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W E. BB ICAK T & B EE (aspirin eugenol ester, AEE) Xt JIg 5 AT H Ifit 25 4 1iF (fatty liver hemorrhagic
syndrome, FLHS) 2548 B 52 410 W 80F 58 RE B0 (9 T 7 48 J1T o 36 065 20 it R Y 160 H % 1 =2 #9946 XG , B ML 43
51, RFA 138, 25 [ BT (Control) 1 M LA FRR 5 B 781 20 (high-energy low-protein diet, HELP) FIIK i &5 57 4
AEE % 241 (AEE-L \AEE-M AEE-H) ¥ 15 I & R AR 2 1 H R, IR AR 40 25 09 MK 5, 40 91 76 v RE A 2R 1 HORR e s Jin
0.25.50.100 mg-kg ' &) VT AR T 7 M3 i . 255 W7R , AH3E T Control 41, HELP 2 8548 51 S A7 BI] 58 A9 K /INAS S5 14 i
7 2530 s AR T HELP 41, AEE 21 B 88 41 BUI8 B 2= Y0 20 B35k 2 o R T Control 41, HELP 4185 48 1 58 rp i 41k
Wy 15 AL Tl (superoxide dismutase, SOD) \#F bt H Bk i 0L 9 1t ( glutathione peroxidase, GSH) | i % fb & fff ( catalase,
CAT) I 1 3 B AL, 9 B (malondialdehyde , MDA ) 7K - i 2 F} &% (P<C0. 05) ; A48 F HELP 41, N [Fl 7 & AEE
41 SOD \CAT . GSH {f T 12 3 34 fil , MDA JK - 12 2% 38 b (P<<0.05) , SOD fl CAT mRNA ¥ 5% . % It & (P<<
0.05), A% T Control 4l , HELP 4 2 %% 5 81 fp Jr A (L M G L I A ZE 1, Wi B I 7 E2 A 26 I F 2 (nuclear factor
erythroid-2-related factor 2, Nrf2) | it & 1k i JiL filf 1 (NADPH : Quinone Oxidoreductasel, NQO1) . IfiL £ 2 Jinl & fiff 1
(heme oxygenase-1,HO-1) ik I Z G, kelch B ECH JCBK 7K 11 1 (kelch-like ECH-associated protein 1, Keapl) %
KR TR (P<<0.05)  #l4 T HELP 41, AR 54 AEE 20 Nrf2 NQO1 . HO-1 3£ K Fl#E 1 #2 ik W 3% TH 55, Keapl &
ik 5 AR (P<C0. 05) . M4 T Control 41 , HELP 20 2 X% b 5 v 48 1 [N T 11 40 i 4 % 18 (interleukin-18,IL-18) .
41 s A~ % 6 (interleukin-6,1L-6) .98 ¥R 3L [ F o (tumor necrosis factor-a, TNF -a) mRNA %% 5% i 3% T+ 5, 98 i A1 56
F [ F 2 M (toll-like receptor 4, TLR4) 4% K F kB (nuclear factor kappa B, NF-kB) . # f2 1k p65 (phosphorylated
p65, p-p65) F ik i 3 i (P<C0. 05) ; M F HELP 41, Al & AEE 41 IL-1B8.IL-6 . TNF-a . TLR4 .NF -xB 3 A
B SR W I/, p-p65 B 3R 1A W E R (P<C0.05) o Z5 b, XS i I I 10 i 25 5 AF ) S 35000 51 % AF S Ak B oRn %
i SV 5 78 BE AR 1 HORR P IS I [ 0] i AEE XA 105 T 5 100 2585 A1 2530 OF S8 405 40— 2 19 BB 8028 -
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Abstract: This study aimed to investigate preventive effects of aspirin eugenol ester (AEE) on
oxidative stress and inflammatory response in the ovaries of hens with fatty liver hemorrhagic
syndrome (FLHS). A total of sixty-five 160-day-old Hy-Line Brown laying hens were randomly
assigned to five groups, each containing 13 hens. The control group (Control) was fed a basal diet,
while the model group (high-energy low-protein diet, HELP) and low-, medium-, and high-dose
AEE treatment groups (AEE-L, AEE-M, AEE-H) were all fed a high-energy low-protein diet
supplemented with 0, 25, 50, and 100 mg-kg™' aspirin eugenol ester, respectively. The results
showed that, compared with the control group, the ovaries of laying hens in the HELP group
exhibited distinct lipid vacuoles of varying sizes. In contrast, the number of lipid vacuoles in the
ovarian tissue was significantly reduced in the AEE-treated groups compared with the HELP group.
Compared with the control group, the activities of SOD, GSH, and CAT in the ovaries of hens in the
HELP group were significantly decreased, while the level of MDA was significantly increased (P<<
0.05). In contrast, AEE treatment groups demonstrated significantly enhanced SOD, CAT, and
GSH activities and reduced MDA levels and significantly upregulated SOD and CAT mRNA
transcription compared with the HELP group (P<C0.05). Compared with the Control group, the
expression levels of antioxidant-related genes and proteins Nrf2, NQO1, and HO-1 were significantly
decreased in the ovaries of hens in the HELP group, while the expression of Keapl was significantly
increased (P<C0.05). In contrast, the AEE-treated groups showed significantly increased expression
of Nrf2, NQO1, and HO-1 and decreased expression of Keapl compared with the HELP group (P<<
0.05). Compared with the control group, the mRNA transcription levels of inflammatory cytokines
IL-1B, IL-6, and TNF-a were significantly increased in the ovaries of hens in the HELP group. In
addition, the expression levels of inflammation-related genes and proteins-including TLR4, NF-kB,
and p-p65 were also significantly elevated (P<C0.05). In contrast, AEE treatment groups exhibited
significantly reduced expression of IL-183, IL-6, TNF-a, TLR4 and NF-kB genes, along with
significantly decreased p-p65 protein expression compared to the HELP group (P<C0.05). In
summary, fatty liver hemorrhagic syndrome in laying hens can induce ovarian oxidative stress and
inflammatory responses. Supplementation with varying doses of AEE demonstrated preventive effects
against ovarian damage in laying hens with fatty liver hemorrhagic syndrome.

Keywords: aspirin eugenol ester; fatty liver hemorrhagic syndrome in laying hens; ovary; oxidative
stress; inflammation
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oxygen species, ROS) Fl i P & (reactive nitrogen
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f i W IR, 23 A K B ROS 5215 i A 1k %
NV TR I Y 7 AR B ROS A] S5 3507 i A4 B il , 1k
7 38 3% 1% I 7 kB (NF-«B) 48 4 38 % , /2 3k 1L-1p.
IL-6 . TNF-a % & 4E K+ 19 7 5%, i & il & % 5E
J R

Bl & DU AR T W B (AEE) & R 85 4 8F A 1
25 21 i 3 B R TR 5T 1 2R AT R Ak A8 T A
L — RO AL 2 AL A& B AR PR
U T B I IR 4 22 b 25 BEE RS, SOD VGSH,
CATEN =Fh LRy N IEPE A il 2R B0, 7R 47
BUIAR B AL 5 P00 Ak - i, O 4 4l i e 52 AR i 1
FEOCHEAE . MDA 25 Bt S Ak 7™ 9, 2 2 1A
=R AR I E =R A R T8 /R 1) 32 2 N
VE MK 3 42 55 SOD . GSH  CAT i 4 Fl f& Ik MDA
KA Bl it A 3R M R 35 5 1Y) 22 0 O 2R 5 K R
IR HLARI . AEE A B0 XY FLHS i 24E 7= Mg
Jf H B 48 = FLHS S I i b me . T
AEE BB 78 R, M AEE o] B8 X FLHS 2 49 5
HL A A N ORI 98 RE B B A — 5 B TR AR
U, A3 56 58 Ao BRI 1 HORE S XY FLHS 1)
e B FEAE RL R RN AEE 0k ) % 2 XS 51 4T
SAALEE 1 B S E R IS, B 78 K AEE I & AR
Bij i 0 FLHS 8157 25 9 52 (3 R 48 .

1 #MRE7RZX
1.1 R

Bf E] VT AR T A B BE (AEE) Bk ) (5 i
99. 8% , 1 H ROl B2 Be 22 M B S B2 B
B ) 5 U 224 EE X CH A =2 MTT 5 2235 4 A 3R
) ALY AL (SOD) (1 S b &l (CAT) |
2% B OBk Ak B wE (GSHD LY - #% (MDA)
ELISA K 57 & ( L BB ) ; TRIzol Reagent Fll
10% M f /R 5 Mk (% 3¢ 5 ) 5 PrimeScript RT
Master Mix #1 TB Green Premix Ex Taq( 5 4= 4 T.
) s BCA G 1 750 & A 4 5k 7Y ECL & 6 i (JE 4
/K ) 3 — L Anti-Nrf2, Anti-Keapl. Anti-NQO1 ,
Anti-HO-1 fil Anti-B-actin( &I = J& ) ; — 4T Anti-p-
p65. Anti-p65( 3L LI HF) s —HT HRP #ric i 1L F- 4t

e IgG (R = &) .
1.2 REHESRFEERE

VeI 65 P B (9 160 H % 5 2 48 Y, BEHL 4>
M SHLL B 13, 25 (X R4 (Control) 4l MR JE il
HOH s B 2H (HELP) AUIE .o & 0 i AEE 45 25 40
(AEE-L ,AEE-M,AEE-H) ¥/ M2 &5 fig (£ & 11 H
G ST N T s N N = 0 o e S W E R
IRI0.25,50,100 mg-kg " Fu] &1 DT AR T A W fig Bk:
o ZHNRC(1994) 2 49 8 35 75 2R g 8 21 i 1)
W5 E i B filt FORR A = AR A 2 1 HORRE™ JR il HORR
s BN R A R B T L& 1. AR
RO, BRI 16 h, % 1F 3 5 8 12 7
PR W 7 d, iR 561 90 d.
1.3 #MIERF A E
1.3.1 BRAZURE  WRETARE K5 5K
e, 38 38 290 B0 DK B I 22 AR K, I R B O DR S B
AN HLZH LT, A B PBS b 25 B 26 i 09 1L 3 -
1.3.2 A i Ak 38 R 4G DU e — &893 5P 51 2H 2R
F 1056 A R b [, T 5 O 55 21 40
BRAS AL 5 55 — BB 43 09 51 4 25 BDAE T A P R
ZJ5 —80 CLRAF , FF FH Ot a2 1t PCR AR I A7) &5
S D0 B HE bR 404k ) K i (SOD) i 4 Ak S
(CAT) . #F e H Bk i & b ¥ i (GSH) AN — 8%
(MDA ) 7K it S8 Ak 5 E A G 36 TR R 1 63k .
1.4 HALFREFWE

W 250 B 5 41 21 5 F 10% P M AR R S Ak
24 h g WU SR AT A AL 30 FH U R BLYTAE 5 pm
VIR B 5 47 HE 4 €6, 76 %27 B 3UBE T WLE2 B 8L
LR B AR AL
1.5 MEMNIERGN

W VR AF 1 91 B4 U0 AR A ELTS A A6 I 38 751
& UL I e R &2 24 b SOD L CAT . GSH #il
MDA /K-,
1.6 EHEWRNXEEZPCRKE

TR AR X B 5 b AR ORE AR oG R (TL -1,
IL-6, TNF-a,NF-kB, TLR4) Fl ¥t & 1k A 5 3 [
(SOD1.CAT . Nrf2 ,HO-1,Keapl .NQO1) iy # %t
BESRir . B URAE R UP B UL ORI TRIzol i 42
I 21 ) RNA, S0 A% R o 2 A0k U RNA T it
GG AR TaKaRa 2 % 55050 & U6 W] 5K RNA
2 55 8 cDNA L F] ] Primer5. 0 384353151 91 )%
G, 51 e 8 03 2. Bl i JRROBE R &R A 96 fL
M S, AR B0 o {28 Ot & PCRAX#EAT RT-
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Table 1 Composition and nutrient levels of basal and high-energy low-protein diet (air-dry basis) %

i H Items

e qifh H MY Basic diet

& & Content
=N

i BB AL M H R High-energy low-protein diet

JFEL Ingredients

F K Corn 64.00
K1 Soybean meal 26.00
7.3l Soybean oil
#5 Calcium 8.00
W B Premix’ 2.00
it Total 100. 00
H 37K Nutrient level
feiHaE ME/ (kI'kg ) 11 248. 64
ML F B CP 15.50
AR AP 0.53
AR Arg 1.03
H AR Met 0.37
MM Val 0.77
AR+ F =R Met+Cys 0.67

70.00
15.78
4.22
8.00
2.00
100. 00

13 212.22
12.30
0.51
0.74
0.32
0.58
0.56

TR RE g A T v AR MR AL 4 2R A 7 500 TUL, 4R % D 3500 IU, 4EA4= 2 E 151U, 44 £ K 2 mg, 44 % B, 20 mg, 4i 4= %
Bs 64 mg, #E/E K B, 0.1 mg, 4E4 K B, 1 mg, 464 FK B, 0.01 mg, X R 4 mg, il R 2 mg, iZ B 5 5 mg, i 0. 045 mg, %

21 mg, %k 45 mg,H1 6 mg, ML 0. 034 mg, ¥F 34 mg

The premix provides the following per kg of diets: VA 7 500 IU, VD 3 500 IU, VE 151U, VK 2 mg, VB, 20 mg, VB, 64 mg,
VB;0.1mg, VB, 1 mg, VB;,0.01 mg, Riboflavin 4 mg, Thiamine 2 mg, Calcium pantothenate 5 mg, Se 0. 045 mg, Mn 21 mg,

Fe 45mg, Cu6mg, 10.034 mg, Zn 34 mg

qPCR &, J Ry 214 R 95 °C 305,95 °C 5 s,
60 °C 30 s, fEFR 409K ,72°C 10 s, AR 27>t
BAH B DR B A X S i T A 28R TR B-actin #F
1R X} 7 S i 3 B, DA T e T2 A T
1.7 Western blot % il

W R FE R BE A 21 A TR 1 RIPA (&
1 mmol-L ™' PMSF) ", Z£ H 4151 3 A B )&% 5 min,
B 5 e 4 “CZL# 30 min, 7E 4 “CLL 12 000 remin ' &5
> 10 min, B0 5 W E FIEW . %5 T BCA H A
I 5] G T A P R AR A ARG T ) 4 2R R A
WL IF B AR & B T EAT R AR R AL B L AR
S A (30 pg) AR IEFT SDS-PAGE B
VK, B G AR VKR S T BN PVDF B F 8 ik
EAEBHMAWES , ZERERHA LN S E M5
(1: 1000 M BE)AE 4 CHRAMFTIME K. B K7
FIRAME TS P E %R IgG-HRP(1: 3 000 i F%)
PEATIEE 1 h, 5 i A58 8 ECL k2% &6, 7
BEGA P R I

1.8 HIEHH

B4l % F] SPSS Statistics 25. 0 8 {4 #4748 143
Br, R B &K T 22 45 1 (One-way ANOVA) fil £
H IR (LSD) , 4 B Bodls 0 & 1k o e A 45 21— U
‘"R, P<0.05F R ERBEF,P>0.05F%K R
= S3AWE , Ml GraphPad Prism 9. 1 & 4 # 17
1R .

2 & R
2.1 AEEXEMHHNEEMEEBINERTH
=AU

i TA~E A AL, AH AL T 0 BE2H A5 A0 24 2R XY
R A S AN [T R Py Edn i e N N
i AEE 2108 05 i B @ d /b o AEE-H 4118 T
AEE-M M1 AEE-L 41, K&l 1F %% , HELP 4115 i i
B o A W35 T s s 5 HELP A0 H L AN ) 5
= AEE 4115 5 7 5= W & >, AEE-H 4 i T
AEE-L 1 AEE-M 4 .
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Table 2 Real-time fluorescent quantitative PCR amplification primers

B[R 44 B 1917 51 (5'>3") R

Gene name

Primer sequences

Accession No.

IL-18

IL-6

TNF-a

NF-«B

TLR4

SOD1

CAT

Nrf2

HO-1

Keapl

NQO1

[-actin

F: ACTGGGCATCAAGGGCTA
R: GGTAGAAGATGAAGCGGGTC
F: AGGACGAGATGTGCAAGAAGT
R: TTGGGCAGGTTGAGGTTGTT
F: GCCCTTCCTGTAACCAGATG
R: ACACGACAGCCAAGTCAACG

F: TCAACGCAGGACCTAAAGACAT
R: GCAGATAGCCAAGTTCAGGATG

F: GGATCTTTCAAGGTGCCACA
R: CAAGTGTCCGATGGGTAGGT
F: GGTGCTCACTTTAATCCTG
R: CTACTTCTGCCACTCCTCC
F: TGCAAGGCGAAAGTGTTTGA
R: CCCACAAGATCCCAGTTACCT
F: ATCACCTCTTCTGCACCGAA
R: GCTTTCTCCCGCTCTTTCTG
F: CTTCGCACAAGGAGTGTTAAC
R: CATCCTGCTTGTCCTCTCAC
F: TGCCCCTGTGGTCAAAGTG
R: GGTTCGGTTACCGTCCTGC
F: CGCACCCTGAGAAAACCTCT
R: TTCTTGAGGGGTCCGGTGAT
F: AGCGAACGCCCCCAAAGTTCT
R: AGCTGGGCTGTTGCCTTCACA

NM_204524. 2

NM_204628. 2

NM_204267.2

NM_205134

KP410249. 1

NM_205064. 2

NM_001031215. 2

NM_205117. 2

NM_205344. 2

MN416132. 1

NM_001277620. 2

NM_205518

F. L#E51¥905R. Mg

F. Forward primer; R. Reverse primer

2.2 AEEXWEMFFHMESEZEEIER S EE
R REA

F Pl 2A~D Al 1, R BAZE AR L, 4750 2 26 X0 B3 5
4 SOD.CAT.GSH i 1 & & FE AL (P<<0. 05) ,
MD A ZK- i Z N (P<C0. 05) ; AHE R4, , AEE-L
ZH SOD,CAT.GSH, MDA i 1 & & # 7% 1k (P>
0.05),AEE-MAIAEE-H4{ SOD . CAT .GSH % &
FHEIN(P<<0. 05) , MDA /K-8 FFEAL(P<<0. 05).,
2.3 AEEXMEMFHMNESEEBIPER KL HE
XERAMEARIENFIG

F P&l SA~TF BJ %01, 5 750 2] 2 X B 5 21 40 Noy2
I NQO1 ) mRNA #% 5 f W 2 A% T X B 4] (P<<
0.05) , Keapl B mRNA % 5% & & % & T X 18 41
(P<<0.05) ,HO-1.SOD .CAT 1) mRNA # F & 5

X R4 2 ORI % (P>0.05) ; AEE-L 41 Nr/2.,
HO-1,CAT ) mRNA ¥ 5t i 58820 2% e K i &
(P>0.05) , AEE-M Ml AEE-H 4 Nrf2. HO-1,
CAT ) mRNA ¥ 5 5 8 % 5 TR AIZH (P<<0.05),
AEE-L. AEE-M. AEE-H 4 NQO1 # SOD f#
mRNA %% 56 5 1 35 5 T BB 4] (P<<0.05) , Keapl
) mRNA ¥ 5g & 8 0 TR A A (P<<0.05) . H
Bl 3G~K AJ A1, A B2 AH e, B8 2H Nrf2 (NQO1 .,
HO-1 # 1 3k 5 i 3 B I (P<<0. 05) , Keapl 5
kB B FTHE (P<<0.05) ; M FHIEI4] , AEE-L
41 Nrf2 NQO1 . HO-1# H &b & 2% 7 A& (P>
0.05), AEE-M fil AEE-H 4 Nrf2 NQO1 ,HO-1 %
%3k & W% 7F i/ (P<<0.05) , AEE-L 1 AEE-H
21 Keapl 8 [ #3157 i # PR AL (P<C0. 05) .



1104 w7 O B OBE o R 57 %

G 0 8 M ok B
The relative counts of fat droplets

215 Group
A XHIRAL B BERALC. AEE R BE41;D. AEE PRI E. AEE @yl B4 F. S 7 5 ARG S0 5 20 6 iy Sk AUR M il =
Mo ARG FhE IR 22 7 A B3 (P>0.05) , A A)/NE FhkRoR 22 7 3 (P<<0.05) . T IA
A. Control; B. HELP; C. AEE-L; D. AEE-M; E. AEE-H; F. The relative counts of fat droplets; The red arrows indicate
lipid droplet vacuoles. The same lowercase letters indicate no significant difference (P=>0. 05) , different lowercase letters indicate
significant difference (P<C0. 05). The same as below
1 REAAYIF HERE(EA~EH,HER=20 pm)
Fig. 1 HE staining of ovary tissue sections (In FigA-E, scale bar=20 pm)
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Fig. 2 Effects of AEE on ovary antioxidant indicators
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A. Nrf2 mRNA #%F# 555 B, Keapl mRNA A6 5 i ; C. NQO1 mRNA A% # 5t it ;D HO-1 mRNA H % % 5 i
E. SOD mRMA X} % 3t i ;F. CAT mRNA A% it G, Western blot 4525 s H. Nrf2 2 (1A % 335 45t 1. Keap & (1 AH X
RIEEE ] NQOL & H AR kit s K. HO-1 8 H AN ik it

A. The relative transcription of Nrf2 mRNA; B. The relative transcription of Keapl mRNA; C. The relative transcription of
NQO1 mRNA; D. The relative transcription of HO-1 mRNA; E. The relative transcription of SOD mRNA; F. The relative
transcription of CAT mRNA; G. The result of Western blot; H. The relative expression of Nrf2 protein; I. The relative
expression of Keapl protein;J. The relative expression of NQO1 protein; K. The relative expression of HO-1 protein

B3 AEEXMMEAAmAENERMEBRENZM

Fig. 3 Effects of AEE on ovary antioxidant gene and protein expression
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2.4 AEE X3 g i BY Hi I 47 & 1 5 38 B & 5% fE 18 2%
EEMEARIENZIG

M 4A~E BT, 5 0 B8 20 A e, A5 80 41 26 XY
B 4l 4 h TLR4 \NF-«B IL-18.IL-6 . TNF-a [fy
mRNA % 55 g i 3 8 i (P<<0. 05) ; SR 4 H L,
AEE-L.AEE-M.AEE-H 41 NF-«B 1 TNF-«
mRNA F 5t i g F FE AL (P<<0. 05) ,AEE-M . AEE-
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Fig. 4 Effects of AEE on ovary inflammation gene and protein expression

3 3 i
Y FLHS & —Fh 5 % 10 N 3R 56 59 18 15 i 15
PRGN, A S B PR A R A A T R, L AE

T RN T R A0 R O R Bk RE I
A (HELP) Al 35 & 82X FLHS , AU # 4=
P e T LS 3 O A AN B SR R R AR B
9% % e Re IR AR 1 3OS 5 A0 & AR R 7 i



2 ) e ) DR T I T K I T 1 45 A iF B XS B0 S5 R Ak 7 TR 46 E I T 7 4 P 1107

CEBAE %7 VR R L Y FLHS R (14 S 77 )5 %2
AR KB, 5% AL A e, HELP 41 9 7= 285 % i 3
R ARG, B9 5 20 20 B0 A M 728 M 5 i B 5 4 21—
B RO Y FLHS A58 gl s g 57 . AW 5 it
— IR SE, AEE 0K R % 045 B9 5508 1 A8 1

BN FLHS 5 404k N R 28 05E 25 VI A ¢, nl &
FOP 5T RE BRI OF 51 & A GE HLRE AR BEgE
W, PR R B E E XY P E R S IR )
A0 ARG 25 R BN, BB AR P 1 R A A XY
P ik SOD \CAT .GSH ¥ P i F FE K, MDA & &
W E TR IL-18 . TNF-a f1 IL-6 /) mRNA ¥ 5% i 3%
Tt i, 2 B IR v B I AR 1 O T S SRR P SR AR
00 RN R RE BN N, 2 25 5 Xing %6 BF 5%
ZER—3. NI R, AEE 7E MR A B oA BY
0 T 4 AR S PR R T BT AR ORE AR G X3 R e AR
FHUTE0 0 AEE 38 i £ K B BRL-3A 48 it
H1SOD .GSH .CAT i P I B I MDA & &, AT 22
fife B R AN S 0 AR B . A6 BT R
AEE 0] FEAIK D=2 ZUBE 5 S 09 3 22 /0y BRI I 0 D
MDA /K- A#F5EH , AEE it EiH SOD . CAT,
GSH i ¥ B T i MDA 7K °F- 3k 3 5% B9 L §1 % 1 B
71, VA B AEE fiig 5. 25 40 i 5 0 AH OC 58 R 1 3R 3k L X
SHT AR LS A2, KW AEE R]H 2% % g
IR 1 H O S 350 B X B 5 4010 R AR RE 5405 o

VB bt Ak B I 1 56 B 9 4% X, Nirf2 ] 38 i
A5 T WE BT b T T M R SR 0 L A SR AR
PR EEEH . EEEL R, Nrf2 5 Keapl 45
B 1 E AL N ORI 5 Keapl fif 85, 3E 1 I8 2
NQO1.HO-1 % T i 7 1 3k Toll B %2
A A A 90 2 I e ke G B T, AR 5 0 AT ek
NF-kB {5 5 0 B, NF-kB #3405 , 15 5 RIE
5 TL-18 . TNF -a il TL-6 B £ 35 , X 26 5 178 5 Wi
JEFA5L 405 v R G R T BIFSE R B, AEE AT 3E
b BTG Nrf2 {5 530 H 22 fifk 804k 1 SO0 19 28 Bt 4 Ak
AE A1 e ARBFSEAR I T FLHS 249 B §i Nrf2
i B A R T E gk . 45 R R, AEE I 3 1 oF
Nrf2 . HO-1 ,NQO1.SOD ,CAT mRNA %% 55 F1 41 #]
Keapl B % 5%, B (1 45 ROABE Fak 85 R
AN, AW & I, HELP 4175 X% Bl 4 b TLR4 B A
Fl p-p65 &K 1 R I8 T+, R W] NF-«B 15 5 38 #% 8% 4
o RS HTAWIIE FLHS X9 51 85 48 0F i 25
— DL g5 R R AEE 7T 583 o B Nri2
T I B ) NF B 38 35 5 4 S Ak i 1k S il

HERE HE K 3k, T 2% 1% FLHS 25 X B 5 48 Ak 15 15
NG AE SN o

S TR PR G LU= Y s S WE R A & .
FLHS, 5| iz b9 § 1 1)j ; AEE ik 77 o] A 8% 2% fi#
FLHS #2345 S 4514 .

4 & ®

T W HELP H M 45 51 X FLHS, &5 30op 58
SE AL IS RN 48 RE IV s AEE S50k ) 7T g 8 4 25 B gL
Bt A Ab AB 7RI R ORE RN o AR BIF 5 45 2R O
AEE JF & W85 i PR B 16 48 FLHS (1458 74 25 )
B8 S

5 % 3Lk (References) :

[1] SONG Y L,RUANJ M, LUO J R, et al. Abnormal
histopathology, fat percent and hepatic apolipoprotein
A T and apolipoprotein B100 mRNA expression in fatty
liver hemorrhagic syndrome and their improvement by
soybean lecithin [J]. Poult Sci, 2017, 96 (10) : 3559-
3563.

[2] GAO X N,LIU P,WU C, et al. Effects of fatty liver
hemorrhagic syndrome on the AMP-activated protein
kinase signaling pathway in laying hens[J]. Poult Sci,
2019,98(5):2201-2210.

[3] YEH E, WOOD R D, LEESON S, et al. Effect of
dietary omega-3 and omega-6 fatty acids on clotting
activities of Factor V, VII and X in fatty liver
haemorrhagic syndrome-susceptible laying hens[J]. Br
Poult Sci,2009,50(3) : 382-392.

[4] TROTT K A, GIANNITTI F, RIMOLDI G, et al.
Fatty liver hemorrhagic syndrome in the backyard
chicken: a retrospective histopathologic case series[J].
Vet Pathol,2014,51(4):787-795.

[ 5] XING CH,WANG Y,DAI X Y,et al. The protective
effects of resveratrol on antioxidant function and the
mRNA expression of inflammatory cytokines in the
ovaries of hens with fatty liver hemorrhagic syndrome
[J]. Poult Sci,2020,99(2) :1019-1027.

[ 6] NEUSCHWANDER-TETRI B A. Fatty liver and
the metabolic syndrome[J]. Curr Opin Gastroenterol,
2007,23(2):193-198.

[7] WALZEM R L, SIMON C, MORISHITA T, et al.
Fatty liver hemorrhagic syndrome in hens overfed a
purified diet. Selected enzyme activities and liver
histology in relation to liver hemorrhage and

reproductive performance[J]. Poult Sci, 1993,72(8) :



1108 BN R % 57 %
1479-1491. fat diet[ J]. Lipids Health Dis,2016,15(1) : 196.

[ 8] SHINI A, SHINI S, BRYDEN W L. Fatty liver [19] KARAM M S 1. B ] UCAK T 5 By lg B 16 & M 10 5E )
haemorrhagic syndrome occurrence in laying hens: PR B HAR I 22 5T [ D ). b ot b [ Rl B 22 B
impact of production system [J]. Avian Pathol, 2019, 2016:1-108.
48(1):25-34. KARAM M S 1. The prevention and cure effects of

[9] LIUZC,XIEY L,CHANG C J, et al. Feed intake aspirin  eugenol ester on hyperlipidemia and its
alters immune cell functions and ovarian infiltration in metabonomics [D]. Beijing: Chinese Academy of
broiler hens: implications for reproductive performance Agricultural Sciences, 2016:1-108. (in Chinese)

[J]. Biol Reprod,2014,90(6) :134. [20] <7 . KAl w) DR bR T 35 W e 1 9903l bk ok A A N 9

[10] TAO W J,JINF,FAN Q W, et al. Effects of chitosan Biy i A 69 £F 0 R EE T AL LRI (D). Jb st o
oligosaccharide on production performance, egg quality R BFBE ,2018:1-120.
and ovarian function in laying hens with fatty liver MA N. Effects and omics-based mechanism of aspirin
syndromel[ J]. Animals,2022,12(18) : 2465. eugenol ester on intervention of atherosclerosis and

[11] KAPLOWITZ N. Mechanisms of liver cell injury[J]. prevention of thrombosis[ D ]. Beijing: Chinese Academy
J Hepatol,2000,32:39-47. of Agricultural Sciences,2018:1-120. (in Chinese)

[12] BENNETT S, GRANT M M, ALDRED S. [21] SHEN C, CHENG W, YU P, et al. Resveratrol
Oxidative stress in vascular dementia and Alzheimer’s pretreatment  attenuates  injury and  promotes
disease: a common pathology [J]. J Alzheimers Dis, proliferation of neural stem cells following oxygen-
2009,17(2) :245-257. glucose deprivation/reoxygenation by upregulating the

[13] WU X L,ZOU X Y, ZHANG M, et al. Osteocalcin expression of Nrf2, HO-1 and NQO1 in vitro[J]. Mol
prevents insulin resistance, hepatic inflammation, and Med Rep,2016,14(4) : 3646-3654.
activates autophagy associated with high-fat diet- [22] OLANIYAN O T,BAMIDELE O, UCHE S, et al.
induced fatty liver hemorrhagic syndrome in aged Ovarian metabolic activity in dehydroepiandrosterone-
laying hens[J]. Poult Sci,2021,100(1) :73-83. induced polycystic ovary in Wistar rats treated with

[14] ZHU Y, ZHANG X L, DU P F, et al. Dietary aspirin[ J]. JBRA Assist Reprod,2020,24(1) :41-54.
herbaceous mixture supplementation reduced hepatic [23] DALE N. National research council nutrient requirements
lipid deposition and improved hepatic health status in of poultry-ninth revised edition[J]. J Appl Poult Res,
post-peak laying hens [J]. Poult Sci, 2022, 101 (6) : 1994,3(1):101.

101870. [24] YANG F,RUAN JM,WANG T C, et al. Improving

[15] YAO Y, WANG H H, YANG Y, et al effect of dietary soybean phospholipids supplement on
Dehydroepiandrosterone activates the GPER-mediated hepatic and serum indexes relevant to fatty liver
AMPK signaling pathway to alleviate the oxidative hemorrhagic syndrome in laying hens[J]. Anim Sci J,
stress and inflammatory response in laying hens fed 2017,88(11):1860-1869.
with high-energy and low-protein diets [J]. Life Sci, [25] ROZENBOIM I, MAHATO J, COHEN N A, et al.
2022,308:120926. Low protein and high-energy diet: a possible natural

[16] YAO Y, WANG H H, YANG Y, et al cause of fatty liver hemorrhagic syndrome in caged
Dehydroepiandrosterone protects against oleic acid- White Leghorn laying hens [J]. Poult Sci, 2016, 95
triggered mitochondrial dysfunction to relieve oxidative (3):612-21.
stress and inflammation via activation of the AMPK- [26] SB/EC,EIE R, &4, 4 . SRk B B R EBUE N
Nrf2 axis by targeting GPR30 in hepatocytes[J]. Mo/ JHF 3 1l &35 5 AR X 40 4 Ak AR O R R R B ST LT L
Immunol,2023,155:110-123. el 4 PR 2 4, 2010, 30(6) : 829-832.

[17] TAO Q,ZHANG Z D, QIN Z, et al. Aspirin eugenol GUO X Q,HU G L,CAO H B, et al. Antioxidative
ester alleviates lipopolysaccharide-induced acute lung functions and liver injury in laying hens with fatty liver
injury in rats while stabilizing serum metabolites levels hemorrhagic sydrome induced by high energy-low
[J]. Front Immunol,2022,13:939106. protein diet[J]. Chinese Journal of Veterinary Science,

[18] KARAM I,MA N, LIU X W, et al. Lowering effects 2010,30(6) :829-832. (in Chinese)
of aspirin eugenol ester on blood lipids in rats with high [27] Ak . B 2 X 46 X9 i 05 I L il &5 5 A0 191 By 80C5R



2 G 0267 T ) DGR T 0 X A T 4 a5 A F 5 XS 0 S 0 8 S T 1 1109
T LD ). W PH AL AR MR R, 2015 1-58. HIAFFELD ] dbst: A E A B 2B, 20241 1-108.
YANG C J. Prophylactic effect of polysavone on fatty LI D J. Effects and mechanisms of lipid metabolism in
liver hemorrhagic syndrome in laying hens [D]. laying hens by Lactiplantibacillus plantarum FRT4
Yangling: Northwest A&.F University, 2015: 1-58. (in [D]. Beijing: Chinese Academy of Agricultural Sciences,
Chinese) 2024 :1-108. (in Chinese)

[28] SHINIS,SHINI A,BRYDEN W L. Unravelling fatty ~ [34] MOTOHASHI H, YAMAMOTO M. Nrf2-Keapl
liver haemorrhagic syndrome: 2. Inflammation and defines a physiologically important stress response
pathophysiology [J]. Avian Pathol, 2020, 49 (2) : mechanism [J]. Trends Mol Med, 2004, 10 (11)
131-143. 549-57.

[29] LIU X T, LIN X, MI Y L, et al. Grape seed [35] LUDTMANN M H,ANGELOVA P R,ZHANG Y,
proanthocyanidin extract prevents ovarian aging by et al. Nrf2 affects the efficiency of mitochondrial fatty
inhibiting oxidative stress in the hens [J]. Oxid Med acid oxidation[J]. Biochem J,2014,457(3) : 415-24.
Cell Longev,2018,2018:9390810. [36] LIEW F Y, XU D, BRINT E K, et al. Negative

[30] TAO Q,ZHANG Z D, LU X R, et al. Multi-omics regulation of toll-like receptor-mediated immune
reveals aspirin eugenol ester alleviates neurological responses[ J]. Nat Rev Immunol,2005,5(6) : 446-458.
disease[ J]. Biomed Pharmacother,2023,166:115311. [37] LIJW,LIL,WANG S, et al. Resveratrol alleviates

[31] ZHANG Z D, HUANG M Z, YANG Y J, et al. inflammatory responses and oxidative stress in rat
Aspirin  eugenol ester attenuates paraquat-induced kidney ischemia-reperfusion injury and H,O,-induced
hepatotoxicity by inhibiting oxidative stress[J]. Front NRK-52E cells via the Nrf2/TLR4/NF-kB pathway
Physiol,2020,11:582801. [J]. Cell Physiol Biochem ,2018,45(4):1677-1689.

[32] LIJY, YUY G, YANG Y J, et al. Antioxidant [38] HUB,WEIHJ,SONG Y H,et al. NF-kB and Keap1

[33]

activity of aspirin eugenol ester for aging model of mice
by D-galactose [J]. J Ani Vet Adv, 2012, 11 (23) :
4401-4405.

ZRIHHE . MY FLAE R B FRT 49895 239 g S AL i i AL

interaction  represses  Nrf2-mediated  antioxidant

response in rabbit hemorrhagic disease virus infection
[1].7 Virol,2020,94(10) : e00016-20.
(G HAKF)



