KL MM (IHC, x400)
Fig. 6 Effect of Solanum nigrum on Caspase-3 expression in liver tissue of CCl,-induced HF rats (IHC, x400)
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F6 REXWCCLFESHHFARMFPCL.Col V.LN.HASEHHME (x5
Table 6 Effect of Solanum nigrum on serum PCII, Col IV, LN, and HA levels in CCl -induced HF rats (¥ + 5) gL'
2157 n /g kg Col IV LN HA
2 H4 10 9.02+0.89 4.00+0.38 91.51+15.28 275.61429.35
[ 9 24.34+1.43" 11.76+0.70" 337.26+29.32" 667.61+42.31"
TR R TE e e 4 9 0.018 9 15.84+0.96% 7.31£0.43% 228.57+17.77% 406.08+30.282
T ZE AR B2 9 0.9 20.43+1.05% 9.82+0.68 279.66+20.60 520.56+32.33%
T ZE R A 9 1.8 15.08+1.18% 7.72+0.58% 215.27+19.31? 426.61+27.84%
Jo 25w A 9 3.6 12.01+0.93% 5.05+0.38% 179.48+15.23% 287.10+24.30

®7 REICCLIESH HF X R ME ALT, AST 7k F £ 7 0
(X +9)

Table 7 Effect of Solanum nigrum on serum ALT and AST levels

in CCl,-induced HF rats (x = 5) U-L!
.
413 n “J%, ALT AST
/g kg
EHH 10 32.76%4.15 85.41+7.27
R 9 142.11£16.00"  260.30+17.80"
KRR 9 0.0189 83.5349.10°  166.90+13.95
T SE AR AL 9 09 119.26+8.73%  220.57+17.72%
e 3% 3R AL 9 18 90.35+9.69>  179.56+12.37%
P e 9 36 58.80+8.47°  126.52+12.87%

*8 R EI CCLFFH HF X & AT 4 & Bel-2, Bax, Caspase-3
mRNA B0 (% + 5,n=3)

Table 8 Effect of Solanum nigrum on Bcl-2, Bax, and Caspase-3
mRNA expression in liver tissue of CCl-induced HF rats (x £ s,

n=3)

PR
2159 r Bcl-2 Bax Caspase-3
/g kg
2L 1.028+0.103  0.957+0.087 1.005+0.018
R 2 3.080+0.218" 0.472+0.046" 0.322+0.074"

KRBT EL] 0.0189 2.129+0.077% 0.779+0.060> 0.690+0.050%
MR A 0.9
JesEhlEd 1.8

JeEEmRlEdal 3.6

2.636+0.166% 0.514+0.032 0.465+0.076%
2.114+0.228% 0.744+0.076> 0.660+0.034%

1.423+0.080* 0.910+0.076> 0.830+0.063%

3.7 Jg ZE X HF K R 41 21 Bel-2., Bax, cleaved
Caspase-3 HH (1R A MM 525 (4 i, B4
19K B Bel-2 8 1 #3523 E i (P<0.01) , 1fii Bax,
cleaved Caspase-3 % M 1Y £ i5 W & % F # (P<
0.01) ; SHEAYL L, i A iR 97 3 78 th Bel-2 2
[ 2 3k BH & T K% , [5) B5F Bax 1 cleaved Caspase-3 25
KBTI 1 FH(P<0.05) , Ho b e 2% 5 0 o 41 1) A8
b . WK 7.389.
4 it

HF 76 B 3 b 2 1 & F oo 7 BRI 7 453

Bel-2 = o o - o w— 20kDa

Bax — 21 kDa

Cleaved Caspase-3 —_— o 17 kDa
GAPDH @b G Gamd Gumd aamd e 37 kDa

A B (6] D E F
7 & A KXRFEL Bel-2, Bax, Cleaved Caspase-3 & H &k X
ik
Fig. 7 Electrophoresis of protein expression of Bcl-2, Bax and

Cleaved Caspase-3 in liver tissues of rats in each group

*9 REICCLIFSFH HF X R 4 4K Bel-2. Bax, cleaved
Caspase-3 ZBAR M (X £ 5,n=3)

Table 9 Effect of Solanum nigrum on Bcl-2, Bax, and cleaved
Caspase-3 protein expression in liver tissue of CCl-induced HF

rats (x £ s,n=3)

4 Bel-2 B cleaved
T cl- ax
i I i_, Caspase-3
/g-kg' /GAPDH /GAPDH

/GAPDH
25 40 0.040+£0.038  0.905+0.049 0.624+0.035
R4 0.544+0.084" 0.157+0.028" 0.081+0.022"
KRBT EEEAEL 0.0189 0.231+0.047” 0.634+0.129” 0.385+0.036
T MG E4 0.9 0.350+0.017% 0.443+0.091% 0.227+0.071%
Jeggrhla 1.8 0.187+0.084% 0.644+0.094% 0.353+0.058>
e Rl Ea 3.6 0.101+0.081% 0.737+0.038% 0.462+0.048”

W , 5 PR 22 5 T AR A e QB i 9 BELAT 5%,
U HE ML AB AT AN, B s 8 BH , 25100 51 2k 52 Joi
P AL CCHEAT N Z2) R 9 F R, 3 250K A T
SRR, S BOR LN BH, TE e RS2 7 1 S D FE 2T
e L AR REN H ic e E Ve R e A H
28, FLUE AT I I OB AR I 2 R, TR TR
PR BHAIE o (285 1R 8 ) BE — 25 48 Hh e 3% R VA Il 3 L1
ML B2 78 FEAE 38 AT 45 AL A b B e R AT .
T v 2 25 v TR 7 I RS I R AR BB B 22
Pl A, b B ERE b T AN T R DA Sl R T
JEAR B2 o A 5008 G AR P S5, SR T e R X
CCL 1% 1R BUTF 21 EAL A RY A 36 97 A1 FH B AE
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BL, Ry e 2% Bl PR R FH i it 1 Rk 27k 4

HF i # 09%6 BLAFAE7E T ECM 1Y 5 % LA, =
HFNELE AL S YR i s . WEEE R W], G
HA LN .PCIIF1 Col IV 48 #5 1 /K- 5 T 2T e AL 2
JE 2 PIAH 2, HAME i ECM 9 8 2 0 4, i
HSCs A i, FAR 2 A7 5 5 30035 AKCF T, B
JHF JE £ 24 A 3% 30 9 0 A 5 LN AR Sy B i B 3 e it i
B, 5 RAEE M AR 2k Ak R AE DG PC L AN
Col IV 43 5l 52 W Jig Ji7 45 18 5 e fife 1) 3 28 A2 4k 2 0F
A AL R Z ARG . AR EM, HHR
20 L #2355 R o 4 W AR T M T b ALT.
AST HA LN PCII Fil Col IV By /K, £ W Jp 3 B A
PR B WA L BB 65 A 200 1] ECM A 2 B I, ik
AT £F 4L TR . HE Ml Masson Yt A it — IR UE T
X451, 5BV L, e 55 4 K R 420K M
PN 20 M Vi B DR A A TR W 2 g b e
HAHRCR I B . X R R e 35 AT R o i 45
HSCs 1Y% 1t 5 ECM RS-y, & #5850 25 4E AL 1EH] o

2 B 98 1A T A A AR v B BCERARE T R
TEHSCs i h 2 CHE 2L, Bcel-2/Bax/Caspase-3 5
5 R AR R N T R R TR AR L,
Bel-2 il 8 T, Bax i i £l 1#F 2 A 14 5 38 35 P i A8
T an i 6 28 C, JF W 3% 1% F 3 Caspase-3, #4740
JiL R TR 2 WF SR I HSCs 1R BE AF G 5 4
B 2 27 2 b R 2L 1 R 1 O B T i #F HSCs i T2
AT AT 5 45 e A gk AR L AR g e e 411k
Real-time PCR il Western blot #; ] & P , 5 5 54 41
FEB, T 5% 45 50 B 41 2 3% 1 I Bel-2 Y mRNA 1 2
M 235, 9 T Bax 1 Caspase-3 1 3 ik /K F ,
TUNEL 4 8,75 575 16 77 21 0 T2 4 i L f3i) dl 35 19 m .
X — &5 2R R W], e 3% Al fE g % Bel-2/Bax/
Caspase-3 i #% , 55 HSCs i 1=, Do 30 il K% 1k 5
ECM & 7= A ol 38 1T £F e fe i B AR b . (Ef
B, T % 1 1)t 2 A R A O TR DG B 1 3RO Rl
6 A 20 32 R By T AR TR OJC g8 4 os H
I7 B A T R

Je 2 Byt HE VR AT g 5 5 e & 09 22 i 7 i
STEVIMG . BUACZ A R, e E A
LS R T 2 R B bR B A Ak S
P20 MR T 0 AR W A TE MR A e ) T R R
iof Z 80 Z i AR U AR 30 HSCs T AL, I 4%
PR T 538 B, JE R A e TR T . AR AS
R GHHE R — B, 2R TR S Y A e 6% 1B %
I FF £ 4 fb HE DG 48 A, o JHF s B AR A7) 2
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A, e 25 R JE Z R B T R LA
MRS, 5 AR EE 2= iR A2 08 T 0 L AR P R
A% Gt i 2 1) AR AR 58 S 4 1 B A o

AW S 18 ok B ) 5L 5 SR T e 25 X CClL i
149 K BT £F 4 Ak 1936 77 78 T M H i i Bel-2/Bax/
Caspase-3 i 1 Vi ¥ HSCs #8 1= iy HIL I , (A5 77 78 LA
TR PR . H S, A B 5T AL R fE T Bel-2/Bax/
Caspase-3 i [ , A& R A BT 25 2 A i HAE 5
il [ 41 TGF-B/Sma il Mad A1 5 2 4 (Smad) =% i A5
1o JUL I 33 (PI3K) /2R H B B (Akt) ] 45 1T &1
A Al HEFE A ke P E Ao 5 PR R B 0 3R G R aE —
A B e AR LS o R, B ZE A Ok TG YR
JoT N G L AR A5 R W, R ORI AR AT A I 4% 2
PP AR A A A OB 3% (HPLC) R, &
SefR AT YT HE AL o oAk A 58 R sl 1 55 5, ik
2 PRE S, oA ok % T SR I IR 06 LA 56 I g 2%
TE NI LR HEA IR 7 v 0 22 A P R R0

25 I pr ik, Jp 2% 3 i 8 #2 Bel-2/Bax/Caspase-3
i B2 JF HSCs i/ T2, I 2 30 il CC1 75 = 1 K BUIF
2F A Ak, Jy H AR S 2 v g A RE IS I RO Y
e ge i A T IRAR 2 B 2 S . FE IR IR SC B,
Je %% E B LU J7 DB X (L 47 e 58 05)
FH T I I6 97, 0K 25 N FH A /b, 2 00 1 i % 4
Hi XA B[R] 2 0 s AR 2 B . AR RS Y
P LT de AL ML 5 AL G2 D RLE Bt & F AL 8048 52 )5
T A4 A FH AR — 30, R 8 5% I DR T 412 A1 32 4k 4l -
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