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| H : Study of the effects of chlorogenic acid supplementation during in vitro

maturation on the developmental competence of porcine oocytes
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Improving the quality of in vitro derived porcine embryos and maintaining their in
vivo development after transfer is crucial in both scientific and commercial points of view.
Oxidative stress is a certain threat to porcine oocytes and in vitro derived embryos since
these cells are removed from their natural habitats, leading to the lack of maternal
antioxidant factors. The present studies were conducted to investigate antioxidant effects,
anti-heat stress effects of chlorogenic acid (CGA) during in vitro maturation IVM) on the
developmental competence of porcine in vitro derived embryos with/without
electro-stimulation treatment.

The first study was aimed to investigate the effects of CGA supplementation during
IVM on in vitro development of porcine oocytes in order to improve the porcine in vitro
production (IVP) system. Oocytes were matured either without (control) or with CGA (10,
50, 100 and 200 puM). Subsequently, the matured oocytes were fertilized with capacitated
sperm, and the presumptive zygotes were subsequently cultured in vitro for 7 day. The
rates of maturation, fertilization and blastocyst formation of oocytes matured with 50 pM
CGA were significantly (p < 0.05) higher than those of the control oocytes. Hydrogen
peroxide (H202) is one of the reactive oxygen species, and this chemical induces DNA
damage to porcine oocytes. When oocytes were matured in IVM medium added with 1 mM
H202 to assess the protective effect of CGA, 50 uM CGA supplementation improved the
maturation rate and the proportion of DNA-fragmented nuclei in oocytes compared with
control oocytes matured without CGA. Moreover, when oocytes were matured with either
50 pM CGA (control) or caffeic acid (10, 50 and 100 uM), the rates of maturation,
fertilization and the blastocyst formation of oocytes matured with 50 pM CGA were similar
to those of oocytes matured with 10 and 50 uM caffeic acid. Our results suggest that CGA
has comparable effects to caffeic acid, and IVM with 50 pM CGA is particularly beneficial
to IVP of porcine embryos and protects oocytes from DNA damage induced by oxidative
stress. Therefore, supplementation of CGA to the maturation medium has a potential to
improve porcine IVP system.

In the second study, we investigated the effects of CGA on porcine oocyte
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maturation under heat stress and subsequent embryonic development after
parthenogenetic activation. For IVM at 41.0°C (hyperthermic condition), supplementation
of the maturation medium with 50 pM CGA significantly improved the percentage of
matured oocytes and reduced the rate of apoptosis relative to oocytes matured without
CGA (p < 0.05). CGA treatment of oocytes during IVM under hyperthermia tended to
increase (p < 0.1) percentage of blastocyst formation after parthenogenesis and
significantly increased (p < 0.05) the total cell number per blastocyst relative to oocytes
matured without CGA. For IVM at 38.5°C (isothermic condition), CGA significantly
improved the rate of blastocyst development compared with oocytes matured without CGA
(p < 0.05), but did not affect oocyte maturation, apoptosis rate or the number of cells per
embryo. Omission of all antioxidants from the IVM medium significantly reduced the rate
of oocyte maturation, but the rate was restored upon addition of CGA. These results
demonstrate that CGA is a potent antioxidant that protects porcine oocytes from the
negative effects of heat stress, thus reducing the frequency of apoptosis and improving the
quality of embryos.

Electroporation is a method of choice to introduce an exogenous gene into embryos
for transgenic animal production. Although this method is considered practical and
effective, embryonic damage caused by electro-stimulation treatment remains a major
problem. Thus, another study was conducted to evaluate the optimal culture system for
electro-stimulation treated porcine embryos by supplementation of chlorogenic acid (CGA)
during IVM. The oocytes were treated with various concentrations of CGA (0, 10, 50, and
100 pM) through the duration of maturation for 44 h. The treated oocytes were then
fertilized, electro-stimulated at 30 V/mm with five 1 msec unipolar pulses, and
subsequently cultured in vitro until development into the blastocyst stage. Without
electro-stimulation, the treatment with 50 tM CGA had useful effects on the maturation
rate of oocytes, the total cell number, and the apoptotic nucleus indices of blastocysts.
When the oocytes were electro-stimulated after in vitro fertilization, the treatment with 50
pM CGA supplementation significantly improved the rate of oocytes that developed into
blastocysts, but reduced the apoptotic nucleus indices (4.7% and 7.6%, respectively)
compared with those of the untreated group (1.4% and 13.0%, respectively). These results
suggested that supplementation with 50 pM CGA during maturation improves porcine
embryonic development and quality of electro-stimulation treated embryos.

Compared with other mammal counterpart, IVP system in pigs is less effective.
However, our results indicated that the supplementation of 50 pM CGA during IVM has
beneficial effects on embryonic development and quality of porcine embryos with or
without electro-stimulation treatment. Moreover, the presence of CGA during oocyte
maturation under heat stress effectively protects porcine oocytes from apoptosis and

improved its developmental ability after parthenogenesis activation.
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&4 (in vitro) BROT FEOMEELEL, BEZLEAN (nvive) TOREZER
THZ LI, BEMBIUVEEOBAPOEETHS, BMER M LRI, 7 & OIEHERR
T ORI EORORBELETEIRAZ LBALA TS, HFERZ NS OMERED
Tz, FROHBLAITH B 7 o a7 B (CCA) 07 # OENEEICRETHRIZ OV
THeEt L,

B1ECIE, 72OENEE (IVP) VAT AZPHETAHHI., 7 X2 IREROENZE
x4 5 IVM 10 CGA FIMDEEBIT SV TRE L, JHEMIRIE. CGA A L GHEBK)
2BNZ CGA &Y (10, 50, 100, 200 uM) TERESEEZITV, FO%, AU SFER
2 ME U2 S e, 0&-3&82hb% in vitro T 7 ARMEEEL
7zo BOpM CGA TRE L 7= SHEAIIE O pih, ShEB L OIS ORI &1, MR
JADFIE LY bAERICED 27 (p <0.05), BEMEAE (H02) RISHBMHAEED 1 >Th
0. ZOLESTLT F MMl DNA REZHERT LI L ARESh T3, CGA®
PRI Z T 5 7212 1 mM HeQq % 30 U 7= (A5 R B0 H CHRAE I 2 REA X 87248
A, CGA % LCRE L= B OIN R & ik LT, 50 uM CGA iz X v SREHMKe
ORISR EH L% DNA BT A {LOBIEHMET L2 0RBED oz, &6, IpEM
fant 50 uM CGA CafRIK) & 7id— e HEM bl o—oTH 28 7 =B (10, 50 BL U
100 uM) DOVWFRNTEREA L 723548, 50 uM CGA Tk L= IR O R, ZhRs L O
R~ ORAERRIE, H7 <@ 10 B LU 50uM LFE#ETHhH o7, T72bb CGARN 7
= L FISOPMRENRH D, 50 uM CGA 2 E L EARBMIL T FIED IVP ILFZFRTH Y,
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B R P LRI Lo THRE NS DNA BE» LI 2 HH#T 2 = L AR I i,

W2HETIE, MR VAT TOT ¥ MO & BARAFEROBRRBE TS
CGA DEEBERF LI A VAT TIREMEA P VABRTHRENAZ BB TNS,
41.0°COENA R (WiREM) OHE, R 50 WM CGA 28BN+ 2 &, LN
BfEOoBEREECm.EL, CGA & UCHRE LI & Bl L CF7 A& b — 3 REEH
BT L7 (p <0.05), WERTOIVM FOSHEMIEOD CGA #iik, Bk At o
TR OEIE 2 (p <0.1) T5HMMAH Y, CGA 7 L CRE L7 IIRFHIRIC e TR
fad = b OB Z XIBIZEM (p<0.05) Lk, 88.5C (Bl OEIARMOEE,
CGA 1% CGA 7 L TR L7 JREMNE (p<0.05) & kil U CIMEIAD AR L2 KIFICSE
L L, JHEMIsORE, 78 b— 2R, F3ildbi- v oM iiE L2k o
Teo RO EBGEHD ST T ORI E B 5 & | S ORBERRIBIET L
7223, CGA DIz LV EH L, A bORR, CGA BT ZIEHHIEZ A FLAD
EREN GG RN EHITHY . THRP— AOHEZHEG L, IEORHE Z K
ETHZEERBLONS,

3 ETIE, CGA ZEHEITCHEBIZ L ERHLEZ, =17 bafL—va Vik,
b AV zmy VO EEO L OIRERET 2R EAT RO OBRRFETH
B, TOBKC, BEHKETT > BLEBHDB, B~OBERHD EREINLTWD, LR
o, FHARBERTIC CGA ZMET D Lick v, BEHMNE Uiz 7 & BOEHN54E
IZOWTHRRETo 72, SIS, 44 BMORREMZBEL T, SEIELEED CGA
(0, 10, 50, FLT100 uM) THI L, RWT, ZOIRAME EIVEH S8, BEH
# (1 msec, 30 V/ mm ® DC /S A% 5 ) #MA. W CIRREME CEACREEL
7o TWEAWAR LTI, 50 uM CGA TOMIRE, SIFHRORMR, Bk, B LUk
BIAD T B b— 3 AR HEMED b, ISR EHRICERIR S
WA, 50 M CGA HRIMZ X 208k, R IAIC 56 L2 JREE 0% & 2 Rigic B L E
L7eds, TR b= ABHER (BT 4T%B LU 7.6%) D SWF LoRkigie (£
N2 14% B LT 18.0%). ZHODOMEREL V. i ri@EE+dIz 50 WM CGA 2 H#iFkd
BE, TEORRELE LESHBARROSLERR LTS L REEERE,

ARFRIZ LY, AR L CGANRT # OENAIERAECRESEMRT 2 LB oM 22
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FERBORLIILER LRV S DIEERMRTHL Z L B¥@ME I,
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