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ABSTRACT: AIM To investigate the protective effects of verbascoside on D-galactose-induced liver injury in
mice and its underlying mechanisms. METHODS C57BL/6] mice were randomly assigned to the normal group),
the model group, the vitamin E group (100 mg/kg) , and the low-dose and high-dose verbascoside groups (40,
80 mg/kg) , with 10 mice in each group. Simultaneous administration of medicine and subcutaneous injection of D-
calactose (600 mg/kg) went on among the groups except the normal group for 8 weeks. Serum ALT, AST, ALP
activities, along with TBil levels were measured using biochemical kits. Hepatic GSH, MDA concentrations, as
well as SOD and GSH-Px activities were quantified. Liver pathological morphology was evaluated by HE staining,

while hepatic fibrosis area was assessed using Sirius red staining. Western blot analysis determined hepatic
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expression of IL-6, IL-1B, TNF-a, TLR4, NF-kB p65, IkBa and p-IkBa proteins. RESULTS Compared to the
model group, the groups treated with vitamin E or verbascoside demonstrated significantly reduced body weight ( P<
0.05, P<0.01) ; increased hepatic index ( P<0.05, P<0.01) ; decreased serum activities of ALT, AST and ALP
alongsided reduced TBil levels ( P<0.05, P<0.01); attenuated pathological damage of liver tissue and fibrosis
severity ; reduced hepatic MDA level (P<0.05, P<0.01) ; and elevated GSH level with enhanced SOD and GSH-
Px activities (P<0.05, P<0.01). Furthermore, the high-dose verbascoside group showed significantly decreased
hepatic expressions of IL-6, IL-1B, TNF-a, TLR4, NF-kB p65, and p-IkBa/IkBa proteins ( P<0. 05, P<0.01).
CONCLUSION Verbascoside improves D-galactose-induced liver injury through its antioxidant activity, anti-

inflammatory effects, and suppression of the TLR4/NF-kB signaling pathway.

KEY WORDS: verbascoside; aging; liver injury; D-galactose; TLR4/NF-kB signaling pathway ; inflammation
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SCXK () 2023-0001, =256 4 fdi F i/F vl IE 5
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20220127-19) ,
1.2 #hap5RA BEAHET ('S AZDF0707,
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D-gal (525 GO750, #liJE>99% ) W H 3 Sigma-
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R R R A AT BR A F] TN R S R Tl
(ALT) | RITAZAMRAIL M (AST) | 1wk
FRMF (ALP)., M JH L & (TBil)., N .
(MDA) | GV LY B LR (SOD) , 4 H ki
Akl (GSH-Px) . #FBEH K (GSH) At &
(#1t5 20250102, 20241231, 20241230, 20241121,
20241228 . 20241224 | 20241209, 20241216) It
B @ WEY TR, AR (IL) -6,
IL-18, MIREIRSEIA F-a (TNF-a0) |, Toll #5214 4
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K, THLMEAL AR B, 4 °C . 10 000
r/min.(> 10 min, q&%iﬁ%(&, JEAE 2 IR £
VLB A v AL 48 AR SRR AT, A JH 21 21 GSH
MDA 7K3F-F11 SOD . GSH-Px it

2.5 Western blot % #& M| Af 48 22 IL-6, IL-1B.
TNF-a, TLR4. NF-kB p65. IkBa. p-IkBa 8%
B SN S, A RIPA R W B2 HUE
B, BCAENMEREAWE, EAMMS T 2
FLAR IR B2 TN s T e B B FELTK, % & PVDF JiiE,
5% JBLAR Wk v W ET A, A3 S A B JS Y 1L-6

IL-18, TNF-a, TLR4, NF-kB p65. IkBa, p-IkBa
1 B-actin —Pr, 4 CIWFEFL®, MA HRP FricHY
IeG —Pr, FMEIFF 1 h, BB, R Image J
AT AT, B-actin AN S, LI HRAAT
NS FA KA R O E N H A E AR Rk
2.6 %It F oA T SPSS 25,0 FAFHATALIE,
SEBIRLL (xxs) Fon, ZHMERHHANER
JI 20T, P<0.05 s 2853 BATGET4 78 3
3 HR

3.1 BRFEARH A R D R E | IR &
Bea AR 1 R, IR BB | KA
NI R AR (P>0.05), SIEFALL
B, BRI/ U IE RS EOAR (P<0.01) 5 S
HLH, AEE R E UM B AR T 450 2/ B
HFEFE 50 T (P<0.05, P<0.01),

*x1 BFHEHNRERE, FHEEHEER (¥, n=10)
Tab.1 Comparison of mouse body weight and liver index

in each group (xxs, n=10)

15 WL g JHFHEFE 45 %
EH A 27.48+1.26 3.92+0. 20
AR 27.02+1. 62 3.69+0. 18 **
fiREH 26.37+1.09 3. 84+0. 15%
BRI S 26.58+1. 83 3.85+0. 13"
BT = A 27.35+1. 67 3.94x0. 14**

W, HSIEFHARE,™ P<0.01; SHBHHLE,*P<0.05,
#p<0.01,
3.2 BEFEHEI XTI S D R A BT 2 Ak 48 AR 4
e R 2 PR, SIEEA A, SR /NI
5 ALT, AST, ALP &M TBil KT (P<
0.01); SHMA LR, 4R E AMEEAANTT
AR/ NG ALT, AST. ALP & PEF0 TBil /K
SRR (P<0.05, P<0.01), FPTEEMH AT
DN =~ SV N Wi ) o G

£2 KRAMRIMDTEF ALT, AST, ALP i&FMSF TBil /K FELLEL (xxs, n=10)

Tab.2 Comparison of mouse serum ALT, AST, ALP activities and TBil level in each group (x+s, n=10)

205 ALT/(U-L™") AST/(U-L™") ALP/(U-L™") TBil/ ( wmol - L")
IEHH 30. 41+5.27 45.26+6. 49 70. 26+10. 03 1.85+0. 17
T ZH 61.73+8.35™ 80. 60+9. 16 ** 131. 00+ 16. 07 ™ 4.59+0.42™
fEREH 39.49+6. 17* 57.31+7.51% 89.28+12. 84% 2.47+0. 33%
BEAEME IR 20 48.90+5. 26" 66.59+7. 37% 101. 47+11. 79% 3.25+0. 48*
BT R A 37.56+4. 19" 52.34+7. 24* 83.39+11.25% 2.71£0. 36"

H. SIERWAE, ™ P<0.01; S E,*P<0.05,"P<0.01,

3.3 RELBEFITFRE DR ALRETILY
#ra HE P25 WoR, 1EH 4/ B/ =4k
MIGARAFSE R, b S DO 20 B b 2 e SR
JPHES, JFSEE5HuEMWmT B, SIER 4, R
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. RERREIHRSRRFRELLT
B1 SHEHNRAFEL HE £E (x200)
Fig.1 HE staining of mouse liver tissue of mice in each

group ( x200)

KRB R e R, IEWA/NFFHS
VLML 2edi A S5 IE R A HeEr, BRI /N U/
R AR AL AR, A ARGl
PRI A, 4R E AMEE TS EH
/N R R HERR R BERR AR (P<0.01), #fifd
SN FRME R Tk, ST 4ERG A LR I AR, UL
K2, &3,

3.4 ERACHEF XTI IR D KT AL LR RAL B gk
FEgHra R 4 PR, SIEWARE, RAE/N
FUFZHZT MDA /KTt (P<0.01), GSH 7KF-HI
SOD, GSH-Px i PEFEAL (P<0.01); SR L

EEEMEIGNRE  BELMETNRE
B2 FBEANMNRRIRBOSLEE (x200)

Fig. 2 Sirius red staining of mice in each group ( x200)

*3 FBHEHNRFALKRFERRILE (25, n=6)
Tab.3 Comparison of hepatic collagen deposition in liver

tissues of mice in each group (x+s, n=6)

20 31 M JEBTRR L /%

ERH 4.21x0.58
HERIZH 18.01+0. 98 **
4R EH 8.24+0. 69%
BRAEAEH ) A 9. 540. 87*
ERAEHH m R 6.28=0. 77"

. HIEWHIE, ™ P<0.01; SHAAILE,*P<0.01,
B, 4EE R E AR RS AN A0 1 g/ BRUH A
41 MDA 7K F-F#(% (P<0.05, P<0.01), GSH /KF
FISOD, GSH-Px iEPEF+R (P<0.05, P<0.01),
FW B SAENE AT LA R s 22/ RUFH 2L 4
(any &

*4 ZHENRFAL MDA, GSH KFEF SOD, GSH-Px iFMHELLE (x+5, n=10)
Tab.4 Comparison of mouse hepatic levels of MDA and GSH, and activities of SOD and GSH-Px in each group

(xxs, n=10)
25 MDA/ (nmol-g™") GSH/ (pumol-g™") SOD/(U-g™!) GSH-Px/(nmol *min~! -mg™")
EH 4 7.28+1.71 6.26=0. 43 236. 64+18. 83 615.72+41.23
HEAIZ 15.61£1.97* 2.2120. 50" 132.25£17. 53 384. 67+26. 35"
HAREA 9.49+1. 23" 4. 48+0. 33* 190. 0818, 21* 524, 82+44, 27%
BRI R 10. 40+1. 86* 4. 370, 49" 185.39+14. 28" 422.52+48. 31%
BRI R 8. 66+1. 50" 5. 86+0. 47% 204. 39+15. 09* 559. 66+50. 19%

. HIEHWA L, * P<0.01; SR i, *P<0.05,%P<0.01,

3.5 EERLBEASAFRLDRAFARLERTF A
reyHem WME3, RS PR, SIEWALE, &
I /NP TL-1B8 . TL-6 J% TNF-a 5 F ik T
B (P<0.01); SRS, TR R
H/NFIFHLLIL-1B . 1L-6 B TNF-o 2 635 A
(P<0.05, P<0.01), B AN H IR =4/ BT
HE TNF-o 35 HFRIBFEAL (P<0.05), RUIEE
AERETF T DAS AR 3 /N BRUF AL 2000 S8 S0

3.6 B IFCAEF AT A ) KT 4R TLR4/NF-
kBAZ @B eg¥m WE 4, F6 PR, SIEH
M IbE, BRIV /NRF4 4 TLR4 . NF-«B p65 &
KA K p-IkBo/IkBa HAE I TFE (P<0.01)
SRR LA, B AR AR MR T = A A/ UL
TLR4 . NF-kB p65 & 12354 M p-IkBa/IkBo FLAE
BIBEAL (P<0.01), BFEAHLR L4 TLR4 HH
FIK L K p-IkBa/TkBa EAE AR (P<0.01)
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IL—IB|- - . -J 17 kDa

1L-6 l!-_!d 24kDa
TNF-a l@l 26kDa
'“ .| 42kDa

B3 HANMRIFEASRIL-1B, IL-6 & TNF-a & BKE
Fig. 3 Electrophoresis images of mouse hepatic IL-1p3, IL-

B-actin

6 and TNF-« proteins in each group

K5 RKRAMNBFALIL-1B, IL-6 & TNF-a EEHXRIELE
B (xxs, n=3)

Tab.5 Comparison of mouse hepatic IL-13, IL-6 and
TNF-« protein expressions in each group (Xz=s,
n=3)

21 5] IL-1B8 IL-6 TNF-a

IEH 4 0.92+0.04  0.79+0.06 0.810.07

) 0.99+0.06™ 1.00+0.07™  1.06=0.07 **
B IRFELA 1.00£0.02  1.01+0. 04 0. 98=+0. 05"
LA SRR 0.86+0.04% 0.92+0.05%  0.85+0. 06"

A HIEWHALE, ™ P<0.0l; SHIRHILE,FP<0.05,
#pP<0.01,
B P
% 98> @

IKBa|- - . -|39kDa
p-IxBo | W - - | 59 D2

E4 HHNRFALZ TLR4, NF-kB p65, p-IkBo/
IxBa AR KE

Fig. 4 Electrophoresis images of mouse hepatic TLR4,
NF-kB p65 and p-IkBa/IkBa proteins in

each group

*x6 KA/NBFEZA TLR4, NF-kB p65, p-IkBo/IxBa

EBHRIELE (xxs, n=3)
Tab.6 Comparison of mouse hepatic TLR4, NF-kB p65
and p-IkBo/IkBa protein expressions in each

group (x+s, n=3)

20 51 TLR4 NF-kB p65 p-IkBa/IkBa

IE#H 4 0.90+0.07  0.75+0.07 0. 82+0. 07
T4 1.0420.08 " 0.99+0.08*  1.22+0.10*
BAMTFHCFIEL 0.85+0. 08% 0.93=0. 08 1. 04=0. 07"
ERAPT AL 0.81+0.07" 0.73+0.07*  1.00+0. 08*

T SIERAE, ™ P<0.01; SHAIH ILE, ¥ P<0. 01,
2892
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R, HAIH /N AT 2 MDA KT+, T
GSH /KF-H1 SOD . GSH-Px iM%, M D-2F3
WES S 00 I3 2/ N B AR B i i AR et s, i
E BT AENZ AL MDA /K7, THEs GSH /KEHI
SOD, GSH-Px ik, FHIHBEA RIFHPE AR
H, REAE A ACHCA 5 2 /N UM 21 2010 48010 0 3
Pifi,

PNE SN TE P 10 KA R b i 25 AR
M., Ao gs R ER, BAA/NRIFHZ 1L-18
1L-6 & TNF-o AT, 1 6 55 46 0 58 0% 1A
HFik, RUIBRHT BA R/ NEFAS
SORE S FIFEFT . $7R B SE AT 1T R 2 410 ) 2R
FEANAR AT AL | D SR A T R S IR AR R AT
RIYEM .

TLR4/NF-kB {5538 F§ 75 32 & 7 8 4 i1 %L
fath, R AE RORE KR AR A I A R 3 O TET
YE R TLR4 {5 530 % 19 T e s 0 I F, NF-xB
NF-kB p65 1 pSO %54 B A 57 V5 — 5 1 5 1 il o 2
F IkBa 256, TERILAIET, IkB M GEHS T
B IkBa RS HEBERR AL, (20 NF-kB p65 # %
AMREAZ I, NI | LA 2 iE R 75 7= 26 R i
JRET S RAEARAS AU T 40 M i o i A
AT fE S BUF IE I 8 0 iE — 25 R RETY B Ab,
TLR4/NF-«B 15538 [ 1) 5 5 005 5 22 B IR 5%
() AR VIR G, AR RS P 1 FEm A &7 4
{4 BT RBR, TLR4 BY4L BEOE S50 T NF-
kB IFRFLRIEE , SRR T E Y 48 5 A EF 4k Ak
HHRE, $ER TLR4/NF-kB {5530 1% 1T g A P52
B AHSCBERR IR TT HE Y ARG 25 R R, R
RUZH /N FUIFZHZE TLR4 . NF-kB p65 & H ik L &
p-IkBa/IkBa FUAB I FHET, 1176 86 AL B RE 0% R AR
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XU R Tk, 2R 0 B A A0 BT T B 1 1
TLR4/NF-«B 15 53l i B 300% , KHEPCREH, #
MBGENIT =,

i LRTIA, BEARET X D-2FFLRTE T AT

PO A B3 AR T, HEALH AT e S HT A
IR VL BANH] TLR4/NF-kB {5 5@ B4 5, AT
R B B AR IR R _L T I0 7 P AR S
FEAE T BB ARAE

S

(1]

[2]

[5]

Yang H, Hua J L, Wang C. Anti-oxidation and anti-aging
activity of polysaccharide from Malus micromalus Makino fruit
wine[ J]. Int J Biol Macromol, 2019, 121, 1203-1212.

Guo Y, Guan T, Shafiq K, et al. Mitochondrial dysfunction in
aging[ J]. Ageing Res Rev, 2023, 88 101955.

Zeng C, Feng S. The antioxidant capacity in vitro and in vivo of
polysaccharides from Bergenia emeiensis[J]. Int J Mol Sci,
2020, 21(20); 7456.

Cheng M L, Nakib D, Perciani C T, et al. The immune niche
of the liver[J]. Clin Sci ( Lond ), 2021, 135 (20):
2445-2466.

Azman K F, Safdar A, Zakaria R. D-galactose-induced liver
aging model; its underlying mechanisms and potential
therapeutic interventions| J]. Exp Gerontol, 2021, 150, 111372.
Yao J, Li Y, Wang H. The roles of myeloid cells in aging-
related liver diseases[ J]. Int J Biol Sei, 2023, 19 (5):
1564-1578.

Zarandi P K, Ghiasi M, Heiat M. The role and function of
IncRNA in ageing-associated liver diseases[J]. RNA Biol,
2025, 22(1): 1-8.

Shen L, Fan L, Luo H, et al. Cow placenta extract ameliorates
D-galactose-induced liver damage by regulating BAX/CASP3
and p53/p21/pl6 pathways[J]. J Ethnopharmacol, 2024,
323 117685.

e, HER, HRE, % AR LD NF-cB {75

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

B AEHL/N BUF AR LRI T 0] oh E 2 3458
2, 2024, 40(7) . 1367-1374.

O, N, EEME, S BEERE R BT ok A
e B CYP R fR b AR AT P E 2, 2022,
33(6): 685-692.

BOCHE, WIS, RRHOA. BRAEMETT 2 B F R L R B
KEREL)]. iy, 2024, 55(23) : 8256-8268.

Jia K, Zhang Y, Luo R, et al. Acteoside ameliorates hepatic
ischemia-reperfusion injury via reversing the senescent fate of liver
sinusoidal endothelial cells and restoring compromised sinusoidal
networks[ J]. Int J Biol Sei, 2023, 19(15) : 4967-4988.

Xiong L, Mao S, Lu B, et al. Osmanthus fragrans flower extract
and acteoside protect against D-galactose-induced aging in an
ICR mouse model[ J]. J Med Food, 2016, 19(1); 54-61.
Peng X M, Gao L, Huo S X, et al. The mechanism of memory
enhancement of acteoside ( verbascoside ) in the senescent
mouse model induced by a combination of D-gal and AICl;[J].
Phytother Res, 2015, 29(8) : 1137-1144.

Zhao C, Chen Z, Liang W, et al. D-Galactose-induced
accelerated aging model on auditory cortical neurons by
regulating oxidative stress and apoptosis in wvitro[ J]. J Nutr
Health Aging, 2022, 26(1) . 13-22.

KM, ERWE, £ %5, & IR KA &
PR ABUENL R OERAE R T]. B AL AR, 2023,
46(8): 35-38; 64.

BIRAS, e, SR, PR 22 M 3o 5 o 1 T A
il Toll #3244 4/ N T--«B A2 e /N BURE PR [T ]
BAERE, 2024, 45(21) ; 185-193.

B O, KRR, BEHE, & EERE R L%
RIS/ NGB G B FE R S AL LT ] ol
24, 2022, 44(9) : 3004-3008.

Deng R M, Zhou J. Targeting NF-kB in hepatic ischemia-
reperfusion alleviation: from signaling networks to therapeutic
targeting[ J|. Mol Neurobiol, 2024, 61(6) : 3409-3426.

Seki E, De Minicis S, Osterreicher C H, et al. TLR4 enhances
TGF-B signaling and hepatic fibrosis[ J]. Nat Med, 2007,
13(11): 1324-1332.

2893



