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Protective effect of ellagic acid on rats with metabolic dysfunction-associated fatty
liver disease by regulating NF-kB signaling pathway
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Abstract: Objective To explore the effect and mechanism of ellagic acid on metabolism-related fatty liver disease through NF-xB
signaling pathway. Methods SD rats were randomly divided into the control group, the model group, the silybin group, and the ellagic
acid (20, 40, 80 mg/kg) groups according to the random number method, with 12 rats in each group. A metabolism-related fatty liver
disease model was established by feeding with high-fat diet for 12 weeks. Liver tissues and sera of rats were collected, and the
pathological changes of the liver were observed by HE and oil red O staining. Serum liver function (AST, ALT), lipid indicators (HDL-
C, LDL-C, TG, TC), and inflammatory factors (IL-10, IL-6, TNF-a) were detected. And the expressions of NF-kB p65, p-NF-«xB p65,
IkB-a, IKK-B, and p-IKK-fB proteins in liver tissues were detected by Western blotting. Results The results of HE and oil red O
staining of liver tissue showed that compared with the model group, both the silybin group and the ellagic acid group could significantly
reduce lipid deposition, and the morphological structure of liver cells was improved. Compared with the model group, the levels of
ALT, AST, TC, TG, LDL-C, IL-10, IL-6, and TNF-a in the ellagic acid group were significantly decreased, and HDL-C was
significantly increased (P < 0.05). The results of Western blotting showed that compared with the model group, the ratios of p-NF-«B
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p65/NF-kB p65, and p-IKK-B/IKK- in liver tissues of the ellagic acid group were significantly decreased, while the expression of

IkB-a was significantly increased (P < 0.05). Conclusion Ellagic acid can effectively improve hepatic lipid deposition, liver function

impairment, and inflammatory responses in metabolism-related fatty liver disease rats induced by a high-fat/high-sugar diet, and its

mechanism may be closely related to the inhibition of abnormal activation of the classical NF-«kB signaling pathway and the reduction

of pro-inflammatory cytokine expression.
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#1 FAARME ALT 71 AST KFE ( x+s, n=12)
Table 1 Levels of serum ALT and AST in each group of rats ( xts,n=12)

45 I/ (mg kg ™) AST/(U L) ALT/(U L)
pagi — 72.40+8.24 56.324+9.02
i — 114.76 +£18.42* 90.45411.23"
K RE = 30 80.56+10.24" 60.34+8.76*
AR 20 98.43412.42#& 78.34+9.76%&

40 94.4548.92%& 73.674+8.92%&
80 88.4549.35%& 70.3449.32%&

SR AR "P<0.05; SEALE. *P<0.05; HK KEIRALE: £P<0.05.
*P < 0.05 vs control group; *P < 0.05 vs model group; ¢P < 0.05 vs silybin group.

#*2 KREAXRME TC. TG. LDL-C. HDL-C KFLLE ( X £s, n=12)
Table 2 Comparison of serum TC, TG, LDL-C, and HDL-C levels in each group of rats ( X+ s,n=12)

A5 FE/mgkg!)  TC/(mmol L) TG/(mmol L) LDL-C/(mmol L) HDL-C/(mmol L1
X} 8 — 0.924+0.04 0.184+0.02 0.284+0.04 0.56+0.05
iR — 1.64+0.34" 0.72+0.13" 1.14+0.18" 0.1140.08*
KRE = 30 0.924-0.08* 0.3240.12% 0.524-0.09* 0.244-0.10*
AR 20 1.1540.12#& 0.574-0.09%& 0.76+0.12%& 0.1640.08*&
40 1.1040.16%& 0.48+0.12%& 0.70+0.12#& 0.19+0.07%&
80 1.0240.12%& 0.40+0.08%& 0.6240.08%& 0.23+0.08*

SR AR "P<0.05; SEALE. #P<0.05; HK KEIRARE: £P<0.05.
*P <0.05 vs control group; *P < 0.05 vs model group; £P < 0.05 vs silybin group.
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Table 3 Comparison of serum IL-10, TNF-a, and IL-6 levels in each group of rats ( xts,n=12)

2H 5] 7l E/(mg kg ™) IL-1a/(pg ML) IL-6/(pg mL™) TNF-a/(ng L)
xif — 28.63+4.45 8.24+1.76 56.28+5.16
it — 62.42+5.72" 16.24+2.08" 98.23+14.32"
K 7 30 35.42 +6.04* 10.47 +1.23* 62.84 +8.45"
BAER 20 46.76+4.92%& 10.64+1.34* 80.69+7.95%&

40 42.80+5,08% 10.38 +1.42* 76.65+8.04%&
80 39.65+4.32%& 10.54 +1.38* 68.54+8.23%&
5xtiRZLE: "P<0.05; SEBIZAILE: “P<0.05; S5/K WHIEALLE: £P<0.05.
*P < 0.05 vs control group; *P < 0.05 vs model group; 4P < 0.05 vs silybin group.
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Fig.3 Comparison of protein expression levels in each

group of rats

x4 KAARME NF-«xB EEBBEXEOMREKFELR ( x+s, n=12)

Table 4 Comparison of the expression levels of proteins related to the NF-kB signaling pathway in the serum of rats in each

group ( xts,n=12 )

2H ) FE/(mg kg™) p-1KK-B/IKK-B IxB-a/GAPDH p-NF-kB p65/GAPDH
i — 0.6240.12 2.244+0.24 0.3340.07
iR — 1.21+0.18" 0.56+0.12" 1.28+0.15
K KA T 30 0.82+0.10% 0.72+0.12* 0.46+0.12%
BAETR 20 0.85+0.07% 0.65+0.13" 0.69+0.09%
40 0.92+0.08* 0.78+0.12* 0.4840.11%
80 0.7940.08% 0.9440.09%& 0.5040.10%

SRS "P<0.05; HHRIMANLHE: *P<0.05; SKCHEIRAILE: “P<0.05,
P < 0.05 vs control group; *P < 0.05 vs model group; ¢P < 0.05 vs silybin group.

B B Al R R R ik mIR e
AE [ I LR B v R - MR = Bk DL K
WAL B A RER10, ANFETT R RIS 5 RIR
P, JFe i Bl e A v B A 5 A DR AR A T
JEAS AR HL BE BT AR N SRR A 5% RO AQ AR 5%
Ve S 2 o o AT, T3S o P T 2 2 T

FEUT . AW FUIE T AT SCIR R A, 18 DL mi e )

TAPRIIRTR 12 Jo S A5 e ST AU A S P g i 2
TR . SCHERIREZTER R 272 6~12 4
Z 8], AIEH 12 AR R, BERE CRAEATIE A
ORI I e 2 /KT PR S 25 O, SLRESEFF 3N
PR AR IRES RBTRIEIMIIR, BT R0,



+2698« ZE40HBEU1H 2025FE 11 A

LR S

Drugs & Clinic Vol. 40 No. 11 November 2025

MITTIE F 25 8CE PN TS101, SeIf ah IR, #iAY
R BRI IE BB = D525, i ALT f1 AST
BEFE, RN IIE, SR T Al
e I R B TRDRL S R — AR R W S R AR T

RAEIR R — P RIRZ MRS, ERACERT
IR, T2 T RE . BAE, WAE. &
RS I kSR IR A 20, Ho g2
HEZ AR, BT HBSRNPUEMEE ), B
AROHERR A AL, XA 2 PRI R A
fihe IUARFFLR, SRR T BAA R EH,
Reft Eie R AEE A B 1 B RIS A
T, IR AR, AT RS RS Zebifdk 2L
DNA 32152, ok, BRAEER v @ i) TGF-
Bl/Smad SE{RLF4EfbmEE, I BRI MG S
WUBE, AR AR TR, AT RE 27 L A 10 T
RYEERER), X SO TS RN EEAE IR IV TR A B A1
THEIRCER

AT 5 38 T 8 A IR T A A 5 1k g P
R R, R IR R R AP ThAE . I g A 28
RER T3 L, AR R VAT RS B35 B X
sefebr, RIS ER.

TEARWIAE DI B 1 0 BRI I, BERR A
NRAZ A HEEG 2 —, RN HE TR i B e % A 20>
FERERR R B AR . SR, R JE 53 /K P43 2108 i 14
5, RGHCHERE R 5 2k, X EZSHF
U P R () SR A LB R SRE IR BB IR G o B4k
99 VAR A L 5 2 A A G 14 i M P [ 4R
TAF DG R I 14 B 2850 R ) SR B R &R . TR,
) B U0 208 3 S S B A AR A O A T o P s VA
ST EE T .

VAR FEER B, AUHAR DR 5 14 s v ) 98
RS NF«B 5 5@ B 1 57 8BS B & A .
NF-xB & #GEREMZ 00T, HE5 IKK-p M
TkB-o FL[FIF R i) NF-xB 15 S8 . 7RSI
AL NR TP I (0 A AR R, IKK-B B 0E
AL, BEMIRAE IkB-o PEAR . IkB-o KT R &S
U NF-xB #BEI, i HAZEAT o, N4t
JE 8 TNF-a. IL-6+ IL-1o %5 28 FE K FIE R % 5
TIE, MM GIURIENE J o fe e Ni123-251 1% 38 g i ik
TP NRER IR 2 T B JORE R . dHMR T S A Ak
HERE,  FEACIEIAR OGP AR 5 1 9 ) B £T 4 AL 1 6 A2
R HE SRR 20

BRI, 3% IKK-p/IkB-a/NF-xB 15 5 i@, 1

il H R S, AR BONTR YT A AR 5 1 A
TR TE SRS . AR R R, BILRee %
1] IKK-B NF-kB p65 IR, [Ff i IkB-o &
FIeIk, AT R AR AH DS AR 7 12 P AH 5 2 E
SRS, ARG 2546 5 T R

g ERTR, AR, B AR
JUE 07 P P 9 B AT 3 (R R ORAP AR, A FE LR
AT REIEPIH] IKK-B 354 BHIE TkB-o P DL R 410
il NF-xB HIAZFERL, M LT BEIBT 4805 A5 5 FITBOKR,
BB IL-6. TNF-a. IL-lo Z5E & K714 B
B3 24 ST IR R R34 FH o

FBFRR PARNEHNFARELEAZFR

SE R

[1]1 S, Ea&, wkah, 55 AR LR w4
A MR 07 A A9 5 o XL Y9 S BB FRD 6T P T
& 7). ThE4RE, 2024, 27(16): 2033-2038.

[21 REH, ®AE, REN, & FE R 0 7
I I IAT R E R RAZ W R b 0], FEEA S
#k, 2023, 20(11): 158-161.

[3] Somabattini R A, Sherin S, Siva B, et al. Unravelling the
complexities of non-alcoholic steatohepatitis: The role of
metabolism, transporters, and herb-drug interactions [J].
Life Sci, 2024, 351: 122806.

[4] sk&%, 2V, EREE, 5 6K E R EERILR G
Z R A A RS P 0 A3 O B g o 4 K o
FIWETT [ P 4ARIEEY, 2025, 28(20): 2538-2545.

[6] EMHL, S/, ER, 5 BAERK LRI E K&
Hir R GRMIIE e (7). BURA S Ik
IR, 2025, 40(8): 2097-2102.

[6] LiF P, Luo J X, Xie Q Z, et al. Differential effects of
ellagic acid on non-alcoholic fatty liver disease in mice:
Grouped by urolithin A-producing capacity [J]. Food
Funct, 2025, 16(8): 3166-3179.

[71 Liu T, Zhang L Y, Joo D H, et al. NF-kB signaling in
inflammation [J]. Signal Transduct Target Ther, 2017, 2:
17023.

[8] Heida A, Gruben N, Catrysse L, et al. The hepatocyte IKK:
NF-«kB axis promotes liver steatosis by stimulating de
novo lipogenesis and cholesterol synthesis [J]. Mol Metab,
2021, 54: 101349.

[9] Luedde T, Schwabe R F. NF-kB in the liver-linking injury,
fibrosis and hepatocellular carcinoma [J]. Nat Rev
Gastroenterol Hepatol, 2011, 8(2): 108-118.

[10] Zeng T S, Zhou J, He L Z, et al. Blocking nuclear factor-

Kappa B protects against diet-induced hepatic steatosis



F4EBFENY 20252211 H AKHWwH%AE  Drugs & Clinic Vol. 40 No. 11 November 2025 -+ 2699 «
and insulin resistance in mice [J]. PLoS One, 2016, 11(3): [18] X4E, F5%, Mip, 2. M1 B E R4k 5 iR

[11]

[12]

[13]

[14]

[15]

[16]

[17]

¢0149677.

Sun W L Liu P P, Yang B D, et al. A network pharmacology
approach: Inhibition of the NF-xB signaling pathway
contributes to the NASH preventative effect of an
Oroxylum indicum seed extract in oleic acid-stimulated
HepG2 cells and high-fat diet-fed rats [J]. Phytomedicine,
2021, 88: 153498.

wMERE, BEHEAR, T4, 55 AR YE T X USRS
AT AL R BRI 250 5 S e AR AT 0], BAR
PHEESE & 28 K, 2025, 34(9): 1202-1208.

Li Z H, Li J, He S L, et al. Ellagic acid modulates
necroptosis, autophagy, inflammations, and stress to
ameliorate nonalcoholic liver fatty disease in a rat model
[J]. Food Sci Nutr, 2025, 13(1): e4694.

FKEE, WD, B o 2GR A B ia A A O
e Wi tE FF R i st B[] R B ZG, 2025, 56(10):
3688-3698.

Ishigure T, Sasase T, Tohma M, et al. Choline-deficient
diet-induced MAFLD animal model recaptures core
human pathophysiology with similar gene co-expression
networks [J]. In Vivo, 2023, 37(4): 1517-1531.

Yue Q, Wang X, Liu Y, et al. Hepatoprotective effects of
fermented laminaria japonica in oleic acid-induced HepG2
cells and in a high-fat diet-induced MAFLD mice model
via activating the SIRT1 signaling pathway [J]. J Food
Biochem, 2025, 2025(1): 1706266.

Sani F, Parsa S, Falamarzi K, et al. Innovative approaches
to MAFLD: Exploring the role of nicotinamide in
multicellular microtissue models of liver fibrosis [J]. J Cell
Mol Med, 2025, 29(11): €70606.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

B 31 NAFLD AHSGHERT ST [J]. B REERFR 244K,
2025, 50(5): 595-601.

Zhao Q J, Zhou Q Q, Liu K, et al. Lipidomics reveals the
lipid-lowering and hepatoprotective effects of Celosia
Semen on high-fat diet-induced MAFLD mice [J]. J
Ethnopharmacol, 2025, 337(Pt 2): 118922.
Ghoncheh-Moghadam F, Asoodeh A, Vaezi-Kakhki A.
Ellagic acid-zinc oxide nanoparticles show antioxidant,
antibacterial activities and induce apoptosis in lung cancer
A549 cells [J]. J Biomed Mater Res B Appl Biomater,
2025, 113(8): e35604.

Wojtunik-Kulesza K, Nizinski P, Krajewska A, et al.
Therapeutic potential of ellagic acid in liver diseases [J].
Molecules, 2025, 30(12): 2596.

Kim S J, Song B J, Cho Y E. Pomegranate-derived
exosome-like nanovesicles containing ellagic acid
alleviate gut leakage and liver injury in MASLD [J]. Food
Sci Nutr, 2025, 13(4): ¢70088.

XUZS, BFE, XIS IKK/IKB/NF-kB {5 51 2 BT &%
WGPRNH [T, SEFIEE2AZ4 A, 2008, 24(23): 4147-4149.
Liu N, Zhang G X, Niu Y T, ef al. Anti-inflammatory and
analgesic activities of indigo through regulating the
IKKB/IkB/NF-kB pathway in mice [J]. Food Funct, 2020,
11(10): 8537-8546.

Shoelson S E, Lee J, Yuan M. Inflammation and the
IKKB/IkB/NF-kB axis in obesity- and diet-induced insulin
resistance [J]. Intern J Obes, 2003, 27(3): S49-S52.

FH RILTE, TR, & HET IKKB/NF-«B HEH 7T
BRI T BUR£F de A A L] (0], h e BE 250
£, 2022, 37(8): 4805-4809.

[Fies  &iR]



