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FE: W HE IR T A B R W E 2 R (PPARe) T+ & % 4 & R (R4 P 1
M Re st pr, LIRXF BRI AERRBAE AN FERTHAE. LWL 7 FBAKAG M
B [ % (OA). B (PA). Tl (LA). o-TE R (ALA). 04 W& B (AA). =+ 8%
AW B (EPA). —+ 8 %8 (DHA)] WBEHZ e FRFaM, #XFKLEE PCR &
MR B A AT ERET, GHEAMLL, ALA. AA f1 EPA &% 38 PPARo.
AR B AL B B (CPTL). JEBL# B A A L8 (A4CO) % B i R o~ ROt X s 2 B R 3K
ALA 3% 45 & fig i Ak f@ Fig B o o = Ji8 R B B8 (ATGL) % & BUR g B B (HSL) #0 Jig f B2
Al x A 8 & G BB (LPL) By k35, EPA U B BH 40 4 g & i £ B Bt i B8 A % fh g
(ACC) ¥y %15, ALA. EPA Fn AA Bt K fie 4 H i = B8 (TG) & & . PA Fr OA NU| f£ 41
A TGCEELZF EFA. 6%, Mt d 2 M FREEEREE R KNG ® EPA fo
ALA AT R L I, 27 % E EFIE (T%) 4. &8 (12%) 400 K 5 f§ 4 Bl 4 ALA (0.6%-
1.2%). EPA (0.6%. 1.2%) #y 6 41 ¢4 fiapt, AR WIEARE N 3.53£0.03) g F 5 F 4
Bl HRET, £UNAKEREZR, SERAML, 4NN EAHGREEZRKS
@ ks, A& ALA fn EPA S B3 An, JB . MR % 7 2 B A5 Bl 48 208 #7 1K,
mEF e TG frfEE B4 B K. mMEAEE AW, AW EAH. BaA s 4
B LEFEZR. EPA(12%) AR B4 ELEHE, LTLEREHERREHEXE
B (PPARoa. CPT1. ACO. ATGL. HSL) W kik, 123t e o iR K Mg #FRX KW, 7
#4 0.6% 8 EPA 3, ALA BI ¥ L9 PPARa R R e o R Al A Wk ik, KEREX
Blo AFRERNFANES GG RFERESE.
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Tho MHECZTR, G IEURM AR AH XS BT AE fH
iR, TESEBR AR P — G AR R i AR U S A0 L 1] A
E ) B R0, 38 BRI U HE O PR Y
TPt R oA ) M v AR BB 1 29 AR g [
CINDR 2R NTUR ST A 8 N (57l = A If S ¥
PRSP RN o AR, i 22 MR AR DR AT
EHUARRR SR A, BIRHLR R S RGEFPLA
B G5 | R A E A 20 i g8 T2 48 B, DR Jt 2
M, AR TE R & A MO T R A 15 - 1 i 1Y)
R HETAHOCAT TSR, ik RE s A it
o I A A o AR 52 B, 2 A 2R A Y o i
PR Ay b xt #0128 5 i A R P L AR B T ik
I NEE

TEVFLS M, 2o S A Wl A S B 0 T 2
K (PPARa) % IA 52 i 4 ik A U 28 S v e G
g Tz —, IR EZ A PRS2 BT
AR . PPARa B0 JE V452 5 IR 200 At A AH
KM HE R s B, SR BEHLIA AT AR TR
B-SA M. ITAERMWITERY], 28 PPARa 7EH I
RSB W0 5 . A A 3L 30 1 I 45 i
SrRARALE, RIS 9 PPARo W A 43 A A8
VEMiFERE . @1 Fenofibrate 4b ¥ 5 5& Ly 7 & 4
(Oreochromis mossambicus) F1 8 Fi 1 (Pelteobagrus
Sfulvidraco) J5, 3% PPARo J¢ HJIg 73 i A5 HE 3
R B, HUARERE™. R, 28 PPARa
WA SIS — PR T S AR S ROk
Wio TEMFLEhY b, KR DURRRIX S8 5 e iR 51,
FAIREARALAE NG TR ZE (EPA. ALA. ARA %) 1
J& PPARe LA . H S ELRBIE h i B A4
(DR 25)) Z 0 IR IR 25, i ok H4E A
F i, A, e EA LT AR R
i, SOREI AR TR XA, fEA G ARARIER
FENR AR DG HE PR Rk 52 ma) b Ry IEsE ™ IR DR
JE A AL S PPARa 77 A AR B 2B BRAR S E T AT
AP ande % AE AR 4 a5 b, B R
T RR AN AN EERE TN, 2] PPARa mRNA FKiA 12
IO ) L s, T = 2z ] e Ay SOGHER
FEATE R FEXT B (Acanthopagrus schlegelii)
BB 5E o, B W LC-PUFA R fa il . ARA T .
EPA+DHA i 2l PPARa 93235 LU AR . S0
BB, AR HEARA I . Sm A AR, SR
TIMAHAEA 25, BIRE = LC-PUFA 1] B4
W PPARa, ABAIAREMFBEAR T AR IR R0
NEWIR 2 e E IRy 2 —, Gnee i B fa ks
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I RRAE A R BCRSHGE PPARG V)58 G RSSO0,
T 2 R BRI 35 3% 2 00E PPARo SR Wk
P A AR VTR I R, e A oY a1
I FH A T 3 G At 24 0 T AR N S b T AR AE
(%4 SR AL S

B W AR (GIFT O. niloticus) KR . i
Wi IR RBAE HSASIG, AR R A SR
XM, HEPIEAA CRNERAGFE, 2R
SR I R A 2R S, ARSEE DL
WA AR G, 8 A B A LI 0 B
1% PPARa 323k . fE 15 A B A AR BT AE A4 Y
HRARIIRR , 5 ARYE B ARSI 2 R, ek
YN TINAS ) 1) g P s A W 5 5 5 AR £ 8 T, R SR A
BHIE 7R xT % A BRI . B . A AR dE bR
255 T AR

1 MRS TTE

1.1 FETEaFERAFAMNIERRERERN
i 1

SEESVEHL 30 g AT B P AR, 3SR
WRFE I 75% RS RIS BE, B I B 1
JBEREIE AL, B O W DUTE /7 B T A, e AR
3 (DMEM+10% FBS+1% XU) B854, gl
MECRK T 10°, B T4 s setnh, 78 28 °C.
5% 1Y) CO, 20 M 15 Fe At h i 37 24 h Jm S0 40 b B8
7 H: (DMEM+10% BSA+1% X450 ) I/ A [ v
R BRI ER [ AR (OA). FAREER (PA). IV iH R
(LA). o-ERRIR (ALA). fEA4EDUGR (AA). T
Wk LM BR (EPA). 1 W /N M2 (DHA) | 4k 4k
SEE M 24 h, i CCK-8 157 &G I 40 i 1,
7 356 1 35 E A AL B R, AR AT LG SRR A
WS 4 A g A A DG SR IR [ SRk W R 1
SR Z AR (PPARe) . TR IR (LPL). #HE
HWURAR VTG (HSL) . LI A RILEE (4CC). W
A ) Tk L 56 A% W (CPT1). N L% 1 A %1k Bl
(ACO). PEWiH i = B8 Ng Wil (ATGL) | mRNA %
KAEOL, SCEE A 3. K DN A0 AR N H I = R
(TG) & EARE I X A0 M HEA T AT O Jeta, 4 i
B LB X 240 B 5L A AR B 2500 1 B T PR

1.2 SCIgtARt

AR B R S 6 00 4 2R O 0 ) P A ] i )
WAV B ITER , ALA (RIS IR 40 AR 3%
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). BPA (Bh5E S B 23 i A QI S0 IR 5 AR
RPN TR, HERCH] 6 F 4 2P Al e i
B, BT AVE IR WL 1, DR IR R 4
I 2, DIRSSE WO AU, DLIOKTER N

(0.6%. 1.2%), ALA Fl EPA 3k [ 5 35 I FI0RS 5 f0
e KA R I I 40 B, HERC T FRE UE
PREIFIKIR G2, fS B2, 2.0 mm 1)
R URLRL o URORHE 23 98 b3 B T 2 AR K 43/ T

B, 2 M IE R RS X R (7%). EIE4 (12%). 10% 24855, B+ 20 °C IKFIRAE# .

16 5 IR 4l L7l B AN 58 ALA (0.6%. 1.2%) Fil EPA

®1 ANEAEHSE

Tab. 1 Formulation and proximate analysis of the experimental diets g/kg
B EHA SN R SR SN il
component (©) (HF) (EPA 0.6%) (EPA 1.2%) (ALA 0.6%) (ALA 1.2%)
control high fat high fat high fat high fat high fat

J5H  ingredients
E§E A casein 320 320 320 320 320 320
WK gelatin 80 80 80 80 80 80
FKiEH  corn starch 320 320 320 320 320 320
¥ lard oil 0 50 42.5 35 41.2 324
FKih corn oil 70 70 70 70 70 70
K5I refined fish oil 0 0 75 15 0 0
HKHFFD  perilla seed oil 0 0 0 0 8.8 17.6
A ZTIRAEL  vitamin premix 10 10 10 10 10 10
VCHE  ester VC 1 1 1 1 1 1
TP TR mineral premix 10 10 10 10 10 10
F4EE  cellulose 173.75 123.75 123.75 123.75 123.75 123.75
%R — 4% monocalcium phosphate 10 10 10 10 10 10
FALRESE  choline chloride 5 5 5 5 5 5
PrEMA BHT 0.25 0.25 0.25 0.25 0.25 0.25
M total quantity 1000 1 000 1000 1000 1000 1000
EIEMS  nutritional composition
FIEA  crude protein 342.35 342.63 346.67 341.71 346.77 341.95
HEIG  crude lipid 73.45 123.45 118.69 126.84 128.34 115.70
K% moisture 98.24 100.21 106.17 98.24 98.85 99.01

e DAEREIMEPAT B980%, KIKHALAS BN68%; )AL R FUREL nl R T re iR R b4 A KA (IU/Kg), 900 000; #4423 D (IU/kg),
200 000; 4i“ERE (mg/kg), 4500 mg; 4EAFKK;, 220 mg; 44 EKB,, 320 mg; 4EAEKB,, 1090 mg; MHER, 2800 mg; 44K Bs, 2000
mg 4EEEBg, 500 mg; 4EAEKB,, 1.6 mg; 4EAEFRC, 5000 mg; ZFE, 1000 mg; MR, 165mg; AHHK, 60 000 mg. 3)H )5 WA AT A
TR FeSO, 7H,0 (g/kg), 25g; CuSO, 5H,0(gkg), 2.0 g; ZnSO, 7H,O(g/kg), 22 g: Na,SeO;(g/kg), 0.04 g; KI (z/kg), 0.026 g;
MnS0O,-4H,0 (g/kg), 7 g; CoCl, 6H,0 (g/kg), 0.1 go

Notes: 1) refined fish oil contained 80% EPA and perilla seed oil contained 68% ALA; 2) the vitamin premix provides the following per kg of diets
contain vitamin A (IU/kg) , 900 000; vitamin D (IU/kg) , 200 000; vitamin E (mg/kg) , 4 500 mg; vitamin K, 220 mg; vitamin B;, 320 mg; vitamin B,,
1 090 mg; niacin, 2 800 mg; vitamin Bs, 2 000 mg vitamin Bg, 500 mg; vitamin By,, 1.6 mg; vitamin C, 5 000 mg; pantothenic acid, 1 000 mg; folic acid,
165 mg; choline, 60 000 mg. 3) the minerals premix provides the following per kg of diet contain: FeSO4-7H,0 (g/kg) , 25 g; CuSO,4-5H,0
(g/kg), 2.0 g; ZnSO,- TH,0 (g/kg) , 22 g; Na,SeO; (g/kg) , 0.04 g; KI (g/kg) , 0.026 g; MnSO,4-4H,0 (g/kg) , 7 g; CoCl,-6H,0 (g/kg) , 0.1 g.

Hidsgom st fioe, &3 KEH 1 IRIGA R
LN 30% 7K, HRCGESLBRS, R 8 Ji, i
WiE EZK S WA S EE T 7.0 mg/L,
KR (29.0£1.0) °C, ZA/MF 0.1 mg/L, A
R4 /NT 0.1 mg/L, pH 4E357E 7.0 2247

1.4 L& RAERMER TN E
TR A E AR | 24 h, GUH IR
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13 W& RFEEE

HEAYEME T RES RPN (M,
YD), EEARGE TS 2, HHREARGEE
B . SEIAR Tl (3.53+0.03) g Y4 540 2,
BEALAT M 64, HH3IANER, BMEKE 302,
CE TG R GE (300 L/AL) 1 37 . A K fafk &
4% P, A H W 2 ¥k, BFHE A 9:00 Al 17:00,
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*2 ANEEEMERERR
Tab. 2 Fatty acid composition of experimental diets %
JE IEHH LN IR 2H AN [N e
. . (©) (HF) (EPA 0.6%) (EPA 1.2%) (ALA 0.6%) (ALA 1.2%)
ingredients control high fat high fat high fat high fat high fat
C16:0 15.23 18.86 17.80 16.57 17.62 16.15
C18:0 3.28 6.96 6.60 5.92 6.38 5.55
Cle:1 0.23 1.06 0.98 0.87 0.97 0.69
C18:1 26.63 32.40 29.67 28.71 30.54 28.35
C18:2n-6 51.85 37.60 36.00 35.65 36.59 36.42
C20:4n-6 / / / / / /
C18:3n-3 0.80 0.61 0.57 0.97 5.42 10.45
C20:5n-3 / / 4.98 9.84 / /
C22:6n-3 / / / / / /
SFA 20.00 27.39 25.94 23.90 25.49 23.09
MUFA 26.96 33.77 31.98 29.90 31.85 29.38

e / RDTRRARARI .
Notes: /. the fatty acid is not detected.
R ME R, BRI R 9 B,
H 3 B AE T80 °C R AF, T 4 38 sl il
o R 6 RIREES 4 TARRAK S, ME M EA
W, TR, 6 B4 il R kcR I,
B L5mL B0, 4°CKAEHE 2h 5O
(4 °C. 4 000 r/min &[> 10 min) $2 B, & T
=80 °C VKARLRAT, F T Il i A FRAE AL AR AR I
s B N TR IAT L S RN 2R PR U
FREE, MTIFENEARLL . R LRl 2 BREAR D5 48
B, RAEFNET 2508 B T80 °C VAR LRAF
T raebriie . Hrhadokr & ERHE
BT RN E 5 Ko R e IO R S
R B 5 R UL Z0R I 5 LIS 7 & 5k
R A RN E .

AR FE S g R RN B A R (P
S B YA BAR ) ARG, TR IR R AR
b R 27 2 0 3 Sl AR B 2 D1 23 ) E 1 LR ) BE
E7.K
1.5 MAXEFRTEAR

FEI 2R (srvival rate, SR, %)= N/Nyx100%

HAHR (weight gain rate, WGR, %)=(W,—~W,)/ W x
100%

JIEE3#5 B (condition factor, CF, g/cm®)= W/L*x100

JIEAA EE (visceral somatic index,VSI, %)= W,/Wx
100%

JFAK E (hepatosomatic index, HIS, %)= W,/Wx
100%

https://www.china-fishery.cn

1 Z BERE 84X (mesenteric fat index, MFI, %)=
W,/ Wx100%

TH AL 22 5L (feed conversion rate, FCR)= F/(W
Wo)
K, NNy Gl SR w25, w, fl
Wy 43 B LR TG R (), L Rtk
K (em), W RhHiRE (g), W,. W, M W, 5350
WHE . FFREFII R IERE G B & (g), F, MIADEHEA
S (2)o
1.6  [0EFART B & L FE ARAG T

A E A BRI 3 ANRES R A I i 7
T TN B A M (ALT) AT S5 2 (AST). H il
= Mg (TG). & JH [ @ (TC), # % 1k ¥y 5 1k i
(SOD) IH AN —#E (MDA) & &, AR bR E .
I A S B BB 4 o i AR R LE (1 2 9) I AR 3
HKIFEIH, 4°C. 3000 r/min, .0 10 min, H
IEWRAT 10% PRS2, e IR 28U 1
TG. TC. MDA & & 1 SOD . &3 A
A R AE ) TR T o

1.7 APAEZALRAE XI5 2 E mRNA FAERN

R A8 UL 775 R A B A AL AR AR gt SR, BEBE
WAL, FIR4LFI SIS 0.6% 1Y EPA fil ALA 1t
4 YA TR AR 3L IR AR . Trizol T HEHLAL
215 RNA, AN HSE e fnvk 1, i R % sk
M & (TaKaRa, HA) 5K cDNA, FRAFT
=20 °C VKA, FH A8 00 Wik 2H 2218 AR AH O 5L
(PPARa. HSL. ATGL . LPL. CPT1 . ACO “)mRNA
IR .
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1.8 BB

i F SPASS 18.0 B 4% Fr A3 Bdla EA7 B IH 2%
77 2% (ANOVA) 7387, 454 Duncan [C¥:fH T £ H

P Hreh ) 22 5 1R, 45 2R LAV 24 (R o
1% (meantSE) F/~, P<0.05 BnEHAREES,

2 4R

21 FEEBBPENEESEeBRITAR
ReftisHoBm

R T WG AN [F IR R T 5 2 A A AR A
ML REARI B2, PR EEA 100 pmol/L (A W] i
BRI T 24 h ), K DWZRI TG &4 . BRI FIAE
R IE R () & 42 . EPA. AA Fll ALA %5 Af
WERERANE N TG & &, OA N4 TG &
B E R (P<0.05) (B 1), W4T O Yefash i s,
EPA FIl ALA 07 & 0 5 35 B A 40 it P9 i i 5
OA VUJ fef 2411 Bt PN G 3 7 1 Wl 3 14 i (1 RR) . ALA
EPA. DHA Fll AA B EMEdERRCIAHCIE N PPARG
1 CPT1 By 323k (P<0.05), {H EPA Fl ALA fEHHE
B3 (8 2). DHA 01 f5 £ 38§ 22 [H ATGL. HSL
M LPL 2535, AA F1 ALA W54 402, EPA 1]
i ZE I AE A A L] ACCB 13k (P<0.05),
PA | & E AT HEH 3k (P<0.05), %5 b, FEfaklrh
TSN EPA Al ALA 1R E E fa LAEA TR N 3G IE
2.2 (AR EPAFIALA NS ETEBEE KM
R K 53 B 220

TR 8 4G, mIgdEE . I R BR

e % . FFAREE . AR o e, Hop 1.2%
i EPA 1 ALA f %, {HA-410] 0 B & 2 % (P>

2 ¥y
¥ ‘.
2 - Ead
% EE e,
100 pm 1 100 um 38»‘:5
7 "
3 _ s
b '-w L ~ 5
: N ) el :
| i 5 o
100 pm 100 pm
5 o b o

ElhR ZHRIHL O R

0.05), 1.2% I EPA F1 ALA 2H AU J& 5 240 T
2 (P<0.05) (£ 3). @ MligNi, =IBH R
(P<0.05). MLIK4r, SIE4AK T H AL (P<0.05),
IR AR A TE A AR T B 35 22 5% (P>0.05) (3 4).

2.3 (AR} EPA 1 ALA X85 = T i & 55 FnAF
B4 PR A (KI5 pRAY S

TEARSZE R, AR EPA T ALA W] &g 3 B& A%
ML AFAE S TG A1 TC 4 (P<0.05). EPA (0.6%)
Hl ALA (0.6%) 8¢ EPA (1.2%) Il ALA (1.2%) M £H
[ TG Ml TC Fm b #2255, H ALA (0.6%)
T ALA (1.2%)P 41 A] 17 TG A1 TC & & 22 % A
.3 (P>0.05), Ifili&™ AST, ALT. SOD Fll MDA
K AT 2 22 57 (P>0.05), JFHEAALFE bR a3 I

05
<
& 04 :
ey b
> be
goo.s— bed g g g o
EE
I 0.2 +
o
1]
= 0.1
i
0
C OA DHAEPA AA ALA LA PA
ENELET
different fatty acids

1 BERFERYT B XT4HAR TG & MM
C. xR, #HET LM T RAFRR R &N ZR 23, P<0.05,
T
Fig. 1 Effect of fatty acid incubation on
TG content of cells

C. control group, values with different letters on columns are statistic-
ally different (P<0.05), the same below.

S - Fle

T
100 pm 100 um
- &4 3 4
: s 5 il
L Ry e & & 3
: = -
2 i
%“‘}F i3 + ,‘
i -
o 2
100 pm : £x
ks g & 8

LA RRAH, 2. 0A Ab¥E4H, 3. DHA AL¥R4H, 4. EPA 4bFRZH, 5. AA WbFEZH, 6. ALA Zb¥EZH, 7.LA 4bFR4H, 8.PA AbFE4.

Plate

Cell oil red O staining

1. control group, 2. OA treatment group, 3. DHA treatment group, 4. EPA treatment group, 5. AA treatment group, 6. ALA treatment group, 7. LA treat-

ment group, 8. PA treatment group.
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8
‘% 2.5
I
& &5 20 a a
® 5 15 cd be cd
2g 1y ¢
=5 1.0
3 ©
£ = 05
<3
&5 0
Y 1 23456 78
ENGILEY T
different fatty acids
(a)

mRNA HXf R ik &
mRNA relative expression

Fig. 2 Effect of fatty acid incubation on gene expression of lipid metabolism in cells

HSL LPL ACCp

AN AR R

g =
B3 S 2.
@ g a i 2 2(5)
W, bed|[ | ab bed, H“\é g~
7 o cd od = 9 1.5
=2 d =210
=8 Q7T 05
A — oz
ST o0 RS

© 1 23456 78 =

AN TR g T R
different fatty acids
(b)

C
2

D2

DN

%
7
B
%
7
7
7
7
B
7

RIS

\

N 2

N
§
\
\
\
\
§
\

different metabolic genes

(d)

B 2 BERAERST B X 4R AEAR 1K I B E AR 2
(a) PPARa, (b) CPT1, (c) ACO, (d) AFRMRHIEEHEEKIL: 1.C, 2.0A, 3. DHA, 4.EPA, 5.AA, 6.ALA, 7.LA, 8.PA.

(e}

a d 4

b

1 23 456 738

ANTF e T IR
different fatty acids

©

B C
= OA
= DHA
o EPA
wa AA
Y ALA
B LA
& PA

(a) PPARo. gene expression, (b) CPT1 gene expression, (¢) ACO gene expression, (d) expression of different metabolic genes; 1. C, 2. OA, 3. DHA, 4.
EPA, 5. AA, 6. ALA, 7. LA, 8. PA.

Tab.3 Effects of EPA and ALA supplementation on growth indexes of GIFT O. niloticus

&3 ARLRIN EPA F1 ALA M EE T IFE % KBRS

gy FPEEESRY% MERE(WGR)%  MEALL(VIS)% FHAHHSD% B REEEMEFD/%  RHE(CF)/(gom’) R RB(FCR)
survival weight gain viscerosomatic  hepatosomatic mesenteric condition feed conversion
groups rate rate index index fat index factor ratio
C 97.78+1.92 512.67+50.01 13.01+1.30 3.21+0.07 2.09+0.24 3.65+0.12% 1.15+0.04
HF 96.67+3.33 589.76+80.67 13.24+0.94 3.86+0.28 2.30+0.27 4.01+0.03° 1.12+0.03
EPA (0.6%) 92.22+1.92 525.88+21.20 13.55+1.31 3.38+0.11 2.11+0.08 3.77£0.12° 1.09+0.03
ALA (0.6%)  95.56+5.09 550.15+62.65 12.97+0.57 3.37+0.60 2.21+0.14 3.67£0.14" 1.06+0.01
EPA (1.2%) 98.89+1.92 507.64+24.39 12.74+1.40 3.06+0.76 2.02+0.10 3.51+0.14° 1.11+0.08
ALA (1.2%)  97.78+1.92 516.20+27.94 12.2240.42 2.92+0.46 2.17+£0.17 3.47+0.06° 1.16+0.17
E: HF. Sliidl. FSIARTRRRRA 8% ZR(P<0.05), FH.
Notes: HF. hight fat group. Different letters in the same column indicate significant difference (P<0.05), the same below.
x4 2EEFRD
Tab.4  Nutritional components of whole fish %
#1531 HUIE W HEA RISy Ky
groups crude lipid crude protein crude ash moisture

C 9.99+0.42° 13.48+0.36 3.46+0.06" 72.14+1.42

HF 11.59+0.46° 13.9240.08 3.05£0.02° 70.56+1.05

EPA (0.6%) 10.34+0.34° 13.74+0.36 3.35+0.20° 72.12+1.02

ALA (0.6%) 10.54+0.63° 13.46+0.41 3.45+0.35° 71.65+1.57

EPA (1.2%) 10.59+0.31° 13.85+0.39 3.39+0.05° 71.38+1.09

ALA (1.2%) 10.37+0.39" 13.58+0.27 3.44£0.03° 71.75£1.12
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EPA 1.2% 2 SOD fll MDA 35 THAA (P<0.05) 473 A £ ik 43 1. EPA Fl ALA ] DL g 2 ¢ i
(& 3) PPARo., CPT1. ACO. ATGL. HSL Fl LPL &
G235 (P<0.05) (K1 4), H.F& PPARa 1 CPT1 P2
\2.4 ’ﬂ # EP% 1 ALA X EE T IFARTBAE K jgﬁ%;%j% %’) f é%i%ﬁfﬁ/a it ;}l - i,}jg;
BARR R B RIAR Ul & MU FAS. ACC 5 1 R IE
EPA 1.2% AfFEIR it Efk, Mkt iEs  BEHEME, HEHEI EPA 4R A& i .
HE4l. mR4. EPA 0.6% il ALA 0.6% 3t 4 2 ik

~~ ~~ SE\
= 5 - = 10 =S 15 ¢
Eo | Eo | S8}
EH 3 F 4 . ab aiF' 6 a ab ‘*8
B g b ab [ = ab il
Neatbd H S 4L 0 b b §§
= 32 =3 N5 5
mo1F w2 F w "
iltd il 59
g 0 g 0 w0
1 2 3 4 5 6 1 2 3 4 5 6 2 1 2 3 4 5 6
2H 5 2H 5 2H )
groups groups groups
(a) (b) (©
R (I 0 20 o 15
£ . S) 2
S< S = 15 | 5
EQ g5 2310}
S5 6 r < I <
Be 4L welor ¥ g
i a5 g st
2 9 L <<j:[ @ 5 F ((1:[ @
T Hr bl
= 0 =] 0 = 0
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
20531 2077 2H 5
groups groups groups
(d) (e) (®
— o) g
5 B £ =
B, & o0 g
L0 L0 = o
T 20 E 2 1500 E_IS
O 15} a g9 S
gtlo b 4% 3glooobababbab g%lobbb a
) . d = = b b
AT 25 s 555
= = = 0 ﬂzlﬁ 0
B3] 5
g 1234506 3 123456% 123456 4 123456
e 415 & 45 i 415 = 45
groups groups s groups groups
(2 (h) (1) 0)

3 TARLRI EPA F1 ALA X & E FIF & M BT AT IR A s FRa #2000
(a) M3 TG, (b) fiLiE TC, (c) liLiF SOD, (d) fiLiF MDA, (e) lfiliE AST, (f) fii& ALT, (g) i TG, (h) FFIE TC, (i) /¥ SOD, () IFE
MDA. 1. %4 (C), 2. miflR4l (HF), 3. mifE4L (EPA 0.6%), 4. mifIE4L (ALA 0.6%), 5. mifli4H (EPA 1.2%), 6. millE4l (ALA 1.2%).
Fig. 3 Effects of dietary EPA and ALA supplementation on serum and liver physiological and
biochemical indexes of GIFT O. niloticus

(a) serum TG, (b) serum TC, (c) serum SOD, (d) serum MDA, (e) serum AST, (f) serum ALT, (g) liver TG, (h) liver TC, (i) liver SOD, (j) hepatic MDA.
1. control group (C), 2. high fat group (HF), 3. high fat group (EPA 0.6%), 4. high fat group (ALA 0.6%), 5. high fat group (EPA 1.2%), 6. high fat group
(ALA 1.2%).

R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

KP4, 2024, 48(9): 099602

—_ —_—
(e} W
T 1

mRNA X Fis &

mRNA relative expression

[T The

(=]

ATGL
ASFIFE

different genes

(@

15

&

IO“

mRNA FXf &
mRNA relative expression
S
T
s

[T

b aab

Em C
w5 HL

=1 EPA (0.6%)
o ALA (0.6%)

HSL ACC HMG-COA LPL

BEE C

= OHL

= EPA (0.6%)
[T ALA (0.6%)

o

IR

FAS SREBP1

FABPA PPARp

AR

different genes

(b)

4 ERLRINEPA 1 ALA XA AR S 4% 5 £ E A9 220

(a) RO ARG E TN, (b) R 5 AR R 2E 1A

Fig. 4 Effects of EPA and ALA supplementation on liver lipid metabolism genes

(a) genes associated with lipolysis, (b) genes associated with lipid synthesis.

3 Wi

31 EEMBRMEEFEEEKRSEREREE

el

gt 173 18 7K e R I R 1) S Ak A3 2 F PP AR
ATGL, HSL, CPT1 Fl ACO % — Z 5 {815 5 i o))
REJEIN 98 I, ATGL J2& g /K i i) B SR g, il
= BETE ATGL WAL T EE 22 Hah — W8, ARJETE
HSL AN 53 ff SR mESE Hh, CPT1 8N IA U B-
ARG . PPARa WA 2 i 43 A Qs e O
fE TN 22—, PPARa WGE 5 TE S 51830
AR DGRy R BRI R0k B, SR imife ik
BRI TRE o AR . R AR 107 R W 7 T % i 2L
PR 1R RE K A IR I R Ak o3 i SE TR L,
B & BUSCR = e ANl o FAS ] 4 B AR
FERING IR AL HE HepG2 4ef5 &3, HE:RR (LA).
WEHEMR (MA), ALA. EPA. DHA ¥} PPARa
ik, PA, fEJRWR (SA) WM PPARa FRik"™,
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i, PA F1 OA 4bFE HepG2 4 ifd AT (Onco-
rhynchus mykiss) I I} 41 il 25 F )8 PPARa 33k
B FEXTBE Dt (Danio rerio) M K i (Lar-
imichthys crocea) 58 , i& B DHA 7KV i 411
i JFEFOE B 55 & 3 B SREBP e (1 2 34 1 /s A2 3k
PPARo F B-58 AL AH 5L A 1) Feak T B RFERE
Anid it iE5 DHA DU fif £ fA g Bt 846, AL
Z 1, fARL EPA {50 s 65 T 20 20 ATGL
M CPTY ikt ik, MMRERR" ", Xt BRIE 65 65
(Trachinotus ovatus) F K, (Rattus norvegicus) BIHF
i, ALA Al3OE RE - AR OCACO . CPT-1T
SEEIN, (R I A D B JUE A BT 4 i P AR
SCE AR W, BEWIFRE F 40 24 h/5, EPA.
AA FI ALA W] DL 3% B4 N TG FIARTH & &2
ANGE ALA 2 30T 53 fifk 55 R 3R 3K S ik 1 R D 2
1M EPA 2 BRI 53 it XA AR & LS R AR 1 s
Wilg . AHOCHESE W &k B, TE 5 i (Crenopharyn-
godon idella) ', EPA BREE /3 ACHAN, i i
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T 1 0 A SR O i R 1) e IR B IR . AR S50
TERSZEG T, EPA 415 ALA 4AHIL, BEBGENS 2
fiff e DR 22 3K SCBOE i & OE RI 5K, B RN 200
58T ALA 2. #fE0 EPA W] REAE7E HM NG 345,
WAL 5T o ) BPA 200 A D 4 i v
SRR, BRASISER SN, EPA Fi ALA #
Al AR AR o AR R Rk . X U6 ST iR
WFFEAAL, B o 1 0 38 5 41 a2 i 15 7K A IR I
iR (1 - A0 i I ZE I P B AR A B AR 5
5, DHA W] DM HERE A AH DGR P 3Rk
{FL [T 400 50 g 17 7K A 155 i 7 PR B AP G BE TR 325K
X VR AN TG 7 i AR & it = T EPA I
ALA FYJE R . sk, PA Il OA #BJCH: i AT
JEAR A0 A o3 i AR A SC L P 25k, HLxE i T g
TR UTREURI 4N TG A R, X 5 LATEAF
FEAR RIS 2, Ricehi 58 ™ E 1 PA Fl OA % &
HepG2. HuH7. WRL68 = kk T 41 its F i 16 rp 36
B, PA F1 OA ] LA i 15 &

3.2 5AE EPA F1 ALAMEETEAEE KL
“H AR BY 52N

H 117 5 T i 1 v £ 1R A= 4 i A9 DL 5 B
R R = o W B R B 5 Al A K Y 0 7 IR
1% 7K F M 0.64%~2.10% n-3HUFA, H DHA/EPA
ol 29 14549, B A 46 00 575 B8 W5 R n-6PUFA 7
0.50%~1.14% B REARIS e RAE K, ABF5ET, n-
6PUFA HTEIIEE N, A AT 7 IR TR
ez pri s AR K 22, A, R A KRN
Wi ACF AR S BL T, s ARIEEHES il EPA F ALA
2R XT £ P 3R B A B R, T RE R
R A %9 E 0 75 B T R A Y R, n-3PUFA % i
WHE N 0.5% LI, 4 n-6PUFA 3 B HUATE )5,
W £ n-3PUFA BB iR KR K, 2
AR 2B, e P B n-6 IR T 25 ,
ALA (n-3PUFA) & & 7E 0.45% B A] 35 2 £ 25 5 K
AR TFER,

fE LA WE 5T, e R #b S EPA fiff B fig
(Monopterus albus) IFRg T K, IS BUHARIEE T
R, SV JRRIR T LAREAR B BB 65 4y I s %, Ui
VPR R EL A R 3 I AR A, R AR RS /Y 4R
R FES AR B h R I, RS T RRRR
I E %), WEEFIE N TR, affEn SR
BB, & EPA TE R Y i A HLIE g Ay
JE = n-3 PUFA BRREAE SERR IR S8 Lol , i8] i
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R 7 A R E T A4S BT AN REHE TR 2R
DURR A I 72 H o3 it 5 29 VRO B B, (B2 A b
FKRW, n-3 ZAMFPRNTER AT RO & S FLsh )
B A A A E 5 mTOR 38 # ke #F & [ 5
B, A A A R TS L, SRR R AE T
JE T 0 N K ZZ 6T (Scophthalmus maximus) Hx K4
KRG, B mNAS5REE A2, %
BN 275 R R BE I mTOR {5 5 A5 mign, A
VPR PR 7 52 W £ A 2H B 3 /01 B () R0 A7
TEY Rl 22 20 H5Z KM, FEAV R h A
JKF- EPA il ALA ] i FRAR AR B , I R B4
A TR, (EHARAS e e f0 (R 2 11 2H B Fi e
AR AR BB, A, ZRTA R R
Wi, EPA AJ DI i 20 10 i iy 25 20240 o] T B AT
g & & M2, AW AR
Jig 107 e R S5O0 AN B d B/ S B 1T 28K
N AN REAT B A HE R R o A B9 AT BATE B 3 1 B
s R, BHEMRET Z B S IR E R, By
R Wi A BE R, LT B ik 2 e i o A T
RANTEZHEL, IR R D 2H 210X — B ) [ IR 7R
SR Be Wi A 2l s, A T E A&
WA A R,

33 (AR EPAFALANESESEELEEE L
IEFRRYSZ NG

I35 AR A f A8 b 5 5 B 1 8 TR o 2 D)
FHOG, BB L2 S Bt A [R)ARDRL X 3y £t R bR 250
RS AL AR Y, TG AT TC 5 S S ik g % i
Uife BB br , RN ZaE g D e —E
FREE bR WAL 8 B2 B & s H i =
HEFIRE R A, YRS A GRS BT,
it ZRE Wik A7 FFRE A, AT S SO0 5 A 1 &
B, FIRE, 3 2 0Bt 2 WL IR 2
(T 2043 W E A IR Y, 53 M ot H e = 7 R [
Bk ABEFE AL, Rk EPA Fi ALA 7] 755
JHFIE PPARe B i 53 f A QI AR DGR I 5 2 1ok, )
I 48 3 AT L 375 R0 JFE IO b v BB A5 = 1 R TG /i
TC &k ecE D @A . AU &5 A LI
Mo bt &3, BN, fEm it d, kR
I EPA R T E AN L R TG A/l TC & 8
TR, IR MRACEA G RE IR EIARY, 7R
fif: (Salmo salar) BIWFFE &I, EPA+DHA fi i
FRRIWTR B-50k, DA &AM A0 i 375 v T BB A
FIR BN RAED, ANt mE U RN, mKF
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) n-3PUFA, U1 EPA 1 DHA 7] 38 b 3 i 3% 5
PR DL 3 SR ik B4k 40 i [ R B A 5
EPA 5 ALA 1A P4 i EPA J& L AT BE 5 i 5 37 3
P, Nl ML A A BRI

A5 D9 Bt A T TR A 2 e S e £ S A
B2 PN EEAGHR, R ER WA, I
i RS Ao I EA R A g & SR
G T A ST s HL A I DR s B A B, A A
L R0 2R J 3 A IV, ALV A A il RN A
PG IS PR 2R LR, AR R BN, 5
IEF IR AL, @5 4b 5T EPA A1 ALA 41135
B RGBS TR B AT 35 25 5, HIRRT
JH W g0t 4 . X 5 AR R i g, kIR
15 25 AR T 15% A AS 23 5% B e A48 405 % T 1 i
H R IEEETA Y, A, AR5 R R EPA
o ALA BN NG ARG . A 55 ARG5S & s
A Lt AR FE A 2= R, R E R EPA I
ALA 7E1Z 7K (0.6% K1 1.2%) R A28 A i ik
i1, X5 AR (0. mossambicus < O.
niloticus) T ALA ¥ It KT 1.31% B2 X6 JH i
B AW A P9 MDA 2L R 53 Ak e 7
Y, J& R PRSI R R R bR, i
Ik R 2 A A M R A, TS e LA At A
i, 7EABIZEH, EPA (1.2%)ZH M0 iTFAE MDA &
HRETE, S REIIE RS A Z L,
Mk EPA il 0.98% I, JIFJE MDA 2 &
BT, sURILE AN B, L4, EPA
(1.2%) 41 HFIE MDA & & 5 2 5 T HoAh gL, iix
R AT ERAL, FIREE M T EPA L
THRFS A, SRR A, X5
BIFE B KEEEEA: K 1 AF 58 4 kL DHA i
EPA & m i, M R iy A H S B, B E
MDA % I 3 15 T H AR A — 2 546, [H
FE 7K P ALA (1.2%) PLIA R 1 81 MDA | T,
X 5 AT % R 5T T MDA & 5 08 7 R A
FIEE 52 IEAH A —3™, Bk, 7Efakid, &
) EPA (<1.2%) 8¢ ALA o] LU BIFEIRTER, Mo
e N R IR E fa R AR g

4 25

AHIFGE 1 S0 B AR P R A R AR
AL AR D5 A8 B PR FP AR R EPA R ALA, JE7ESR
PSSR RAIE . RN, EARLRAEHT, &
JI& 1K v b 98 0.6% 1) EPA 8% ALA 1] DL 4
PPARa FNR T AR G IE R 5k, FRA AN |
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JHEREFNINE TG M TC & i, A0k Ag it A
Tk T AT Ok B9 AR A5 . A, TEEHE 0.6% 1Y
EPA ZHiA REFE IR G AR DG SR 1y 23k, i LR
BRI 58T ALA (0.6%) 2H, kI HA 777 an 4 g
T2 R0 HAB IR KA, AR5
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Lipid-lowering effect of PPARa activated by feed EPA and ALA in
GIFT Oreochromis niloticus

CHEN Sen', GAOMin', YANG Jiawen', CHEN Xiaoying’, WUKun', WEN Xiaobo ',
RONG Hua’, SUN Yuping*, NING Lijun "
(1. College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China,

2. Institute of Animal Science, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China,
3. Xiangyang Vocational and Technical Collage, Xiangyang 441050, China)

Abstract: Dietary fat is an essential nutrient for fish growth, yet the impact of PPARa activation by fatty acids on
lipid metabolism in fish is not well understood. This study aimed to investigate the role of PPARa activation and
its regulatory effects on lipid metabolism in response to fatty acids in GIFT Oreochromis niloticus using both in
vitro and in vivo approaches. Primary hepatocytes from tilapia were incubated with seven individual fatty acids:
oleic acid (OA), palmitic acid (PA), alpha-linolenic acid (ALA), linoleic acid (LA), arachidonic acid (AA), eicos-
apentaenoic acid (EPA), and docosahexaenoic acid (DHA), and lipid metabolism were measured. ALA, AA and
EPA significantly up-regulated the expressions of key fatty acid catabolic genes such as PPARa, carnitine
palmitoyltransferase 1 (CPT1) and acyl-CoA oxidase (ACO). ALA specifically up-regulated the expressions of
lipolysis related genes adipose triglyceride lipase (4TGL), adipose triglyceride lipase (HSL) and fatty acid transport-
related genes adipose triglyceride lipase (LPL), respectively. EPA inhibited the expression of ACC, and ALA, EPA
and AA could reduce the content of triglycerides in cells. In contrast, PA and OA increased triglyceride content
and the number of lipid droplets. In vivo experiments were conducted with two fatty acids, EPA and ALA, which
showed distinct gene activation patterns. Six semi-purified diets varying in ALA (0.6%, 1.2%) and EPA (0.6%,
1.2%) were formulated for normal fat (7%) group, high fat (12%) group (HF) and high fat group with EPA or ALA
(0.6%, 1.2%), respectively. Tilapia with an initial body weight of (3.53+0.03) g were fed these diets for eight
weeks. No significant differences in growth were observed among the groups. However, body fat was signific-
antly reduced in all four treatment groups compared to the high-fat group. As ALA and EPA content increased, the
condition factor (CF), hepatosomatic index (HSI), and muscle fat index (MFI) decreased, along with serum and
liver triglycerides (TG) and cholesterol. No significant differences were found in levels of aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), superoxide dismutase (SOD), and malondialdehyde (MDA) among
the groups. Notably, MDA in the liver was significantly increased in the EPA (1.2%) group, and the expression of
PPARo, CPT1, ACO, ATGL and HSL was significantly enhanced with EPA and ALA supplementation. Collect-
ively, these findings indicate that diets containing 0.6% EPA or ALA can up-regulate the expression of PPARa and
its lipid metabolism-related target genes, leading to a lipid lowering effect. The study's outcomes offer valuable

insights for feed formulation and fat source screening.
Key words: GIFT Oreochromis niloticus; PPARa; fatty acids; lipid-lowering effect; in vivo and in vitro
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