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GBS D IR RIS SR A T 5 (P < 0. 05) 5 E IR AR 55 7 H A5 100 ng/mLL 72 e P BBl RE 6 18 35 42 =i
T OTHE R JIG B 28R (P < 0. 05 ) | HAR IR RN R it ik 45747 $1 v R 345 il 7 & RT-PCR pb— 22 % Bl 100 ng/mL 72
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Effects of L-carnitine on oocytes in vitro maturation, lipid metabolism and
parthenogenetic embryos development in porcine
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Abstract ; [ Objective ] This study was conducted to explore the effect of different concentrations of
L-carnitine on the maturation of porcine oocytes, the development of parthenogenetic (PA) embryos in
vitro and the lipid metabolism in pig oocytes. [ Method] Different concentrations of L-carnitine were add-
ed into mature medium to observe the influence on porcine oocytes maturation and parthenogenetic embry-
os development. Oil red staining, triacylglycerol kit and quantitative RT-PCR were used to detect the lip-
id metabolism and the key hydrolase expression level in oocytes. [ Result and conclusion] The rates of oo-
cytes maturation and the subsequent PA blastocysts increased significantly when supplemented with 100

ng/ml, L-carnitine to the IVM medium (P <0.05) , and the oocytes lipid metabolism also increased sig-
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nificantly (P <0.001). The addition of 100 ng/mL L-carnitine into embryo culture medium significantly

increased the cleavage rates (P <0.05) and contributed to the PA blastocyst rates and qualities. Further

analyses of quantitative RT-PCR revealed that the mRNA expression levels of adipose triglyceride lipase

gene (ATGL) and hormone-sensitive triglayceride lipase gene ( HSL) both decreased significantly with

100 ng/mL L-carnitine treatment, which indicated that the L-carnitine could affect the lipid metabolism

by regulating the key lipases gene expression. In conclusion, these results demonstrated that L-carnitine

can improve porcine oocytes maturation and enhance the PA embryos developmental ability through lipid

metabolism regulation.

Key words : porcine oocytes; L-carnitine; parthenogenetic activation; lipid metabolism; embryo develop-

ment

Wi T L 20 0 A A LA RS AL L B DR R IR i T
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5, RS AL TENR 5 A 7 20 B PN, 2o e A R Sy 2
PRFE i 7 R I\ LA A1 12 3 2 b 1A R P, A2 il
ik 7 R 7 o MR N SR AR A A T B R i
GEIE B2 e PR BB % A R i R - (9 AR b L A
WRNG TS (B B OB 40 VR i %
H RV FRIBILAR i AN 58 R Va 2E.

AR B TR [F] 5T 2 T 88 1) 2 JE PR 9 Xo) 4
B 24 i P A4S S 12 AIOME VR i 7 390 i 7 R A U o
SR S H R BE R A AR, LU 52 35 44 D B 41
LRSS SR ZR |, S 4 v e B R 4 R i o 2
PR BRIV VR ORAFHOR 1 K AR AL F AR SCFs.

1 #R57S

1.1 RXe##

DPBS( Dulbecco’ s phosphate buffered saline) .qE
W A HEIRE (MEM NEAA) | TN Fli 1% 494 70 4% 2 196 e
GIBCO 2wl 7™ i, # % B4 Hegclone 23 1 7 iy, HoAl
WG Sigma 28 F] ™ b

PRI T FH A TR A T USRI
H15 A TCM 199 (Tissue culture medium 199) f&FH43
Hh 10% 55 BRI 10 ng/mlL F 3R K A= 4 A1
10 TU/mL A %% EREAE BRI ER (10 TU/mL 22 5y ifil 35

TEPERR I Z M 0.1 mg/mL 1Y L - 2 Bes e, 45 41 7
R0 SR S 0 — 5 Jo 6 Ve B 1Y) 7 JE P 8L 5 >R DY
Y& (Polyvinyl alcohol-Dulbecco’s phosphate buffered sa-
line, PVA-DPBS) H & DPBS 11 ¢/L B3R L1510
(Polyvinylalcohol ,PVA ) ; FEL I VG VR &4 0. 25 mol/L
H & [, 0. 10 mmol/L CaCl,, 0. 10 mmol/L MgCl, ,
0. 05 mmol/L 4 — ¥ 7, FLWR % 7, filfi fig ( HEPES ) 11 0. 1
¢/L PVA ; JE M IG3E 32 W ( PZM-3 , porcine zygote medi-
um 3) F1 & A 100. 00 mmol/L NaCl.,25.10 mmol/L
NaHCO, ,10. 00 mmol/L. KCI,0.35 mmol/L. KH,PO, .
0. 40 mmol/L. MgSO, + 7H,0.2. 00 mmol/L 3| R4S .
2. 00 mmol/L HEHEZ4N 1. 00 mmol/L L — & & Bkl .
5.00 mmol/L V2R B2 ARFR I ECR 2 % Wis R IE R
(BME EAA) (KRUVFHCH 1 % JE a6 75 B 5L (MEM
NEAA) H1 3 o/L JCig Wi R 45 1L 2 3 (BSA) 5 3
R EA 0. 15 g L 0,30 mL SN EE A 20
mL H,0. SEI 5 ¢ & RT-PCR A fFr F 095 149 )7
I 1 fizR.

®1 ZMWELEE PCRSHY

Tab.1 The primers of real-time fluorescent quantitative
PCR
7Y
514 SIFHI(5'—3")
K JE/bp
Hel TCCAAATCCCACGAGCCTTA 159
® GAGGAGACCGCAGTGCTTGA
Atel ATGGAGCCCACGGACCTG 179
8 CTGCCTGTCTGCTCCTTTATCC
AGGGCAGTAGCATCGCTTTAGT
Actb 118

AAGGGGATTGTGATGGCTGA

1.2 e 7F%

1.2.1  RER IR & 75 W A5 97 5 4 R AR 91 %,

A ALIBIEIE RS RSN R F %ok RO S Rk

LEGN IR ELAE 3 ~8 mm BRYE i B BRI, I

fBe R PR B4 4] BRI AR 3 2 LA Y B e - B
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M5 A4 (Cumulus oocytes complexes, COCs). &
J& PR AR O B A MBI 531 4 41, 53 BITEGS AN
[Fi] i F k32 (010,100 .1 000 ng/mlL) 7 i A i 14 B2
WP (5 100 WL IR 7 20 ~ 30 ML On+) b
I 42 ~46 h. JliEW BT (1 mg/mL) i 2 i 2 s
FJ5 COCs HY R Fr 4 A, 78 1A b i i I A B9 Bk 4
ML — AR HE B L. Z 05, 48l 457 100 Vem |
60 pus Y ELIIL K A T OICHE 0TS . B LB 1 B B
el A PIM-3 vhi R, or ) TR 3RS 2 RS 7 K
Ky ISR DR RN 2 & 00, IR A S peg/mlL Ho-
echst 33342 X R HEAT Y (RN 4L

A RN [v) 6 T2 7 TE PR Bl % B0 £ 40 e £ A1
TG (B — A AR HE H 3R ) B 25 (O 2480/ 0 o
B0 HEIRAR (R E TR FNAE IR A A 52
AT @ PR o) 545 B8 4 40 AR A1 Bl 28 11 532 i
I 2 1 G e A S o o v
1.2.2 s AR s 3338 2 IR E A A% R AT 97 5 4m
e R o X ke el SR T A0 1 0 2 ) o 1 7 e
PR BN N 5 52, LRI O mg/mL AR 36F AR, I
XA PR AR B AT RIS SR SRS 0 i WA AR A
I I W B RE 20 L, xof JC R AT Mg 1D 25 12 A6 00 A 7 A
W OC R AR S 1) 2 kR, LA S0 W At £ T TR % 4 B
BRI 7 A AR FHRCR AR & A2

TG, M £L e o 46 T 5 B9 B 4 B P s I 3 1)
i TR L T BEAL R 2 BT 58— A A 1 i
GREEAAL, A Tt 0 B 4% 22 5 W b ] E 20
min Ji5, 1] PVA-DPBS ¥ 3 ii. HIIHZLG4 (5 5 ~ 6 min
Je SRR 50% L BE) DPBS s k. 55
2 K, B OB 20 M ik B % 35 B PVA-DPBS 92 3% A
b BRI TR WA T .

ARG PR A 00 D 240 1% = 1k o 5 £
43 B 300 4~ 0 1100 ng/mL 725 A A 2114 B2
GRBEZAAE, BT 40 pL SARFECH 1% Triton X-100
(1) PBS 1,4 CZ4f# 40 min, B 5 ¢ i Dongou 1) =ik
HIiI R & (T CAR B2 W™ i A BR A 7)) 1 B

BEATERAE , AR (X (BIO RAD-680 ) Il 7 %4 i
WGRE , I =B & i e A 3 IR

B Ja, FH mRNA SE 26 0 8 224 B0 B 48 A o g iy
fiftg B Al (HSL ) 0 = 5k H I oK ik il B2 X (ATGL) 1) &
K. SRS 100 A4S 0 1100 ng/mlL 27 e A B ik 3 )
AP BRI, 7% B8 Tiangen 23 w] ) RNAprep pure 3%
FEANAL/ TR A RNA 2 0G50 & 2 A fEax 2 4100
LAY 2 RNA, ] PrimeScript® 1st Strand ¢cDNA
Synthesis Kit I &7 /5% 555, 5 cDNA 55 1 5%
(40 pl/%). B 1 wL cDNA AT, LA B-actin 2 P4
2, I SEm 2658 1 RT-PCR A 1250 20 5 %F B 2 ]
HSL 1 ATGL 1) mRNA Eik/KF- 504 E 4 3 k.
1.2.3  JERG 3R ¥ A R Bl R B R JE Ak 1 A,
SR IR IR FE RIS ZF v TS BB 200 e A
FEF U NS A T PR 81T A U VR IS AR A I R
HEs ISR B fE e 2 (0 (10 100 (1 000 ng/mL) ()
ZEBEAT, it 48 h RGN EEE 7 d JF Ry SRR
FNGE AR M ES AT RO VAN, DT 0 32 38 & IR G
BR IR B AU BT vk i
1.2.4 %itod FrARBHELR 3 KU L, 41T
B P ME = pnifEiRFR, i H SPSS 17. 0 X i 56
BRI T R T 22007, LA P <0.05 fER ST 2
S0 E ARE.

2 HRE5HMH

2.1 ERPEFRBRIPRINMABDRERENERA
Rl 3 54 B0 £ 4 L ) 2 Ml
2 W AN, 5X%F R4 K& 1 000 ng/mL £ %

Eb, %S 100 ng/mlL 22 i€ PR B P LA I8 25 44 vy B B 40
FLA RSP AR (P <0. 05) . TR LA HH s in 2 Tié
PABR X B 24 R () B 0 RS i 2 (P > 0..05) , {HRLER AN
100 ng/mL 4 it 5 55 , I HL 3 R SR04 R A1 i 55034
B (2,18 1) . Bl R R — 2 o e
{140 2 e PR A 0% B2 15 B0 240 Jf 1) 3R, e B TR
S = E 7 100 ng/ml.

K2 ERERE A e PR SE DR EEAR A 1 S0 B S AN T B R RR & B MR

Tab.2 Effects of different mass concentrations of L-carnitine on porcine oocytes maturation and PA embryos development in

vitro
p(EﬁEl’ﬁWﬁ?)/ SN E‘Iﬂ:%éﬂﬂﬂ@ R S % o %Eﬂlﬂ
(ng - mL™) # AR/ % e Tk ke
O(XHHR) 193 56.65 +1.68a 178 73.02 £4.78a 17.60 +4.44ab 33.67 £11.79a
10 199 63.13 £3.30ab 177 68.32 £3.97a 21.35 £6.22ab 43.67 £9.94a
100 200 69.76 £2.31b 188 77.37 £4.11a 29.15 £4.22b 40.33 £3.71a
1 000 204 56.60 £3.27a 189 66.05 £5.70a 13.06 £2.73a 27.67 £6.69a

1) AS#EE, LA—NMER DB FHH A TEFREF(P>0.05,Duncan’s ).
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.
A IO ng/mL ZEREABRAYFENE (100 x ) 3B #RH1 100 ng/mL 22 € A HENE (100 x ) 5C: BRI O ng/ml 225 YAk ) 2 A 48 I 4 (200 % ) 5
D: %S0 100 ng/mL 72 P B i) IR A0 A %5 (200 x ) .

P L SCEAR HR A TIZ JCE PA) BO0S A AIICHE R Jife i 7 R0 S o 4 52

The influence of blastocysts quality and developmental ability of PA embryos derived from IVM medium supplemented with

Fig. 1

L-carnitine

2.2 HARWNSHEMFERSEM="HREHSE
onl]

W 2 Frs i i BGmEn g ()5 5B 20 1 Y 2

ORI, BN 100 ng/mlL 75 JiE P X 56 4 1) B 4 4 i

O A, R IR & AR UK. 2E—2%t 0

0.001 /K - 2% % 3%, Duncan’ s ).
2

A: TRANO ng/mL 72 € AT BFBEAR I (200 x ) 5B BSAIT 100 ng/mL Ze e A B A BT B 411 (200 x ) 5 C - BFE: 41 =t H il 2 4

G R IR RE AR AT O e (0 — I Hm

--

#1100 ng/mL ZH 1 BB BJ A i =k H- i 5 1=
K, A& BRARTN 100 ng/mL Z2J5E A Blipz {35 R A1k T 00
BRI =B H e & & (E 2) , Siha O Jetagh R
AH—2, R ZETE R IR BENS i 2F = Ik H-ih o, HA 2
ARG OB 2N BRI 15 RIS R .

30 C

25 F
20

*k sk

15
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Fig.2 Fat staining by oil red O and triglycerides content detection of mature oocytes

2.3 ZEHERT XA SRR 5 C R
HSL #1 ATGL mRNA FiA 7K F 200
SERTHE G A R B os (Kl 3) , 78 U s
J 100 ng/mL Y22 JiE RIS , H: 2 BR 1240 A HSL
FATGL FEA ) mRNA 223K 7K 734t 25 1A% F %) i)
ZH(0 ng/mL).
2.4 EMRREFBRPANMAERERE
Rl ot 5 DIF 5340 B ) 2 i
R 3 s, FE MG 35 I8 W U I — 2 T itk
JEE 10 2 i R B EL AT S 3 B e A IO SV I B 4 32 g
FH(P <0.05) , HLAZSfin 100 ng/mL 20 {1 B 24 8 F1 5%
JRZE F . VNN 10 ng/mlL 72 € PR B 4 174 9 A 440 £
&% 1G22 5 A% (P >0.05).

B A HE

1.4 [0 ng/mL

B 100 ng/mL

HSL

ATGL
P AR G g AL I

“ o P FRIRTE 0. 01 A 225 B3, w7 FIRTE 0. 001 JKF |22

213 (Duncan’ s ).

3 2 Tié R BB 4 DR BR A0 HSL Fil ATGL B 1K mRNA ik
K- HY R

Fig.3 Effects of L-carnitine supplementation on HSL and ATGL

mRNA expression levels of porcine oocytes
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Tab.3 Effects of different concentrations of L-carnitine in embryo culture medium on porcine PA embryo development

p(ZENEAT) / PIHE

(ng - mL™") TR K B % A/ % AR He
0 161 78.75 +1.88a 29.14 £8.70a 44.97 +3.19a

10 129 91.80 +2. 16¢ 30.33 +4.44a 50.58 +2.18a

100 155 92.92 +1.23¢ 37.38 +5.66a 46.86 +0.69a

1 000 174 85.19 +0.44b 27.55 +6.37a 44.19 £2.10a

1) RF\ &G, LH— MR G F B4, R 7 £2F R E%(P>0.05,Duncan’s ).

3 WS

58 A I, 2 T5E PRBRCAY DR3240 R AUV IG 1) H B 1D
FRPEAL T AT/ A B DR, 76 D B2 AR S D B
FIPRG & 75 oI AR AT AR s BRAG B 7= 1 )
i}, Lonergan 25" AN IRMG 0 J  BE 72 0 E BRF 40
TR (R , Soom 25 I\ Ky 42 R Y 20 I 22 /0 %
T ARG & T fE 558 A6 38 1 7 R (B
B REFEW) v s In A [v) Joi 2 V4 B2 1Y) 20 5@ PRk, & 3
7 TR AR RENS 2 1 i 4 D BRI R A A4 S 1R R
ARG A R AMEES D243, A B T4 v g ICE I3
TG B BERR K B R R T

T SR A DG T 2 T PRI BRI £ 24 e i 2
BEFR AN 2 8 (04 52 00 4 3 45 S M R). W 2600 %
IR, TE BB AR in AN [] 5T 1 vk BE (0,0.25,0..50
1. 00 mg/mL) 1) 72 € PR B XS T 1 A 3R 52 ) A b 3
BN 0. 50 mg/mL 77 5E PR dnb 325 42 v 0 U S e 2>
LA BT TR T A RIS 35 95 VR S IS ) Jo
W (0.0.25.0. 50 .1.00 2. 00 mg/mlL) 4 2 HE A 5%
X T8 I JVR Jies D) 284 55 0 4 i % B TG B 2 5% .
Somfai % B 5T & B, 16 R E P S 0 5 R vk
0.6 ~5. 0 mg/mL [ 75 i A B FT LA 255 2 1 B B 40
JHO B B RN R 2 5 (% F L iR TC I S PR Y
). AT & B, 26 R S 0 100 ng/mL 2 i
PRI B 0 100 25 Mt 2 v 5 9 5 4 B 1) G (BLXT T
JLHP S A FNGE IR HN AT b 25 W FE G 15 R
H AN 10,100 F1 1 000 ng/ml 4 75 Jig 1A B E i 5
b B S AIOHE R G D 24, S TN AS () J5 2 e B 2 e TR
BT TRE RN K B AT B M . 77 AR R 22
S 1 Ji PR AT A A AR A R AN (] .

AR AT S R, 20 € PR Bl T L I8 5 AR AT ol
FEON B =B H e E . O KE M RIE
HH 22 T R BB 8 12 v R A4S 0, d a3 n B - &
PO SR 41 w25 BB 40 FVE i 1 7. 22 e T
Bl EZ AR AR IR Rl T i/E A, 3 - &
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FE5NREE CoA fUMEIESS & A iR IE A B, B 5 7EF8
57 (AR T DA R 32E A 2 2 A4 . A 2
PR PNER , R IR L 4 R i 1 Ak Lo I, FRTIE AK
HIRRTEE CoA AIRWT 4T B — 484k, 1 42 2F A 15 1K
L R A 3R R = Il ATGL HUK fig =
P b % H T R AN R AR T HSL K i H b —
i 49 P2 = IEHIh A 10 3 DR = i H i
KRR LG 52 ATGL PR, H 32 2 if 2 & ATGL %
SR — G H o A R H I R, 7 T
HSL 7K i A H il — B8, B 5 76 H il —ER B /E T
FERRH IR AR . AT 9T & R, A A 3R U
HAS N 100 ng/mL A7 Jig PRBR , 75 K AR A B9 B 41
i = 4 ] P 3 R AR T HSL AN AT-
GL FE ) mRNA ik 7KV, 32 BH 22 e R A4 o — 1k
H A 1 Ak d i HSL Fl ATGL 3[R mR-
NA Fe3K /KB FH 5 SeBL . 4525 5 23l , B 1y
YL ATGL F:P) mRNA Fih/KF 1 i AR G
ATGL 3K 3R (B TH 5. ASIFFE 2 i 40 3 ¢ % B
TE LA RIS I A2 5 PR T AR 3265 B0 B4 i i g
F AR, DT 52 M B9 441 e ) I R G & B RE T
I EARYE ML 75 2 — 25 Y

S 30k
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