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Effects of diet supplemented fish oil or conjugated linoleic
acid (CLA) on mitochondrial function and developmental
ability of the mice oocyte
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(1. State Key Laboratory of Animal Nutrition/College of Animal Science and Technology .
China Agricultural University, Beijing 100193, China;
2. Laboratory of Animal Embryonic Biotechnology/College of Animal Science and Technology,

China Agricultural University, Beijing 100193, China)

Abstract The study was conducted to investigate the effects of a diet supplemented n-3 or n-6 polyunsaturated fatty
acid (PUFA) on mitochondrial function and developmental ability of mice oocyte. Ninety Kunming weaning mice with 14
grams body weight were randomly assigned to three groups,and feed with a diet of 4% soybean oil,4% fish oil,or 4%
conjugated linoleic acid (CLA) . After 30 days, the mice were treated with PMSG and hCG to induce superovulation.
Oocytes were collected to examine mitochondrial parameters (active mitochondrial distribution, mitochondrial calcium,
membrane potential and fat droplet distribution) ,and to assess embryo developmental ability after in vitro fertilization.

The results showed that: 1) Though there were no differences in active mitochondrial distribution, mitochondrial calcium,
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and membrane potential between different diets, the ratio of mitochondrial calcium to active mitochondria increased

significantly in animals fed with a diet of fish oil (P<C0.05);2) The distribution of fat droplets within oocytes of fish oil

group were intensive, whereas less and non-uniform fat droplet were observed in oocytes of CLA group;3) Consumption

of CLA significantly reduced the ability of the in vitro-fertilized zygotes to cleave and develop to either morula or

blastocyst stage by 38. 12% and 30. 67 % respectively, even though no difference was observed in in vitro fertility

among these three diets. These results suggested that a diet of CLA may increase the cellular lipolysis, leading to

decreased embryo developmental ability. In addition, diet supplemented with fish oil did not affect the developmental

ability of oocytes where the Ca’" homestasis was perturbed.
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JIT A AR 4 BR e ] Al R 27 Bl ) 52 6 R DG B A
HEAT AF B S AR R EEOK

FEFRME 30 d 5 Il s A/ RAREE . SR 5 X/
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Table 1 Composition and nutrient levels

of diets (dry basis)

H KR 2E T
& t1

AT a3 CLA
H K2/ (g/kg)
Tk 374. 60 374. 60 374. 60
) 280. 00 280. 00 280. 00
KA 210. 00 210. 00 210. 00
KE 40. 00 0. 00 0. 00
LR 0. 00 40. 00 0. 00
CLA 0. 00 0. 00 40. 00
SR 3 30. 00 30. 00 30. 00
ML 7Y - A 20. 00 20. 00 20. 00
BERR A5 19. 70 19. 70 19. 70
ik 13.70 13.70 13.70
B9 5 TR AR 5.00 5. 00 5. 00
At 3.00 3.00 3.00
AL B B 2. 00 2. 00 2.00
HAE R 1.00 1.00 1.00
Yi b R B AL 0.50 0. 50 0.50
A AL 0.50 0.50 0.50
HFAKFEO
BEHE/ (M /kg) 14. 47 14. 47 14. 47
wCHLE E D /% 20. 31 20. 31 20. 31
w(§5) /% 1.18 1.18 1.18
wCH B /% 0.81 0.81 0.81
wO R R /%% 1.07 1.07 1.07
wEE) /% 0.43 0.43 0.43

0 Q4 R HUR AN & kg B R EAL VA 140 00 TU, VD
1500 IU,VE 120 IU,VK 5.0 mg,VDB; 13 mg., VDB, 12
mg, VB 12 mg, MR 60 mg,Z i 24 mg, & 6 mg, 4k
Y% 0.2 mg, VB2 22 pg, HA 1 250 mg., QY EILH
TR R A B kg HOAREE A B8 Mg 2 000 mg, #4 2 000
mg, 8 5 000 mg, 4%k 120 mg, %% 75 mg, £ 30 mg. 4 10
mg,fifi 0.2 mg. A 0.5 mg, @ NiEH.

F2 SHEGERNEMHENERERAR

Table 2 Fatty acids composition of experimental oils

g/100 g
Jig 105 iR KEIM RER] CLA
Cl14.0 0.03 8. 20 —
Cl4:1 — 0. 35 —
C16:0 12. 36 15.42 0.68
Cl16:1 0. 14 7.92 —
C18:0 1. 84 4.21 —
C18:1 28.17 26.96 0. 82
C18:2n-6 55.79 — 1. 46
C18:3n-3 0.81 1.05 —
¢9,t11-18:2 — — 38.55
t10,¢12-18.2 — — 58.45
C20:0 — — —
C20:1 0. 33 13. 88 —
C20:2 0.02 0.45 —
C20:3 — 0.68 —
C20:4n-6 — 0.16 —
C20:5n-3 — 10. 02 —
C22.0 0.12 — —
C22.:6n-3 — 10. 61 —
C24.0 0. 40 — —

TE e x 100 g SR W72 B G P 4 R BRI IR A 5. — R AR &)

1.2 BPERELRE o 55K E R IEE L

FHZ KR Ry 5 M B A 28 2R £ W 088 (Nikon
TE2000E) 43 #7 O9 & 40 M (9 2 ok 1k, F
MitoTracker green FM I rhod-2 AM (Invitrogen)
2 Tl GBI BT 73 BT OB A0 T 1 R A4 3 A L
PRAG VR . N2 HORLZH v e RO b 30 A5 B B 240
A& A 200 nm/L MitoTracker green FM #I 10
pm/L rhod-2 AM i Qe ¥ /. 37 “C BESEIBEF 15
min, K5 K B BRI /E mPBS(Sigma) ik 3 %K,
il R T IR AR AR TR R

M 5, 5, 6, 6'-tetrachloro-1, 1", 3, 3'-
tetraethylbenzimidazolylcarbocyanine iodide (JC-1)
(Invitrogen) & Il L&k U B ey 71 . 6] FE 45 H AR 20
VEIBGE A 30 A5 B BE A0, AR JE A & A 0. 75 mm/
L JC-1 Je .37 CRESEIFEE 15 min, mPBS Ak 3
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Ui R G R L SRR O N WL%E . il il Nikon
EZ-C1 FreeViewer(Version 3. 00. 502) %} 2 Y6 Hric
(1) D BF 40 1B 7 2847 2 Ao 2 RO B 20 I e (B
PN BB S4 AT UL R OGR4 S 3 A SR 4
AR TR . TR 3 AR AT R 4k 5O
R, 45 2H U0 R 4 B A A J8R 0 2 5 B HL (B AT L
W T P A A 3 A1 FES R B [ A A R R i, 37 7T
PL3E o 25 A8 00 2100 5 SOt o B T Bk te . JC-1
TE v RS B & S 2T 68,56 S o T A AR RRE FL o7 1) o
O,

2 W wakefield 2500 75 3% 45 Ho oy
3 NI (Areas 1~3) 1 4 X (Regions 1~4),
1 MM EHRRENENEXSH

Fig. 1 Schematic of the template used to analyze

mitochondrial parameters

1.3 SPE4RBaBERAiE 5> 1

FH Nile Red(Sigma) %¢ 5t G4 8} o A6 ) 59 £ 41 g
(4 R 0 43 A BRI 4 B 2K 5 IR 1 5%
SRR IE . £ HOR S BGE 1F 20 AR B 41
FE 500 pl 200 @b [ 22 24 h ARG L 25
pL %4 10 pg/mL Nile red f1 1 mg/mL g ZJf Lt
% &t i (Polyvinylpyrrodlidone, Sigma) 4% ¥ /7, =
i B 56 1 AR mPBS U 3 U, il A ok AE R R
R T L%
1.4 IEHEEMNELEEREN

W A 2H WSCER G 110 O B A0 M U % 0 T AR T
WrF ey 75 pL SZAF R T RS R 10 pL 7 HTE s
medium(sigma) W HIFE 1~1.5 h IREER T.
N 1B A0 H Y 528 W/ R L AE 37 °C L5 0 CO,
(IR h 24 4~6 h J5 B ZAF 0 VR 5 B8 AT
e i) Quinn’s HTF medium (Sigma) 3% 3%
Hgk g3 AR 24 h ILEE OB RAE B GE 3T 52 R
RORERMBEIR

1.5 HBESKITE5SH

B L 4 S bR R RoR . Eods o A R K
SPSS 13. 0 H1f#) ONE-way ANOVA P % J5 2% 43
BT AT 8HE 70 1, A Duncan’s £ 8 H B 4 H R
2H MRl 25 S o M 25 R DL P<<0. 05 KoK

2 7% R

2.1 MRERAKE

2858 30 d (R I, 45 2H /)N B 4 PR OO B
25 (P>0.05), Tl H AR 4 (35. 4740, 56) g3
fo il H oM ZH K (35, 39+ 0. 65) g; CLA H 4N
(35.6340.53)g.
2.2 PEMEMENEEXSH

T Ar gl H AR B CLA HAR 30 d J5, 55 ul H
HRAH U5 /0N BRI B 240 5% P R 44 IS 1) 43 A I
AR (F23), SR, DS AH X 5 A 16 M 2 s {4k

%3 Eih.E#HM CLA BRANRIPEAE
T M L A 43 L T B R A
Table 3 Distribution of active mitochondria, mitochondrial
calcium,and membrane potential of oocytes from

animals fed a diet of soybean oil, fish oil,or CLA

Wi H G ik CLAZ SEM p
% T 2R R o3 A
W2l 112 1,14 1.19  0.041  0.752

W31 1. 14 1.13 1.28  0.070  0.642
B 3:2 1.03 0.98 1.06 0.030 0.713
LRSS oy A

21 1.12 1.23 1.19  0.146  0.917

31 1. 15 1.29 1.30 0.066  0.901

W32 1.02 1. 04 1.08 0.032  0.925

5 2ok

1 0.99  1.09 0.8  0.182 0.169
B 2 0.93b 1.20a 0.85b 0.107 0.001
B3 0.99b 1.28a 0.8 b 0.102 0.001
TR MR R0 R R A

1 .92 1.34  1.52  0.182 0.556
1, 2 2.09  1.45  1.66  0.194 0.314
B3 2,08  1.49  1.72  0.206  0.329

e ox RN FOA AL P RE 40 % >=30, [RIAT F AN R R om
E R R EP<0.05),
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(189 53473 73 B o ] R #2230 R FR) /0 BB R 200 i Je 2 s
3 NES Y 231 He S H O R (P<<0. 05) . & Ab FRZH
OB} A0 g 2 A ) B H S R A N I B B 2R R
2.3 NEHERABEMES

T R AR /I B B R AR AR T 0 A 4

(a) (b)

AY 30 2 Ak 3 BT & AR W K (B 2(a)) £l
2 /0N BN BE 20 P9 R LA A L IR 2 B v (B 2
(b)), 1 CLA ZH /)N BN Bk 20 B B 5 0 43 A A 34
A 38 2 BT & R Wi AR 22 L B B9 B 240 BT 5 B s
FEXT R A (K 2(e))

()

Nile red4tfa, . n =15

B2 Eifi(a). &l (b)F CLA HAR4A (¢)/NRIPFHAAEH 73 75 (X 200)
Fig. 2 Nile red staining of lipid droplet of oocytes from mice fed a diet of soybean oil, fish oil,or CLA(X200)

2.4 DIEBMREEIMEERE

W WSS B 1 45 2L 1 B A AT AR SR 2 K L UL AR
BB 240 i A Sh A2 KE B IR R F R T . e DR H O
/0N BRUF BB 240 AR Sh 52 05 23R B IR R 5 Gl A
B2 MR CLA H /N BUAY 09 £ 40 o4&
HNZAEIG AR Z R R (- O WA s B &
5 SN  Hb R 43 L M 4K 51. 80 %
(P<C0.05)F1 62. 19 % (P<0. 05) , bt £ i1 4 FE AR T
52.97 % (P<<0. 05) F1 60. 89 % (P<0. 05) (& 3),

701
60
50
40

30

R KT #0%

201

243 RENRE TERAE
HEwhd BManhd NCLAA
K LA 35/ 4 SE 3o 5 A5k FAR 41 501 290 i %50
n=40,3 MEE ., * Fn P <0.05,
B3 Zim.&imF CLA BiRA /R 9P & 28 b 4 5h
EEE2MME REMREMBERLE

Fig. 3 Development potential of in vitro-fertilized

)

zygotes from mice fed a diet of soybean oil,

fish oil,or CLA
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3.1 MEREE

283t 30 d A I 2% HORR 2L BRI R AR R
HZR, Mori &M% C57BL/6] /NERFIME 4 g/kg
ORI S IR i SR NG R R S Y e
FE Veaute 2515745 CF1 /NRAAME 3% CLA HAR 30 d
SRR TR S G
3.2 PEWMmALAEIIBE

LR PR X T B BE 20 A RN R30I R G B 10
(ATP B4 50O LA K 4 o9 355+ oy 22, AR A
FELERARWY  BOIR J Ai T8 25 A S8l i) 15 14 6 R A4 5
e BEVAT AR A AH R AE 0 R ZH B0 R 40 N 2 L S
AEXS T RGP LOR AR W 2 B e . T
R BE 20 M52 A L AR v R ol R S IR G T LA
PR 505 T AL s Sy SRR TR RE A 49 5 S H A
PRI ANT S 40 P A 45 v B Al 2 FE T, R S
W B AR A T LS 7 20 A R BRIR A . AE VR IG 4 f
N R RT LS 3 H B 04 2 6 Fe VR 45 A0 P 1Y
5 7S T 4 v A L P D R v R T R AT L AT R i
MEBERES . DL X B R, 7 UP BE 41 ) A7
FE— YR 40 M OE 8 DI RE A SR AR A Tk i . R A Al
JHL P A A 5 ik A2 A 1) B P IR RS R L (H R A
PRI AL B SO A S E R TS i g £ 25 D) A
K. Wakefield M i 45 K KA M & 7% n3
PUFA 1 H KR 82 5 T 0P B 20 M 36 M 2k ik L
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B FUA S IR HiG % 8 RE 1. A0 [ RE 32 8 T 90 B 40 i 7
PSR A S DT 6 L T 2 AR A5 S A . 4 A 4
IKF- 5 240 i P9 45 K P 8 B A 56 T S R T T LA
B O RURIG 9 & B e 0 . 454 o0 B 40 e 9 i
15 2 B A3 AT T B S n-3 22 AN AR NI i R A B0 B 4
JL A R 8 T — P R I U R B R A S K
T . (H RS Z K KRR kB RE R E R R
oy H O /N RO B 40 MR A6 R e OF R A2 B

S, B O R 0 i R A B T R T 2R A
T H A AR DL G A AR B,

EARE RIS R LR KOV &4 T2k,
{E2 5 B RE 40 i K 75 R S G 1 2R A B e 37 20
A2 E HREZ M Em, RN R0, 45
20 60 1) S El A7 5 B SRV DHA (9 ¥ BB IE AH G, A
HOAR 38 m s F PUFA Z1BEAT T K BRUZ5 I 4 i 1)
EE 7 . PR, T PUFA 15 20 i i e o7 1) 56 2 52
PRI R
3.3 SREERREYAR A

JiG 25 9 J50 2 AN 0 & 7 BT A0 20 1Y 6 S R4 I R
il BT 400 B 7 R B 0% Sy £k R 2 4L 7 BE
JRFERE L G B TR 89 T8 25 R 43 A AR b Al R i 2
B HF 200 i 4 A% A D o BB AT P B O R
BREWRIEE AT ZXLEE, A Nile red 4b# 5P
B 240 i, 38 i O 3 IR A Gl L HL A M T o A
ML, AR CLA H O/ BUEE A 40 ff s
7 35 AT AN 3850 5 B MR B 2 T £ 4 B9 R 41
TG o A LR A, B R M X £, Pereirad
G T R B B IR PR N 110, c12-CLA FEAK
TR i 20 e R G R {EL AT AR 7 A VR
ks & FRE S . DRSS RIS 10, c12-CLA — J7 i
3 3 410 1 U 1 DA Sk B LA B A g T A i B S 7R 1)
&K R B ATK 440 L 1 g 05 25 |, 5 — e vl LA F
i J 200 e e s e A AR Tl U IR B 2 BUE BT
1M c9 1 1-CLA {3y fig W 3= 2 X5 ALK 1) e 2 T g
B EA . AR5 d, CLA JEARH X 2 f 3
R4 B (97 %5 9, t11-CLA: t10, c12-CLA = 40 :
60) .10 ,c12-CLA R 7T RE 2 o072 P -RF 41 i A 17 3% 50
A G RN FEERNE,

3.4 DEERMMEINE E 8

1B 41 AV i 1 & B R 0 5 LR 7 R 4 R
DIAH O o 5 002 240 1 m 1 1l g 20 B % 32 K 09 B 4 i
BCEK, BEIEER BN BRI e 2
H 4 ng, H PUFA BF &5 (9 EE 90/ F 20 %67, 1

2R % VLAY B 2 v D0 5 A A AN A R U R
BB H A v PUFA B BIAR AR . Wk, H R
I PUFA W] g 2 k4 B R 20 i 581 JiG 169 B 5 R
A, B Az K R sk F e . AR 1k Hh 27 K
iR AU BRI 2 A R 2R, AT
W3R 50 2 B, /1N BRI SE i AR v RIE D R R 2 R
TR 05 TR 1) L A1) 2 e AT e A A Ak U I 2
BUOD S LA R AA LU 5 35 (9 B AR CBCHE B ke
K3, T OPERANMXT PUFA (4 W% Ui 2 1% £ W I
17 L2 3 7 A% g 5 0900 Rk, B oA o PUFA X2l
A5 BB 1 A 5 TR 2L B ) R A BR A

RBE 20 A 32 K R 2t BN R B RO IR
55 W IR AR AN 2-40 M & & = IR, H i = e iy &
RAAFREDY A/ BRI CLA H AR 2F 59 A 41
JIE8 PR R U i 458 400 M 2 T 1 R R A R R
Wb NTTRE I T A F 2 & & B ). X
Al RESE 2 CLA ZH 4 IR 2 B (IR T 7 3 26 1 6 3 21
M . 56T PUFA X 00 HF 41 i R 51 % & 52 m i
F 5% 45 - IF A — B, Nonogaki 25" 7E K5 37 W h iR
T o JBR V1 R B AR T 240 M R RN 4-40 i %
Wakefield %5 45 K A M il H OB  $2 3 1 O
B 240 i 355 1 4R KT o R[] R 4 T B R 4 R Ak
REHE S . Fouladi-Nashta ZP R 57 ] F2 8 n-6 5¥
n-3PUFA H Xt 32 K5 i 095 41 i (4 & 75 A7 50 .
B L AR XTI LC-PUFA Xt 50 B} 41 il % & R 71 1
VEFREI a3k F — 25 U6 0T T 0 B 40 e %t H R R Y
PUFA 9 W 2 2 £ 1 7 B2 32 21 7™ 4% 7 75 19,
AR B R W A Y6k H ORI L T 2R AR P 4
i AEIF AR R WA 2 B I RE AT 2 K S kB BRI
4 fiE

4 & it

NGRS T fih BOR IR TR RE A0 9 A R
fiir, RRBCEHARSN T AEJ1 s CLA H MR AT fE il
aod At B RE A AR 7 64 R e R AR TN B TR
M ETE R,

2 % X #
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