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Revised September 18, 2019 ABSTRACT Among fatty acid families, the polyunsaturated fatty acids were demonstrated

Accepted September 23, 2019 to be mediators in various reproductive processes as precursor of steroid hormone (via
cholesterol) and prostaglandins (via arachidonic acid), and in the last decade, major research
was focused on the effects of omega-6 and especially omega-3 fatty acid. Eicosapentaenoic
acid, the longest members of omega-3 fatty acid family, can be produced by a series of
desaturation and elongation reactions from shorter member such as o-Linolenic acid.
ORCID However, very few studies have provided detailed descriptions of Eicosapentaenoic acid
https://orcid.org/0000-0002-3721-9167 effects and mechanisms of action in mammalian oocytes. The purpose of this study was to
evaluate the effect of Eicosapentaenoic acid supplementation on in vitro maturation and
developmental potential of porcine oocytes. Various concentrations of Eicosapentaenoic
acid was added into in vitro maturation medium, and we evaluated the degree of cumulus
expansion, nuclear maturation rate, blastocysts quality, and levels of prostaglandin E2,
17B-estradiol, progesterone in the spent medium. High doses (100 uM) of Eicosapentaenoic
acid supplementation significantly inhibited cumulus expansion and oocyte nuclear
maturation, and prostaglandin E2 synthesis also significantly decreased compared with
other groups (p < 0.05). Supplementation of 50 uM Eicosapentaenoic acid showed higher
quality blastocysts in terms of high cell numbers and low apoptosis when compared with
other groups (p < 0.05), and synthesis ratio of E2/P4 also significantly increased compared
with control group (p < 0.05). However, Supplementation of 100 uM Eicosapentaenoic acid
showed high apoptosis when compared with other groups (p < 0.05), and synthesis ratio of
17B-estradiol/progesterone also significantly decreased compared with control group (p <
0.05). Our results indicated that supplementation with appropriate levels of Eicosapentaenoic
acid beneficially affects the change of hormone synthesis for controlling oocyte maturation,
leading to improved embryo quality. However, high doses of Eicosapentaenoic acid treatment
results in detrimental effects.
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ZHEE da Y Gx Fol= 2H71-39 eH7t-6 AEY
o7HE ZSRHAto] FRSH FiEo] gloH, FEE°] AdF
Sk BEXIAA] FRF0l wet G2 W9 drEEst A
Abo] 24 % WlEHBilby 5, 2006). ESH o]t W= T2
2@ (prostaglandin) @41} AHZO|ES 2R A (ste-
roidogenesis) g0l FFZ WA 1, o] F AFHAHCRE
EHFEEY HdA9 44 IS 28 Bk 9 tH(Gulliver
S, 2012). Al QR EHE F43 FEZIATARE AE Y
9] At AAAE T shel cyclooxygenase FAPHEE &
sto] T2 AEFTE A4t (Abayasekara 5, 1999). o] &
A2 TREEY DA, High, AR dY, B 53 22 W4
o] 83 A8 7HA 1L 9loH, 53] ZRE5EY AU dA+
9] Aol wj¢ F83% 2EA dES rk(Neal 5, 1975). A
2 (Eppig, 1981) £(Nuttinck &, 2011)8] F$ T2 AE
L2 AWolA FA 2O BT A} J5Z 2EsH, &
5] AF G A9 Ao G wHTH 51 (Viggiano 5,
1995), o]AZ Hizaki 5(1999)9] m2Aeawtd #8471 2
£ FolA FFAZ P3G Ao} 575 Aol BaoA FEE
itk olggt AdE2 2 AeEFdo] WAt A&t 4 3t
oA 8% 9EZ 71X vk A AART 3HH b
A 4 ZoA X W LH (luteonizing hormone) I3 A
M= @9 AlZ(theca cells)oll A F4td B AEAHEL 7+
9t AlZ(granulosa cells)?lA] o}ZulsHaromatization)ol <
3 JAERAOR W3R 7| wio] dEHA JAERA 5

= =M A 9K Roberts &, 1990), @Y W LH 33 Fojl&=
b Aol dhul M EE= A Al Z(luteal cells)Z H3}sl7] o
o) AEZZ 4l Z2AAEHEZ BAEsH7] A|ZRITHWalsh
S, 2012). o|H ¥ IR} 4% upA|gt A oA o AER A} T
EALHEY 5E7F F439] HA3tsly] dEo] dER Yo =X
ste A SEEES 4R 23S 284 583 9% F9 5
vro|th(Hyttel 5, 1986). OFA7HA] G 2N Y]] o AEZ 73} 1
EALEHEY FEO GET U 5] AP/l H3t F
AAQ A+ B QAN s A d2Y Yo 279
AT #4P2 dAY A&} Tl 9lo] mj¢ Fasitia gtk
(Aardema &, 2013). 181 5L 2719 GEoA AF|R0]
E 3239 558 4% 43 14733 dxA = oAERA
St =91, HY dRxoA = Z2AAHE WA= F9 AlE
oA RH|st= HAEAHZO|Y AEZAH TR 527 =%
th1 gk(Ireland 5, 1983). o]8d 252 F2H Y9 oA
EZAT T2 AAHEY st dAe] e Y 24E0 $2
e Qe 7HA AL itk A AARTE B3 ERSATARS A
Fet 29 dx Y | JAEZAQ] =7t Z71519 L (Robinson
S, 2002), §3] FA7] 7] EXIAHAY HHe GEN
Y Z2EAAEHES &7t FAasktE A+ Z3HGulliver 5,

2012)= Y404 AgRolE 328 33 Ex3tAubite] &

FA4E Z ez Qi
FZole 49 A&T dd dFS uAE dE Y9
S 7]

2 54 EXIATA gigt A7 FefA 32 Ytk(Moallem
S, 2013). pZFEEIAHA F 55| ov|7h-3 Aake g®a
ArE9] ZollA Al AR g YAt A WA o]F A ot 9l
o, g-B&#AXHa-Linolenic acid, ALA: C18:3), o] Al
EleliH(Eicosapentaenoic acid, EPA: C20:5), =ZAFSAFQIAL
(Docosahexaenoic acid, DHA: C22:6) 5°] 4tHScorletti?}
Byrne, 2013). 218|321 u|7}-6 A4S BAARES] £ojlA] o
A WA g4 Ao A WA olF AFE st gloH, qEFo
2 Z&=#4HLinoleic acid, LA: C18:2)°] 9t} £3] ALAS} LA
£ AdolA F8E 4 g7l W&ol AHE &3l ZF= ojoF of
7] W&o WX eAtolgty B2k (Wiktorowska-Owczarek
5, 2015). EPA®} DHAE= ALA9] A& (elongation)® B33}
(desaturation)& B3l AolA Ago] 7HsstA T BA(ET]
elongase®} desaturase) =0 & Z3Zlo] AgHZlo]7]o] “ZAR
&7 Aato 2 BRol7| & gt olEjdt AMAE S 1 R
OF ool whet da o] e, || d&at il QoA A& ot
2 338 7T Jov(Gulliver 5, 2012), 3] 2ol ALA
o tigt 38AR A7t of 2] AollA Bl Qlrt. ALAY] A
W &3] JojA CHilds 5(2008)2 &3} WaE o] A5,
A ol 33l G vtk B ustyih. Veshkini &
(2015)2 dx29] 27|17t AZASFE F=7 F71617] wzol ¢E
9] 7Tt dAe] A4 B 4ol B stk 21
ALA9] A 9] wj%F & Ftof| glojA] Gulliver 5(2012)2 49 F9
9 GV (germinal vesicle)dAoA Z4EES 28304t B
H8FH I, Marei 5(2009)2 & GEFTE 0|85t A9 J&&
7}, HiRtE R 0] H1 Q] AeE&d F2o] FEHIN o, A9 F5
= A9 4<% g W prostaglandin E2 (PGE2)9] =71 H
Zto]| w8 SVttt st} Ghaffarilaleh 5(2014)2 &
st G A9 A HiEERE o] F A V) FTF6kleH, of
EA|A(Apoptosis)&o] WL, A9 A& F A9 A= widY
Y oAEZ o] ZrAsHs th4l Z2AAHZES] F7FetA T g
¢ g5 71 Ake] 2H71-3 A§4t]l EPASF DHAE ALA
B o A AR SA4S 7ML Q= Ao R EEA glon,
EPA®} DHAZ} 858 BA715& 58 At 374 ALASH -4
SHA ZREEY Y2 P AP d s E AR T
9lo] &}z olgt= B 117} Qlti(Moallem 5, 2013). DHA 2%
& IR0 A9 AEA A9 Arb= s A=Y A9 dg
o] 9lojA &3Ho]A|qt, 15 E 2] DHA #H7k= 258 d=Zat Y
9 A 9 A|Ro|E HAE Tt AA 1 4 AKX
SFH(Oseikria 5, 2016). e+ T2 A2 g4 9] 214329l
AFA D EPAY] AL o7 ZR/EE9 HAY A9 d&
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gt a7t 9 g 7140 g A+ Hus AR Aol

oA E A= E5EE A9 dxghE 35ste] A9 A
&, A9 4, A9 vigE 53 viNkE o] A9 PAHE Alaret v
Eo] A9 A Higtz o] $d S flot] A F5E g
Hof| EPAS] X7t 835 HESISTH EPAS] G2
9 & I Ut dA e 3, dA 9 JsE, b
iz 2 o] Ao W&y} ujukxo] E4 507 AP oY,
°] olF E4E0] H7HE wiFAoA dEHZ A9 HSAFH
% 49 conditioned medium We| PGE29] &%, JAEZA
I Z2AAEEY FEE ZASIIT

At

Mz Y Y

7% Hosoy

I 9] QlFo] gl BE 318 E4F} A]9F2 Sigma Chemical
Co (United Kingdom)°|A] 4314t}

2 Aol AMEE 2 Wi H Y] AL et 2 s
wagte] 35 9 AlF wigA-S 10 mM HEPESS 3.0 mg/mL
bovine serum albumin (BSA)°] %7}5 HEPES buffered Ty-
rode’s medium (TL-HEPES)&Ho|d, Q] A& vjFHL2 0.57
mM cysteine, 3.0 mg/mL BSA, 2.5 mM p-mercaptoethanol,
10 ng/mL estradiol-17p, 10 ng/mL epidermal growth fac-
tor”} A7} North Carolina State University 23 (NCSU
23) SYo|H(Petters 5, 1993), 1719 10 IU/mL human
chorionic gonadotropin, 10 IU/mL pregnant mare se-
rum gonadotroping HA7HIVM I €9%) £+ 1] H7HIVMII
SH)sto] ARGt A9 £7 viF AL 1.0 mg/mL BSA,
2.5 mM caffeine sodium benzoate’} 37} modified Tris
buffered medium (mTBM) &9& A&31H 1 (Abeydeera®t
Day, 1997), AZA 2 442 1.0 mg/mL BSA9} 75 mg/mL
penicillin G, 25 mg/mL gentamycin®] #7}F8 Dulbecco’s
phosphate bufferd saline (DPBS, Gibco BRL, Grand Island)
SHZ ARGkt =€ oY A9 vl v gA-2 3.0 mg/mL
BSA7} A7} porcine zygotes medium (PZM3) &4 AL&
5t th(Yoshioka &, 2002). BE g 9] 4HEQt2 270-290
mOsm, pHE 7.2-7.42 ZA3}92H, 0.20 um Millipore fil-
ter (Sartorius, Germany)® o3 & 4°CE YHR & s} oH,
RE HjgHE AMESL7] 24417 A RE A wiFste] ARgstiTh
ES 2E ojgH 9] ulN 4L mineral oil& FE3I] 39°C,
5% CO, HIF7]o0A Z Azt 4A17F o) BEAIZ] & ARE-5}9IT

EHX| 2ol S|4 2 X|Q| M=5(IVM: in vitro maturation)
AFBE A QEEo] A3 AAAA T} LT AA] Ak
=0 AR AZAIYOA E£EH HRAZEEH dASE FE5H9
75 ug/mL penicillin G7F E7He 0.9% A3 &4 F=(25-30°C)7F
E01%9+= B2 gof &5 F 2417k o|yjo] AFA=E ¥t

224

At 29HE daE A7) A0 3-43] AFsto] dao EH
3} o] EHE AloJ& &, 18 gauge-needleo] & FAV|E 0]
&5t 2174 3-5 mm9] 7HA] GEZRE GRS FAFozH

FxS 3ot Faett dESS AA|A A (%80, Olym-
pus, Japan)stollA FAEL O] R2po] xS, A|EFo]
A3k ATHE Adste] Ao Algstoirt. AdE dEHS TL-
HEPES &40 2-33] A& & A9 4% IVMI §2°] 500
plA B35 4 well dish (NUNC, Roskilde, Denmark)°ll z+2+
50-60719] w|/d<% dEFS Y11, 38.5°C, 5% CO, HiF7]oNA
22A7F BRE HIGAIZL &, AAF A9 g4 [VM 1T S-Hof| A 7}
Ao g 22/7 S T T =N A9 d4 =T

M| =H(VF: in vitro fertilization)

2 Ao AR A2 APFA0RE FHEL FFA =2
A & o] JIFSFAE A AZE S|P HS o] 85t
H, 17°Co] Basto] 3-59U 5 AHEshaith. F A3 PBS £
S =9 H| &= 3435}l 14 mL Conical tube (BD Science
Falcon, California, USA)°l ¥ 1,500 rpmOllA] 387t YA
goto] FSHS AASH: AA-S 335 AAlst] AlFstoh
AEE § 51 RY FAT o) 2 mLY PBS 9 ‘::301 38.5°C,
5% CO, #7114 1587t swim upstact. ¥33 254
7 AAZE 34519 1,500 rpmOlA 387 QAR S XSt
T HAR ZA= mTBM L9 0 & 34519 & B el 3x
10° sperm/mLo] HEE 2AsYct A9 A4S SE3 5 §
HHog WAt gE dEst g AEsto] 0.1% hyal-
uronidase”} 7‘47]-3 TL-HEPES €994 pipetting 224
TN EZE AAT T mTBM S0z 2-33] A&sact. 1g
1 mineral oil2 TEH 48 L9 mTBM &Hof 157448 9] dx

4S9, A7)oA EujE AR 2 ul @FF ZASE 1.2x10°
sperm/mL)E #7}5t0] 38.5°C, 5% CO, #ig7]ol| 6A17HEt
HigFto 2N A9 4 FEStAT

2| H{Z(IVC: in vitro culture)

A9l £AHEH FAE A9 wjFA R 4-58] pipettingF O ZH
S T BLEES AAT F oA PZM3 £9o2 2-33]
AZ st A&E $47e ulg] 24H|% 50 ulel PZM3 £
30704 9o 38.5°C, 5% CO, Hi¥F7]oNA vieFstgth(day 1). A
9| wjF 2¥A(day 2)°l AT BE&E, A9 v 6LA(day
6)°l viutE 2 0] X 9o] W8-S s}

LEM| Q| THAE M-} 51 A4

447 T Ao dERS ’é‘ﬂ“‘”]’é StoflA FEsto]
TAIE ] B3 Frof wheh A BF(ETF AE AAF B, F
£ B2 v FET YY), YFsHA| dEo = FES
At E]_’ 3 J& dAS 2G| Al 44417 T A
H dx 0.1% hyaluronidase”} 7Fg TL-HEPES &2
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A pipetting RO 24 FFAEE AAT F 7] Aoz 2-3
3] AHsto] gEtolE SA 912 §71 ¥ 1:39 vl&& 94
acetic acid®} ethanol €904 347F IAHAFH T Marei 5,
2009). 23H WMEL 0.1% acetic orcein® & 587+ FA5}31
glycerol, acetic acid, 57 1:1:39] v &Z Egd &0
A 2-33] MAsk § 9AAF du|7(400%, Leica, Solms, Ger-
many)°l A 9] A& FFsl9rt.

M2l d= iYW LH2| PGE2 Sk XA}

A FEFY A Q) A&l AR HFHL #35H] -20°C
P30 BHASHH T, gAY PGE2 HEE S5t YA
dextran coated charcoal assay ¥ (Marei 5, 2009)& At
4519tk BoE ME2 anti-PGE2 serum (from Dr. N.L.
Poyser; University of Edinburgh, United Kingdom)3} &%
St §, tritiated tracer ([5, 6, 8, 11, 12, 14, 15 (n)-3HI-PGE2;
Amersham International, United Kingdom)Z AM&3] & Hi
2 slAsitt. 1831 4°CoA] 24X 7 B T 0.4% dextran (T-
70; Amersham Pharmacia Biotech, Sweden)™} 3} 2%
charcoalo] Z3tH dextran-coated charcoal F&HS A7}
gk, 283 4°Co A 1087 BAgE 2,000 rpm .2 10827¢
A BEgt & AN A A 4 mL9 scintillant (Ultima
Gold; Packard Bioscience BV, United Kingdom)7} Zg+d
scintillation vialsol|lA 287t A3A+=E &332} PGE29) &

= BRI HE o]gsto] SA3t o] B A& M= 2
pg/mLE-E o™, @A 9= 3.5%-6.3%0|t}.

2| d= iU LH2| E22t P4 Sk XAt

A FEHO A Q] A P04 dEA| 27T EHIgE E29) P4
9] 55 ZASH] 9814 enzyme immunoassay kits (Estra-
diol ELISA Kit 402110 and Ultra Progesterone ELISA Kit
402310, respectively; Neogen Corporation, USA)S A5}
o A RAMNA AFe o2 ZPstc(Maya-Soriano 5,
2013). o] ¥l A& W9+ 0.03-0.2 ng/mLE-E o, 221
A= 3.2%-3.8%0]}.

Q| AAEl HiRHE O] EE ZAHTUNEL assay: terminal
deoxynucleotidyl transferase—-mediated dUTP nickend
labeling assay)

2 A¥of AFE-E TUNEL assay kit= In Situ Cell Death
Detection Kit, Fluorescent (Roche Diagnostics GmbH,
Germany) 1913} 2¥& ARESIoH, 1:99] vl&2 28513
ot A9 £ F 644 BAE HiEEEE 0.1% polyvinyl alco-
hol (PVA)©] 715l PBS (PVA-PBS) €402 33] A& & 4%
paraformaldehyde”} 718 PBS €0 HXA|A 4°ColA 1
AZE 9 AT 1Y E HiHEEE PVA-PBS €908 3
3] A5}l 0.1% Triton X-100°] #H7He PBS §of thA] 2
AAA 4°ColA 3023 FFEAsIA. 183 PVA-PBS &
Aoz 335] A&3sto] TUNEL assay kitE &gt £of XA
AlA 38.5°C, 5% CO, Hlg7IoNAl 1A17F &<t #ilYg & PVA-
PBS &0z 33] MHsFct 1 ¥ 2-(4-Amidinophenyl)-
6-indole carbamidine dihydrochloride (DAPI)7} H7+&
10 uL mounting €02 1A HiRIEE §FH ] (x 400,
Olympus, Japan)2.& vij¥lE 9] & AN 49} apoptosis AllE

& s

A X2

B Ao Z A T H4 T 43] o)A ¥HE A5 Al
o Ao itk SA5H 242 ANOVAL 4 -testS 0]-&3}9]
AXBFF o T, 5% s A R-22-E HAstAT

2 o

H|2| H=A| EPA 717} RO St A| I WAl 0jX|= &1t

Al A< WA et =] EPA F77T HA] wEE)
SN E B vX e 895 HES ZIH= Table 13 Zth
A B& 44A7 F FFA 2] o] FHEA] gFe FETHS
224 2.5% (5/200)°1902.1, 10 uM, 50 uM 2 100 uM
H7FolA 22 3.0% (6/200), 2.0% (4/200) 2 2.0% (4/200)
24 v Agoldnt. 12 REAQ dAEY] RG-S
Hel GRS gi2FA 17.5% (35/200)01%12.3, 10 uM,
50 uM ¥ 100 uM FH7FElA 242 17.5% (35/200), 17.0%

Table 1. Effect of EPA concentrations added to the IVM medium on cumulus cell expansion of porcine oocyte 44 hours after [VM

Concentration of No. of No (%). of not cumulus No (%). of partially No (%). of fully
EPA oocytes expanded oocytes expanded oocytes expanded oocytes
Control 200 5(2.5) 35(17.5)° 160 (80.0)°
10 uM 200 6 (3.0) 35 (17.6y 159 (79.5)°
50 uM 200 4(2.0) 34 (17.0¢ 162 (81.0)°
100 uM 200 4(2.0) 412050 155 (77.5)°

2 Within a column, values with different superscripts are significantly different (p < 0.05).
EPA; eicosapentaenoic acid.
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(34/200) € 20.5% (41/200)2A], 100 uM H7HE2 Z42H9] ot
2 ZRt §95HA EUTHp < 0.05). SFAIZ7} AS] B3
B dEHS 274 80.0% (160/200)°192.H, 10 uM,
50 pM % 100 pM H7REA 22 79.5% (159/200), 81.0%
(162/200) & 77.5% (155/200)2A], 100 uM H7H+& Z+2k9]
o FET {O5HA Wekthp < 0.05).

H|2| d=A| EPA &717t HEEe| 3 Hd=0f 0|X|= 51t

A9l A% wiFAol thFst o] EPA H7P7t HiA] dEEte]
3 g0 nXe a9E AES A= Table 29+ 2tk & A
%9 B7H5 9ol A9 % 4447 F A& Sl metaphase
M) AR et G2 $5 St MII GAZ 2
2t tE o] £ g 2FqA 90.5% (181/200)0]1%2.H, 10
uM, 50 uM 2 100 uM H7FEA 2k 91.5% (183/200),
88.0% (176/200) 2 82.5% (165/200)2A], 100 uM A7}
Z47}o] o2 R F-95HA Wthp < 0.05).

2| M&A| EPA 717 PGE2 §H40j O|x|= 3}

A9l A% wiFdol thoFdt %9 EPA A7t A dEete]
PGE2 &40 v|X& &35 HES ZI= Fig. 13} 2t A9
A% 44A7E T A9 A g Y] PGE2 =8 2 100
NG BHZS Boote] 53519t PGE2Y B sE& =R
o4 1201.8 + 167 pg/mLoI92H, 10 uM, 50 uM % 100
uM A7FEA 42 1110.9 + 219 pg/mL, 993.4 + 201 pg/
mL 9 625.7 + 144 pg/mLEA], EPA 37l 5% 9J&Fo =g 7t

Table 2. Effect of EPA concentrations added to the IVM medium on
nuclear stages of porcine oocytes 44 hours after IVM

Concentration No. of No (%). of developed to
of EPA oocytes MII stage oocytes
Control 200 181 (90.5)°
10 uM 200 183 (91.5¢
50 uM 200 176 (88.0)°
100 uM 200 165 (82.5)°

**: Within a column, values with different superscripts are significantly
different (p < 0.05).
EPA; eicosapentaenoic acid.

517 29ktHp < 0.05).

M2 d=A| EPA &7P7L M2l 8 =t 228y itz =9
M| wE 0|Xl= =24

A Q) A4 v o chFst o] EPA H7H A9 4% 5 H)
2 GEo] b Bahg ) wiutx 2 o] K9] W] n|xt ZitE
AES A= Table 37} 2tk bt BEEL2 A9 £4 4847 &
4ME7] ol WA AT 5 SFSHA L, A9 WY F 6Y
Aol vt v TYES ZAGITE dREEY AL dxT
oA 82.1% (279/340)°1%2H, 10 uM, 50 uM & 100 uM 3
7HEolA Z+2E 81.1% (284/350), 80.1% (278/347) 2 82.0%
(283/345)2 A, A& v AgFo|dct. 181 vjgtzE 2 9]
A I FLE thRFoA 29.7% (83/279)0191 2.1,
10 uM, 50 uM Z 100 uM H7FEoNA 22 31.7% (90/284),
34.1% (95/278) & 30.0% (85/283)Z A1, A] A& H]3t A
o|9ict.

1500 - PGE2
a

o a

3 1200 a

£

o

oy i

g 900 X

o

o

T 600

(0]

o

E

£ 300-

o

O T T T 1

0 10 50 100

EPA (uM)

Fig. 1. Effect of EPA concentration added to IVM media on
PGE2 synthesis. Results are presented as the mean * SEM of
four replicates. Different superscript letters indicate significant
differences among experimental groups (p < 0.05). EPA; eicosa-
pentaenoic acid, SEM; standard error of the mean.

Table 3. Effect of EPA concentration added to the IVM medium on cleavage and blastocyst development at 6 days after insemination

Concentration of EPA No. of oocytes

No (%). of developed to blastocyst

No (%). of cl d
B3 e e eeayiee embryos from clevaged oocytes

Control 340
10 uM 350
50 uM 347
100 uM 345

279 (82.1) 83(29.7)
284 (81.1) 90 (31.7)
278 (80.1) 95 (34.1)
283 (82.0) 85 (30.0)

EPA; eicosapentaenoic acid.
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HQ| d=Al EPA 7171 H|2] ‘44l B o]
|4

A9 A< wigAol thFst H= 9] EPA H7P7 =R Gt
& Ao iR vigtzo] F4o) nX: 2dE AE
Table 49} Zt}. A9 v 6Q & A4k wintzo] 4
% A Z8} apoptosis AE 5 S5t A9 Ak gt
29 F MZES9] AE x4 40.8 + 3.2700]1902H, 10
uM, 50 uM E 100 uM H7HEolA 242 41.9 + 3.871, 45.4 +

Zoj| o|x|

ol
rir

r o

?]‘2_1\_
o
=2

=35

Jr

e

2

3.970 %2 39.5 + 3.6712A], §35] 50 uM H7EE o2 FET
9ot EAtHp < 0.05). ZHH apoptosis A|Z 49] 3¢tz
2914 1.4 + 0.97]°1912™, 10 uM, 50 uM Z 100 uM H7H+
oA 27zt 1.4 + 1.170, 0.9 + 0.871 € 1.9 + 0.77/12A4], E3]
50 uM F7HEE o2 2R {Fo5H F 91 < 0.05), 100
uM H7HtE2 o2 R 3-95HA BUTtHp < 0.05).

Table 4. Effect of EPA concentrations added to the IVM medium on blastocyst quality assessed by the number of total cells and apoptotic

cells

No. of examined

Concentration of EPA
blastocyst embryos

No. (means) of total cells in
blastocyst embryos

No. (means) of apoptotic cells in
blastocyst embryos

Control 100
10 uM 100
50 uM 100
100 uM 100

408 +£3.2° 1.4+0.9°
419+3.8° 1.4+1.7°
454 £3.9° 0908
395%3.6° 1.9+0.7°

Results are presented as the mean + SEM of seven replicates. Different superscript letters indicate significant differences among experimental groups (p <

0.05).
EPA; eicosapentaenoic acid, SEM; standard error of the mean.
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Fig. 2. Effect of EPA concentrations added to IVM media on
synthesis of (A) 17B-estradiol and (B) progesterone, and (C)
ratio of 17p-estradiol/progesterone. Results are presented
as the mean * SEM of seven replicates. Different superscript
letters indicate significant differences among experimental
groups (p < 0.05). EPA; eicosapentaenoic acid, SEM; standard
error of the mean.
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Hi2| H=Al EPA &717t E22t P42| & I T HIZM| 0|X|=
=i}

A9l A% wiFAol thFst o] EPA H77t HiA| dEEe]
E29} P49] 3+ 9 H|&of| n|x|&= 835 =S A3H:= Fig. 23
2t A9 & 4417 T A9 F5 wigd W9 E29F P49 5
TE ¢ 100719 BHFS S5t E29] B 5= o
%794 1.27 + 0.19 ng/mLell2™, 10 uM, 50 uM & 100
uM F7EolA 2442 1.36 + 0.16 ng/mL, 1.49 + 0.14 ng/mL
2 1.66 + 0.16 ng/mLEA, 3] 50 uM3} 100 uM F722

£ 2RO FY5HA 37163 THp < 0.05). P49 Hd ==
f2FoE 42.7 + 3.4 ng/mLelleH, 10 uM, 50 uM Z 100
uM A7l A 2+ 45.0 £ 3.2 ng/mL, 42.9 + 3.1 ng/mL ¥
62.9 + 3.6 ng/mLZA], £3] 100 uM H7l22 oE ZET &
9lsHA 715 HHp < 0.05). A9 B& F A9 & wigA ]
E20] tigt P49 & v &2 tiRFoA 2.98 + 0.150]%12H,
10 puM, 50 uM 2 100 puM H7EollA 242+ 3.02 £ 0.14, 3.48
+0.18 9 2.63 £ 0.2584], 50 yM H7}22 & Zxtt §9
SHA ¥%3l(p < 0.05), 100 uM F7HE2 o2 R 3951
L}h(p < 0.05).

Ny

ut

R ESA AR AH|ZolE S2E(ZHAHES T
DR AEFRHRPIEARS S99 AFAREA ZREE T
7, g, AT I, o 53 22 A4 A4 F8% =
A7} 7155 oke ZAoE WEAL, Ad 10487 A7 FE L
H|7}-3 2 F4ARe] S Hol=tl FEE U 7RS4
o] A7ZtHH o8 ZRFEY A9 A5 HFE 2EATE= B
I(Gulliver 5, 2012) o]%, @A7HA] 2H|7}-3 ALAY 2H7H-6
LA 22 o723t A a4t A9 A< ajgA 9] H7t A7t
Hux3 glon; opA7hR] ZR{-559 WAt gt avt & 2§
71340 tigt A Bl v BE53 Agolth EPAE ZR5E
A HZE A43HE ALAYL Elongase, desaturase 59 84 #&
<= 591 DHAE @/dd17hH= B4 wHEol A= $1F AtEolH
(Wang &, 2005), Petit 5(2004)2 ALAS] A& FEF2 UE @
H7F-3AHARS A Q% EPAS] 2ATS VA1t BT
oj#gt Kl HA] dE| A9 A& vigAo| EPAE H7H}
QoA B gk ALA H7F Aot fARE 4= doke 7HEE AAIRE
o} oR7HA] E{-EE FET] A9 A& vigAol EPAE 7t
sto] At Hag FHE gle AAolrt. o] & dAoA = =HA
WEgo] A9 A% wigde] Bx3}F AHAE FollA EPAE 7t
ol w dETHY] st HHE A F dAE B, 9 4
&, HiRtER] o ids 9 1 F4, 13 A9 A5 = H
FH o] PGE29] B&, JJAERAN} T2AAHEY 5& 5
oy 71 M3sS AL AESH HIHOE HA] dxHo R
58 =gtz o] A9 A4 A aet tlEo] A9 A4 iRz o]
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4 T AT FF9 A9 A5 wig AAE SHtA &
=8

WA 2 AF(Table 13} Table 2)°14 10 uM3} 50 uM EPA 3
7Rt A EAIE B L & AdE-Eo] Al HEER] I%
A5k, 100 uM EPA 37HEolA = B39 A 9 & J<5&9 7
A7F EE L ol3t A= A sk 0|49 EPA H7te
235]8 A FxF] A9 F&o ARt AS UEHdTh
Ghaffarilaleh 5(2014)2 & W2zl F 9 A< wigFA] 50
uM, 100 uM, 200 uM9] ALA 37F AglA 2% 200 uM
7oA dFA 2] Fo] JA| 9 & J&-go] FasHT
i B3I, Marei 5(2009)2 & G2 K9] A4 viFH
o 471 FE ALA 7t S04 50 uM 7oA 9] & 4
22 Z718I9 AR 1=l 100 uM F7HET 200 pM A7
oM & dEO F-9 vt Holzta Bskoltt oy
AT BuE2 B4 5k o4 EPA H7he dETY] WA
I Q3o oA 9 o J&5& T4 838 YehdtE B |9
Ak} ARSI

Ayslsla ZwoA olely] &AL, Dihomo-y-linolenic acid,
EPASH 22 20719 &42 FAE AL AZ W A
AF 397429l cyclooxygenase 34 A 29} lipoxygenase &
4 ARE B9 oo]ZAto|E FH EZQ ZEAEFHAY
(prostaglandin), E&¥AHthromboxanes), FZE & (leu-
kotrienes), 8l&4l(lipoxins) 59 A2 Y=/} =Hv, T4
H oojFAo|E B EFES AFOEL A oA FE
g YFEZ 71X 3 Q7] o] S2EoE BEREV|E gt}
(Soberman®} Christmas, 2003). 3] Z2 AetZHd 419
7% DGLAE PGFla T PGE13 22 1-Al8]2 PG 4
9t AFEA, AAE PGF2a T4 PGE29F 22 2-A1829] PG
TS st AFEA, EPAE PGF3a B+ PGE39}F 22 3-A]g]
2 PG S gt A+EZ o] Fk(Sargent, 1997). ojudt 7
25 FAMEA FAHE Z2AEFHAL YA A dids] T8
7152 7L 9o, 1 7 AHEQ PGE2E & A9 ¢
4 A9 M| EZ(granulosa cells)o|A] EH = F2 WFFAE9]
WA I &S 2884k ok(Nuttinek 5, 2011). 2 &
TF(Fig. DolA =R F23he] A9 & F A 5 v g0 A
PGE29] 5&& ZARH 23 BE EPA A7kt e dzaEt
FASIH, H7t 57t oSS FHAshs Aol Alx
QR ERE F53 ZHEZIATARE Al Ylof EAst= ARt
29l 9] 84 (57| desaturase, cyclooxygenase 5)5 A9
o 1-, 2-, 3-A1FZ PG §/do] AHH o= o|FojATh= A+
B I(Lands, 1992)& 3-A12]2 PGS AFE2l EPAS] B4 &
= ol A7t 2-A18]2Q1 PGE29] BH|E A= 2 A
9] A5 Frgit) £33 o3t A= =R dERhe] A9
A% Ao HA HX o)A+ EPA F7lol o3t 44 5% ofsf
9] PGE2 £H] A7t FAIE B A9} & & A A
o] Jltk= A& 9ulgitt. 183 A7 H 9 melanoma A&
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9] A9 vigAof =2 = APAS F7HHE o A2 &
T4 74 2 DNA F#H3Kfragmentation)’} 713t Bl
(Andrade 5, 2005)¢} vpz71A| &2 daxgko] H Q] Aol 9lofA
EPAQ] 15 H7H= PGE2 #H|E ZAaAZ #ut oyt 1 %
A9l =/ wizol dFAIE BF9] A E H F5&Z FAAT
= & e dRlo] 2 £ k= AL g

& d-*(Table 33} Table 4)°] 225 E 2E EPA 7120
A dEeRo] wjgtE 2.0] H 9] W2 %3 Fo|9 o, 50
uM EPA H7hol|A gtz o] F A E = F-9l5HA WekoH,
&3 apoptosis ME = F25HA At ¥4 100 uM EPA
H7HEoIA apoptosis AIZ F= Fo5HA BT ALA 37t
Al, dES G viRtE 2 o] A 9] B8-S H(Ghaffarilaleh 5,
20149 A% & A7t FASHA 24ol7t el oy 4(Marei 5,
2009)9] A 50 uM O] ALAE H7H3S o S71skivta gt
Ju A9 A afigkzo] Z4o 9lojA 4719 T AolA
= £ A9 daet gAY B3 2 A (Fig. 2)°14 =HA
2] A9 & T A9 & wdHolA E29 P49 BEE
ZARRE A3t E2& EPA 371 5k EFH 07 FUlske A Fold
on P4 100 pM H7HEAIA FoFo® EA Uehdth E3E
P4o] thgt E29) H]&-Z AR A 50 pM A7tolA] 22
H|3lo] A YEPF O™ (3.48 + 0.18 vs. 2.98 + 0.25, respec-
tively; p < 0.05), 100 uM 7oAt 2o Blsto] A 1t
EPTH2.63 + 0.25 vs. 2.98 + 0.25, respectively; p < 0.05).
ESHE AT AN TEA(ELL AES, HL apoptosis )9
HjutE 7} who] AJAkEl 50 uM EPA H7FEolA 9] A< v g
o] P4ell thigk E29] B H|&o] tixto] vl |25k =9k
T, AEZAE-L apoptosis )] HIHFEZ 7} o] AAFE 100 pM
EPA 7htoll A P4oll digt E29] 5%k H &2 footA Rttt
(Fig. 2). o]&|gt Z3= 7|2F 02 EPA7} HA] dE] H 24
& B0 A E29} P49l Hlo] FFE n|X|n o] FH| W3}
of vljgtz o] F44Ql SHI AF 7FsA0] USS YAIRT

G20 &2 74 F ot wad A4S AAske e F
a3k Ipgoln, Ak E29) P49 T2 4 S22} oA AF
QF ofo] ZAN 0] EO] EH] & o] A9 ZFof Aol E2&
F3x 9] Ao "4Ao|AeHLubahn 5, 1993), & GEZ2] A
44 Ao =2 FE9 E2E T £E9 Aggo] JA ¢ v
41 o] H&314 S e 9 th(Beker-van Woudenberg
S, 2004). P4 FA] Fa o] 3} vijgto]] Fa3F & o] A|THLy-
don &, 1995), &(Siqueira 5, 2012)2} HA|(Yamashita 5,
2003) o] A Q)d< Bl FrstHe W A2 Y A
£ SAXFY. Wathes 5(2007)2 A% I U9 P49
7He A o] 8391 FFE F1 1 A FHo] Y
HjolE AJAkstet I B 1§10, Modina $(2014)2 HE 9]
E2/P49] vl&o| 7173 F3x e} B9 GRS TR 8% 1
Aty Bk, o2t A9 HAI52 EPARTI] A7 dA+
AsAl FEN o] E29F P49 v]& W37t GRS &1} 5

Ao e 9l 1 B4 i WHE Agkyo] it

22 s Eo

2 a7

fr

=2 G2 A9 J&A] FHEE EPAQ] H7He vinkE ]
AS FHEA Mz4=9) F7F, apoptosis AlZS9] FHA)AIF
o, A% & oj4e] H7He dAte] bzl B 9 8 4
< JAHA L, B FES AR A9 H& A A
o7 == BAH W3t F o] A mEA FETO A9 F& &
A9 A< wiFd U] PGE2, E2, P42] BH] %o HIlE A
E3F A3 PGE2+= EPA 37t 5= Hlgsto] ZAastga, P4l
gk E29] H]&-2 50 uM EPA H7HEollA &7 100 uM EPA 3
7hENA A debdth A28 02 HA] G2 H9 J&A|
EPAS| 7h= PGE2, E2, P49] 4] &9 H3lE of7|stH o]
23k Wk WA ] B, Ao S g%t AAkE iRt o)
E40| e &} 7|20 BR1H ZE AuAE9 Aot
FAFSHA EPARE ] A&, £33 A Q] AYAE Gof B2 9
FE9 A= AS & 5 At wEbA Fo = dApo] A9 Hj
F A2 go] A2 AR A EPAS Z3ste] AWHAte] A7
o] & ZeP=|ojHof g Zow, o] A AHE2 YolrhA F
s #8 A3 Ad B T AARRE A4 35S
B¢ 7HE9] &F3 o] AFd 7|2 Ao EEEE 5 9
Ao g 7],

A |o o

o
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