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Protective Effect of Omega —3 Polyunsaturated Fatty Acid on Hepatic Damage Induced by Heat Stress in Mice. = WANG Yana, YANG Hui-
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Abstract Objective To explore the effect of omega — 3 polyunsaturated fatty acid (@ —3 PUFA) on hepatic damage induced by
heat stress in mice. Methods 16 adult male healthy C57BL/6C wild — type mice and 16 FAD3 transgenic mice were divided into four
groups; C57BL/6C group (n=8), C57BL/6H group (n =8), FAD3C group (n =8) and FAD3H group (n =8). The mice of the
C57BL/6C group and FAD3C group were given room temperature (23 £1°C ), and mice of the C57BL/6H group and FAD3H group were
given high temperature (30°C ) intervention with free access to food and water. The body weight and rectal temperature of the mice were
recorded every 4days. At the end of the 7th week, the mice were sacrificed after blood collection and liver tissues were collected, weighed
and liver weight was recorded. Average weight gain, average daily feed intake, and liver weight ratio (liver weight/final body weight)
were calculated. The serum aspartate aminotransferase ( AST) and alanine aminotransferase ( ALT) were detected by the enzyme linked
immunosorbent assay ( ELISA), which were used to evaluate the status of hepatic injury in mice. The mRNA expression level of tumor
necrosis factor — alpha (TNF - «) , interleukin — 1 beta (IL = 18), interleukin -6 (IL —6), interleukin — 10 (IL —=10) , monocyte che-
moattractant protein — 1 (MCP — 1), and heat shock proteins 72 ( HSP72) were detected by real — time quantitative polymerase chain re-
action (RT —qPCR). Results The HSP72, TNF -, IL - 1B, IL =6 and MCP — ImRNA expression levels of the liver and serum AST
and ALT levels in the C57BL/6H group were significantly higher than those in the C57BL/6C group (P <0.05). However, The hepatic
HSP72, TNF —a, IL-183, IL -6 and MCP - ImRNA expression levels of the liver as well as serum AST and ALT levels in the FAD3H
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group were significantly lower than those in the C57BL/6C group (P <0.05). Conclusion ® -3 PUFA can reduce the mRNA expres-
sion level of TNF — o, IL - 1B, IL -6, MCP -1, decrease the content of AST and ALT in serum, and down — regulate the mRNA expres-

sion level of HSP70 in the liver of mice induced by heat stress, so as to alleviate the hepatic damage induced by heat stress.

Key words Heat stress; HSP72; Inflammation; @ —3 polyunsaturated fatty acid

PN L (heat stress, HS) XF A ZE 1 sh ¥ n] 7= 4= 4
AT S W), % 2 3 T A= F A8 Bk 38 R T B ORI 28 5 4
R LA, AERARFESE BTE WG, WOM A
g SE T R B B AR 2.5 T e A,
A I8 1 AS ) 5 W 4 TR I I R AL
A HRGEFR AL N2 AT XS B G 4 2R 3 )
TRl B JR A 4 B vk i T WA R R
FAORE VR IR U ML R R A 4% B R T LA
IR 5 BN A ) 2 A by ol L s A AR R
e B ORYROME, AR BN BOEE S R o R A R
RS AE— T B B B 5T P & B AN 9
R A o a4 R VA0 R, 51 kT e
AL R, A RE Xk AR A T B R (5K iR
SFRAEEE L,

o -3 ZAMANR IR T EZAHE o - WKL (al-
pha — linolenic acid, ALA) \:‘f‘ﬁ?}%ﬂﬁ@fﬁ(eicosapen-
taenoic acid, EPA) 1 .+ — #k /N % 2 ( docosahexae-
noic acid, DHA) "™ | BEFERFREM , 0 -3 Z A
AE i BR (omega — 3 polyunsaturated fatty acid, w — 3
PUFA) X f e HA7 7 14 g b, 90 0 2 W 2L 3h 0 1
DLEEFRWT . T NS sk =
o - 35 W7 AR bt S, AN REKE -6 PUFA #e 4kl o -3
PUFA, At , @ -3 PUFA IR EHIHRIL, o -3
PUFA HAT 58 K9 T & Fe M, © 9l Uk B a] LA 3By #01
(BRI th R0 N 7 5 B9 s, (48 3E
TASVERR 7 IHF (25 90 5 5 19 T B M RS VT A s
PR EEF NG o -3 PUFA A EE,
P At 2 YA I 107 12 5 8 5 A Ak, HET o - 3 PU-
FA X I IE 58 5 /9 52 w45 47 78 G 8, A BIF 58 2R H
FAD3 5L/ AR o sh Wy A i i — 2 3R o -3
PUFA X 4R 38 /N BRUFF FIE 2 A (9 7 20

A TSR 9 FAD3 B 3 R/ (R 4 417 9 R
FAD3 B A /N, FAD3 5Pl %5 % o - 3 JIg i iR
Jiit U, IE S BB -6 PUFA #2465 o -3 PUFA M\
i FAD3 Fe e /N E B30 o =3 PUFA 4552
EPA #1 DHA B35 i R E W £, 1L4h, 55 C57BL/6 BF
H RN B, FAD3 # 5L /NR Y o — 6 PUFA/o —
3 PUFA LU AELAE P L0 IR /N 458 4 20 rh ] 8 A

.38 .

R, FAD3 5% 5L /N RO 9E @ =3 PUFA B9A 913

fig 25 A AR B R DL R R © - 6 PUFA/w@ -3 PU-

FA A A B RO T — AR W i i sh im0
WHREHE

1. WF 55 % 4.5 J& i SPF 9% 1 4F fd B I 1k
C57BL/6 BF A RI/NER 16 {4 [ b6 5t 4k 3 1) 48 52 56
S ARABRZ H [ SCXK (5)2016 —0006] |, FAD3
FEFER/NEL 16 H (A58 H R SLR3h Y b mgix)
IR R T i 18 ~20g, 1A 5% T N 5 1l K2 5056 gl iy v
O[S E AT IE S . SYXK (52)2014 - 0002 ], 3
Vb N PR BT 23 + 1°C, G I K 800 ~
20 ;000 , FREEAH X 18 B 50% ~ 60% , 45 T B K br
HEWG VG 2 B ) T IR 55 A R B OK . 2B JF
RHTETE (30cm x 15em x 20em) T 3%, & M 1 & 5 4
BITEZE IR (23 £1°C) AR (30°C) R TR 57, &
A5 (30°C) H VL 75 4 1A A 4 B A BR A A
DB - TV i 1H 5 i b 24h IR 4R 0L, T A B R 7E
NEHRFAMILE R FEREEMAE S EFER
T S0 5 N ST, A PN 5 R 2 s 4 R AR DGR
FRELSR (45 . YKD2019142) , 525 4> 4 C57BL/6C
H(n=8):F (23 £1C) FTH AR C57BL/6C /)
fl; C57BL/6H #H (n = 8): & i (30°C) F B 4= &Y
C57BL/6C /N FAD3C H (n=8) : EIR (23 +1°C)
T FAD3 #: 3K /NEL; FAD3H 4 (n =8) . i (30C)
T FAD3 ¥R/, 55 7 IR KRS & 12h )5,
WH E(8:00 ~9.00 Bf) M/ IR JE R 4 1 k¢
Ja, it Co, &b FE sy, 3k B/ B IE 240 23 47
SER R SY . R Y B IR 4120 KK 0. 9% E Ak
BT W e U8 AR S PR B R IR o T E A
AU BVE TRA TR %, -80°C KA NEAF#H .

2 WF5E Tk (1) SER T IR T 45 T/ BUR 48 5 1Y
RSB i S TR )R RN | KT S S o
9:00 ~ 10:00 Hf F HL - K F- B B i 3% 44 Jot o5 1 51
AR (FEBEE] 0.01g) B 4 RilE 1Kk, 8%
UNRAEH R R R AP HEEE., SYH
ANERHEY ke, By Ee s = (4h
Wk - R R /4, (2) B4 9:00 ~10:00 i, I
H/ANREMRE, B4 RiE 1k, BETEDT.



S 20

202341 H HES2E B

e B

FERTIR TR S EIR IRV L BRI 40 A /D R
HW 2y 3em A4 IR 1EE , R OB E B (29 30s) ,
WCE R iE s O 2] 0.1°C) . W& Z /i &
P YR/IN BR, 5 JH 2 2% 0  o 2 R A 7 A HTCHF 7
Bo (3) & H/NBURIERAE MARSS , B0 (49C,2500 x
g,15min) WREE M7, -20CKFERAE &M, (4)F%
FIAST 5 & (585 . QC10487 , [ g AE #) A
H]) L ALT 30 & (4745 . HS4638 , [ |- i I U A=
YA w]) K AST FIALT (98 &, (5) R S50 ¢
I A i 5% [V (real — time quantitative polymer-
ase chain reaction, RT — qPCR ) £ il JIF [ 2H 21 58 1 41
JitL PR F B 983 YR BB I F — o (tumor necrosis factor — al-
pha, TNF - a) (HAHHEF -6 (interleukin =6, IL -
6) 141/ Z - 1B (interleukin — 1 beta, IL - 1B) .
FI4IiE 4 % - 10 (interleukin - 10, 1L - 10) B4 4l
ftafbEE - 1( monocyte chemoattractant protein — 1,
MCP - 1) DA X #RTE T 72 (heat shock proteins 72,
HSP72) mRNA £ kK, HARERARE LR {1 RNA
PRI (175 . G3013, s TR AL /R AE W RH B A IR A
A ) AR U IEZ 218 RNA T M G 430606 B2 1 e
RNA ¥ B R4 i SR 5 FHA R & (R FE 4R /R A W Rl
HA RN S RNA 2 585 1 cDNA, PCR
519 i B PR IR A W RO IR Wl BRI 3
WL 1, P2 i PCR X (ABI7500, 9% & ABI
AW BEAT I PCR 9744, PCR SN AR & iy il i 3¢
Be/R YR A R A AR, AR RN 78 PCR
Frh i AL T 2. 0l ¢DNA,1.5ul (8 2. 5pumol/
LEENTI Y (W gl T W5 %),7. 50 B9 2 x
SYBR Green qPCR Master Mix ( High ROX) I 4. Ol
(Y75 RNA Al 19 XK (ddH,0) o 2 ¥ 4 :95°C
A5 P 10min, 95°C 28 1 15s, SR 7 60°C B k /4E fi
30s, 3k 40 MG, 0 SEBUE R 2 MR EA
WHFE G E 7 PCR B A EBE D g A XS R as i, il DA
TARX AACH{E : AACE = (Clyypy

- CtGAPDH ) LhEa T

<Cti‘E% = Ctgappn ) R 4L 0 A 35 TR B AR 6 2R 3k K /Y
A5 2 5 HUIE R AR =205

®1 BHERSIYF

SIYFHI(5'—3")
F#314) . CCCTCACACTCACAAACCACC
TNF-a 93
T U519 : CTTTGAGATCCATGCCGTTG

L_1g WS4 . GCATCCAGCTTCAAATCTCGC )56
Fi#514) . TGTTCATCTCGGAGCCTGTAGTG

L6 514 . CCCCAATTTCCAATGCTCTCC 141

T 514 . CGCACTAGGTTTGCCGAGTA

w10 WS4 . TTTAAGGGTTACTTGGGTTGCC 106
T #3149 : AATGCTCCTTGATTTCTGGGC
[ 3 :ACCAGCAAGATGATCCCAATG

MCP -1 ‘0’?%[% 299
T #5149 : GTGCTTGAGGTGGTTGTGGA

[SR] :CGAGGCTGACAAGAAGAAGGT
HSP72 el 208

T84 . ACAGTCCTCAAGGCCACATATC

) L U#51%) . CCTCGTCCCGTAGACAAAATG
GAPDH 133

T U514 : TGAGGTCAATGAAGGGGTCGT

HEH £ B Ji BERJE (bp)

3. Ge b7 v N SPSS 25. 0 G 2f A w4
PTG 0T, T R LI « AR iR 25 (v £
SEM) FrR, Giit2# 7 SCH WUH K J7 2243 M1 Al Turkey
HSD Z & LI Bk i &, L P <0.05 HEF AL
R

& LS

1. &P A BT R P SR JFE D
K A L. &l S iR AL B S, CS7BL/6H 4 /)
BRSP4 44 5T 4t 3 RN OF- 3 H BB i LB CSTBL/6C 4
AW KA (P <0.05) , FFE AU & L Ik C57BL/6C 4
W3 mn(P <0.05), FHAEFRENE FHHER
= T E AT & L 7E FAD3H 45 FAD3C 41 . FAD3C
M5 C57BL/6C Al i, 2 R Y KR it ¥ B X
(P>0.05), WA, HES o -3 PUFA Z [ X Fy
R P HEE R U AFEILA R EEM
(P<0.05) S IFEEALEAEH(P>0.05), L
%2,

K2 BHPMREKMEESHLEE (xxs)
P# F#
) C57BL/6C 41 C57BL/6H 41 FAD3C 4 FAD3H 41 — —
i H e w=-3 ZH. . w-3 ZH
(n=8) (n=8) (n=8) (n=8) 4 1 i
PUFA  1EH PUFA  fEH
AR R (g)  0.69 +0.11 0.11 £0.03 " 0.61 £0.09 0.62+0.14  0.008 0.043 0.006 7.789 4.343  0.043
T HEERE(g) 4.60+0.20  2.35%0.25" 4.84 +0.29 4.19 £0.35 0.000 0.001 0.007 27.211 13.988 8.137
JFHE (g) 0.80 +0.07 1.12 £0.06 " 0.83 +0.08 0.87 =0.09 0.030 0.180 0.078 5.204 1.891 3.342
JFHE H (g/kg) 40.88 +3.85 59.80 +3.43*  42.49+4.37  41.71 £4.02  0.029 0.045 0.018 5.320 4.394 6.278

SH A 3 HILE, " P <0.05 . R EAZE N 200

. 39.



J Med Res, January 2023, Vol. 52 No. 1

2. K H AR LR &l m iR S, C57BL/
6H 41 1Y B 7 5 b CS7TBL/6C 41 W W T+ (P <
0.05), i FAD3H 41 5 FAD3C 41, FAD3C 4 5
C57BL/6C AL H i B i, Z R TH it ¥ B X

3. 4% 41 HSPT2mRNA £k KV #2485 i A
)5 ,C57BL/6H 4 HSP72mRNA ik /K C57BL/
6C 41 M W 8 Jn (P < 0.05), i FAD3H 41 1%
HSP72mRNA # 35 7KF B 2 ik F C57BL/6H 41 (P <

(P>0.05,K 1A), 0.05,K 1B),
A 40 B, 2
o CSTRLIGCH, % :
— 39 . = CSTBUGHAL 3
g\: +FAD3(]2QH —<‘$ #
o~ -o-FAD3HZ o
B8 o = N
N 37 g \
e ~ \
=T
§§8 4 8 1216202428 323640 44 43 = 0 N R §> R
323 u, 0 W Q)
PN (N \@2‘ 3
El1 &AHFEEM HSP72mRNA FRikkF
A. HJ% IR ;B. HSPT2mRNA £ kK, 5 C57BL/6C 4 L#E, * P <0.05;5 C57BL/6H 4 L% ,*P <0.05
4. KM AST F1 ALT & & L8 . &3 & iR A Mg AST FIALT & & i 3 ILF C57BL/6H 41 (P <
B, C57BL/6H 4 9 Il 7% AST Fl ALT {:;T prglid 0.05,K2),
C57BL/6C AW S TFiE (P <0.05), i FAD3H 41
A B
400 80
300 60
S 3 ;
; 200 é 40 i
< <
100 20 §
. ) NN
Qé% \‘32@% Q*Qx& ”"‘%
A(;;\% (6\% Aé\% N QY’

2 KAME AST #1 ALT &
A.AST;B. ALT, 5 C57BL/6C #HIL#, * P <0.05;5 C57BL/6H #H L # ,*P <0.05

5. 45 2H A AH O F8 A A AE rb 9 2R R R Gk K OF
HoAs . &0t m iR AL B S , C57BL/6H 41 AT I MCP -1,
TNF — o IL = 1B LA & IL — 6mRNA 23k /K V9] 8 &
T C57BL/6C 4 (P <0.05), 1fii FAD3H 41 iF/iE MCP -
1 INF - a \IL = 1B F1 IL - 6mRNA 3 ik /K °F B A%
F C57BL/6H #4H (P < 0. 05), H 5 FAD3C 41 #l
C57BL/6C A s, 22 e it 22 L (P >0.05) .
AN IL - 10mRNA £AK A 4 2 M Ih#K, 25 57
WG #E (P >0.05) it LK 3,

15 s

o -3 PUFA T8¢ UE B XA 09 46 05 A DR 4 4
RO e Ak, AST B ALT 3 4 76 I 40 i b 3¢
ik SR, FE I EZ B LT, ALT Fl AST Bl 2]

- 40 -

] CSTBL/6C4]
25 I CS7BL/6HZ
50 . NIFAD3C4]

B FAD3HZ]

%

W
"

#

e
W

RN FmRNAKR K
>

IL-6

04
MCP-1 TNF-a IL-1B IL-10

B3 SAFBEHRXEMARETFREKF

5 C5TBL/6C 4114, " P <0.05;5 CSTBL/6H 4114 ,*P <0.05

T BR p 2 S 21 3 T ALT B AST B9 315 PR 38 i
R, M A AST Al ALT 3% M 69 7+ & g A N 2 B3
Bl R SRR AR L A WRSE K B, B8 L AT B4



EaWigiaeil 202341 A 2% 1

BB

fFR5 MM 7% AST 1 ALT 364, ASBF 5% & B, i 5t
e R SR N SR D (N TR AN T o -3 PUFA)
2, BRI R RS T/ BUM Y AST FT ALT & & 19 34
T, et AN B 5 R ) F B . el N BBV AR
o T R B R ) /N BROAS 8 SRR S 22 A i ARG BB
BT ALK B R B T IR B P H R
i SFEAFE 2B A, AR R R
7, AR R AN RO 2 R O o g o ROT- X H B R
L FEAK, B W% T B FI HSP72mRNA 26 3k /K °F B & 4
I, 2 B m A S/ B AR T ARV B [ AR BN
UM TS AST ALT 5 DL K T 55 L T i, 165 7 #4400 3
INEBREAT 5, 2R, #M o - 3 PUFA 1] 238
PO O S 0 R R B B CF R R B
JE |V EE AN R B 67 T R T

FEm R PR BE N MUK 25 7 A 2 an i B (i
TNF — o) , A SO ESF 24 88 5 00 1 i fR e, A
WEFEIN Sy, 2 PR 4l X % 7= 25 5 HSP72 19 3 B 3%
KA AW KB, A B B IE T HSPT2 |
{2 R PELN L T TNF — o IL - 18 . IL -6 Dk Mz #41k A
F MCP -1 mRNA A K349 5 FH i, b & Pk 4
ML F IL - 10 mRNA Rk 7K 8 A7 28 1k, 3= B #10;
WA S T /N BRI A0 26 M 40 i IR 7 B 0 23k, IR
TS A M R 4 Bl A SF- A 0 T R I AR R
KEBITREY, 0 -3 PUFA 0] 410451 BT I 77 28 59 42
RAEMMIA T TNF - o | IL -6 A K #4k[H 1 MCP - 1
{02 QAT I T R o R RN N
W4 B WR , 0 — 3 PUFA S T H400 30/ BUAT I
i TNF - o [ IL - 1B 1 IL =6 LA & MCP - ImRNA %
KK X o -3 PUFA 1] DL A AR AR 48 11 40 Aty A
T3k F s B SCE IFINE A RE . MCP - 1 X ARl
PR 2,02 CC b H 7 rp i — AN BB AL, 2
B ) g PR Ak R, 358 S U A A A0 L AE SR
YR R SR R AE BRI FEARBEIE A, $U
B MCP — ImRNA 7KF- 5835 A 7R $O0 7 I i
e T BAVE AT BE & 1 T MCP — ImRNA 7K °F B 3% |
WArE, BRAIFFE A, 0 —3 PUFA i il MCP -
1 FEPR 33k K O 3k 22 fii 2 B4 JR 9% ( diabetes mellitus
type 2, T2DM) HE I L ™, BREERFITIL £,
086 P b S TR 0 MCP — 1 3 AT AR i /N BL Y
JFFRE A i Pl 2 AW 25 5 R, 0 — 3 PUFA 31
TR /N BURF 4H 4L MCP — TmRNA (1) 335 7K
K, o =3 PUFA U852 20 /)y BRI JIE 48 9 7T BB A2 e
T AR M HEIMCP — 19 3355 S

L5 LFTIR 0 =3 PUFA ] LI 3o #0 il # f6 B
MCP — 1 FI{2E M 41 g N F TNF - o \IL - 18 .IL - 6
DL K HSP72mRNA [ £ 3i5K - FEAK ML 7S AST Al ALT
Y 5 B P T A BN O S O BT, X Se A SRR
W], w -3 PUFA a] B8 2 WU A1 ( 50 ) 6 57 $40 HoR 5
JEE B P E TR ST 3R, by R0 I BRI 45 495 19 36 97 4
PERIIS ARG o e Ah A7 00 BRI 2 2L A A i 2H AL A
I, WL T JUE B0 20 127 B8 5 S E S O, o — 2B IR
@ —3 PUFA X FMEQR 47/ FHALMI . o] AT R 4
VRSN ML~7 M 3 ) ~7 S 3 1 — 4R w —3 PUFA B 3
PR (ALA (EPA A1 DHA ) XF JIFWE 7R FHT #0225, LA
B AT % 45 B AE A o -3 PUFA [ AR D RS A

5%

1 White DL, Castro FLS, Jones MK, et al. The effect of a dacitic ( rhy-
olitic) tuff breccia on growth, intestinal health, and inflammatory and
antioxidant responses in broilers challenged with a chronic cyclic heat
stress[ J]. J Appl Poultry Res, 2022, 31(1): 100213

2 Leyk D, Hoitz J, Becker C, et al. Health risks and interventions in
exertional heat stress[ J]. Dtsch Arztebl Int, 2019, 116(31 -32):
537 -550

3 Leon LR, Bouchama A. Heat stroke[ J]. Comprehensive Physiology,
2015, 5(2): 611 -647

4 Leon LR. Heat stroke and cytokines[ J]. Prog Brain Res, 2007,
162 481 -524

5 Song ZH, Cheng K, Zheng XC, et al. Effects of dietary supplementa-
tion with enzymatically treated artemisia annua on growth performance,
intestinal morphology, digestive enzyme activities, immunity, and an-
tioxidant capacity of heat — stressed broilers[ J]. Poult Sci, 2018, 97
(2): 430 -437

6 Montilla SI, Johnson TP, Pearce SC, et al. Heat stress causes oxida-
tive stress but not inflammatory signaling in porcine skeletal muscle
[J]. Temperature (Austin), 2014, 1(1): 42 -50

7  Kim KJ, Yoon KY, Hong HD, et al. Role of the red ginseng in de-
fense against the environmental heat stress in sprague dawley rats[ J].
Molecules, 2015, 20(11) : 20240 -20253

8 Zhang Y, Deng Z, Li Y, et al. Mesenchymal stem cells provide neu-
roprotection by regulating heat stroke - induced brain inflammation
[J]. Front Inneurol, 2020, 11 372

9  Zhao YH, Shen CF, Wang GJ, et al. Curcumin alleviates acute kid-
ney injury in a dry — heat environment by reducing oxidative stress and
inflammation in a rat model [ J]. J Biochem Mol Toxic, 2021, 35
(1): €22630

10 He S, Yu Q, He Y, et al. Dietary resveratrol supplementation inhib-
its heat stress — induced high - activated innate immunity and inflam-
matory response in spleen of yellow — feather broilers[ J]. Poultry Sci,
2019, 98(12) : 6378 - 6387

11  Chen Y, Cheng Y, Wen C, et al. Protective effects of dietary mannan
oligosaccharide on heat stress — induced hepatic damage in broilers
[J]. Environ Sci Pollut Res Int, 2020, 27(23) : 29000 - 29008

12 Mk, s, mAeds, &5 BURTEEF 70 X rh O A A R 0
BRI VE I B LRI B ST (0], Mk R 24 2R ik, 2017, 42(4)
295 -300

(T#%51 W)

c 41 -



S 20

202341 H HES2E B

=

- & s -

10

13

and reperfusion[ J]. PLoS One, 2014, 9(6) : 9887 - 9892

Mills KF, Yoshida S, Stein LR, et al. Long — term administration of
nicotinamide mononucleotide mitigates age — associated physiological
decline in mice[ J]. Cell Metab, 2016, 24(6) : 795 - 806

Tarantini S, Valcarcel MN, Toth P, et al. Nicotinamide mononucle-
otide supplementation rescues cerebromicrovascular endothelial func-
tion and neurovascular coupling responses and improves cognitive
function in aged mice[ J]. Redox Biol, 2019, 15(24) . 101 - 112
Whitson JA, Bitto A, Zhang H, et al. SS =31 and NMN; two paths
to improve metabolism and function in aged hearts[ J]. Aging Cell,
2020, 19(10) : 132 - 138

Yoshino J, Mills KF, Yoon MJ, et al. Nicotinamide mononucleotide,
a key NAD ( + ) intermediate, treats the pathophysiology of diet —
and age — induced diabetes in mice[ J]. Cell Metab, 2011, 14(4) .
528 -536

FWeAE, BRPG, TR, A AL A R O M M Wl i A R
HETE R R TICILRE [ 1], P REBARSAE, 2021, 41(1)
135 -138

W, SR, ki, . MR A% R T R HR 2 40
MR GRS R[], AR BRI 2R R, 2021, 41 (11)
1334 -1337

20

Diguet N, Trammell SAJ, Tannous C, et al. Nicotinamide riboside
preserves cardiac function in a mouse model of dilated cardiomyopathy
[J]. Circulation, 2018, 137(21) : 2256 -2273
Ma S, Feng J, Lin X, et al. Nicotinamide riboside alleviates cardiac
dysfunction and remodeling in pressure overload cardiac hypertrophy
[J]. Oxid Med Cell Longev, 2021, 33(17): 554 - 561
Frederick DW, Loro E, Liu L, et al. Loss of NAD homeostasis leads
to progressive and reversible degeneration of skeletal muscle[ J]. Cell
Metab, 2016, 24(2) : 269 -282
Covarrubias AJ, Perrone R, Grozio A, et al. NAD* metabolism and
its roles in cellular processes during ageing[ J]. Nat Rev Mol Cell Bi-
ol, 2021, 22(2): 119 - 141
Jadeja RN, Martin PM, Chen W. Mitochondrial oxidative stress and
energy metabolism: impact on aging and longevity[ J]. Oxid Med Cell
Longev, 2021, 31(5): 9789 -9798
RFVHE, MR, AR, S 220 R o B RO /D RO IR BT 4R fb B
EBERIRE S [ 1], BRI, 2014, 43(9) : 124 - 127
Sharma P, Sampath H. Mitochondrial DNA integrity: role in health
and disease[ J]. Cells, 2019, 8(2): 100 - 109
(Weks B . 2022 -03 -28)
(& E H . 2022 -03 -30)

(EB% 4 7)

13

17

20

21

Cheng K, Yan E, Song Z, et al. Protective effect of resveratrol a-
gainst hepatic damage induced by heat stress in a rat model is associat-
ed with the regulation of oxidative stress and inflammation [ J]. J
Therm Biol, 2019, 82. 70 - 75

SRLLUE, s, XUEEE, SE. Omega — 3 £ AR AR DG R 7 5
Ui e BB AT, P EE SN, 2019, 30(10) : 122 - 130
Li M, Ouyang H, Yuan H, et al. Site — specific fat — 1 knock — in
enables significant decrease of N —6PUFAs/N —3PUFAs ratio in pigs
[J]. G3 (Bethesda), 2018, 8(5) :1747 - 1754

BRME AR, BEEAR. omega —3 L AN MIAG W 2 14 77 A T RS 4 g s
JH AR S HE TR L], e RIS 24 7, 2020, 36(01) : 198 —200
Liu Y, Lin J, Chen Y, et al. Omega —3 polyunsaturated fatty acids
inhibit IL, = 11/STAT3signaling in hepatocytes during acetaminophen
hepatotoxicity[ J]. Int J Mol Med, 2021, 48(4):1 - 10

Wang M, Zhang X, Ma LJ, et al. Omega — 3 polyunsaturated fatty
acids ameliorate ethanol — induced adipose hyperlipolysis: a mecha-
nism for hepatoprotective effect against alcoholic liver disease [ J].
Biochim Biophys Acta Mol Basis Dis, 2017, 1863 (12) ; 3190 - 3201
Echeverria F, Valenzuela R, Bustamante A, et al. High — fat diet in-
duces mouse liver steatosis with a concomitant decline in energy me-
tabolism; attenuation by eicosapentaenoic acid ( EPA) or hydroxyty-
rosol ( HT) supplementation and the additive effects upon EPA and
HT co — administration[ J]. Food Funct, 2019, 10(9): 6170 - 6183
BRI, N -3 Z AN HR 2 I 45 /0 BRI PY 260k 1k B A 38 1Y
WEFE[D]. WERIEG R . S R4, 2018

Zhang J, Xu L, Zhang L, et al. Curcumin attenuates D — galac-

tosamine/lipopolysaccharide — induced liver injury and mitochondrial

22

23

24

25

26

27

28

dysfunction in mice[ J]. J Nutr, 2014, 144(8) :1211 - 1218
Chen Y, Cheng Y, Wen C, et al. Protective effects of dietary mannan
oligosaccharide on heat stress — induced hepatic damage in broilers
[J]. Environ Sci Pollut Res Int, 2020, 27(23) :29000 - 29008
Hoekstra SP, Wright AKA, Bishop NC, et al. The effect of tempera-
ture and heat shock protein 72 on the ex vivo acute inflammatory re-
sponse in monocytes [ J ]. Cell Stress Chaperones, 2019, 24 (2):
461 -467
Huang W, Wang B, Li X, et al. Endogenously elevated n -3 polyun-
saturated fatty acids alleviate acute ethanol — induced liver steatosis
[J]. Biofactors, 2015, 41(6) : 453 -462
Wang M, Zhang XJ, Yan C, et al. Preventive effect of a — linolenic
acid - rich flaxseed oil against ethanol — induced liver injury is associ-
ated with ameliorating gut — derived endotoxin — mediated inflammation
in mice[ J|. J Funct Foods, 2016, 23 532 - 541
Joshi N, Kumar D, Poluri KM. Elucidating the molecular interactions
of chemokine CCL2 orthologs with flavonoid baicalin[ J]. ACS Ome-
ga, 2020, 5(35): 22637 -22651
Mazaherioun M, Djalali M, Koohdani F, et al. Beneficial effects of
N -3 fatty acids on cardiometabolic and inflammatory markers in type
2diabetes mellitus; a clinical trial[ J]. Med Princ Pract, 2017, 26
(6): 535 -541
Mridha AR, Wree A, Robertson AAB, et al. NLRP3 inflammasome
blockade reduces liver inflammation and fibrosis in experimental
NASH in mice[ J]. J Hepatol, 2017, 66(5) : 1037 - 1046
(ki B #:2022 - 04 - 06)
(& [E H 3 :2022 - 04 -25)

- 51 -



