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ĭĪėńħĵƞŀĳŅļŅœĪĵ 

361.16./Ȯ8ȮĝňĺĺŇĪĵŅȮŐĭĭȮ/,/ȮȮĮĶńĝĠŅħŋļġňĭńĦĤŇĨ 
ėņĽņėńĠ : ĽŅĶĪňŗŏĞĸĸƢŐĔĶĬŌőĸĞŅľĸńŗĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚ, ŏĞĸĸƢœĕƞĽŋĔĶĪňŗĴňŏĞĸĸƢėŌĴŌĸńĽĸƟŀĴĶŀĭ, ĬŘņŒĬĩŋĚœĕƞ,
őĮĶĨňĬ, ĽŋĔĶ, ĶńĚœĕƞ 

ĬŅĚĽŅĺ ľĪńĵĶńĔ ĨŋĚėŃŏĽĬ: ĻŉĔļŅĶńĚœĕƞ ŏĞĸĸƢœĕƞ ĬŘņŒĬĩŋĚœĕƞŐĸŃĽŅĶľĸńŗĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĪňŗ
ŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŏıŊŗŀĚŅĬŏĪėőĬőĸĵňĝňĺĳŅı ŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢľĸńĔ : ĶŀĚĻŅĽĨĶŅěŅĶĵƢ 
ħĶ. ĴĵŋĺŅ ĵĚĪĶńıĵƢŀĬńĬĨƢ 

 
ĶŃĭĭĽŊĭıńĬīŋƢĕŀĚĽŋĔĶŏĮƦĬĽƞĺĬĪňŗĔŇĬœĴƞœħƟ ŐĨƞŏĮƦĬŐľĸƞĚŁŀĶƢőĴĬŐĸŃĮƤěěńĵŒĬĔŅĶŏěĶŇĠŏĨŇĭőĨĪňŗĴň

ėŋĦėƞŅĽņľĶńĭŏĞĸĸƢ ĔŅĶĻŉĔļŅŏĞĸĸƢœĕƞĽŋĔĶĪňŗĴňŏĞĸĸƢėŌĴŌĸńĽĸƟŀĴĶŀĭ (pCOCs) ŏĞĸĸƢŐĔĶĬŌőĸĞŅŐĸŃĶŌĮŐĭĭ
őĮĶĨňĬĕŀĚĬŘņŒĬĩŋĚœĕƞěŅĔĽŋĔĶıńĬīŋƢįĽĴ Large White x Landrace x Duroc (6 ŏħŊŀĬ -2 ĮƖ ŐĸŃĬŘņľĬńĔ
ĶŃľĺƞŅĚ 100-150 ĔŇőĸĔĶńĴ) őħĵĔŅĶŏĔŖĭĶńĚœĕƞ 64 ĶńĚœĕƞ ěŅĔőĶĚęƞŅĽńĨĺƢŒĬıŊŘĬĪňŗěńĚľĺńħĬėĶĮģĴ ĮĶŃŏĪĻœĪĵ
ıĭĺƞŅĴňŏĞĸĸƢœĕƞĪńŘĚľĴħ 1,675 ŏĞĸĸƢœĕƞĞŉŗĚŏĞĸĸƢœĕƞěŃĴňĕĬŅħŐĨĔĨƞŅĚĔńĬœĮĨŅĴĕĬŅħĕŀĚĩŋĚœĕƞ ėŊŀ ĩŋĚœĕƞ
ĕĬŅħŏĸŖĔ (ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ 1-2 ĴŇĸĸŇŏĴĨĶ ěņĬĺĬ 1,208 ŏĞĸĸƢœĕƞ) ĩŋĚœĕƞĕĬŅħĔĸŅĚŐĭƞĚŀŀĔŏĮƦĬĽŀĚĔĸŋƞĴ 
ėŊŀ (ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ 3-4 ĴŇĸĸŇŏĴĨĶ ěņĬĺĬ 372 ŏĞĸĸƢœĕƞ ŐĸŃŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ 5-6 ĴŇĸĸŇŏĴĨĶ 
ěņĬĺĬ 72 ŏĞĸĸƢœĕƞ) ŐĸŃĩŋĚœĕƞĕĬŅħŒľĠƞ (ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ 7-8 ĴŇĸĸŇŏĴĨĶ ěņĬĺĬ 23 ŏĞĸĸƢœĕƞ) ŏĞĸĸƢœĕƞ
ĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬ 5 Őĭĭ ėŊŀ ŐĭĭĪňŗ 1 ėŊŀ ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬ ŐĭĭĪňŗ 2 ėŊŀ 
ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬ ŐĭĭĪňŗ 3 ėŊŀ ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬ 
ŐĭĭĪňŗ 4 ėŊŀ ŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞ ŐĸŃŐĭĭĪňŗ 5 ėŊŀ ŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĸŅĵ ıĭĺƞŅŏĞĸĸƢœĕƞŐĭĭ
Īňŗ 1 ŐĸŃŐĭĭĪňŗ 2 ĴňŏĮŀĶƢŏĞŖĬĨƢĽŌĚŐĸŃĴňĻńĔĵĳŅıŒĬĔŅĶŏıŅŃŏĸňŘĵĚŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚ M199 ĪňŗŏĽĶŇĴħƟĺĵ 
C_pjcŲqȮq_jrqȮ&Qgek_ȮAfckga_jȮAm,*ȮQr,ȮJmsgqȮKM*ȮSQ?'*Ȯ/.#Ȯfc_r-treated fetal bovine serum 
(HTFBS), 2.2 mg/mL NaHCO3, 1 M HEPES (Sigma Chemical Co., St. Louis MO, USA), 0.25 mM 
pyruvate, 15 µg/mL, porcine FSH, 1 µg/mL LH,1 µg/mL estradiol, 50 µg/mL gentamycin 
sulfate ıĭĺƞŅĽŅĴŅĶĩıńĥĬŅœĮŏĮƦĬŏĞĸĸƢœĕƞĪňŗŏěĶŇĠœħƟľĸńĚěŅĔŏıŅŃŏĸňŘĵĚŏĮƦĬŏĺĸŅ 44-48 ĝńŗĺőĴĚ ŏĴŊŗŀ
ŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĕŀĚĽŋĔĶĪňŗėĺŅĴŏĕƟĴĕƟĬ 5x105 ŏĞĸĸƢ/ĴŇĸĸŇĸŇĨĶ ŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚ M199 ĪňŗŏĽĶŇĴ
ħƟĺĵ 10% HTFBS, 15 µg/mL NaHCO3, 0.25 mM pyruvate, 50 µg/mL gentamycin sulfate ıĭĺƞŅ
ŏĴŊŗŀŏĶŇŗĴĨƟĬŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅěŃĴňĶŌĮĶƞŅĚĔĸĴ ľĸńĚěŅĔįƞŅĬœĮ 24 ĝńŗĺőĴĚ ŏĞĸĸƢěŉĚĵŊħŀŀĔŐĸŃĵŉħĨŇħ
ĔńĭıŊŘĬįŇĺĕŀĚĳŅĝĬŃŏĴŊŗŀŏıŅŃŏĸňŘĵĚŏĮƦĬŏĺĸŅ 48 ŐĸŃ 96 ĝńŗĺőĴĚ ŏĞĸĸƢěŃĕĵŅĵĨńĺŐĸŃĕĵŅĵŀŀĔœĮĪńŗĺĪńŘĚ
ıŊŘĬįŇĺ ěĬĔĶŃĪńŗĚŏĺĸŅ 144 ĝńŗĺőĴĚ ŏĞĸĸƢŐĔĶĬŌőĸĞŅĪńŘĚľĴħěŃĵŉħĨŇħĔńĭĳŅĝĬŃŐĸŃĴňŏĮƦĬĶŌĮĶƞŅĚŐľĸĴĨńŘĚŐĨƞ
ľńĺěĶħĮĸŅĵŏĮƦĬŏĞĸĸƢœĲőĭĶĭĸŅĽĨƢĪńŗĺĪńŘĚĳŅĝĬŃ őħĵŏĔŖĭŀŅľŅĶĪňŗŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĪŋĔŕ 2 ĺńĬ  
įĸĔŅĶĺŇŏėĶŅŃľƢĶŌĮŐĭĭőĮĶĨňĬĕŀĚĬŘņŒĬĩŋĚœĕƞŐĸŃĽŅĶľĸńŗĚěŅĔŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚ 
(condition medium) ħƟĺĵŏĪėĬŇė SDS-PAGE ıĭĺƞŅĬŘņŒĬĩŋĚœĕƞĕĬŅħŏĸŖĔĴňĬŘņľĬńĔőĴŏĸĔŋĸŏĪƞŅĔńĭ 27, 30, 
35,40, 50, 58, 65, 70, 79, 85, 90, 100, 115, 120, 150, 170, 180, >180 ŐĸŃ >220 ĔŇőĸħŅĸĨńĬ ĩŋĚœĕƞ
ĕĬŅħĔĸŅĚ ėŊŀ ĔĸŋƞĴĪňŗĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ 3-4 ĴŇĸĸŇŏĴĨĶ ĴňĬŘņľĬńĔőĴŏĸĔŋĸ 27, 30, 35, 58, 65, 70, 79, 

 



  ě 

85, 90, 100, 115, 120, 150, 170, 180, >180 ŐĸŃ >220 ĔŇőĸħŅĸĨńĬ ŐĸŃĔĸŋƞĴĪňŗĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ 5-
6 ĴŇĸĸŇŏĴĨĶ ĴňĬŘņľĬńĔőĴŏĸĔŋĸ 27, 30, 35, 58, 65, 70, 79, 85, 90, 100, 115, 120, 150, 170, 180, 
>180 ŐĸŃ>220 ĔŇőĸħŅĸĨńĬ     ĽƞĺĬĩŋĚœĕƞĕĬŅħŒľĠƞĴňĬŘņľĬńĔőĴŏĸĔŋĸ 30, 35, 58, 65, 70, 79, 90, 100, 
115, 150, 180 ŐĸŃ >220 ĔŇőĸħŅĸĨńĬ ŐĸŃĽŅĶľĸńŗĚěŅĔŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚĴňĬŘņľĬńĔ
őĴŏĸĔŋĸ 25, 40, 50, 60, 115, 120 ŐĸŃ >250 ĔŇőĸħŅĸĨńĬ ĔŅĶĺŇŏėĶŅŃľƢŐĩĭőĮĶĨňĬħƟĺĵŏĪėĬŇė 
LC/MS/MS ıĭĺƞŅĬŘņľĬńĔőĴŏĸĔŋĸĪňŗ 65 ĔŇőĸħŅĸĨńĬ ėŊŀ ĞňĶńĴŀńĸĭŌĴŇĬ ĬŘņľĬńĔőĴŏĸĔŋĸĪňŗ 70 ĔŇőĸħŅĸĨńĬ ėŊŀ 
hemopexin, serum albumin ŐĸŃ vitronectin ĬŘņľĬńĔőĴŏĸĔŋĸĪňŗ 79 ĔŇőĸħŅĸĨńĬ ėŊŀ 
serotransferrininhibitorcarbonic anhydrase prothrombin Őĸ Ń thyroxine-binding globulin 
ĬŘņľĬńĔőĴŏĸĔŋĸĪňŗ 115 ĔŇőĸħŅĸĨńĬ ĪňŗıĭěŅĔĬŘņŒĬĩŋĚœĕƞĪŋĔĕĬŅħ ėŊŀ ŐŁĮőĨőĔĸĭŇĬ őĮĶĨňĬĪńŘĚľĴħĴňĭĪĭŅĪ
ĽņėńĠŒĬĔŅĶĽƞĚŏĽĶŇĴŐĸŃėĺĭėŋĴĔŅĶŏěĶŇĠŏĨŇĭőĨŐĸŃĔŅĶıńĥĬŅĕŀĚŏĞĸĸƢŒĬĶŃĭĭĽŊĭıńĬīŋƢ įĸĔŅĶĻŉĔļŅĬňŘ
ŐĽħĚŒľƟŏľŖĬĺƞŅĶŃĭĭĽŊĭıńĬīŋƢĕŀĚĽŋĔĶŏĮƦĬŐľĸƞĚĪňŗĴňėŋĦėƞŅĽņľĶńĭŏĞĸĸƢŏĪėőĬőĸĵň őħĵŏĞĸĸƢœĕƞĽŋĔĶĪňŗĴňŏĞĸĸƢ
ėŌĴŌĸńĽĸƟŀĴĶŀĭ (pCOCs) ŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅĬńŘĬĽŅĴŅĶĩŒĝƟŏĮƦĬŐĭĭěņĸŀĚĽņľĶńĭĔŅĶĻŉĔļŅ
ŏĪėőĬőĸĵňĝňĺĳŅı ĽƞĺĬĔŅĶĻŉĔļŅőĮĶĨňĬěŅĔĬŘņŒĬĩŋĚœĕƞŐĸŃĽŅĶľĸńŗĚěŅĔŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚ 
ŀŅěŒĝƟŏĮƦĬŀŅľŅĶŏĽĶŇĴĪħŐĪĬ fetal bovine serum ŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶŏěĶŇĠŏĨŇĭőĨŐĸŃ
ĔŅĶıńĥĬŅŒĬħƟŅĬŏĞĸĸƢŏĪėőĬőĸĵňĝňĺĳŅı ŏĝƞĬ ĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢĨƞŅĚŕ ŒĬľĸŀħĪħĸŀĚ
ŐĸŃĔŅĶıńĥĬŅĕŀĚĨńĺŀƞŀĬŒĬĽńĨĺƢœħƟ 
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ĭĪėńħĵƞŀĳŅļŅŀńĚĔķļ 

361.16./Ȯ8ȮMajor BIOLOGY 
Keyword : condition medium/ porcine cumulus-oocyte complexes (pCOCs)/ follicular fluid/ 
protein/ pig/ ovary 

MISS HATAIRUK TUNGKASEN : STUDY ON PORCINE OVARIES FOLLICULAR 
FLUID AND IN VITRO    GRANULOSA CELLS SECRETION FOR BIOTECHNOLOGY 
RESEARCH  THESIS ADVISOR : ASSOCIATE PROFESSOR MAYUVA YOUNGSABANANT, 
Ph.D. 

Porcine reproductive system is an un-eatable part but being valuable source of 
hormones and growth factors for cell maturation. In this study, porcine cumulus-oocyte 
complexes (pCOCs), granulosa cells, protein patterns of follicular fluid in the ovaries of 
Large White x Landrace x Duroc (6 months -2 years and weight between 100-150 kg), and 
condition medium from granulosa cell culture were investigated. Sixty-four pig ovaries 
were collected from local slaughterhouses in Nakhon Pathom Province, Thailand, yielding 
in a total of (n=1,675) oocytes. The oocytes were varied in sizes as small size follicles (1-2 
mm in diameters; n=1,208), medium size follicles, (divided into two groups: 3-4 mm in 
diameters; n=372 and 5-6 mm in diameters; n=72), and large size follicles (7-8 mm in 
diameters; n=23). The oocytes can be categorized into intact-cumulus cell layer oocytes, 
multi-cumulus cell layer oocytes, partial-cumulus cell layer oocytes, complete-denuded 
oocytes, and degenerated oocytes. Of which, high percentages of intact- and multi-
asksjsqȮacjjȮj_wcpq*ȮufcpcȮrfcwȮf_tcȮfgefȮnmrclrg_jȮdmpȮasjrspcȮglȮK/77ȮugrfȮC_pjcŲqȮq_jrqȮ
(Sigma Chemical Co., St. Louis MO, USA) with 10% heat-treated fetal bovine serum (HTFBS), 
2.2 mg/mL NaHCO3, 1 M HEPES (Sigma Chemical Co., St. Louis MO, USA), 0.25 mM 
pyruvate, 15 µg/mL, porcine FSH, 1 µg/mL LH, 1µg/mL estradiol, 50 µg/mL gentamycin 
sulfatewere developed into mature oocytes in 44-48 h in vitro. To study property of 
porcine granulosa cells in culture condition, cells at concentration of 5x105cells/mL were 
cultured in M199 with10% HTFBS, 15 µg/mL NaHCO3, 0.25 mM pyruvate, 50 µg/mL 
gentamycin sulfate. At the beginning, granulosa cells were round-shaped, then extended 
and adhered to the surface of the plate. After 24 h, the cells proliferated and extended 
covering all over the surface. As cultured for 48 and 96 h, they expanded more, and for 
144 h, all granulosa cells were adhered to the plate and appeared in sharp-pointed shape 
from head to bottom, fibroblastic and reticulated over the entire dish. The condition 
medium from granulosa cell culture was collected every 2 days for protein pattern 
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analysis. Determination of protein patterns of follicular fluid and condition medium using 
SDS-PAGE technique revealed that the follicular fluid in small follicles proteins at 
molecular weights of 27, 30, 35, 40, 50, 58, 65, 70, 79, 85, 90, 100, 115, 120, 150, 170, 180, 
>180 and >220 kDa. Medium follicles with diameters of 3-4 mm were found protein at 
molecular weights of 27, 30, 35, 58, 65, 70, 79, 85, 90, 100, 115, 120, 150, 170, 180, >180 
and >220 kDa whereas those with 5-6 mm diameters exhibited proteins at molecular 
weights of 27, 30, 35, 58, 65, 70, 79, 85, 90, 100, 115, 120, 150, 170, 180, >180 and >220 
kDa. Large follicles contained proteins at molecular weights of 30, 35, 58, 65, 70, 79, 90, 
100, 115, 150, 180 and >220 kDa. Finally, the condition medium contained proteins at 
molecular weights of 25, 40, 50, 60, 115, 120 and >250 kDa. Analysis of proteins by 
LC/MS/MS indicated that the 65 kDa protein was serum albumin, the 70 kDa proteins were 
hemopexin, serum albumin and vitronectin. For the 79 kDa proteins, they were 
serotransferrin, inhibitor of carbonic anhydrase, prothrombin, and thyroxine-binding 
globulin, and for 115 kDa protein that was presentin all follicular fluid samples were 
haptoglobin. All identified proteins play important roles in promotion and regulation on 
growth and development of reproductive cells. In conclusion, the results of this study 
demonstrated that porcine reproductive system is valuable source in cell technology. 
Porcine cumulus-oocyte complexes (pCOCs) and granulosa cells could be usedas a model 
for biotechnology study. The follicular fluid and condition medium proteins could be used 
as supplement replacing hormones and fetal bovine serum in culture medium to 
promote all cell growth and development in biotechnological fields such as in vitro oocyte 
maturation and embryonic development in animals. 
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ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
  

ĺŇĪĵŅĬŇıĬīƢ ŏĶŊŗŀĚ ĻŉĔļŅĶńĚœĕƞ ŏĞĸĸƢœĕƞ ĬŘņŒĬĩŋĚœĕƞŐĸŃĽŅĶľĸńŗĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĪňŗ
ŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŏıŊŗŀĚŅĬŏĪėőĬőĸĵňĝňĺĳŅı ĜĭńĭĬňŘĽņŏĶŖěĸŋĸƞĺĚœĮħƟĺĵħň őħĵœħƟĶńĭėĺŅĴĔĶŋĦŅ
ěŅĔĶŀĚĻŅĽĨĶŅěŅĶĵƢ ħĶ.ĴĵŋĺŅ ĵĚĪĶńıĵƢŀĬńĬĨƢ ĪňŗĮĶŉĔļŅ ĪňŗŒľƟėĺŅĴĝƞĺĵŏľĸŊŀ ĽĬńĭĽĬŋĬŐĸŃŒľƟ
ėņŐĬŃĬņĪňŗŏĮƦĬĮĶŃőĵĝĬƢŀĵƞŅĚĵŇŗĚĨƞŀįŌƟĺŇěńĵ įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ ħĶ.ĵĻŏĺĪ ĽŇĶŇěŅĴĶ ĮĶŃīŅĬ
ėĦŃĔĶĶĴĔŅĶĽŀĭĺŇĪĵŅĬŇıĬīƢ ĶŀĚĻŅĽĨĶŅěŅĶĵƢ ħĶ.ĭŋļĭŅ ĮƤĬĵŅĶĝŋĬ ŐĸŃ įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ ħĶ.
īĬŅıĶ ĝŊŗĬŀŇŗĴ ĔĶĶĴĔŅĶįŌƟĪĶĚėŋĦĺŋĥŇĪňŗĔĶŋĦŅŐĬŃĬņŐĸŃŒľƟĕƟŀėŇħŏľŖĬŏıŊŗŀĬņĴŅĮĶńĭĮĶŋĚŏĸƞĴĺŇĪĵŅĬŇıĬīƢ
ŒľƟĽĴĭŌĶĦƢĵŇŗĚĕŉŘĬ įŌƟĺŇěńĵĕŀĔĶŅĭĕŀĭėŋĦŒĬėĺŅĴĔĶŋĦŅĕŀĚĪƞŅĬŏĮƦĬŀĵƞŅĚĽŌĚ 

ĕŀĔĶŅĭĕŀĭıĶŃėŋĦ ėĦŅěŅĶĵƢĽŅĕŅĺŇĝŅĝňĺĺŇĪĵŅĪŋĔĪƞŅĬ ĪňŗŒľƟėĺŅĴĶŌƟėņŐĬŃĬņŐĸŃ
ĮĶŃĽĭĔŅĶĦƢŀńĬĴňėƞŅĵŇŗĚŐĔƞįŌƟĺŇěńĵ ĕŀĕŀĭıĶŃėŋĦĭŇħŅ ĴŅĶħŅŐĸŃėĶŀĭėĶńĺĽņľĶńĭĔņĸńĚŒěŐĸŃĔŅĶ
ĽĬńĭĽĬŋĬŒĬĪŋĔħƟŅĬ ĕŀĭėŋĦĔńĸĵŅĦĴŇĨĶĪŋĔėĬĽņľĶńĭĴŇĨĶĳŅıĪňŗŒľƟĔņĸńĚŒěĝƞĺĵŏľĸŊŀĞŉŗĚĔńĬŐĸŃĔńĬ
ŏĽĴŀĴŅ ėŋĦėƞŅŐĸŃĮĶŃőĵĝĬƢĪňŗŏĔŇħěŅĔĔŅĶĺŇĪĵŅĬŇıĬīƢŏĸƞĴĬňŘįŌƟĺŇěńĵĕŀĬƟŀĴĭŌĝŅŐħƞ ėŋĦĭŇħŅ ĴŅĶħŅ 
ėĶŀĭėĶńĺ ėĶŌĭŅŀŅěŅĶĵƢ ĪňŗŀĭĶĴĽńŗĚĽŀĬŐĬŃĬņŒľƟĔŅĶĽĬńĭĽĬŋĬŐĸŃŒľƟĔņĸńĚŒěŀĵƞŅĚħňŏĽĴŀĴŅ 

  
  

ľĪńĵĶńĔȮȮĨŋĚėŃŏĽĬ 
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ĭĪĪňŗȮ1 
ĭĪĬņ 

 

1.ȮėĺŅĴĽņėńĠĕŀĚĮƤĠľŅŐĸŃĪňŗĴŅĕŀĚőėĶĚĔŅĶĺŇěńĵ 

 ĽŋĔĶŏĮƦĬĽńĨĺƢŏĻĶļģĔŇěĪňŗĽņėńĠĝĬŇħľĬŉŗĚĕŀĚĮĶŃŏĪĻœĪĵĪňŗĴňĔŅĶŏĸňŘĵĚŀĵƞŅĚŐıĶƞľĸŅĵȮ
ŏĬŊŗŀĚěŅĔŏĮƦĬĽńĨĺƢĪňŗŏĸňŘĵĚĚƞŅĵȮőĨŏĶŖĺȮŒľƟĸŌĔěņĬĺĬĴŅĔŐĸŃĔŅĶŏĸňŘĵĚĽŋĔĶŏĮƦĬĔŇěĔŅĶĪňŗŒľƟĔņœĶħňĞŉŗĚėĬ
ĬŇĵĴĬņĽƞĺĬĨƞŅĚŕȮĕŀĚĽŋĔĶĴŅĭĶŇőĳėȮĞŉŗĚěńĚľĺńħĬėĶĮģĴŏĮƦĬěńĚľĺńħľĬŉŗĚĪňŗĴňĲŅĶƢĴŏĸňŘĵĚĽŋĔĶŀĵŌƞľĸŅĵ
ŐľƞĚĪņŒľƟĴňőĶĚĝņŐľĸŃĽŋĔĶ ŏıŊŗŀĬņŏĬŊŘŀŐĸŃŀĺńĵĺŃĳŅĵŒĬĽƞĚŀŀĔěņľĬƞŅĵĽņľĶńĭĔŅĶĭĶŇőĳėȮ
ĬŀĔěŅĔĬňŘĵńĚĴňŀĺńĵĺŃĕŀĚĽŋĔĶĪňŗœĴƞĽŅĴŅĶĩĬņœĮĭĶŇőĳėľĶŊŀŒĝƟĮĶŃőĵĝĬƢĪŅĚĔŅĶėƟŅœħƟȮŏĝƞĬȮĶńĚœĕƞȮ
&ovary'ȮĪňŗĩŌĔĨńħĪŇŘĚŐĸŃŀŅěĔƞŀŒľƟŏĔŇħĮƤĠľŅĕĵŃŏĬƞŅŏľĴŖĬĪňŗĨƟŀĚĔņěńħĪŇŘĚ ěŉĚŏĮƦĬĽŇŗĚĪňŗĬƞŅĽĬŒěŒĬĔŅĶ
ĬņŀĺńĵĺŃĪňŗœĴƞŏĔŇħĮĶŃőĵĝĬƢĪŅĚĔŅĶėƟŅĬņĴŅĻŉĔļŅȮŏıŊŗŀŏıŇŗĴėŋĦėƞŅŒĬĚŅĬħƟŅĬĝňĺĺŇĪĵŅȮĞŉŗĚĔŅĶĻŉĔļŅ
ŏĔňŗĵĺĔńĭĶŃĭĭĽŊĭıńĬīŋƢĕŀĚĽŋĔĶŏĮƦĬıŊŘĬģŅĬĽņėńĠĽņľĶńĭĔŅĶıńĥĬŅĚŅĬħƟŅĬŏĪėőĬőĸĵňĝňĺĳŅıȮ
&Denning ŐĸŃ Priddle, 2003; Li ŐĸŃėĦŃ, 2003; Shang ŐĸŃėĦŃ, 2007; Xu ŐĸŃėĦŃ, 2007)Ȯ
ĶŅĵĚŅĬĺŇěńĵıĭĺƞŅĽŋĔĶĴňĮĶŃőĵĝĬƢŒĬĔŅĶŒĝƟŏĮƦĬĽńĨĺƢĨƟĬŐĭĭĪňŗŒĝƟŏĮƦĬŐĭĭěņĸŀĚ (model) ȮŏĬŊŗŀĚěŅĔ
ĽŋĔĶŏĮƦĬĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬĴȮĪňŗĴňėĺŅĴŒĔĸƟŏėňĵĚĔńĭĴĬŋļĵƢĪńŘĚĪŅĚħƟŅĬıńĬīŋĻŅĽĨĶƢȮĔŅĵĺŇĳŅėŐĸŃ
ĽĶňĶĺŇĪĵŅȮŏĝƞĬȮĽĴŀĚȮĶŃĭĭŏĸŊŀħȮĶŃĭĭĵƞŀĵŀŅľŅĶȮįŇĺľĬńĚŐĸŃĶŃĭĭĽŊĭıńĬīŋƢȮŏĮƦĬĨƟĬȮ&Bode ŐĸŃ
ėĦŃ, 2010; Squier ŐĸŃėĦŃ, 2008; Turk ŐĸŃėĦŃ, 2005'  

ĬŀĔěŅĔĬňŘĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶȮĺŇĪĵŅŏĕĨıĶŃĶŅĝĺńĚĽĬŅĴěńĬĪĶƢȮĵńĚŀĵŌƞŒĔĸƟĔńĭőĶĚęƞŅĽŋĔĶȮ
ěŉĚĽŅĴŅĶĩŏĔŖĭĶńĚœĕƞŐĸŃĮƖĔĴħĸŌĔĽŋĔĶŐĸŃĬņĴŅĻŉĔļŅŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶœħƟŒĬĶŃĵŃŏĺĸŅŀńĬĶĺħŏĶŖĺȮȮȮȮȮȮ
ĞŉŗĚěŃĽƞĚįĸħňĨƞŀėŋĦĳŅıĕŀĚŏĞĸĸƢŒĬĶŃĭĭĽŊĭıńĬīŋƢĪňŗĬņĴŅĻŉĔļŅȮŏĬŊŗŀĚěŅĔŒĬĚŅĬĺŇěńĵıĭĺƞŅĶŃĵŃŏĺĸŅ
ŒĬĔŅĶĬņĨńĺŀĵƞŅĚĶńĚœĕƞĴŅĻŉĔļŅŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĬńŘĬĽƞĚįĸĔĶŃĪĭĨƞŀėŋĦĳŅıĕŀĚŏĞĸĸƢœĕƞȮĞŉŗĚĴňĶŅĵĚŅĬ
ŒĬĽńĨĺƢľĸŅĵĝĬŇħȮŏĝƞĬȮĔŅĶĻŉĔļŅŒĬŏĞĸĸƢœĕƞĴƟŅȮ&GuignotȮŐĸŃėĦŃ, 1999) ŏĞĸĸƢœĕƞőėȮ&Yang ŐĸŃ
ėĦŃ, 1990; Solano ŐĸŃėĦŃ, 1994) ĶńĚœĕƞŐĴĺȮ&EvecenȮŐĸŃėĦŃ, 2009) ŐĸŃŒĬŏĞĸĸƢœĕƞĽŋĔĶȮ
&LinȮŐĸŃėĦŃ, 2010)ȮȮĳŅĵŒĬĶńĚœĕƞěŃĴňĩŋĚœĕƞĴňĕĬŅħŐĨĔĨƞŅĚĔńĬĕŉŘĬŀĵŌƞĔńĭĶŃĵŃĔŅĶŏěĶŇĠĕŀĚĩŋĚœĕƞĞŉŗĚ
ěŃĽƞĚįĸĨƞŀĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞĳŅĵŒĬĩŋĚœĕƞħƟĺĵȮŏĴŊŗŀĩŋĚœĕƞĴňĔŅĶŏěĶŇĠıńĥĬŅŏıŇŗĴĕŉŘĬĨńŘĚŐĨƞĶŃĵŃ
ŏĶŇŗĴĨƟĬěĬĩŉĚĶŃĵŃȮĔĶŅŏĲƖĵĬěŃŏĔŇħĝƞŀĚĺƞŅĚŒĬĩŋĚœĕƞȮŏĶňĵĔĺƞŅȮŐŀĬĪĶńĴȮĞŉŗĚěŃĴňĬŘņŒĬĩŋĚœĕƞȮ&follicular 
fluid) ĪňŗĴňĽŅĶĨƞŅĚŕȮĔĶŃĨŋƟĬŒľƟŏĞĸĸƢœĕƞĽŋĔŐĸŃŏĞĸĸƢœĕƞĨĔȮľĶŊŀıĶƟŀĴĪňŗěŃĮĢŇĽĬīŇœħƟ 
 ěŅĔĶŅĵĚŅĬĔŅĶĻŉĔļŅĬŘņŒĬĩŋĚœĕƞıĭĺƞŅĴňőĮĶĨňĬĪňŗĝƞĺĵŒĬĔŅĶĽƞĚŏĽĶŇĴĔŅĶŏěĶŇĠıńĥĬŅĕŀĚ
ŏĞĸĸƢœĕƞľĶŊŀőĮĶĨňĬĪňŗĝƞĺĵŒĬĔŅĶĵńĭĵńŘĚĔŅĶŏěĶŇĠıńĥĬŅĕŀĚŏĞĸĸƢœĕƞȮŏĝƞĬȮĶŅĵĚŅĬĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭ
ĶŃĭĭĽŊĭıńĬīŋƢŒĬőėıĭĺƞŅŏĞĸĸƢœĕƞŒĬĩŋĚœĕƞĴňĕĬŅħĨńŘĚŐĨƞȮ/-1ȮĴŇĸĸŇŏĴĨĶȮŐĸŃľĵŋħŀĵŌƞŒĬĶŃĵŃŏĴĨŅŏĲĽ
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ėĶńŘĚĪňŗĽŀĚȮ&FiihrerȮŐĸŃėĦŃ, /767'ȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĶŅĵĚŅĬĔŅĶĻŉĔļŅĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
įƞŅĬĻŌĬĵƢĔĸŅĚȮ0,3ȮĴŇĸĸŇŏĴĨĶȮıĭŏĞĸĸƢœĕƞĽŋĔĶĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ//.-/0.ȮœĴőėĶŏĴĨĶȮȮȮȮȮȮȮȮȮȮȮ
ĞŉŗĚľĵŋħĔŅĶŐĭƞĚŏĞĸĸƢŀĵŌƞŒĬĶŃĵŃŏĴĨŅŏĲĽėĶńŘĚĪňŗĽŀĚœħƟŏĝƞĬŏħňĵĺĔńĬȮ&FairȮŐĸŃėĦŃ,Ȯ/774'ȮĬŀĔěŅĔĬňŘ
ĵńĚĴňĶŅĵĚŅĬĔŅĶĪņĚŅĬĕŀĚȮoocyte-secreted factors ĞŉŗĚĪņľĬƟŅĪňŗŒĬĔŅĶėĺĭėŋĴėŋĦĳŅıĕŀĚŏĞĸĸƢ
œĕƞőħĵıĭĺƞŅĔŅĶĻŉĔļŅŏĞĸĸƢŐĔĶĬŌőĸĞŅŐĸŃŏĞĸĸƢĪňĔŅĪňŗŐĵĔěŅĔĩŋĚœĕƞĽŋĔĶĕĬŅħȮ0-4ȮĴŇĸĸŇŏĴĨĶȮĴňĔŅĶ
ĪņĚŅĬĕŀĚȮoocyte-secreted factors ėŊŀȮstem cell factor (SCF) ŐĸŃȮinsulin-like growth 
factor-/Ȯ&IGF-/'ȮĪňŗĴňĔŅĶĪņĚŅĬĪńŘĚŒĬŏĞĸĸƢŐĔĶĬŌőĸĞŅŐĸŃŏĞĸĸƢĪňĔŅȮĶŅĵĚŅĬĔŅĶĻŉĔļŅĕŀĚĬŘņŒĬȮȮȮȮȮȮȮȮȮȮȮȮ
ĩŋĚœĕƞĽŋĔĶȮ1ȮĕĬŅħȮėŊŀȮĕĬŅħŏĸŖĔȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĬƟŀĵĔĺƞŅȮ1ȮĴŇĸĸŇŏĴĨĶ'ȮĕĬŅħĔĸŅĚȮ&ŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚȮ1-4ȮĴŇĸĸŇŏĴĨĶ'ȮŐĸŃĕĬŅħŒľĠƞȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĴŅĔĔĺƞŅȮ4ȮĴŇĸĸŇŏĴĨĶ'ȮıĭĽŅĶĪňŗľĸńŗĚěŅĔ
ŏĞĸĸƢėŌĴŌĸńĽĪňŗĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮėŊŀȮĽŅĶĪňŗĵńĭĵńŘĚĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞȮ(oocyte maturation inhibitor;  
OMI) ŀŇĬŁŇĭŇĬȮ(inhibin)ȮŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬȮŐĸŃȮoestradiol-/5̡ȮĪňŗĺŇŏėĶŅŃľƢěŅĔėĺŅĴŏĕƟĴĕƟĬĪňŗ
ĨĶĺěœħƟŒĬĺńĬĪňŗȮ3,Ȯ/.,Ȯ/3ȮŐĸŃȮ/6ȮĕŀĚĶŀĭĔŅĶŏĮƦĬĽńħȮŐĸŃȮ02ȮĝńŗĺőĴĚȮľĸńĚĔŅĶŏĮƦĬĽńħȮıĭĺƞŅėĺŅĴ
ŏĕƟĴĕƟĬĕŀĚĽŅĶĪňŗĵńĭĵńŘĚĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞȮŐĸŃŀŇĬŁŇĭŇĬěŃĸħĸĚŏĴŊŗŀĕĬŅħĕŀĚŏĞĸĸƢœĕƞŏıŇŗĴĕŉŘĬŐĽħĚ
ĺƞŅĬŘņŒĬĩŋĚœĕƞĪňŗœħƟěŅĔĩŋĚĕĬŅħŏĸŖĔĴňŀńĨĶŅĔŅĶĵńĭĵńŘĚĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞȮĴŅĔĔĺƞŅŒĬĩŋĚĕĬŅħĔĸŅĚ
ŐĸŃĕĬŅħŒľĠƞȮĨŅĴĸņħńĭȮőħĵœĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŒĬŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬȮŐĸŃȮestradiol-/5̡Ȯ
&Van de WielȮŐĸŃėĦŃ, /761'ȮȮĬŀĔěŅĔĬňŘĴňĶŅĵĚŅĬĔŅĶĻŉĔļŅĩŋĚœĕƞĽŋĔĶĶŃĵŃŏĶŇŗĴŐĶĔĕŀĚĺĚĶŀĭ
ĔŅĶŏĮƦĬĽńħĴňĮĶŃĴŅĦȮ1.-2.ȮĩŋĚȮĞŉŗĚĽƞĺĬŒľĠƞĴňĕĬŅħŏĸŖĔĔĺƞŅȮ1ȮĴŇĸĸŇŏĴĨĶȮěŅĔĬńŘĬěŃŏěĶŇĠŏĨŇĭőĨ
ŏıŇŗĴĕŉŘĬȮŒĬĝƞĺĚĔŉŗĚĔĸŅĚĕŀĚĶŃĵŃĸŌŏĨňĵĸ (mid-luteal phase'ȮŏĮƦĬĮĶŃĴŅĦȮ6.ȮĩŋĚȮőħĵȮ3.ȮĩŋĚȮȮȮȮȮȮȮȮȮȮȮ
ĴňĕĬŅħŏĸŖĔŐĸŃŀňĔȮ1.ȮĩŋĚŏĮƦĬĕĬŅħĔĸŅĚȮėŊŀȮĴňĕĬŅħĨńŘĚŐĨƞȮ 1.0-4,7ȮĴŇĸĸŇŏĴĨĶȮĞŉŗĚŀŅěĴňĭŅĚĽƞĺĬĪňŗ
įŇħĮĔĨŇěŅĔĔŅĶŏĽŊŗŀĴŐĸŃĔŅĶĽĸŅĵĕŀĚĩŋĚĬŘņŒĬĶńĚœĕƞĔƞŀĬĪňŗěŃėĶĭĔņľĬħĶŃľĺƞŅĚĺńĬĪňŗȮ5ȮŐĸŃȮ/3Ȯ
ĶŀĭĕŀĚĔŅĶŏĮƦĬĽńħȮőħĵĴňĽńħĽƞĺĬĶŃľĺƞŅĚ /0-51ȮŏĮŀĶƢŏĞŖĬĨƢȮĞŉŗĚŒĬŏĺĸŅĬńŘĬœĴƞıĭĩŋĚœĕƞĕĬŅħŒľĠƞ
ĴŅĔĔĺƞŅȮ5ȮĴŇĸĸŇŏĴĨĶȮŏĬŊŗŀĚěŅĔĩŋĚœĕƞĴňĔŅĶľĸńŗĚĽŅĶĵńĭĵńŘĚ ŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬȮ(Schwarz ŐĸŃ
ėĦŃ, 2008)ȮŏĮƦĬĨƟĬȮ 
 ěŅĔĕƟŀĴŌĸĪńŘĚľĴħįŌƟĺŇěńĵěŉĚĽĬŒěĬņŏĞĸĸƢŒĬĶŃĭĭĽŊĭıńĬīŋƢĪňŗŀĵŌƞŒĬŀĺńĵĺŃĪňŗœĴƞœħƟŒĝƟĮĶŃőĵĝĬƢ
ĕŀĚĽŋĔĶĴŅĻŉĔļŅȮőħĵŏĶŇŗĴěŅĔĔŅĶĬņĶńĚœĕƞĽŋĔĶĪňŗŏĔŖĭěŅĔőĶĚęƞŅĽńĨĺƢȮĴŅĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅ
ĕŀĚĶńĚœĕƞȮŏĞĸĸƢœĕƞȮĶĺĴĪńŘĚĬŘņŒĬĩŋĚœĕƞĪňŗŏĔŖĭěŅĔĽŋĔĶŒĬīĶĶĴĝŅĨŇħƟĺĵŏĪėĬŇėĮĸŀħŏĝŊŘŀŐĸŃĻŉĔļŅŏĞĸĸƢ 
ŐĔĶĬŌőĸĞŅĕŀĚĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŏıŊŗŀĚŅĬĪŅĚŏĪėőĬőĸĵňĝňĺĳŅıȮĽņľĶńĭŏĮĶňĵĭŏĪňĵĭ
įĸĔŅĶĻŉĔļŅĬŘņŒĬĩŋĚœĕƞĪňŗœħƟěŅĔĔŅĶŏěŅŃŏĔŖĭěŅĔĩŋĚœĕƞĽŋĔĶĽħȮ&in vivo) ŏĮĶňĵĭŏĪňĵĭĔńĭĽŅĶĪňŗŏĞĸĸƢ
ŐĔĶĬŌőĸĞŅĽŋĔĶľĸńŗĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮ&in vitro)ȮĞŉŗĚŏĶňĵĔĺƞŅȮcondition mediumȮőħĵŏĮĶňĵĭŏĪňĵĭ
ĺƞŅěŃĴňĽŅĶĪňŗŏĞĸĸƢľĸńŗĚľĶŊŀőĮĶĨňĬĪňŗŏľĴŊŀĬľĶŊŀŐĨĔĨƞŅĚĔńĬŀĵƞŅĚœĶȮĞŉŗĚėŅħĺƞŅĔŅĶĻŉĔļŅĬňŘěŃœħƟĕƟŀĴŌĸĪňŗ
ĪņŒľƟŏĔŇħėĺŅĴŏĕƟŅŒěŏĶŊŗŀĚĭĪĭŅĪŐĸŃľĬƟŅĪňŗĕŀĚ ĶńĚœĕƞȮĬŘņŒĬĩŋĚœĕƞĽħŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶŒĬ
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ŀŅľŅĶŏıŅŃŏĸňŘĵĚȮĶĺĴĪńŘĚĕƟŀĴŌĸŒĬĔŅĶŏĸŊŀĔĬŘņŒĬĩŋĚœĕƞĕĬŅħĨƞŅĚŕȮŏıŊŗŀĬņœĮŒĝƟĮĶŃőĵĝĬƢĽņľĶńĭ
ĔŅĶĻŉĔļŅĔńĭŏĞĸĸƢĽŊĭıńĬīŋƢĕŀĚĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬĴȮľĶŊŀĔŅĶıńĥĬŅĺŇīňĔŅĶĬņĬŘņŒĬĩŋĚœĕƞĽŋĔĶĴŅŒĝƟŒľƟ
ŏĔŇħĮĶŃőĵĝĬƢȮĞŉŗĚŀŅěĬņĬŘņŒĬĩŋĚœĕƞĽŋĔĶĴŅŒĝƟŒĬĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢĨƞŅĚŕȮŏĝƞĬȮŏĞĸĸƢĮģĴĳŌĴŇȮ(primary 
cell culture) ŏĞĸĸƢŏıŅŃŏĸňŘĵĚŐĭĭĵŅĺĬŅĬȮ(long-term culture) ŐĸŃŏĞĸĸƢœĸĬƢ (cell line)ȮĞŉŗĚľŅĔ
ĽŅĴŅĶĩŒĝƟĬŘņŒĬĩŋĚœĕƞŐĪĬŁŀĶƢőĴĬȮŏĝƞĬȮŏŀĽőĨĶŏěĬŐĸŃőĔĶĪŁŀĶƢőĴĬœħƟȮĨĸŀħěĬŒĝƟŐĪĬȮfetal 
bovine serumȮĪňŗĬŇĵĴŒĝƟŒĬĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢĨƞŅĚŕȮĞŉŗĚĴňĶŅėŅŐıĚĴŅĔŐĸŃĨƟŀĚŒĝƟŏĺĸŅĶŀĬŅĬŒĬ
ĔŅĶĽńŗĚĞŊŘŀȮŏĬŊŗŀĚěŅĔĨƟŀĚĽńŗĚŏĕƟŅĴŅěŅĔĨƞŅĚĮĶŃŏĪĻȮĬŀĔěŅĔĬňŘľŅĔĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢ   
ŐĔĶĬŌőĸĞŅěŅĔĶńĚœĕƞĽŋĔĶŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĮĶŃĽĭįĸĽņŏĶŖěȮěŃĽŅĴŅĶĩŒĝƟŏĞĸĸƢŏľĸƞŅĬňŘŏĮƦĬĨƟĬŐĭĭŏıŊŗŀ
ŒĝƟĪħĽŀĭĽŅĶĨƞŅĚŕȮŐĪĬĽńĨĺƢĪħĸŀĚœħƟȮĞŉŗĚěŃĪņŒľƟĩŌĔĨƟŀĚĨŅĴľĸńĔěĶŇĵīĶĶĴħƟĺĵ 
 

2. ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 

 2.1ȮŏıŊŗŀĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚĶńĚœĕƞŐĸŃŏĬŊŘŀŏĵŊŗŀĕŀĚĶńĚœĕƞĽŋĔĶĽħ 
 2.2ȮŏıŊŗŀĻŉĔļŅȮŏĞĸĸƢœĕƞȮĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŐĸŃŏĔŖĭĽŅĶĪňŗŏĞĸĸƢŐĔĶĬŌőĸĞŅľĸńŗĚĽŌƞ
ŀŅľŅĶŏıŅŃŏĸňŘĵĚȮ(condition medium) ıĶƟŀĴĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅ
ĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 
 2.3 ŏıŊŗŀĻŉĔļŅŐĸŃĺŇŏėĶŅŃľƢőĮĶĨňĬĕŀĚĬŘņŒĬĩŋĚœĕƞĽħŐĸŃĽŅĶĪňŗŏĞĸĸƢŐĔĶĬŌőĸĞŅľĸńŗĚĽŌƞŀŅľŅĶ
ŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 

3. ĽĴĴĨŇģŅĬĕŀĚĚŅĬĺŇěńĵ 
 ĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚĶńĚœĕƞŐĸŃŏĞĸĸƢœĕƞĽŋĔĶěŃĪņŒľƟĽŅĴŅĶĩŏĸŊŀĔŒĝƟĨńĺŀĵƞŅĚŏĞĸĸƢĪňŗ
ŏľĴŅŃĽĴŒĬĔŅĶĬņœĮŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶœħƟȮŏĝƞĬȮŏĞĸĸƢœĕƞȮŏĞĸĸƢŐĔĶĬŌőĸĞŅȮĽƞĺĬĔŅĶĺŇŏėĶŅŃľƢ
ŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚĬŘņŒĬĩŋĚœĕƞĽŋĔĶĽħŐĸŃĽŅĶľĸńŗĚěŅĔŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚ ȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ľŅĔıĭőĮĶĨňĬĪňŗĴňĸńĔļĦŃŏľĴŊŀĬľĶŊŀĨƞŅĚĔńĬȮěŃĽŅĴŅĶĩŏĸŊŀĔœĮŒĝƟĮĶŃőĵĝĬƢĨƞŅĚŕȮŏĝƞĬȮĔŅĶįĸŇĨĽŅĶ
ĪňŗĽƞĚŏĽĶŇĴľĶŊŀĵńĚĵńŘĚĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢŏıŅŃŏĸňŘĵĚĨƞŅĚŕȮŏĮƦĬĨƟĬȮľŅĔıĭĽŅĶĪňŗĴňĮĶŃőĵĝĬƢ
ĸńĔļĦŃŏħňĵĺĔńĬěŃĽŅĴŅĶĩŏĸŊŀĔĽŅĶĪňŗĨƟŀĚĔŅĶěŅĔŏĞĸĸƢŏıŅŃŏĸňŘĵĚœĮŒĝƟĮĶŃőĵĝĬƢĪŅĚ
ŏĪėőĬőĸĵňĝňĺĳŅıȮŒĬĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢĨƞŅĚŕȮŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶőħĵĪňŗœĴƞĨƟŀĚŏĔŖĭĨńĺŀĵƞŅĚĶńĚœĕƞĽŋĔĶ
ŒľĴƞĪŋĔėĶńŘĚ 
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4. ĕŀĭŏĕĨĔŅĶĻŉĔļŅĺŇěńĵ 

 4.1ȮĔŅĶĻŉĔļŅĬňŘŏĮƦĬĔŅĶĻŉĔļŅŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŐĭĭĮĸŀħŏĝŊŘŀ 
 4.2ȮĨńĺŀĵƞŅĚĔŅĶĻŉĔļŅĬňŘŒĝƟĶńĚœĕƞĽŋĔĶıńĬīŋƢįĽĴȮ&Large White x Landrace x Duroc'ȮŀŅĵŋȮȮȮȮȮȮȮȮȮȮȮ
6ȮŏħŊŀĬ ĩŉĚȮ2ȮĮƖȮŐĸŃĬŘņľĬńĔĶŃľĺƞŅĚȮ100-150ȮĔŇőĸĔĶńĴȮĪňŗŏĔŖĭĨńĺŀĵƞŅĚŐĭĭĮĸŀħŏĝŊŘŀ 
 4.3 ĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĶńĚœĕƞĻŉĔļŅŏĬŊŘŀŏĵŊŗŀĕŀĚĶńĚœĕƞħƟĺĵĺŇīňıŅĶŅĲƕĬŏĪėĬŇė
ŐĸŃĻŉĔļŅĸńĔļĦŃŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢ
ŐĭĭľńĺĔĸńĭ ĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħŐĸŃĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚįƞŅĬ 
 4.4ȮĻŉĔļŅĺŇŏėĶŅŃľƢĬŘņŒĬĩŋĚœĕƞĽŋĔĶŐĸŃĽŅĶĪňŗŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŏıŅŃŏĸňŘĵĚľĸńŗĚĽŌƞŀŅľŅĶ
ŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶħƟĺĵŏĪėĬŇėĮĢŇĔŇĶŇĵŅĸŌĔőĞƞıŀĸŇŏĴŀŏĶĽŐĭĭĵƟŀĬĔĸńĭȮ(Reverse 
transcription polymerase chain reaction: RT-PCR)ȮŏĪėĬŇėőĞŏħňĵĴőħŏħĞŇĸĞńĸŏĲĨıŀĸŇŀŃėĶŇ-
ĸŅœĴħƢŏěĸŀŇŏĸŖĔőĨĶőĲĸŇĞŇĽȮ(Sodiumdodecyl sulfate polyacrylamide gel electrophoresis: 

SDS-PAGE)ȮŐĸŃŏĪėĬŇėȮLC /MS /MS (Liquid chromatography /Mass spectrometer /Mass 
spectrometer) 
 

5. ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭěŅĔĔŅĶĺŇěńĵ 

 5.1 ĽŅĴŅĶĩĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĶńĚœĕƞŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŒĬ
ľƟŀĚĮĢŇĭńĨŇĔŅĶŐĸŃŏĬŊŘŀŏĵŊŗŀĕŀĚĶńĚœĕƞŏıŊŗŀĬņĕƟŀĴŌĸĴŅĻŉĔļŅıńĥĬŅĚŅĬĺŇěńĵħƟŅĬŏĪėőĬőĸĵňĝňĺĳŅıœħƟȮ
ŏĝƞĬĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞŒľƟĽŋĔŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 
 5.2 ĽŅĴŅĶĩŒĝƟŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢŏŏĔĶĬŌőĸĞŅĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŐĸŃŐĝƞŐĕŖĚœħƟȮŏıŊŗŀŒĝƟŏĮƦĬŏĞĸĸƢĪňŗ
ĪħĽŀĭĔńĭĽŅĶĨƞŅĚŕȮŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŐĪĬĔŅĶŒĝƟĽńĨĺƢĪħĸŀĚ 
 5.3 ĽŅĴŅĶĩĻŉĔļŅŐĸŃĪĶŅĭĝĬŇħőĮĶĨňĬľĶŊŀĽŅĶľĸńŗĚĕŀĚĬŘņŒĬĩŋĚœĕƞĽŋĔĶŐĸŃĽŅĶľĸńŗĚĪňŗŏĞĸĸƢ
ŐĔĶĬŌőĸĞŅŏıŅŃŏĸňŘĵĚľĸńŗĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŏıŊŗŀĬņĬŘņŒĬĩŋĚœĕƞĽŋĔĶĽħŐĸŃĽŅĶľĸńŗĚĪňŗ
ŏĞĸĸƢŐĔĶĬŌőĸĞŅŏıŅŃŏĸňŘĵĚľĸńŗĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮĴŅŒĝƟŏĽĶŇĴŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢŏıŅŃŏĸňŘĵĚŏıŊŗŀ
ŒĝƟĽƞĚŏĽĶŇĴľĶŊŀĵńĭĵńŘĚĔŅĶŏěĶŇĠıńĥĬŅŒĬĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢĨƞŅĚŕȮĨƞŀœĮœħƟȮŏıŊŗŀŒĝƟĪħŐĪĬŁŀĶƢőĴĬŐĸŃȮ
fetal bovine serum ĪňŗĬŇĵĴŒĝƟŏĽĶŇĴŒĬĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢ 
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ĭĪĪňŗȮ2Ȯ 
ŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

 
 ĽŋĔĶŏĮƦĬĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬŘņĬĴĪňŗŒĝƟŏĮƦĬŐĭĭěņĸŀĚ (model) ŏĬŊŗŀĚěŅĔĴňĽĶňĶĺŇĪĵŅŐĸŃĔŅĵ
ĺŇĳŅėĻŅĽĨĶƢȮėĸƟŅĵėĸŉĚĔńĭĴĬŋļĵƢȮ&Bode ŐĸŃėĦŃ, 2010; SquierȮŐĸŃėĦŃ, 2008; Turk ŐĸŃėĦŃ
, 2005'ȮőħĵŏĜıŅŃĔŅĶĻŉĔļŅĶńĚœĕƞŐĸŃŏĞĸĸƢœĕƞŒĬĶŃĭĭĽŊĭıńĬīŋƢĕŀĚĽŋĔĶȮŏĝƞĬȮĔŅĶıńĥĬŅĕŀĚŏĞĸĸƢœĕƞȮ
ėŋĦĳŅıĕŀĚŏĞĸĸƢœĕƞŐĸŃĔŅĶĽŋĔĕŀĚŏĞĸĸƢœĕƞěŃĝƞĺĵŀīŇĭŅĵĸńĔļĦŃĕŀĚŏĞĸĸƢœĕƞŐĸŃĮƤěěńĵĪňŗŏĔňŗĵĺĕƟŀĚ
ŒĬĶŃľĺƞŅĚĔŅĶŏěĶŇĠŏĨŇĭőĨȮŒĬĶŃĭĭĶƞŅĚĔŅĵŐĸŃŒĬľƟŀĚĪħĸŀĚȮĶĺĴĪńŘĚĽŅĴŅĶĩĻŉĔļŅĔĶŃĭĺĬĔŅĶ
ŀŊŗĬŕȮĕŀĚĔŅĶĝƞĺĵĔŅĶŏěĶŇĠıńĬīŋƢħƟĺĵȮĬŀĔěŅĔĬňŘĵńĚĴňĶŅĵĚŅĬĔŅĶĽŋĔĕŀĚŏĞĸĸƢœĕƞĞŉŗĚŏĔŇħįĸěŅĔĮĢŇĔŇĶŇĵŅ
ĕŀĚŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢĸƟŀĴĶŀĭľĶŊŀŏĞĸĸƢėŌĴŌĸńĽ (MemiliȮŐĸŃėĦŃ, 2007) ŒĬĶŃľĺƞŅĚĔŅĶıńĥĬŅĕŀĚ
ŏĞĸĸƢœĕƞőħĵŏĜıŅŃŏĞĸĸƢŐĔĶĬŌőĸĞŅĬńŘĬĴňėĺŅĴĽņėńĠĨƞŀĔŅĶŏěĶŇĠıńĥĬŅĕŀĚŏĞĸĸƢœĕƞȮĞŉŗĚĔŅĶŏěĶŇĠĕŀĚ
ĩŋĚœĕƞěŃĸƟŀĴĶŀĭħƟĺĵŏĽƟĬŏĸŊŀħİŀĵĪňŗĽƞĚįĸĨƞŀĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢėŌĴŌĸńĽŐĸŃĴňėĺŅĴĽņėńĠŒĬĔŅĶ
ĮĔĮƚŀĚŏĞĸĸƢœĕƞŐĸŃĬŘņŒĬĩŋĚœĕƞŀňĔħƟĺĵȮ&Siu ŐĸŃ Cheng, 2012' 
 

1. ĶŃĭĭĽŊĭıńĬīŋƢŒĬĽŋĔĶŏıĻŏĴňĵ 
ĶŃĭĭĽŊĭıńĬīŋƢŒĬĽŋĔĶŏıĻŏĴňĵĮĶŃĔŀĭħƟĺĵȮĶńĚœĕƞȮ&ovaries) ĪƞŀĬņœĕƞȮ&oviduct)                 

ĮƖĔĴħĸŌĔȮ&uterine horns) ĮŅĔĴħĸŌĔȮ&cervix) ĝƞŀĚėĸŀħȮ&vagina) ŐĸŃĮŅĔĝƞŀĚėĸŀħȮ&vulva)ȮȮȮȮȮȮȮȮȮȮȮȮ
ĶńĚœĕƞĕŀĚĽŋĔĶŏıĻŏĴňĵĴňȮ2ȮĕƟŅĚȮŀĵŌƞĨĶĚĮĸŅĵĽŋħĕŀĚĪƞŀĬņœĕƞȮĴňĸńĔļĦŃėĸƟŅĵĔńĭıĺĚŀĚŋƞĬȮĴňĩŋĚľŋƟĴĶńĚœĕƞȮ
ŐĸŃĴňįĬńĚĵŉħĶŃľĺƞŅĚĶńĚœĕƞĔńĭĴħĸŌĔȮĳŅĵŒĬĶńĚœĕƞĴňĩŋĚœĕƞȮ&follicle) ĪňŗŀĵŌƞŒĬĶŃĵŃĕŀĚĔŅĶŏěĶŇĠŏĨŇĭőĨ
ĕĬŅħĨƞŅĚŕȮĬŘņľĬńĔĕŀĚĶńĚœĕƞŐĨƞĸŃĕƟŅĚĮĶŃĴŅĦȮ3-7 ĔĶńĴȮŐĸŃĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĮĶŃĴŅĦ                  
5 ĴŇĸĸŇŏĴĨĶȮĶńĚœĕƞĪņľĬƟŅĪňŗĽņėńĠȮ2ȮĮĶŃĔŅĶȮėŊŀȮŏĮƦĬĪňŗŀĵŌƞĕŀĚĩŋĚœĕƞȮĞŉŗĚĳŅĵŒĬĴňŏĞĸĸƢœĕƞȮŏĮƦĬĪňŗıńĥĬŅ
ŏĞĸĸƢœĕƞŐĸŃįĸŇĨŁŀĶƢőĴĬŏıĻŏĴňĵȮėŊŀȮőĮĶŏěĽŏĨŀőĶĬŐĸŃŏŀĽőĨĶŏěĬȮĬŀĔěŅĔĬňŘĵńĚĽĶƟŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ėŀĶƢĮƤĽĸŌŏĪňĵĴȮ&corpus luteum) ĞŉŗĚįĸŇĨȮŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬȮŏıŊŗŀėĺĭėŋĴĔŅĶĨńŘĚėĶĶĳƢȮőħĵĩŋĚœĕƞ
ěŃŏĶŇŗĴĕĵŅĵĨńĺŒľĠƞĕŉŘĬěĬĴňĔŅĶĨĔœĕƞȮĽŌƞĪƞŀĬņœĕƞĪňŗĴňėĺŅĴĵŅĺĮĶŃĴŅĦȮ20ȮŏĞĬĨŇŏĴĨĶȮőħĵĴňįĬńĚħƟŅĬ
ŒĬĮĶŃĔŀĭħƟĺĵŏĞĸĸƢĭŋĪƞŀĬņœĕƞȮ&oviductal epithelial cells) 2 ĝĬŇħȮőħĵĝĬŇħŐĶĔȮėŊŀȮŏĞĸĸƢĪĶĚ
ĔĸĴĪňŗœĴƞĴňĞňŏĸňĵȮ(non-ciliated round shape epithelial cells) ĪņľĬƟŅĪňŗŒĬĔŅĶľĸńŗĚĕŀĚŏľĸĺŐĸŃ
ĮĶńĭĽĳŅıŐĺħĸƟŀĴĳŅĵŒĬŒľƟŏľĴŅŃĽĴŏıŊŗŀĔŅĶĮĢŇĽĬīŇȮĝĬŇħĪňŗĽŀĚȮėŊŀȮŏĞĸĸƢĶŌĮĪĶĚĔĶŃĭŀĔĪňŗĴňĞňŏĸňĵȮ
(ciliated columnar epithelial cells) ĪņľĬƟŅĪňŗėŀĵıńħőĭĔŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢŀĽŋěŇĪňŗįƞŅĬŒĬĪƞŀĬņœĕƞ
ŐĸŃĽƞĚįƞŅĬĨńĺŀƞŀĬœĮĵńĚĪƞŀĬņœĕƞĞŉŗĚĽŅĴŅĶĩĵŊħŐĸŃľħĨńĺœħƟȮ(Areekijseree ŐĸŃėĦŃ, 2012) 
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ĴħĸŌĔĮĶŃĔŀĭħƟĺĵȮ3 ĽƞĺĬȮėŊŀȮĮƖĔĴħĸŌĔľĶŊŀĪƞŀĬņœĕƞȮĨńĺĴħĸŌĔŐĸŃėŀĴħĸŌĔȮőħĵĴňįĬńĚĵŉħ
ĴħĸŌĔȮŏĶňĵĔĺƞŅȮbroad ligaments of uterusȮĽƞĺĬŐĶĔȮėŊŀȮĮƖĔĴħĸŌĔȮ&uterine horns) ĴňėĺŅĴĵŅĺ
ŐĸŃĵŊħľĵŋƞĬœħƟȮĴňŀĵŌƞȮ2ȮĕƟŅĚȮĮĸŅĵĕƟŅĚľĬŉŗĚĨŇħĔńĭĪƞŀĬŜŅœĕƞȮŀňĔĕƟŅĚĨŇħĔńĭĨńĺĴħĸŌĔȮĮƖĔĴħĸŌĔĕŀĚĽŋĔĶěŃ
ĵŅĺŐĸŃėħŏėňŘĵĺȮĴňėĺŅĴĵŅĺĮĶŃĴŅĦȮ1 ŏĴĨĶȮĽƞĺĬĪňŗȮ2 ĨńĺĴħĸŌĔȮĴňĸńĔļĦŃŐĕŖĚȮĕĬŅħŏĸŖĔȮėĺŅĴĵŅĺ
ĮĶŃĴŅĦȮ5 ŏĞĬĨŇŏĴĨĶȮĪņľĬƟŅĪňŗŏĮƦĬĪŅĚįƞŅĬĕŀĚŀĽŋěŇŐĸŃĨńĺŀƞŀĬŏĴŊŗŀėĸŀħȮĽƞĺĬĪňŗȮ3 ėŀĴħĸŌĔľĶŊŀ
ĮŅĔĴħĸŌĔȮ&cervix) ŏĮƦĬĔĸƟŅĴŏĬŊŘŀĺĚŐľĺĬȮ&circular ring) ĴňįĬńĚľĬŅŐĕŖĚŐĶĚȮŏĮƦĬőıĶĚŐėĭĳŅĵŒĬĴň
ĔƟŀĬŏĬŊŘŀĬŌĬĵŊŗĬŀŀĔĴŅȮĴňĸńĔļĦŃĺĬȮŏĮƦĬŏĔĸňĵĺĽĺƞŅĬȮ&cervical fold) ĴňľĬƟŅĪňŗĶńĭĔŅĶįĽĴĕŀĚŏıĻįŌƟ
ŐĸŃĮƚŀĚĔńĬĽŇŗĚŐĮĸĔĮĸŀĴįƞŅĬŏĕƟŅĝƞŀĚėĸŀħĽŋĔĶĪňŗįĽĴĨŅĴīĶĶĴĝŅĨŇŀĺńĵĺŃŏıĻįŌƟěŃŏĕƟŅœĮĳŅĵŒĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ėŀĴħĸŌĔȮ2-3 ŏĔĸňĵĺ (Karin, 2009)ȮħńĚĳŅıĪňŗȮ/ 

 

    

 
ĳŅıĪňŗȮ/ ĽƞĺĬĮĶŃĔŀĭĶńĚœĕƞŐĸŃĴħĸŌĔĕŀĚĽŋĔĶ ĴňĽƞĺĬĮĶŃĔŀĭȮėŊŀȮĴħĸŌĔĽŋĔĶ 
&body of uterus: BU) ĮŅĔĴħĸŌĔȮ&cervix: CV) ĮƖĔĴħĸŌĔȮ(uterine horn: UH) ĮŅĔĝƞŀĚėĸŀħ 
(valva: V)ȮĝƞŀĚėĸŀħ (vagina: VG)ȮĳŅıĪňŗĕĵŅĵŐĽħĚĽƞĺĬĕŀĚĶńĚœĕƞȮ&ovary: O) (Vicencio ŐĸŃ
ėĦŃȮ2017) 
 

2. ŁŀĶƢőĴĬěŅĔĶńĚœĕƞŐĸŃĺĚĶŀĭĔŅĶŏĮƦĬĽńħĕŀĚĽŋĔĶ 
 ŁŀĶƢőĴĬěŅĔĶńĚœĕƞȮĶńĚœĕƞįĸŇĨŁŀĶƢőĴĬŏıĻŏĴňĵľĸŅĵĝĬŇħĪňŗĽņėńĠȮėŊŀ ŁŀĶƢőĴĬŏŀĽőĨĶŏěĬŐĸŃ
őĮĶŏěĽŏĨŀőĶĬȮŁŀĶƢőĴĬĪńŘĚĽŀĚĝĬŇħĬňŘŏĮƦĬĽŅĶĮĶŃĔŀĭĽŏĨňĵĶŀĵħƢȮĴňœĕĴńĬŏĮƦĬĽƞĺĬĮĶŃĔŀĭŐĸŃŏĮƦĬ
ŁŀĶƢőĴĬĪňŗĴňėĺŅĴŏĔňŗĵĺĕƟŀĚőħĵĨĶĚĔńĭĔŅĶŏěĶŇĠŐĸŃĔŅĶĪņĚŅĬĕŀĚŀĺńĵĺŃĨƞŅĚŕȮŒĬĶŃĭĭĽŊĭıńĬīŋƢ
ĨĸŀħĩŉĚĸńĔļĦŃėĺŅĴŏĮƦĬŏıĻŏĴňĵȮŁŀĶƢőĴĬŏŀĽőĨĶŏěĬŏĮƦĬŁŀĶƢőĴĬŏıĻŏĴňĵĪňŗĽĶƟŅĚĕŉŘĬěŅĔĩŋĚœĕƞŒĬȮȮȮȮȮȮȮȮȮȮ
ĶńĚœĕƞŐĸƟĺěŃľĸńŗĚŏĕƟŅĽŌƞĔĶŃŐĽŏĸŊŀħȮŏıŊŗŀĪņľĬƟŅĪňŗĽƞĚŏĽĶŇĴĔŅĶŏěĶŇĠĕŀĚŀĺńĵĺŃĨƞŅĚŕȮŒĬĶŃĭĭĽŊĭıńĬīŋƢ

A 

ĕ 
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ŏıĻŏĴňĵŐĸŃŏĨĶňĵĴŒľƟŀĵŌƞŒĬĸńĔļĦŃĪňŗıĶƟŀĴěŃĪņĔŅĶĽŊĭıńĬīŋƢėŊŀĔĶŃĨŋƟĬĔŅĶŏěĶŇĠĕŀĚŏĵŊŗŀĭŋĴħĸŌĔŐĸŃ
ĔĸƟŅĴŏĬŊŘŀĴħĸŌĔőħĵĴňĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢĨƞŅĚŕȮŒĬĝńŘĬŏĵŊŗŀĭŋĴħĸŌĔĴŅĔĕŉŘĬȮŏıŊŗŀĶŀĶńĭĔŅĶİƤĚĨńĺĕŀĚĨńĺ
ŀƞŀĬĪňŗœħƟĶńĭĔŅĶįĽĴŐĸƟĺŐĸŃĪňŗĝńŘĬĔĸƟŅĴŏĬŊŘŀĕŀĚĴħĸŌĔĪňŗĽŃĽĴĽŅĶőĮĶĨňĬőħĵŏĜıŅŃŐŀėĨŇĬŐĸŃȮȮȮȮȮȮȮȮȮȮȮȮ
œĴőŀĞŇĬȮĞŉŗĚŏĮƦĬĨńĺĽņėńĠĪňŗŒĝƟŒĬĔĸœĔĔŅĶľħĨńĺĕŀĚĔĸƟŅĴŏĬŊŘŀŏıŊŗŀŏĨĶňĵĴœĺƟŒĝƟŒĬĔŅĶľħĨńĺĕŀĚ
ĔĸƟŅĴŏĬŊŘŀŏĶňĵĭĪňŗĴħĸŌĔŒľƟĴħĸŌĔĭňĭĨńĺœħƟŐĶĚĕŉŘĬȮŏŀĽőĨĶŏěĬĝƞĺĵŒľƟĔĸƟŅĴŏĬŊŘŀŏĶňĵĭĬňŘĭňĭĨńĺŏĮƦĬěńĚľĺŃ
ĝƞĺĵŒĬĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚŀĽŋěŇľŅĔœĕƞœĴƞœħƟĶńĭĔŅĶįĽĴĔńĭĨńĺŀĽŋěŇŏĵŊŗŀĭŋĴħĸŌĔĪňŗľĬŅĨńĺĕŉŘĬěŃĸŀĔľĸŋħ
ŀŀĔœĮŒĬĳŅĵľĸńĚȮĔĶŃĨŋƟĬĔŅĶŏěĶŇĠĕŀĚŏĬŊŘŀŏĵŊŗŀĨƞŅĚŕȮŒĬĪƞŀĬņœĕƞőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚĨƞŀĴĞŉŗĚĪņľĬƟŅĪňŗ
ľĸńŗĚĽŅĶŀŅľŅĶĽņľĶńĭŏĸňŘĵĚœĕƞĪňŗĨĔŀŀĔĴŅěŅĔĶńĚœĕƞŐĸŃĝƞĺĵĔĶŃĨŋƟĬŒľƟŏĞĸĸƢĞŉŗĚĪņľĬƟŅĪňŗıńħőĭĔŒĬ
ĪŇĻĪŅĚěŅĔĮŅĔŐĨĶœĮĵńĚĽƞĺĬėŀėŀħŐĸŃĔĶŃĨŋƟĬĪƞŀĬņœĕƞŒľƟĭňĭĨńĺĪņŒľƟœĕƞŏħŇĬĪŅĚœĮœħƟĽŃħĺĔĕŉŘĬȮ
ĪņŒľƟŏĔŇħĔŅĶľĸńŗĚĬŘņŏĴŊŀĔŀŀĔěŅĔėŀĴħĸŌĔŒĬĕĦŃĪňŗŏĔŇħĔŅĶŏĮƦĬĽńħľŅĔĴňĮĶŇĴŅĦĴŅĔěŃŀŀĔĴŅ
ĽŃĽĴŀĵŌƞĪňŗĭĶŇŏĺĦĝƞŀĚėĸŀħŐĸŃŏĴŊŗŀĴňĔŅĶĽŃĽĴĴŅĔĕŉŘĬĔŖěŃœľĸĵƟŀĬŀŀĔĴŅěŅĔĝƞŀĚėĸŀħŀĵŌƞĪňŗ
ĭĶŇŏĺĦŀĺńĵĺŃĽŊĭıńĬīŋƢĽƞĺĬĬŀĔ ĝƞĺĵŒľƟŏĔŇħĔŅĶŏĮƦĬĽńħŐĸŃĪņŒľƟĽńĨĺƢŐĽħĚıķĨŇĔĶĶĴĨƞŅĚŕȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŒĬĔĶŃĭĺĬĔŅĶĽŊĭıńĬīŋƢȮŏĝƞĬȮĴňŀŅĔŅĶŐĽħĚŀŀĔĩŉĚĔŅĶŏĮƦĬĽńħŀĺńĵĺŃŏıĻěŃĭĺĴŐħĚľĶŊŀĽňĝĴıŌȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŒĬĽŋĔĶĽŅĺěŃĝŀĭĮƖĬĮƙŅĵĨńĺŀŊŗĬľĶŊŀĵŀĴŒľƟĨńĺŀŊŗĬĮƖĬȮȮĴňŀŅĔŅĶĔĶŃĺĬĔĶŃĺŅĵȮĔŇĬŀŅľŅĶĬƟŀĵĸĚĔĺƞŅ
ĮĔĨŇȮľĶŊŀĝŀĭŏŀŅĮŅĔĚńħŐĚŃĽŇŗĚŀŊŗĬȮĴňĔŅĶĮƤĽĽŅĺŃĭƞŀĵȮĩƟŅŏěŀĽŋĔĶŏıĻįŌƟěŃľĵŋħĬŇŗĚœĴƞŏėĸŊŗŀĬœľĺŐĸŃ
ĵŀĴĶńĭĔŅĶįĽĴıńĬīŋƢĞŉŗĚĝƞĺĵĽƞĚŏĽĶŇĴŒľƟŏĔŇħĔŅĶĔĶŃĨŋƟĬĪŅĚŏıĻŒĬĔĶŃĭĺĬĔŅĶĽŊĭıńĬīŋƢĕŀĚĽńĨĺƢĔŅĶ
ĪņĚŅĬĕŀĚŁŀĶƢőĴĬŏŀĽőĨĶŏěĬĪņŒľƟŏĽƟĬŏŀŖĬŏĝŇĚĔĶŅĬŏĔŇħĔŅĶľĵƞŀĬĨńĺĝƞĺĵŒľƟėĸŀħĸŌĔĚƞŅĵȮĶĺĴĩŉĚ
ĔŅĶĔĶŃĨŋƟĬŒľƟŏĨƟŅĬĴĕĵŅĵŒľĠƞĕŉŘĬĴňœĕĴńĬĴŅĽŃĽĴĴŅĔŐĸŃŐĭƞĚŏĞĸĸƢŏıŇŗĴĕŉŘĬĪňŗĭĶŇŏĺĦĨƞŀĴĬŘņĬĴ
ĬŀĔěŅĔĬňŘĵńĚĴňįĸĨƞŀĔŅĶĽĸŅĵĨńĺĕŀĚėŀĮƤĽĸŌŏĪňĵĴĪňŗĶńĚœĕƞőħĵŏŀĽőĨĶŏěĬěŃĔĶŃĨŋƟĬŒľƟŏĔŇħĔŅĶĽĶƟŅĚ
ŁŀĶƢőĴĬőıĶĽĨŅŐĔĶĬħŇĬĕŉŘĬĪňŗįĬńĚĴħĸŌĔŐĸƟĺěŃĪņŒľƟėŀĶƢĮƤĽĸŌŏĪňĵĴĽĸŅĵĨńĺȮĔĶŃĭĺĬĔŅĶĬňŘŏĔŇħĕŉŘĬŒĬ
ĺĚěĶĔŅĶŏĮƦĬĽńħĞŉŗĚľŅĔœĴƞœħƟĶńĭĔŅĶįĽĴĔńĭĨńĺŀĽŋěŇėŀĶƢĮƤĽĸŌŏĪňĵĴěŃĽĸŅĵĨńĺœĮȮ(Elizabeth, 2021) 
 ŁŀĶƢőĴĬŒĬĔĸŋƞĴőĮĶŏěĽŏĨŀőĶĬĽƞĺĬŒľĠƞĽĶƟŅĚĕŉŘĬŒĬėŀĶƢĮƤĽĸŌŏĪňĵĴȮĴňĭŅĚĽƞĺĬĪňŗĽĶƟŅĚěŅĔȮȮȮȮȮȮȮȮȮȮȮ
ĨƞŀĴľĴĺĔœĨĽƞĺĬĬŀĔȮĽƞĺĬŒľĠƞőĮĶŏěĽŏĨŀőĶĬěŃĪņĚŅĬĶƞĺĴĔńĭŏŀĽőĨĶŏěĬ őħĵĪņľĬƟŅĪňŗĽƞĚŏĽĶŇĴ
ĔŅĶŏěĶŇĠĕŀĚįĬńĚĴħĸŌĔĝńŘĬŒĬĪņŒľƟŏĞĸĸƢĨƞŅĚŕȮŒĬĝńŘĬŏĬŊŘŀŏĵŊŗŀĭŋĴħĸŌĔľĬŅĕŉŘĬĴňĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢĨƞŀĴ
ĨƞŅĚŕȮĴŅĔĕŉŘĬŐĸŃľĸńŗĚĽŅĶŀŀĔĴŅĴŅĔĕŉŘĬŏĨĶňĵĴıĶƟŀĴĪňŗěŃĶńĭĔŅĶİƤĚĨńĺĕŀĚĨńĺŀƞŀĬĶĺĴĩŉĚĪņľĬƟŅĪňŗĸħ
ĭĪĭŅĪĕŀĚŏŀĽőĨĶŏěĬĪņŒľƟĽƞĺĬĨƞŅĚŕȮĕŀĚĴħĸŌĔĴňĔŅĶĭňĭĨńĺĬƟŀĵĸĚŏıŊŗŀŒľƟœĕƞĪňŗœħƟĶńĭĔŅĶįĽĴĔńĭĨńĺ
ŀĽŋěŇĬńŘĬĽŅĴŅĶĩİƤĚĨńĺŒĬĴħĸŌĔŐĸŃŀĵŌƞěĬĩŉĚŏĺĸŅėĸŀħőĮĶŏěĽŏĨŀőĶĬěŃĪņľĬƟŅĪňŗĶńĔļŅĽĳŅıĔŅĶĨńŘĚ
ĪƟŀĚŒľƟėĚŀĵŌƞœĮěĬĩŉĚĔŅĶėĸŀħőħĵŒĬĝƞĺĚŐĶĔĕŀĚĔŅĶĨńŘĚĪƟŀĚŏĮƦĬĔŅĶĪņĚŅĬĕŀĚőĮĶŏěĽŏĨŀőĶĬěŅĔ
ĶńĚœĕƞŐĸŃŒĬĝƞĺĚľĸńĚěŃœħƟőĮĶŏěĽŏĨŀőĶĬěŅĔĶĔĬŀĔěŅĔĬňŘĵńĚĽƞĚŏĽĶŇĴĔŅĶŏěĶŇĠĕŀĚŏĨƟŅĬĴŐĸŃĨƞŀĴ
ĬŘņĬĴŒľƟŏěĶŇĠŏĨŖĴĪňŗıĶƟŀĴĪňŗěŃĽĶƟŅĚŐĸŃľĸńŗĚĬŘņĬĴŏĸňŘĵĚĸŌĔŀƞŀĬőħĵĔĶŃĨŋƟĬŒľƟĴňĔŅĶŏıŇŗĴěņĬĺĬŏĞĸĸƢ
ĞŉŗĚĪņľĬƟŅĪňŗŒĬĔŅĶįĸŇĨĬŘņĬĴĬŀĔěŅĔĬňŘĵńĚĵńĭĵńŘĚĔŅĶĽĶƟŅĚŁŀĶƢőĴĬőĔĬŅőħőĪĶĮƕėĶňĸŇĽĞŇŗĚĕŀĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ



  8 

œŁőĮĪŅĸŅĴńĽŐĸŃĵńĭĵńŘĚĔŅĶĽĶƟŅĚŁŀĶƢőĴĬ Follicle Stimulating Hormone (FSH)ȮŐĸŃ 
Luteinizing hormone (LH)ȮĕŀĚĨƞŀĴŒĨƟĽĴŀĚĽƞĺĬľĬƟŅĪŜŅŒľƟœĴƞĴňĔŅĶŏěĶŇĠĕŀĚĩŋĚœĕƞĞŉŗĚěŃœĮĴňįĸ
ėĺĭėŋĴĔŅĶĽĶƟŅĚŏŀĽőĨĶŏěĬĪņŒľƟĽńĨĺƢœĴƞŏĮƦĬĽńħŐĸŃœĴƞĴňĔŅĶĨĔœĕƞȮ 
 ĺĚĶŀĭĔŅĶŏĮƦĬĽńħĕŀĚĽŋĔĶĴńĔěŃŒĝƟŏĺĸŅĮĶŃĴŅĦȮ18-21ȮĺńĬȮőħĵŏĶŇŗĴěŅĔĔŅĶĽńĚŏĔĨ
ıķĨŇĔĶĶĴĔŅĶŏĮƦĬĽńħŐĸŃĽŇŘĬĽŋħħƟĺĵĔŅĶĔŅĶŏĮƦĬĽńħėĶńŘĚĨƞŀœĮȮŒĬĶŃľĺƞŅĚĶŀĭĬňŘĶŃħńĭŁŀĶƢőĴĬěŃĴňĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚĪńŘĚŏıŇŗĴĕŉŘĬŐĸŃĸħĸĚŒĬĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚŏĞĸĸƢŐĸŃĔŅĶıńĥĬŅĕŀĚŀĺńĵĺŃȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŁŀĶƢőĴĬŏľĸƞŅĬňŘěŃėĺĭėŋĴĺĚĶŀĭĔŅĶŏĮƦĬĽńħȮ4ȮĶŃĵŃȮėŊŀȮĶŃĵŃĔƞŀĬĔŅĶŏĮƦĬĽńħȮ
&proestrus) ĶŃĵŃŏĮƦĬĽńħȮ&estrus) ĶŃĵŃėĸŅĵĔŅĶŏĮƦĬĽńħȮ&metestrus) ŐĸŃĶŃĵŃľĴħĔŅĶŏĮƦĬĽńħ 
(diestrus)ȮĞŉŗĚĺĚĶŀĭĔŅĶŏĮƦĬĽńħĬńŘĬŐĭƞĚĔŅĶŏěĶŇĠĕŀĚĶńĚœĕƞŀŀĔŏĮƦĬȮ2 ĶŃĵŃȮėŊŀȮĶŃĵŃĲŀĸĸŇėŌĸƞŅŐĸŃ
ĶŃĵŃĸŌŏĨňĵĸȮőħĵĶŃĵŃĲŀĸĸŇėŌĸƞŅŏĮƦĬĔŅĶŏıŇŗĴĔŅĶľĸńŗĚŁŀĶƢőĴĬŏŀĽőĨĶŏěĬŏĴŊŗŀŏĞĸĸƢœĕƞŐĸŃĩŋĚœĕƞŏěĶŇĠ
ŏĨŖĴĪňŗĽņľĶńĭĔŅĶĨĔœĕƞȮĞŉŗĚĮĶŃĔŀĭħƟĺĵĶŃĵŃĔƞŀĬĔŅĶŏĮƦĬĽńħȮ&proestrus) ŐĸŃĶŃĵŃŏĮƦĬĽńħȮ&estrus) 
ĽƞĺĬĶŃĵŃĸŌŏĨňĵĸŏĮƦĬĔŅĶŏıŇŗĴŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬěŅĔĔŅĶıńĥĬŅĕŀĚėŀĶƢĮƤĽĸŌŏĪňĵĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĞŉŗĚĮĶŃĔŀĭħƟĺĵĶŃĵŃėĸŅĵĔŅĶŏĮƦĬĽńħȮ&metestrus) ŐĸŃĶŃĵŃľĴħĔŅĶŏĮƦĬĽńħ (diestrus) 
(Elizabeth, 2021)ȮħńĚĳŅıĪňŗȮ2 
 

 
 
ĳŅıĪňŗȮ0 ŐĽħĚĺĚĶŀĭĔŅĶŏĮƦĬĽńħȮ4 ĶŃĵŃȮ 

ĞŉŗĚŐĭƞĚĔŅĶŏěĶŇĠĕŀĚĶńĚœĕƞŀŀĔŏĮƦĬȮ2 ĶŃĵŃȮėŊŀȮĶŃĵŃĲŀĸĸŇėŌĸƞŅȮĮĶŃĔŀĭħƟĺĵĶŃĵŃĔƞŀĬĔŅĶ
ŏĮƦĬĽńħȮ&proestrus: 4) ŐĸŃĶŃĵŃŏĮƦĬĽńħȮ&estrus: 1) ŐĸŃĶŃĵŃĸŌŏĨňĵĸȮĮĶŃĔŀĭħƟĺĵĶŃĵŃėĸŅĵĔŅĶ
ŏĮƦĬĽńħȮ&metestrus: 2) ŐĸŃĶŃĵŃľĴħĔŅĶŏĮƦĬĽńħ (diestrus: 3) (Elizabeth, 2021) 
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ĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶĪņĚŅĬĕŀĚĺĚěĶĔŅĶŏĮƦĬĽńħȮœħƟŐĔƞȮŁŀĶƢőĴĬȮıńĬīŋĔĶĶĴȮőĳĝĬŅĔŅĶŐĸŃ
ĽŇŗĚŐĺħĸƟŀĴȮĶŅĵĸŃŏŀňĵħȮ(TortoraȮŐĸŃėĦŃȮ2009) ħńĚĬňŘ  
 1. ŁŀĶƢőĴĬȮĔŅĶĪņĚŅĬĶƞĺĴĔńĬĕŀĚŁŀĶƢőĴĬľĸŅĵĝĬŇħěŅĔœŁőĮĪŅĸŅĴńĽŐĸŃĨƞŀĴŒĨƟĽĴŀĚĝƞĺĵ
ĔĶŃĨŋƟĬŒľƟĶńĚœĕƞĪńŘĚȮ2 ĕƟŅĚ ĪņĔŅĶįĸŇĨœĕƞȮĪņŒľƟŏĔŇħėĺŅĴĨƟŀĚĔŅĶĪŅĚŏıĻŐĸŃŀĺńĵĺŃŒĬĶŃĭĭĽŊĭıńĬīŋƢ
ŏěĶŇĠŏĨŇĭőĨȮŏĬŊŗŀĚěŅĔŀŇĪīŇıĸĕŀĚŁŀĶƢőĴĬŏŀĽőĨĶŏěĬ ĪňŗĶńĚœĕƞįĸŇĨĕŉŘĬȮĞŉŗĚĸŌĔĽńĨĺƢĬńŘĬĽŅĴŅĶĩĽĶƟŅĚ
ŁŀĶƢőĴĬőĔĬŅőħőĪĶĮƕĬȮėŊŀȮFSH ŐĸŃȮLH œħƟĨńŘĚŐĨƞĵńĚŀĵŌƞŒĬĪƟŀĚŐĴƞȮĨƞŀĴŅŏĴŊŗŀĩŉĚĔņľĬħėĸŀħŁŀĶƢőĴĬ
ĬňŘěŃĴňĶŃħńĭĸħĸĚȮőħĵĸŌĔĽŋĔĶěŃĽĶƟŅĚŁŀĶƢőĴĬőĔĬŅőħőĪĶĲƕĬȮœħƟĔƞŀĬėĸŀħŐĸŃĶŃħńĭŁŀĶƢőĴĬěŃ
ĸħĸĚĔƞŀĬėĸŀħȮ1 ŏħŊŀĬȮŏĴŊŗŀĶŃħńĭŁŀĶƢőĴĬőĔĬŅőħőĪĶĮƕĬȮŒĬĸŌĔĽńĨĺƢĸħĸĚŐĸƟĺěŃėĚĽĳŅıŀĵŌƞŒĬ
ĶŃħńĭĨŗņȮŏĬŊŗŀĚěŅĔĶŃĭĭĮĶŃĽŅĪĽƞĺĬĔĸŅĚœĮĵńĭĵńŘĚœŁőĮĪŅĸŅĴńĽ œĴƞŒľƟľĸńŗĚŁŀĶƢőĴĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
őĔĬŅőħőĪĶĮƕĬĶňĸŇĽĞŇŗĚȮěĬĔĺƞŅĶƞŅĚĔŅĵĽńĨĺƢěŃŏěĶŇĠŏĨŇĭőĨěĬĩŉĚĶŀĭĔŅĶŏĮƦĬĽńħĞŉŗĚŒĬĽŋĔĶŒĝƟŏĺĸŅȮ1 
ŏħŊŀĬȮĔƞŀĬŏĶŇŗĴŏĕƟŅĽŌƞĶŀĭĔŅĶŏĮƦĬĽńħ  
 2. ıńĬīŋĔĶĶĴȮŀŇĪīŇıĸĕŀĚıńĬīŋĔĶĶĴĨƞŀŀŅĵŋĪňŗŏĶŇŗĴŏĕƟŅĽŌƞĶŀĭĔŅĶŏĮƦĬĽńħĬńŘĬ ĽńĚŏĔĨœħƟěŅĔėĺŅĴ
ŐĨĔĨƞŅĚĶŃľĺƞŅĚŀŅĵŋĪňŗŏĶŇŗĴŏĕƟŅĽŌƞĶŀĭĔŅĶŏĮƦĬĽńħĕŀĚĽńĨĺƢıńĬīŋƢŐĪƟĔńĭĽńĨĺƢĸŌĔįĽĴȮőħĵĽŋĔĶıńĬīŋƢŐĪƟĪňŗĴň
ĕĬŅħŒľĠƞĔĺƞŅěŃŏĕƟŅĽŌƞĺńĵĽŅĺĝƟŅĔĺƞŅıńĬīŋƢĪňŗĴňĕĬŅħŏĸŖĔŐĸŃŏěĶŇĠŏĨŇĭőĨŏĨŖĴĪňŗœħƟŏĶŖĺĔĺƞŅıńĬīŋƢĪňŗĴňĕĬŅħ
ŏĸŖĔ 
 3. őĳĝĬŅĔŅĶȮŀŇĪīŇıĸĕŀĚőĳĝĬŅĔŅĶĨƞŀŀŅĵŋĪňŗŏĶŇŗĴŏĕƟŅĽŌƞĔŅĶŏĮƦĬĽńħĬńŘĬĕŉŘĬŀĵŌƞĔńĭĮƤěěńĵĨƞŅĚŕȮ
ŏĝƞĬȮľŅĔĽńĨĺƢœħƟĶńĭŀŅľŅĶœĴƞŏıňĵĚıŀěŃŏĶŇŗĴŏĕƟŅĽŌƞĔŅĶŏĮƦĬĽńħĝƟŅĸĚŐĸŃľŅĔœħƟĶńĭŀŅľŅĶĴŅĔŏĔŇĬėĺŅĴ
ĨƟŀĚĔŅĶěŃĝƞĺĵŏĶƞĚŒľƟŏĕƟŅĽŌƞĶŀĭĔŅĶŏĮƦĬĽńħœħƟŏĶŖĺĕŉŘĬȮŐĨƞĔŅĶĨŀĭĽĬŀĚĨƞŀőĳĝĬŅĔŅĶĬňŘĕŉŘĬŀĵŌƞĔńĭ
ĻńĔĵĳŅıĕŀĚıńĬīŋĔĶĶĴħƟĺĵ  
 4. ĽŇŗĚŐĺħĸƟŀĴȮĽĳŅĺŃėĺŅĴŏėĶňĵħĨƞŅĚŕȮĞŉŗĚŀŅěŏĔŇħěŅĔŀŋĦľĳŌĴŇȮėĺŅĴĝŊŘĬľĶŊŀőĳĝĬŅĔŅĶȮȮȮȮȮȮȮȮȮȮȮ
œĴƞŏľĴŅŃĽĴěŃĪņŒľƟĽńĨĺƢŏĕƟŅĽŌƞĳŅĺŃĔŅĶŏĮƦĬĽńħœħƟĝƟŅĸĚȮŏĝƞĬȮĽŋĔĶŒĬĮĶŃŏĪĻľĬŅĺȮĞŉŗĚėĸŀħŒĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ķħŌŒĭœĴƟĶƞĺĚ ĴňŐĬĺőĬƟĴĪňŗěŃŏĕƟŅĽŌƞĺńĵĽŅĺŏĶŖĺĔĺƞŅĽŋĔĶĪňŗėĸŀħŒĬķħŌŒĭœĴƟįĸŇȮŏĮƦĬĨƟĬ 

őħĵŏĶŇŗĴěŅĔĽĴŀĚĽƞĺĬœŁőĮĪŅĸŅĴńĽ (Hypothalamus) ěŃĽĶƟŅĚŐĸŃľĸńŗĚŁŀĶƢőĴĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
őĔĬŅőħőĪĶĮƕĬĶňĸňĽĞŇŗĚȮ(Gonadotropin releasing hormone)ȮŀŀĔĴŅĞŉŗĚěŃœĮĔĶŃĨŋƟĬŒľƟ                       
ĨƞŀĴŒĨƟĽĴŀĚĽƞĺĬľĬƟŅĽĶƟŅĚŐĸŃľĸńŗĚŁŀĶƢőĴĬĲŀĸĸŇŏėŇĸĽĨŇĴŇĺŏĸĨŇĚȮĞŉŗĚěŃĔĶŃĨŋƟĬŒľƟĶńĚœĕƞľĸńŗĚ Follicle 
stimulating hormone (FSH) ȮŐĸŃŁŀĶƢőĴĬĸŌĨŇœĬĞŇŗĚȮ&Luteinizing hormone) ěŃĽƞĚįĸĨƞŀĶńĚœĕƞ
őħĵĔĶŃĨŋƟĬŒľƟŏĞĸĸƢœĕƞĽŋĔŐĸŃĴňĔŅĶįĸŇĨŁŀĶƢőĴĬŏŀĽőĨĶŏěĬȮőħĵŒĬőėěŃĩŌĔĔĶŃĨŋƟĬĶŃľĺƞŅĚĺńĬĪňŗȮȮȮȮȮȮȮ
16-18 ĕŀĚĺĚĶŀĭĔŅĶŏĮƦĬĽńħŐĸŃŒĬĽŋĔĶŐĸŃŐĔŃěŃĩŌĔĔĶŃĨŋƟĬĮĶŃĴŅĦĺńĬĪňŗȮ15 őħĵĶŃħńĭŁŀĶƢőĴĬ
őĮĶŏěĽŏĨŀőĶĬŒĬĔĶŃŐĽŏĸŊŀħěŃĸħĸĚȮŒĬĕĦŃŏħňĵĺĔńĬĶŃħńĭŁŀĶƢőĴĬŏŀĽőĨĶŏěĬŒĬĔĶŃŐĽŏĸŊŀħěŃ
ĽŌĚĕŉŘĬőħĵĔŅĶĪņĚŅĬįƞŅĬĪŅĚœŁőĮĪŅĸŅĴńĽĞŉŗĚěŃĴňįĸĪņŒľƟŏĔŇħĔŅĶŐĽħĚŀŅĔŅĶŏĮƦĬĽńħőħĵįƞŅĬĪŅĚ
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ĶŃĭĭĮĶŃĽŅĪŐĸŃŏĔŇħĔŅĶŏıŇŗĴĽŌĚĕŉŘĬĕŀĚŁŀĶƢőĴĬĸŌĨŇœĬĞŇŗĚĔĶŃĨŋƟĬŏĞĸĸƢŐĔĶĬŌőĸĞŅĕŀĚĩŋĚœĕƞŒľƟŏěĶŇĠ
ŐĸŃįĸŇĨőĮĶŏěĽŏĨŀőĶĬ ħńĚĳŅıĪňŗȮ3 

 
 
ĳŅıĪňŗȮ1ȮŁŀĶƢőĴĬŒĬĶŃĭĭĽŊĭıńĬīŋƢŏıĻŏĴňĵŐĸŃŀĺńĵĺŃŏĮƚŅľĴŅĵȮ 
&Waugh ŐĸŃȮGrant, 0./2' 

 
 ŒĬĝƞĺĚŏĺĸŅŏħňĵĺĔńĬěŃĴňŏŀĬœĞĴƢĵƞŀĵėŀĸĸŅŏěĬȮĞŉŗĚĴňįĸĨƞŀįĬńĚĕŀĚĩŋĚœĕƞĪņŒľƟŏĔŇħĔŅĶŀƞŀĬ
ŐĸŃŏĮĶŅŃĭŅĚĴŅĔĕŉŘĬȮĞŉŗĚĚƞŅĵĨƞŀĔŅĶŐĨĔĕŀĚĩŋĚœĕƞőħĵŐĶĚħńĬĕŀĚĕŀĚŏľĸĺĳŅĵŒĬĔĸœĔĬňŘĪņŒľƟŏĔŇħ
ĔŅĶĨĔœĕƞȮŒĬőėěŃŏĔŇħĔŅĶĨĔœĕƞĮĶŃĴŅĦȮ12ȮĝńŗĺőĴĚ ľĸńĚľĴħĔŅĶŏĮƦĬĽńħȮŒĬŐĔŃĮĶŃĴŅĦȮ30 ĝńŗĺőĴĚ 
ľĸńĚŏĶŇŗĴĔŅĶŏĮƦĬĽńħ ŒĬĽŋĔĶĮĶŃĴŅĦȮ44ȮĝńŗĺőĴĚľĸńĚěŅĔŏĶŇŗĴĔŅĶŏĮƦĬĽńħȮŐĸŃŒĬĴƟŅĮĶŃĴŅĦȮ1-2 ĺńĬ 
ĔƞŀĬľĴħĔŅĶŏĮƦĬĽńħȮħńĚĨŅĶŅĚĪňŗȮ1 
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ĨŅĶŅĚĪňŗȮ/ ĨŅĶŅĚŐĽħĚĶŃĵŃŏĺĸŅȮĺĚĶŀĭĔŅĶŏĮƦĬĽńħŐĸŃĔŅĶĨĔœĕƞĕŀĚĽńĨĺƢĝĬŇħĨƞŅĚŕ 
 

ĝĬŇħ
ĽńĨĺƢ 

ĶŃĵŃŏĺĸŅĔŅĶŏĮƦĬĽńħ 
(ĺńĬľĶŊŀĝńŗĺőĴĚ' 

ĺĚĶŀĭĔŅĶŏĮƦĬĽńħȮ 
&ĺńĬ' 

ĝƞĺĚŏĺĸŅĔŅĶĨĔœĕƞ 

 ŏĜĸňŗĵȮȮȮȮȮȮȮȮȮȮȮȮĝƞĺĚ ŏĜĸňŗĵȮȮȮȮȮȮȮȮȮȮĝƞĺĚ  
őė 
ŐĔŃ 

12ȮĝĴ, 
30ȮĝĴ, 

6-27ȮĝĴ, 
20-24ȮĝĴ, 

21 
17 

19-23 
14-19 

30 ĝńŗĺőĴĚľĸńĚěŅĔŏĶŇŗĴŏĮƦĬĽńħ 
26 ĝńŗĺőĴĚľĸńĚěŅĔŏĶŇŗĴŏĮƦĬĽńħ 

ĴƟŅ 6 ĺńĬ 1-37 ĺńĬ 21 10-37 1ȮĺńĬĔƞŀĬĽŇŘĬĽŋħĔŅĶŏĮƦĬĽńħ 
ĽŋĔĶ 
ŐıŃ 

44ȮĝĴ, 
39ȮĝĴ, 

1-4 ĺńĬ 
20-28ȮĝĴ, 

21 
17 

19-23 
12-27 

30-38 ĝńŗĺőĴĚľĸńĚěŅĔŏĶŇŗĴŏĮƦĬĽńħ 
ĺńĬĪňŗĽŀĚĕŀĚĔŅĶŏĮƦĬĽńħ 

ŐĴĺ 5 ĺńĬ 4-7 ĺńĬ 10 8-14 24 ĝńŗĺőĴĚľĸńĚěŅĔįĽĴıńĬīŋƢ 
ĽŋĬńĕ 9 ĺńĬ 4-13 ĝĴ, - - 24-48 ĝńŗĺőĴĚŏĶŇŗĴĔŅĶŏĮƦĬĽńħ 

40-50 ĝńŗĺőĴĚľĸńĚěŅĔįĽĴıńĬīŋƢ 
ĴŇĚėƢ 2ȮĺńĬ įĽĴıńĬīŋƢŏĮƦĬķħŌĔŅĸȮ&ĴňĬŅėĴ'  
 
ľĴŅĵŏľĨŋ:ȮĽŋĬńĕœĴƞĴňĺĚĶŀĭĔŅĶŏĮƦĬĽńħȮŐĨƞěŃŏĮƦĬĽńħ 2 ėĶńŘĚĨƞŀĮƖ 
ĪňŗĴŅ: ĔķĨıĸ, 2543 
 
ĺĚĶŀĭĔŅĶŏĮƦĬĽńħľĴŅĵĩŉĚĝƞĺĚŏĺĸŅĶŃľĺƞŅĚĔŅĶŏĶŇŗĴĨƟĬĔŅĶŏĮƦĬĽńħėĶńŘĚľĬŉŗĚĔńĭĔŅĶŏĶŇŗĴĨƟĬĔŅĶŏĮƦĬ

ĽńħėĶńŘĚĨƞŀœĮȮ(Karin, 2009)ȮħńĚĬňŘ 
1. ĶŃĵŃĔƞŀĬĔŅĶŏĮƦĬĽńħȮ&proestrus) (1-3 ĺńĬ' 

 ŏĮƦĬĶŃĵŃĪňŗŏĔŇħĔƞŀĬĽńĨĺƢěŃŐĽħĚŀŅĔŅĶŏĮƦĬĽńħŏĸŖĔĬƟŀĵŏĮƦĬĶŃĵŃŏĨĶňĵĴĔƞŀĬĔŅĶĨĔœĕƞŐĸŃ
ĔŅĶįĽĴıńĬīŋƢȮėŀĶƢĮƤĽĸŌŏĪňĵĴ ŏĔŇħĔŅĶĽĸŅĵĨńĺĪņŒľƟĶŃħńĭĕŀĚőĮĶŏěĽŏĨŀőĶĬ ĨŗņĸĚŏĔŇħĔŅĶŏĶŇŗĴĕŀĚ
ĺĚĶŀĭĔŅĶŏĮƦĬĽńħŒĬĶŃĵŃĬňŘěŃĴňĔŅĶŏěĶŇĠŐĸŃŏĔŇħėĺŅĴĨŊŗĬĨńĺĕŀĚŀĺńĵĺŃĽŊĭıńĬīŋƢĕŉŘĬŀĵƞŅĚŏľŖĬœħƟĝńħȮ
ŏĶŇŗĴĴňĔŅĶŏěĶŇĠĕŀĚĩŋĚœĕƞŀĵƞŅĚĶĺħŏĶŖĺȮĴħĸŌĔĕĵŅĵĨńĺĕŉŘĬŒĬĝńŘĬŏĵŊŗŀŏĴŊŀĔȮŏĶŇŗĴĴňŏĸŊŀħĴŅėńŗĚŐĸŃĴňĔŅĶĭĺĴ
ĬŘņȮĽƞĺĬĝƞŀĚėĸŀħĴňŀŅĔŅĶĭĺĴŐħĚĕŉŘĬĪňŗĝńŘĬŏĵŊŗŀŏĴŊŀĔĴňĔŅĶľĸńŗĚĬŘņėńħľĸńŗĚĴŅĔĕŉŘĬŒĬĽŋĔĶĬŅĬĮĶŃĴŅĦȮ
24-72ȮĝńŗĺőĴĚ ĶŃħńĭŁŀĶƢőĴĬŏŀĽőĨĶŏěĬ ĪňŗŏıŇŗĴĕŉŘĬěŅĔĩŋĚœĕƞĪňŗĔņĸńĚıńĥĬŅěŃĬņœĮĽŌƞĔŅĶŏıŇŗĴĕŉŘĬĕŀĚ
ĔŅĶľĸńŗĚŐĸŃĽńĠĠŅĦĳŅĵĬŀĔĪńŗĺœĮĕŀĚĶŃĵŃĔŅĶŏĮƦĬĽńħĪňŗŒĔĸƟŏĕƟŅĴŅ 
 
 



  12 

2. ĶŃĵŃŏĮƦĬĽńħ (estrus) (1-3 ĺńĬ' 
 ŏĮƦĬĶŃĵŃŐĽħĚŀŅĔŅĶŏĮƦĬĽńħȮŒĬĶŃĵŃĬňŘĽńĨĺƢěŃĵŀĴŒľƟĨńĺįŌƟĕŉŘĬĪńĭŐĸŃįĽĴıńĬīŋƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĨƞŀĴĨƞŅĚŕȮĪňŗŀĵŌƞŒĬĽƞĺĬĴħĸŌĔȮėŀĴħĸŌĔȮŐĸŃĝƞŀĚėĸŀħȮěŃľĸńŗĚĽŅĶėńħľĸńŗĚŀŀĔĴŅŏĮƦĬěņĬĺĬĴŅĔȮ
ŀĺńĵĺŃŏıĻĭĺĴŐħĚȮĝƞĺĚĬňŘĽńĨĺƢěŃıĵŅĵŅĴĶƟŀĚľĶŊŀŐĽħĚŀŅĔŅĶĔĶŃĺĬĔĶŃĺŅĵȮŐĸŃŐĽħĚŀŅĔŅĶĵŊĬ
ĬŇŗĚȮŒľƟĨńĺįŌƟĕŉŘĬįĽĴȮŒĬĽƞĺĬėŀĴħĸŌĔěŃĴňĬŘņŏĴŊŀĔŏĵŇŘĴȮŐĸŃĝƞŀĚŏĮƕħĕŀĚėŀĴħĸŌĔěŃŏĮƕħŏıŊŗŀŒľƟŏĮƦĬ
ĪŅĚįƞŅĬĕŀĚĨńĺŀĽŋěŇľĶŊŀĸŉĚėƢŐĸƟĺŐĨƞĝĬŇħĽńĨĺƢĶŃĵŃĬňŘĩŋĚœĕƞŏěĶŇĠěĬĽŋĔŐĔƞŏĨŖĴĪňŗĕŀĚŏľĸĺĳŅĵŒĬĩŋĚœĕƞĴň
ŁŀĶƢőĴĬŏŀĽőĨĶŏěĬĽŌĚŐĸŃĽƞĚœĮĨŅĴĔĶŃŐĽŏĸŊŀħĪņŒľƟĨńĺŏĴňĵĴňıķĨŇĔĶĶĴŏĮƦĬĽńħĪņŒľƟĪƞŀĬņœĕƞĭĺĴĬŘņ
ŐĸŃĔŅĶŏıŇŗĴĔŅĶľĸńŗĚĕŀĚŏĴŊŀĔȮŒĬĽŋĔĶĬŅĬĮĶŃĴŅĦȮ24-72 ĝńŗĺőĴĚ 

3. ĶŃĵŃėĸŅĵĔŅĶŏĮƦĬĽńħľĶŊŀľĸńĚŏĮƦĬĽńħȮ(metestrus) (2-3 ĺńĬ' 
 ŏĮƦĬĶŃĵŃĨƞŀěŅĔĶŃĵŃŏĮƦĬĽńħȮėŊŀȮĶŃĵŃĽńŘĬŕȮľĸńĚĔŅĶĨĔœĕƞȮŒĬĶŃĵŃĬňŘěŃĴňĔŅĶŏěĶŇĠĕŀĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĩŋĚœĕƞĪňŗĨĔœĕƞŐĸƟĺŀĵƞŅĚĶĺħŏĶŖĺŏĔŇħŏĮƦĬėŀĶƢĮƤĽĸŌŏĪňĵĴĕŉŘĬȮıĭĺƞŅĶŃħńĭŁŀĶƢőĴĬŏŀĽőĨĶŏěĬĸħĸĚŐĸŃ
ĶŃħńĭŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬŏıŇŗĴĕŉŘĬĽņľĶńĭĔŅĶĨńŘĚĪƟŀĚȮĽƞĺĬĪňŗĴħĸŌĔěŃĴňĔŅĶŏěĶŇĠĕŀĚĨƞŀĴĨƞŅĚŕ ŐĸŃ
ŏĽƟĬŏĸŊŀħĨƞŅĚŕȮŒĬĝńŘĬŏĵŊŗŀŏĴŊŀĔŀĵƞŅĚŏľŖĬœħƟĝńħȮŏıŊŗŀŏĨĶňĵĴĨńĺĶŀĚĶńĭĔŅĶİƤĚĨńĺĕŀĚĸŌĔŀƞŀĬȮĽƞĺĬĪňŗĝƞŀĚ
ėĸŀħĴňĬŘņŏĴŊŀĔĪňŗŏĔŇħĕŉŘĬĸħĬƟŀĵĸĚĳŅĵŒĬĬŘņŏĴŊŀĔĬńŘĬěŃĴňŏĞĸĸƢŏĴŖħŏĸŊŀħĕŅĺŐĸŃŏĵŊŗŀĭŋįŇĺĮŃĮĬŀĵŌƞŒĬ
ĽŋĔĶĬŅĬĮĶŃĴŅĦȮ24-72 ĝńŗĺőĴĚ 

4. ĶŃĵŃľĴħĔŅĶŏĮƦĬĽńħľĶŊŀĶŃĵŃĽĚĭ (diestrus) (13-18 ĺńĬ' 
ĽńĨĺƢěŃœĴƞŐĽħĚŀŅĔŅĶĪŅĚŏıĻŒħŕȮĞŉŗĚĶŃĵŃĬňŘŒĝƟŏĺĸŅĵŅĺĪňŗĽŋħĴňĸńĔļĦŃŏħƞĬȮėŊŀȮ                 

ėŀĶƢĮƤĽĸŌŏĪňĵĴȮĴňĔŅĶŏěĶŇĠŏĨŖĴĪňŗĽĶƟŅĚŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬĝƞĺĵĔĶŃĨŋƟĬĔŅĶľĸńŗĚěŅĔĨƞŀĴĴħĸŌĔȮȮȮȮȮȮȮ
ĴňĔŅĶŏěĶŇĠĕŀĚĨƞŀĴĨƞŅĚŕȮĪňŗĴħĸŌĔȮĴħĸŌĔĩŌĔŏĨĶňĵĴœĺƟĽņľĶńĭĔŅĶĨŇħıńĚįŊħĕŀĚĨńĺŀƞŀĬŒĬėĶĶĳƢȮ
ĔĸƟŅĴŏĬŊŘŀĴħĸŌĔľĵƞŀĬĨńĺȮĽƞĺĬĪňŗėŀĴħĸŌĔĴňĔŅĶľħĨńĺĮŅĔĴħĸŌĔěŃĮƕħĸĚȮĶŃĵŃĬňŘĩƟŅĽńĨĺƢœĴƞĨńŘĚĪƟŀĚ 
ėŀĶƢĮƤĽĸŌŏĪňĵĴěŃŏĶŇŗĴĽĸŅĵœĮȮĬŅĬĮĶŃĴŅĦȮ312-432 ĝńŗĺőĴĚ 

ĬŀĔěŅĔĬňŘŏĴŊŗŀĨĔœĕƞŐĸƟĺȮĶńĚœĕƞĽƞĺĬĪňŗŏėĵĴňĩŋĚœĕƞŀĵŌƞěŃŏĮƦĬŐŀƞĚěŅĔĬńŘĬŏĞĸĸƢěŃŏĮĸňŗĵĬŏĮƦĬ
ĸŌŏĨňĵĸŐĸƟĺŏěĶŇĠĨƞŀœĮŏĮƦĬ ėŀĶƢĮƤĽȮŁňőĴĶŅěŇĔńĴ (corpus hemorrhagicum) ĞŉŗĚŏĮƦĬĽňŏľĸŊŀĚŐħĚȮ
ĨƞŀĴŅŏĞĸĸƢĬňŘěŃŏěĶŇĠĴŅĔĕŉŘĬŏĶŊŗŀĵŕȮěĬĔĸŅĵŏĮƦĬėŀĶƢĮƤĽĸŌŏĪňĵĴĮĶŃĴŅĦĺńĬĪňŗȮ5 ľĸńĚĔŅĶĨĔœĕƞ                      
ėŀĶƢĮƤĽĸŌŏĪňĵĴ ěŃĽĶƟŅĚőĮĶŏěĽŏĨŀőĶĬĞŉŗĚŏĮƦĬŁŀĶƢőĴĬĪňŗėĺĭėŋĴĔŅĶĨńŘĚĪƟŀĚȮĩƟŅœĕƞĪňŗĨĔěŅĔĶńĚœĕƞœħƟĶńĭ
ĔŅĶįĽĴĔńĭŀĽŋěŇȮŏĶňĵĔĺƞŅȮŏĔŇħĔŅĶĮĢŇĽĬīŇĨńĺŀƞŀĬěŃİƤĚĨńĺĪňŗĮƖĔĴħĸŌĔŏĔŇħĔŅĶĨńŘĚĪƟŀĚȮŏĴŊŗŀĨńĺŀƞŀĬĴňĔŅĶ
İƤĚĨńĺĪňŗĮƖĔħĴĸŌĔėŀĶƢĮƤĽĸŌŏĪňĵĴĔŖěŃėĚŀĵŌƞĨƞŀœĮŏıŊŗŀĽĶƟŅĚŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬȮĨĸŀħĶŃĵŃĔŅĶĨńŘĚ
ĪƟŀĚŐĸŃŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬ ĬňŘěŃœĮĵńĭĵńŘĚĔŅĶĽĶƟŅĚŐĸŃľĸńŗĚŁŀĶƢőĴĬőĔĬŅőħőĪĶĮƕĬĶňĸňĽĞŇŗĚȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĪņŒľƟœĴƞĴňĺĚĶŀĭĔŅĶŏĮƦĬĽńħĶŀĭĨƞŀœĮŏĔŇħĕŉŘĬŐĨƞĩƟŅœĕƞĪňŗĨĔĸĚĪňŗĪƞŀĬņœĕƞœĴƞœħƟĶńĭĔŅĶįĽĴľĶŊŀįĽĴœĴƞĨŇħȮ
ŒĬĮĶŃĴŅĦĺńĬĪňŗȮ16-18 ĕŀĚĺĚĶŀĭĔŅĶŏĮƦĬĽńħȮŏĵŊŗŀĭŋħƟŅĬŒĬĕŀĚĴħĸŌĔěŃĽĶƟŅĚŁŀĶƢőĴĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
őıĸĽĨĶŅŐĔĸĬħŇĬœĮĽĸŅĵėŀĶƢĮƤĽĸŌŏĪňĵĴĪņŒľƟĶŃħńĭŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬ 
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ĸħĸĚȮĽĴŀĚĽƞĺĬœŁőĮĪŅĸŅĴńĽěŃĽĶƟŅĚŐĸŃľĸńŗĚŁŀĶƢőĴĬőĔĬŅőħőĪĶĮƕĬĶňĸňĽĞŇŗĚŀŀĔĴŅŒľĴƞŐĸŃĴňįĸĨƞŀ
ĔĶŃĭĺĬĔŅĶĽĶƟŅĚŐĸŃĔŅĶĨĔœĕƞȮĞŉŗĚěŃĺĬŏĮƦĬĺĚĶŀĭȮŏĶňĵĔĺƞŅȮĺĚĶŀĭĔŅĶŏĮƦĬĽńħȮŒĝƟŏĺĸŅȮ17-24 ĺńĬȮ
ŏĜĸňŗĵȮ21 ĺńĬȮ 
ĺĚĶŀĭĔŅĶŏĮƦĬĽńħĕŀĚĽŋĔĶŐĭƞĚœħƟŏĮƦĬȮ2 ĶŃĵŃŒľĠƞȮėŊŀ 
1. ĶŃĵŃĲŀĸĸŇėŌĸƞŅȮ&follicular phase) ĞŉŗĚŏĮƦĬĶŃĵŃĪňŗĴňĔŅĶŏěĶŇĠĕŀĚĲŀĸĸŇŏėŇĸěĬĔĶŃĪńŗĚĴňĔŅĶ

ĨĔœĕƞȮĮĶŃĔŀĭħƟĺĵĶŃĵŃĔƞŀĬĔŅĶŏĮƦĬĽńħȮ&proestrus) ŐĸŃĶŃĵŃŏĮƦĬĽńħȮ&estrus) ŒĬőėŐĸŃĽŋĔĶȮŒĝƟ
ŏĺĸŅȮ3-6 ĺńĬ 

2. ĶŃĵŃĸŌŏĨňĵĸȮ&luteal phase) ĞŉŗĚŏĮƦĬĶŃĵŃĔŅĶŏěĶŇĠŐĸŃĔŅĶĪņĚŅĬĕŀĚėŀĶƢĮƤĽĸŌŏĪňĵĴ
ĮĶŃĔŀĭħƟĺĵĶŃĵŃėĸŅĵĔŅĶŏĮƦĬĽńħȮ&metestrus) ŐĸŃĶŃĵŃľĴħĔŅĶŏĮƦĬĽńħ (diestrus) ĞŉŗĚŒĬĽŋĔĶěŃ
ŒĝƟŏĺĸŅĮĶŃĴŅĦȮ16-17ȮĺńĬ 
ĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŁŀĶƢőĴĬĪňŗĴňįĸĨƞŀĔŅĶĪņĚŅĬĕŀĚĶńĚœĕƞŒĬĶŀĭĺĚěĶĔŅĶŏĮƦĬĽńħȮħńĚĬňŘ 

1. ľĸńĚĔŅĶĽĸŅĵĨńĺĕŀĚėŀĶƢĮƤĽĸŌŏĪňĵĴȮěŅĔĔŅĶĪņĚŅĬĕŀĚŀŀĶƢőĴĬȮPGF2hȮĞŉŗĚĨƞŀĴŒĨƟĽĴŀĚĽƞĺĬ
ľĬƟŅěŃľĸńŗĚȮFSH ŏıŇŗĴȮLH ŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔŀŇĪīŇıĸĔŅĶĵńĭĵńŘĚěŅĔőĮĶŏěĽŏĨŀőĶĬȮľĴħœĮ 

2. LH ŐĸŃȮFSH ĔĶŃĨŋƟĬŒľƟĲŀĸĸŇŏėŇĸĽĶƟŅĚŁŀĶƢőĴĬŏŀĽőĨĶŏěĬȮĪņŒľƟĮĶŇĴŅĦŏŀĽőĨĶŏěĬĽŌĚĕŉŘĬ 
3. FSH ĔĶŃĨŋƟĬĔŅĶĪņĚŅĬĕŀĚȮLH receptor ĭĬŏĞĸĸƢŐĔĶĬŌőĸĞŅ 
4. ėĺŅĴŏĕƟĴĕƟĬĕŀĚŁŀĶƢőĴĬŏŀĽőĨĶŏěĬȮĪňŗĽŌĚĕŉŘĬěŃĔĶŃĨŋƟĬŒľƟĨƞŀĴŒĨƟĽĴŀĚĽƞĺĬľĬƟŅľĸńŗĚȮLH ŒĬ

ĶŃħńĭĽŌĚȮŏĶňĵĔĺƞŅȮLH surge  
5. LH surge ĔĶŃĨŋƟĬŒľƟŏĞĸĸƢœĕƞıńĥĬŅĔŅĶŐĭƞĚĨńĺŐĭĭœĴőŀĞŇĽěĬĩŉĚĶŃĵŃĪňŗŏĔŇħȮfirst polar 

body ŐĸŃŏĨĶňĵĴėĺŅĴıĶƟŀĴĽņľĶńĭĔŅĶĨĔœĕƞ 
6. LH surge ĪņŒľƟěņĬĺĬȮFSH receptor ĭĬŏĞĸĸƢŐĔĶĬŌőĸĞŅĸħĸĚȮħńĚĬńŘĬĔŅĶįĸŇĨŁŀĶƢőĴĬȮȮȮȮȮȮȮȮȮȮ

ŏŀĽőĨĶŏěĬěŉĚĸħĸĚ 
 

3. ĔŅĶŏěĶŇĠıńĥĬŅĕŀĚŏĞĸĸƢœĕƞĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬĴ 

ĔŅĶŏěĶŇĠĕŀĚĩŋĚœĕƞ (folliculogenesis'Ȯ ĳŅĵŒĬĩŋĚœĕƞěŃĴňŏĞĸĸƢœĕƞȮĞŉŗĚěŃŏěĶŇĠıńĥĬŅěĬ
ĔĸŅĵŏĮƦĬŏĞĸĸƢœĕƞĪňŗĽĴĭŌĶĦƢȮŐĸŃĩŌĔĮĸƞŀĵŀŀĔĴŅȮŏĶňĵĔĺƞŅȮĔŅĶĨĔœĕƞȮħńĚĳŅıĪňŗȮ4 ŐĽħĚŒľƟŏľŖĬĔŅĶ
ŏěĶŇĠıńĥĬŅĕŀĚĩŋĚœĕƞŏĶŇŗĴĨńŘĚŐĨƞĩŋĚœĕƞĶŃĵŃŐĶĔȮ&early primary follicle) ĞŉŗĚěŃĴňĕĬŅħĕŀĚȮĩŋĚœĕƞŐĸŃ
ŏĞĸĸƢœĕƞőĨĕŉŘĬěĬŏĞĸĸƢœĕƞŏěĶŇĠıńĥĬŅĽĴĭŌĶĦƢŏĨŖĴĪňŗŐĸŃıĶƟŀĴĪňŗěŃĩŌĔĮĸƞŀĵŀŀĔĴŅȮŏĞĸĸƢœĕƞěŃĩŌĔĕńĭ
ŀŀĔĴŅěŅĔĩŋĚœĕƞľĸńĚěŅĔĮĸƞŀĵœĕƞȮ&released oocyte) ŀŀĔĴŅŐĸƟĺĩŋĚœĕƞěŃĔĸŅĵŏĮƦĬėŀĶƢĮƤĽĸŌŏĪňĵĴȮ
ĞŉŗĚěŃĴňľĬƟŅĪňŗįĸŇĨŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬȮ 
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ĳŅıĪňŗȮ2 ŐĽħĚĶŃĵŃĔŅĶŏěĶŇĠĕŀĚĩŋĚœĕƞȮĨńŘĚŐĨƞĩŋĚœĕƞĶŃĵŃŐĶĔıńĥĬŅěĬœĕƞĨĔȮ&Ross ŐĸŃȮPawlina, 
2006) 
 

ŒĬĔŅĶıńĥĬŅĶŃĵŃŐĶĔĕĬŅħĕŀĚŏĞĸĸƢœĕƞěŃĴňŏĞĸĸƢŐĔĶĬŌőĸĞŅĞŉŗĚĴňĸńĔļĦŃŐĭĬŏĮƦĬĝńŘĬŏħňĵĺ
ĸƟŀĴĶŀĭȮŏĶňĵĔĺƞŅȮĩŋĚœĕƞĶŃĵŃŐĶĔȮ&primary follicle ľĶŊŀȮfollicle cell) ħńĚĳŅıĪňŗȮ5 &Ĕ'ȮľĸńĚěŅĔĬńŘĬ
ŏĞĸĸƢŐĔĶĬŌőĸĞŅěŃŐĭƞĚĨńĺŐĸŃľĸńŗĚĽŅĶœĔĸőėőĮĶĨňĬȮėŊŀȮőĞĬŅȮŏıĸĸŌĞŇħŅȮŀŀĔĴŅľŋƟĴŏĞĸĸƢœĕƞœĺƟ
ěŅĔĬńŘĬĶŃħńĭȮFSH ŐĸŃȮLH ěŃŏıŇŗĴĽŌĚĕŉŘĬĞŉŗĚȮFSHȮěŃĔĶŃĨŋƟĬŒľƟĩŋĚœĕƞĶŃĵŃŐĶĔŏěĶŇĠŏĨŇĭőĨȮěŅĔĬńŘĬ
ŏĞĸĸƢŐĔĶĬŌőĸĞŅěŃŐĭƞĚĨńĺŀĵƞŅĚĶĺħŏĶŖĺŏĮƦĬŏĞĸĸƢľĸŅĵĝńŘĬŐĸŃĴňŏĞĸĸƢĶŌĮĔĶŃĽĺĵĶĺĴŏĮƦĬĔĸŋƞĴ
ĸƟŀĴĶŀĭŏĞĸĸƢŐĔĶĬŌőĸĞŅȮŏĶňĵĔĺƞŅȮŏĞĸĸƢĪňĔŅȮ&theca cells) ħńĚĳŅıĪňŗȮ5 (ĕ' 
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ĳŅıĪňŗȮ3 (Ĕ'ȮŐĽħĚĩŋĚœĕƞĶŃĵŃŐĶĔȮ&primary follicle) ĴňĸńĔļĦŃŐĭĬŏĮƦĬĝńŘĬŏħňĵĺĸƟŀĴĶŀĭȮŐĸŃȮ                  
&ĕ'ȮĩŋĚœĕƞĶŃĵŃĪňŗĽŀĚȮ&secondary follicle) ȮȮȮȮȮȮȮȮȮ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 

ŏĞĸĸƢŐĔĶĬŌőĸĞŅěŃŐĭƞĚĨńĺŐĸŃľĸńŗĚĽŅĶœĔĸőėőĮĶĨňĬȮėŊŀȮőĞĬŅȮŏıĸĸŌĞŇħŅȮĞŉŗĚŏĞĸĸƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŐĔĶĬŌőĸĞŅěŃŐĭƞĚĨńĺŀĵƞŅĚĶĺħŏĶŖĺŏĮƦĬŏĞĸĸƢľĸŅĵĝńŘĬŐĸŃĴňŏĞĸĸƢĶŌĮĔĶŃĽĺĵĶĺĴŏĮƦĬĔĸŋƞĴĸƟŀĴĶŀĭ
ŏĞĸĸƢŐĔĶĬŌőĸĞŅȮŏĶňĵĔĺƞŅȮŏĞĸĸƢĪňĔŅȮ&theca cells) (Tortora ŐĸŃėĦŃȮ2009) 

 
 ľĸńĚěŅĔĬńŘĬŏĞĸĸƢœĕƞŀƞŀĬŐĸŃĩŋĚœĕƞěŃėƞŀĵŕȮŏěĶŇĠıńĥĬŅŏĔŇħĴňĝƞŀĚĺƞŅĚȮŏĶňĵĔĺƞŅȮŐŀĬĪĶńĴȮ
&antrum) ĸƟŀĴĶŀĭȮĞŉŗĚŒĬĝƞŀĚĺƞŅĚěŃĴňĕŀĚŏľĸĺľĶŊŀĬŘņŒĬĩŋĚœĕƞȮŏĮƦĬĽŅĶĪňŗĽĶƟŅĚĴŅěŅĔŏĞĸĸƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŐĔĶĬŌőĸĞŅŐĸŃŏĞĸĸƢĪňĔŅȮĮĶŃĔŀĭħƟĺĵŁŀĶƢőĴĬŐĸŃĽŅĶĨƞŅĚŕȮĽņľĶńĭœĕƞĨĸŀħěĬŏŀĬœĞĴƢĪňŗŒĝƟĵƞŀĵ
ŏĞĸĸƢĩŋĚœĕƞȮŏĞĸĸƢŐĔĶĬŌőĸĞŅěŃĪņľĬƟŅĪňŗĽĶƟŅĚŁŀĶƢőĴĬŏŀĽőĨĶŏěĬŐĸŃŀŇĬŁŇĭŇĬȮĽƞĺĬŏĞĸĸƢĪňĔŅěŃĽĶƟŅĚ
ŁŀĶƢőĴĬŐŀĬőħĶŏěĬĞŉŗĚěŃŏĮĸňŗĵĬŏĮƦĬŁŀĶƢőĴĬŏŀĽőĨĶŏěĬĪňŗŏĞĸĸƢŐĔĶĬŌőĸĞŅħƟĺĵŏŀĬœĞĴƢŀŃőĶĴŅŏĪĽȮ
&aromatase) ĬŀĔěŅĔĬňŘŏĞĸĸƢĪňĔŅěŃĔĸŅĵŏĮƦĬŏĮĸŊŀĔľŋƟĴĕŀĚĩŋĚœĕƞĞŉŗĚěŃŏěĶŇĠĳŅĵŒĨƟĔŅĶĪņĚŅĬĕŀĚȮ
FSHȮŁŀĶƢőĴĬŏŀĽőĨĶŏěĬěŃĴňįĸŏıŇŗĴĨńĺĶńĭȮLH ĪňŗŏĞĸĸƢŐĔĶĬŌőĸĞŅȮĕĦŃĪňŗĪńŘĚŁŀĶƢőĴĬŏŀĽőĨĶŏěĬĪňŗľĸńŗĚ
ŀŀĔĴŅŐĸŃȮFSHȮěŃĔĶŃĨŋƟĬĨńĺĶńĭȮLH ĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŒľƟľĸńŗĚĕŀĚŏľĸĺĴŅĔĕŉŘĬȮĞŉŗĚŁŀĶƢőĴĬ
ŏŀĽőĨĶŏěĬĪňŗŏıŇŗĴĕŉŘĬŐĸŃȮLH ěŃĪņŒľƟŏĞĸĸƢĪňĔŅŐĭƞĚĨńĺŐĸŃľĸńŗĚĕŀĚŏľĸĺĪņŒľƟĩŋĚœĕƞőĨŀĵƞŅĚĶĺħŏĶŖĺȮ
ŒĬĕĦŃĪňŗĩŋĚœĕƞĕĵŅĵőĨĕŉŘĬĬňŘŏĞĸĸƢœĕƞĵńĚĩŌĔĨĶŉĚŀĵŌƞĔńĭĽƞĺĬĕŀĚŏĞĸĸƢėŌĴŌĸńĽĪňŗĕńŘĺħƟŅĬľĬŉŗĚŏĶňĵĔœĕƞĪňŗĩŌĔŏĞĸĸƢ
ŐĔĶĬŌőĸĞŅľŋƟĴĶŀĭŀĵŌƞħƟĺĵĔńĬĬňŘĺƞŅȮcumulus oophorus ľĸńĚěŅĔĬńŘĬěŃĴňĩŋĚœĕƞĪňŗŏěĶŇĠŏĨŇĭőĨŏĨŖĴĪňŗȮ
ŏĶňĵĔĺƞŅȮĩŋĚœĕƞĶŃĵŃĔĶŅŏĲƖĵĬȮ(graafian follicle'ȮŏĮƦĬĶŃĵŃĪňŗŏěĶŇĠĽĴĭŌĶĦƢŏĨŖĴĪňŗŒĔĸƟěŃĨĔœĕƞȮĴňĔŅĶ
ĕĵŅĵĕŀĚĩŋĚĬŘņŏıŇŗĴĴŅĔĪňŗĽŋħȮėŊŀȮŐŀĬĪĶńĴȮŏĞĸĸƢœĕƞıĶƟŀĴĪňŗěŃĨĔȮħńĚĳŅıĪňŗȮ6 

&Ĕ) &ĕ) 
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ĳŅıĪňŗȮ4 (Ĕ'ȮŐĽħĚĔŅĶŏěĶŇĠıńĥĬŅĕŀĚĩŋĚœĕƞ (ĕ'ȮĩŋĚœĕƞĶŃĵŃĔĶŅŏĲƖĵĬ 

(Ĕ'ȮĩŋĚœĕƞĞŉŗĚĴňĝƞŀĚĺƞŅĚȮŏĶňĵĔĺƞŅȮŐŀĬĪĶńĴȮ&antrum) ĸƟŀĴĶŀĭȮĞŉŗĚŒĬĝƞŀĚĺƞŅĚěŃĴňĕŀĚŏľĸĺľĶŊŀ
ĬŘņŒĬĩŋĚœĕƞȮ&follicle fluid)  (ĕ'ȮĩŋĚœĕƞĶŃĵŃĔĶŅŏĲƖĵĬȮŏĮƦĬĶŃĵŃĪňŗŏěĶŇĠĽĴĭŌĶĦƢŏĨŖĴĪňŗŒĔĸƟěŃĨĔœĕƞ ȮȮȮȮȮȮȮȮȮȮȮȮ
ĴňĔŅĶĕĵŅĵĕŀĚĩŋĚĬŘņŏıŇŗĴĴŅĔĪňŗĽŋħėŊŀŐŀĬĪĶńĴȮŏĞĸĸƢœĕƞıĶƟŀĴĪňŗěŃĨĔŀŀĔĴŅȮ(TortoraȮŐĸŃėĦŃ,Ȯ
2009) 

 
Areekijseree ŐĸŃėĦŃȮ&0./3)ȮĻŉĔļŅėĺŅĴĽńĴıńĬīƢĪŅĚħƟŅĬĶŌĮĶƞŅĚĕŀĚŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢ

œĕƞĕŀĚĽŋĔĶŒĬľĸŀħĪħĸŀĚȮĨĶĺěĽŀĭőħĵĻŉĔļŅĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħŐĸŃ
ŐĭĭĽƞŀĚįƞŅĬȮıĭŏĞĸĸƢœĕƞȮ1,923ȮŏĞĸĸƢȮŏĞĸĸƢœĕƞĴňĶŌĮĶƞŅĚĔĸĴŐĸŃĴňĝńŘĬĕŀĚőĞĬŅȮŏıĸĸŌĞŇħŅŐĸŃĝńŘĬĕŀĚ
ŏĞĸĸƢėŌĴŌĸńĽĸƟŀĴĶŀĭőħĵĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŀĵŌƞĶŃľĺƞŅĚ 59.29-202.14ȮœĴőėĶŏĴĨĶȮĞŉŗĚĽŅĴŅĶĩ
ěņŐĬĔĝńŘĬȮŏĞĸĸƢėŌĴŌĸńĽĪňŗĸƟŀĴĶŀĭŏĞĸĸƢœĕƞœħƟŏĮƦĬ intactȮcumulus cells layer oocyte, multiȮ
cumulus cells layer oocyte, partial cumulus cells layer oocyte ŐĸŃȮcompletely 
denuded oocyte ĴňŏĮŀĶƢŏĞŖĬĨƢĔŅĶıĭŏĪƞŅĔńĭȮ22.80 32.70 18.60 ŐĸŃȮ25.90ȮŏĮŀĶƢŏĞŖĬĨƢȮ
ĨŅĴĸņħńĭȮőħĵĽŅĴŅĶĩĬņŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ&pCOCs) ĴŅŏıŅŃŏĸňŘĵĚĪňŗȮ37ȮŀĚĻŅŏĞĸŏĞňĵĽȮ                
5ȮŏĮŀĶƢŏĞŖĬĨƢ CO2, 95ȮŏĮŀĶƢŏĞŖĬĨƢȮĕŀĚĝńŘĬĭĶĶĵŅĔŅĻŐĸŃĴňėĺŅĴĝŊŘĬĽŌĚŏĮƦĬŏĺĸŅȮ44ȮĝńŗĺőĴĚȮŒĬŀŅľŅĶ
ŏĸňŘĵĚŏĞĸĸƢĽŌĨĶȮM199 ŒĬȮ10ȮŏĮŀĶƢŏĞŖĬĨƢ HTFCS, 22 mg/ml NaHCO3, 1 M Hepes, 0.25 
ĴŇĸĸŇŏĴĨĶ pyruvate, 15 µg/mL FSH, /Ȯµg/mL LH, 1 µg/mL estradiol, 50 µg/mL 
gentamycin sulfate ĪņĔŅĶĻŉĔļŅĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŒĬĝƞĺĚŐĶĔĕŀĚĔŅĶĭƞĴŏĸňŘĵĚ

&Ĕ' &ĕ) 
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ıĭĺƞŅŏĞĸĸƢėŌĴŌĸńĽĨŇħŐĬƞĬĔńĭœĕƞŏıŊŗŀĪňŗěŃľĸńŗĚĽŅĶěŅĔĮĸŅĵĩŋĚœĕƞœĮĵńĚőĞĬŅȮŏıĸĸŌĞŇħŅĕŀĚœĕƞȮŐĸŃĽƞĚœĮ
ĵńĚŏĞĸĸƢĕƟŅĚŏėňĵĚĪŅĚœĴőėĶĺŇĸœĸŐĽħĚĺƞŅŏĞĸĸƢėŌĴŌĸńĽĴňĔŅĶĨŇħĨƞŀĽŊŗŀĽŅĶĔńĭŏĞĸĸƢœĕƞȮőħĵĔŅĶŐĪĶĔȮȮȮȮȮȮȮ
œĴőėĶĺŇĸœĸœĮĵńĚĝƞŀĚĺƞŅĚŒĬœĞőĨıĸŅĽĞŉĴĕŀĚŏĞĸĸƢœĕƞȮĔƞŀĬĪňŗěŃľĸńŗĚĽŅĶěŅĔĮĸŅĵĩŋĚĕŀĚœĴőėĶĺŇĸœĸ
ŏıŊŗŀĵńĭĵńŘĚĔŅĶıńĥĬŅŏĮƦĬĶŃĵŃȮprophase I ĕŀĚŏĞĸĸƢœĕƞĶŃĵŃŐĶĔ (primary oocyte) ĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚĪŅĚħƟŅĬĶŌĮĶƞŅĚĽńĚŏĔĨľĸńĚěŅĔĔŅĶŏıŅŃŏĸňŘĵĚŏĮƦĬŏĺĸŅȮ24-48ȮĝńŗĺőĴĚȮıĭĺƞŅȮ100Ȯ
ŏĮŀĶƢŏĞŖĬĨƢ ĕŀĚĝńŘĬŏĞĸĸƢėŌĴŌĸńĽȮěŃŐįƞŐĸŃĕĵŅĵŀŀĔŐĵĔŏĮƦĬŏĞĸĸƢŏħňŗĵĺŕȮěŅĔįŇĺœĕƞȮĬŀĔěŅĔĬńŘĬŏĞĸĸƢ
ėŌĴŌĸńĽȮĪňŗĶŌĮĶƞŅĚĔĸĴěŃŏĮĸňŗĵĬŏĮƦĬŏĞĸĸƢĪňŗĵŊħĵŅĺľĶŊŀŏĮƦĬŏĞĸĸƢĪĶĚĔĶŃĭŀĔȮ(columnar cells)Ȯ
ľĸńĚěŅĔĔŅĶŏıŅŃŏĸňŘĵĚŏĮƦĬŏĺĸŅȮ22ȮĝńŗĺőĴĚȮıĭĺƞŅŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚœĕƞĪňŗĩŌĔĸƟŀĴĶŀĭħƟĺĵȮŏĞĸĸƢ
ėŌĴŌĸńĽěŃĴňĕĬŅħĔĺƟŅĚĕŉŘĬĴŅĔĔĺƞŅĔƞŀĬĬņœĮĭƞĴŏĸňŘĵĚȮŐĸŃıĭĺƞŅĶŌĮĶƞŅĚĕŀĚŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞ
ŏĮĸňŗĵĬœĮľĸńĚěŅĔœħƟĶńĭŁŀĶƢőĴĬȮĞŉŗĚĪņŒľƟœĕƞŏĔŇħĔŅĶŏěĶŇĠıńĥĬŅȮĔŅĶĻŉĔļŅĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅŁŀĶƢőĴĬ
ŒĬŀŅľŅĶŏĸňŘĵĚŏĞĸĸƢĽŌĨĶȮM199 ĝƞĺĵĔĶŃĨŋƟĬĩŋĚœĕƞĽŋĔĶŒĬȮ44ȮĝńŗĺőĴĚȮŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶőħĵĽŅĴŅĶĩŒĝƟ
ĮĶŃőĵĝĬƢěŅĔĔŅĶĻŉĔļŅĬňŘŒĬĔŅĶėĺĭėŋĴŒľƟĩŋĚœĕƞŏĔŇħĔŅĶŏěĶŇĠıńĥĬŅœħƟŏĶŖĺĕŉŘĬȮŏĮƦĬĮĶŃőĵĝĬƢĪŅĚħƟŅĬ
ŏĞĸĸƢŏĪėőĬőĸĵň 

 
4.ȮĔŅĶĻŉĔļŅĕĬŅħĕŀĚĩŋĚœĕƞŏĞĸĸƢœĕƞŐĸŃėŋĦĳŅıĕŀĚŏĞĸĸƢœĕƞ 

ĔŅĶĻŉĔļŅĶńĚœĕƞĮĶŃĔŀĭħƟĺĵĩŋĚœĕƞ ĪňŗĽĶƟŅĚĴŅĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮőħĵĩŋĚœĕƞěŃĮĶŃĔŀĭħƟĺĵŏĞĸĸƢ
œĕƞĪňŗĴňĸńĔļĦŃŐĭĬĸƟŀĴĶŀĭħƟĺĵŏĞĸĸƢĝńŘĬŏħňĵĺȮŏĶňĵĔĺƞŅȮŏĞĸĸƢŐĔĶĬŌőĸĞŅȮěŉĚėŅħĺƞŅĩŋĚœĕƞĪňŗĴňĕĬŅħ
ŐĨĔĨƞŅĚĔńĬěŃĽƞĚįĸĨƞŀĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞŐĸŃĪņŒľƟĸńĔļĦŃĕŀĚŏĞĸĸƢœĕƞŐĨĔĨƞŅĚĔńĬħƟĺĵȮĶŅĵĚŅĬ
ĔŅĶĻŉĔļŅŏĞĸĸƢœĕƞĪňŗŏěŅŃœħƟěŅĔĽŋĔĶŏıĻŏĴňĵıńĬīŋƢ ĸŅĶƢěœĺĪƢȮ&Large White pig) ıĭĺƞŅŏĞĸĸƢœĕƞĴňĶŌĮĶƞŅĚ
ĔĸĴŐĸŃĴňĕĬŅħŀĵŌƞŒĬĝƞĺĚȮ67,/4-/22,46ȮœĴőėĶŏĴĨĶȮŏĞĸĸƢœĕƞĩŌĔľŋƟĴħƟĺĵĽŅĶœĔĸőėőĮĶĨňĬȮŏĶňĵĔĺƞŅȮ
őĞĬŅȮŏıĸĸŌĞŇħŅȮĞŉŗĚĩńħěŅĔĝńŘĬőĞĬŅȮŏıĸĸŌĞŇħŅȮěŃŏĮƦĬĝńŘĬĕŀĚŏĞĸĸƢėŌĴŌĸńĽȮőħĵŏĞĸĸƢœĕƞŐĭƞĚĨŅĴĸńĔļĦŃ
ŏĞĸĸƢĸƟŀĴĶŀĭœħƟȮ2ȮŐĭĭȮėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭ
ŏĞĸĸƢœĕƞľĸŅĵĝńŘĬȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬȮŐĸŃŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭ
ŏĞĸĸƢœĕƞȮ(Areekijseree ŐĸŃ Vejaratpimol, 2006) ĔŅĶĻŉĔļŅŒĬŏĞĸĸƢœĕƞĪňŗŏěŅŃěŅĔĽŋĔĶĽŅĺĔƞŀĬĺńĵ
ŏěĶŇĠıńĬīŋƢĪńŘĚľĴħȮ921ȮŏĞĸĸƢœĕƞěŅĔĪńŘĚľĴħȮ20ȮĶńĚœĕƞȮėŇħŏĮƦĬėƞŅŏĜĸňŗĵȮ46ȮŏĞĸĸƢœĕƞĨƞŀĶńĚœĕƞȮĴňĸńĔļĦŃ
ŏĮƦĬĶŌĮĪĶĚĔĸĴĸƟŀĴĶŀĭħƟĺĵőĞĬŅȮŏıĸĸŌĞŇħŅȮŐĸŃĝńŘĬĕŀĚŏĞĸĸƢėŌĴŌĸńĽĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŀĵŌƞŒĬĝƞĺĚȮ
89.16ȮŐĸŃȮ144.68ȮœĴőėĶŏĴĨĶȮŐĭƞĚŏĞĸĸƢœĕƞĨŅĴĸńĔļĦŃŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœħƟŏĮƦĬȮ5ȮŐĭĭȮėŊŀȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
1. ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬȮ2. ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬȮ
3. ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐįƞĕĵŅĵľĸŅĵĝńŘĬ 4. ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚ
ĭŅĚĽƞĺĬȮŐĸŃ 5. ŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ(Areekijseree ŐĸŃėĦŃ, 2012) 
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ĔŅĶĻŉĔļŅĪňŗŀīŇĭŅĵĩŉĚėĺŅĴĽņėńĠĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅ ěņĬĺĬĩŋĚœĕƞŐĸŃėĺŅĴĽŅĴŅĶĩĕŀĚĬŘņ
ŒĬĩŋĚœĕƞĨƞŀĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞȮőħĵĻŉĔļŅěŅĔĔŅĶŏĨŇĴĬŘņŒĬĩŋĚœĕƞĸĚŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚȮėŊŀȮŏĞĸĸƢœĕƞ
ĽŋĔĶĪňŗĴňŏĞĸĸƢŐĔĶĬŌőĸĞŅěņĬĺĬĴŅĔȮŏĮĶňĵĭŏĪňĵĭĔńĭŏĞĸĸƢœĕƞĽŋĔĶĪňŗĴňŏĞĸĸƢŐĔĶĬŌőĸĞŅěņĬĺĬĬƟŀĵȮ 
ŏıŅŃŏĸňŘĵĚŏĞĸĸƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶȮěŅĔĬńŘĬĺŇŏėĶŅŃľƢĔŅĶŏěĶŇĠŐĸŃėŋĦĳŅıĕŀĚŏĞĸĸƢœĕƞĪňŗœħƟěŅĔ early 
antral follicles ıĭĺƞŅŏĞĸĸƢœĕƞĽŋĔĶĪňŗĴňŏĞĸĸƢŐĔĶĬŌőĸĞŅěņĬĺĬĴŅĔĝƞĺĵŏĽĶŇĴĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞ
ŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚőėĶĴŅĪŇĬŐĸŃĮĶŇĴŅĦœĕĴńĬĕŀĚŏĞĸĸƢœĕƞŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢ
ŐĔĶĬŌőĸĞŅěņĬĺĬĬƟŀĵȮĔŅĶĻŉĔļŅŏĞĸĸƢœĕƞĽŋĔĶĪňŗĴňŏĞĸĸƢŐĔĶĬŌőĸĞŅěņĬĺĬĴŅĔĪňŗŏĽĶŇĴħƟĺĵĬŘņŒĬĩŋĚœĕƞĸĚ
ŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚĵńĚĝƞĺĵŒľƟŏĞĸĸƢœĕƞĪňŗœħƟěŅĔĩŋĚœĕƞĕĬŅħĔĸŅĚȮ(ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ3-5 ĴŇĸĸŇŏĴĨĶ) 
ĽŅĴŅĶĩŏĕƟŅĽŌƞȮĶŃĵŃĭĸŅĽ-őĨĞŇĽœħƟĽŌĚĕŉŘĬȮĬŀĔěŅĔĬňŘĔŅĶŏĽĶŇĴĬŘņŒĬĩŋĚœĕƞĽŋĔĶĪńŘĚĔĸŋƞĴĪňŗĴňŏĞĸĸƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŐĔĶĬŌőĸĞŅěņĬĺĬĴŅĔŐĸŃěņĬĺĬĬƟŀĵěŃĝƞĺĵŏĽĶŇĴȮhistone acetylation ŒĬĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞ
ħƟĺĵȮěŉĚĽĶŋĮœħƟĺƞŅĔŅĶŏĽĶŇĴĬŘņŒĬĩŋĚœĕƞĽŋĔĶĪňŗĴňŏĞĸĸƢŐĔĶĬŌőĸĞŅěņĬĺĬĴŅĔĬńŘĬĴňĭĪĭŅĪĽņėńĠŒĬĔŅĶ
ŏĽĶŇĴĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶħƟĺĵȮ&ShibaharaȮŐĸŃėĦŃ, 0./7) 

ėŋĦĳŅıĕŀĚĩŋĚœĕƞĴňėĺŅĴĽņėńĠŒĬĔŅĶĻŉĔļŅŏĞĸĸƢœĕƞŏıŊŗŀœĮŒĝƟŒĬŏĪėőĬőĸĵňĝňĺĳŅıŀŊŗĬŕȮĩŋĚœĕƞ
ĽŋĔĶěŃıńĥĬŅŒĬĶŃĵŃĲŀĸĸŇėŌĸƞŅȮĞŉŗĚĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚĩŋĚœĕƞĬńŘĬĴňĬŘņŒĬĩŋĚœĕƞȮĪňŗĴňĽƞĺĬĽņėńĠŒĬĔŅĶ
ıńĥĬŅŏĞĸĸƢœĕƞȮĞŉŗĚěŃĬņĽŅĶĨƞŅĚŕȮŏĝƞĬȮŁŀĶƢőĴĬőĔĬŅőħőĪĶĮƕĬȮŁŀĶƢőĴĬĪňŗŏĔňŗĵĺĔńĭŏĴŐĪĭŀĸŇĞŉĴŐĸŃ
ĮƤěěńĵĪňŗĪņŒľƟŏěĶŇĠŏĨŇĭőĨľĸńŗĚěŅĔŏĞĸĸƢŐĔĶĬŌőĸĞŅ (Fortune, 1994) ĽŅĶěŅĔĬŘņŒĬĩŋĚœĕƞŀŅěĴňĮƤěěńĵ
ĪňŗĽƞĚįĸĨƞŀĽĳŅĺŃĔŅĶŏěĶŇĠıńĬīŋƢěŉĚĻŉĔļŅħƟĺĵĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĬŘņŒĬĩŋĚœĕƞĪňŗĴňĕĬŅħĴŅĔĔĺƞŅȮ8 
ĴŇĸĸŇŏĴĨĶȮőħĵĻŉĔļŅĶƞĺĴĔńĭĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĞňĶńĴĕŀĚŏĸŊŀħěŅĔĺńĺĪňŗŒľƟįĸįĸŇĨĽŌĚȮ9 ĨńĺȮĶŃľĺƞŅĚȮ7ȮĺńĬ
ĔƞŀĬėĸŀħĺńĬĪňŗȮ14ȮľĸńĚĔŅĶėĸŀħŐĸŃȮ46ȮĺńĬľĸńĚěŅĔėĸŀħȮěŅĔĬńŘĬĬņĴŅĺŇŏėĶŅŃľƢĔĸŌőėĽ ̡ -œŁħ
ĶŀĔĞňĭŇĺĪŇŏĶĨȮ&-̡OHB) ĵŌŏĶňĵ (urea) őĮĶĨňĬ (total protein) œĨĶĔĸň-ŏĞŀœĶħƢȮ&triglycerides) ĔĶħ
œĕĴńĬŀŇĽĶŃȮ&non-esterified fatty acids) ŐĸŃőėŏĸĽŏĨŀĶŀĸȮ&total cholesterol'ȮįĸĔŅĶĻŉĔļŅ
ıĭĺƞŅȮĬŘņŒĬĩŋĚœĕƞĴňĮĶŇĴŅĦĔĸŌőėĽĽŌĚĕŉŘĬŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĞňĶńĴĕŀĚŏĸŊŀħȮĕĦŃĪňŗĮĶŇĴŅĦĕŀĚőĮĶĨňĬ ȮȮȮȮȮȮȮȮȮȮ
œĨĶĔĸňŏĞŀœĶħƢȮĔĶħœĕĴńĬŀŇĽĶŃŐĸŃőėŏĸĽŏĨŀĶŀĸĨŗņĸĚŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĞňĶńĴĕŀĚŏĸŊŀħȮŏĴŊŗŀŏĺĸŅ
įƞŅĬœĮıĭĺƞŅĮĶŇĴŅĦĕŀĚĔĸŌőėĽ ̡ -œŁħĶŀĔĞňĭŇĺĪŇŏĶĨ ĵŌŏĶňĵ œĨĶĔĸňŏĞŀœĶħƢŒĬĞňĶńĴĕŀĚŏĸŊŀħŐĸŃĬŘņȮȮȮȮȮȮȮȮȮȮ
ŒĬĩŋĚœĕƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŏĴŐĪĭŀĸŇĞŉĴŏľĸƞŅĬňŘŒĬĞňĶńĴĕŀĚŏĸŊŀħĴň
įĸĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĝƞĬŏħňĵĺĔńĭĬŘņŒĬĩŋĚœĕƞȮőħĵŏĜıŅŃĔĸŌőėĽ ̡ -œŁħĶŀĔĞňĭŇĺĪŇŏĶĨŐĸŃĵŌŏĶňĵĴňĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚĽŌĚĴŅĔĔŅĶĻŉĔļŅĬňŘěŉĚĽĶŋĮœħƟĺƞŅŏĴŐĪĭŀĸŇĞŉĴŏľĸƞŅĬňŘıĭŒĬĞňĶńĴĕŀĚĺńĺľĸńĚėĸŀħŐĸŃĴňįĸ
ĔńĭĬŘņŒĬĩŋĚœĕƞħƟĺĵȮħńĚĬńŘĬěŉĚĽƞĚįĸĨƞŀėŋĦĳŅıĕŀĚŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅȮ&Leroy ŐĸŃėĦŃ, 
2004)ȮĬŀĔěŅĔĬňŘĶŀĭĔŅĶŏĮƦĬĽńħľĶŊŀĽŅĶŀŅľŅĶĬńŘĬěŃĽƞĚįĸĨƞŀĔŅĶıńĥĬŅĕĬŅħĕŀĚĩŋĚœĕƞľĶŊŀĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚĽƞĺĬĮĶŃĔŀĭĕŀĚĬŘņŒĬĩŋĚœĕƞŐĸŃŏĞĸĸƢėŌĴŌĸńĽĞŉŗĚěŃĽƞĚįĸĨƞŀŀńĨĶŅĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞ
ŐĸŃĔŅĶıńĥĬŅĕŀĚĨńĺŀƞŀĬħƟĺĵȮ&Mohammed ŐĸŃėĦŃ, 2005; SpacekȮŐĸŃ Carnevale, 2018, 
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Mohammed 0./1, Mohammed ŐĸŃȮAttaaiȮ0.//, Mohammed ŐĸŃėĦŃ, 0./0, 
Mohammed ŐĸŃȮKassabȮ0./3, Sinclair ŐĸŃėĦŃ, 2008, Mohammed 0..4; Mohammed 
0..6; Mohammed ŐĸŃėĦŃ, 0..6; Mohammed ŐĸŃėĦŃ, 0./.'Ȯ 

5. ĬŘņŒĬĩŋĚœĕƞȮ 
 ĬŘņŒĬĩŋĚœĕƞŏĮƦĬĽŅĶĮĶŃĔŀĭőĮĶĨňĬĪňŗĽĶƟŅĚőħĵŏĞĸĸƢĪňŗŀĵŌƞĸƟŀĴĶŀĭĔŅĶĻŉĔļŅĬŘņŒĬĩŋĚœĕƞĕŀĚ
ĴĬŋļĵƢœħƟĶńĭĔŅĶıŇĽŌěĬƢŐĸƟĺĺƞŅĴňőĴŏĸĔŋĸŐĸŃőĮĶĨňĬĪňŗŀŀĔķĪīŇśĪŅĚĝňĺĳŅıĞŉŗĚŀŅěĽƞĚįĸĨƞŀĔŅĶ
ŏěĶŇĠŏĨŇĭőĨĕŀĚĩŋĚœĕƞŐĸŃĔŅĶĮĢŇĽĬīŇĕŀĚœĕƞ ĨŅĴŐĬĺėŇħĬňŘĔŅĶĻŉĔļŅĸńĔļĦŃŏĜıŅŃĕŀĚőĮĶĨňĬěŅĔĬŘņ
ŒĬĩŋĚœĕƞěŉĚŏĮƦĬŏĮƚŅľĴŅĵŒĬĔŅĶĮĶŃŏĴŇĬėŋĦĳŅıĕŀĚœĕƞŐĸŃŀŅěŒĝƟŒĬĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĢŇĽĬīŇĬŀĔ
ĶƞŅĚĔŅĵȮ&IVF) &Bianchi ŐĸŃėĦŃ, 2013'ȮėŊŀȮŏĞĸĸƢŐĔĶĬŌőĸĞŅĞŉŗĚĴňĔŅĶľĸńŗĚőĮĶĨňĬŀŀĔĴŅĳŅĵŒĬȮȮȮȮȮȮȮȮȮȮ
ĩŋĚœĕƞȮ&Mahajan ŐĸŃ Little, 1978'ȮŐĸŃĭŅĚĽƞĺĬĩŌĔĽĶƟŅĚĴŅěŅĔĬŘņŏĸŊŀħŐĸƟĺĩŌĔĕĬĽƞĚĴŅĵńĚȮblood 
follicular barrierȮ&Revelli ŐĸŃėĦŃ, 2009'ȮĞŉŗĚőĮĶĨňĬĬňŘĽƞĚįĸĨƞŀĩŋĚœĕƞŐĸŃĴňįĸĨƞŀĔĶŃĭĺĬĔŅĶĽŋĔ
ĕŀĚŏĞĸĸƢœĕƞȮ&DucolombȮŐĸŃėĦŃ, 2013'ȮĔŅĶĻŉĔļŅőĮĶĨňĬĕŀĚĬŘņŒĬĩŋĚœĕƞĴĬŋļĵƢȮěŅĔĔĸŋƞĴĨńĺŀĵƞŅĚȮ
10 ėĬȮıĭőĮĶĨňĬȮ7 ĝĬŇħȮėŊŀȮĪĶŅĬĽŏĲŀĶŇĬȮ&transferrin) ĞňĶńĴŀńĸ-ĭŌĴŇĬȮ&serum albumin) ŐŀĸĲƙŅ 
1 ŐŀĬĨňŘĪĶŇĮĞŇĬȮ&a1-antitrypsin) ŐŁıőĪőĔĶĭŌĸŇĬ 1Ȯ&haptoglobulin-1) immunoglobulin Ig-K 
chain C region apolipoprotein A-l ŐĸŃ subunit ľĶŊŀ fragment ĕŀĚ serum albuminȮŐĽħĚ
ŒľƟŏľŖĬĺƞŅ őĮĶĨňĬĕŀĚĬŘņŒĬĩŋĚœĕƞĴňįĸĨƞŀĽĶňĶĺŇĪĵŅĕŀĚĩŋĚœĕƞȮ&Spitzer ŐĸŃėĦŃ, 1996' 

ĔŅĶĻŉĔļŅőĮĶĨňĬĨƞŅĚŕȮŒĬĩŋĚœĕƞȮėŊŀ ĔŅĶĻŉĔļŅŒĬőėıĭĺƞŅĴňőĮĶĨňĬıĶňŀńĸĭŌĴŇĬȮ&prealbumin) 
ŀńĸĭŌĴŇĬȮ&albumin)ȮGC-globulinȮ̡0-glycoprotein IIIȮŀŇĴĴŌőĬőĔĸĭŌĸŇĬěňȮ&IgG)Ȯh/-lipoprotein 

0h-macroglobulinȮŐĸŃŀŇĴĴŌőĬőĔĸĭŌĸŇĬŏŀŖĴȮ&IgM) (Mette ŐĸŃėĦŃ,Ȯ1976) ĔŅĶĻŉĔļŅŒĬĽŋĔĶȮȮȮȮȮȮȮȮȮȮȮȮ
ıĭĽŅĶĪňŗĵńĭĵńŘĚĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞȮ&oocyte maturation inhibitor) (TsafririȮŐĸŃȮPomerantz, 
1986'ȮĞŉŗĚĴňĶŅĵĚŅĬĺƞŅ FSH-binding inhibitorȮŒĬĽŋĔĶȮĽŅĴŅĶĩĵńĭĵńŘĚŏĮĮœĪħƢěŅĔĕŀĚŏľĸĺŒĬĩŋĚœĕƞ
œħƟȮ&Furukawa ŐĸŃėĦŃ, 1994) ȮĬŀĔěŅĔĬňŘĴňĶŅĵĚŅĬıĭĺƞŅŒĬĽŋĔĶȮıĭőĮĶĨňĬŀŇĴĴŌőĬőĔĸĭŌĸŇĬŐĸĴ-
ħŅŏĝĬȮ&immunoglobulin lambda-chain),ȮCytokeratin-14 type I cytoskeletal,ȮKeratin 
type II cytoskeletal /,Ȯimmunoglobulin gamma-chainȮŏĮƦĬĨƟĬȮ(DucolombȮŐĸŃėĦŃ, 
2013)ȮŐĸŃĴňĶŅĵĚŅĬĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭȮGrowth differentiation factor 6Ȯ&GDF6'ȮŏĶňĵĔĺƞŅȮ
myostatinȮŀĵŌƞŒĬĔĸŋƞĴĕŀĚ transforming growth factor-̡  (TGF-̡ )ȮőħĵȮGDF8 ĨĶĺěıĭŒĬĶŃĭĭ
ĽŊĭıńĬīŋƢȮėŊŀȮĶĔŐĸŃĴħĸŌĔĕŀĚĴĬŋļĵƢȮįŌƟĺŇěńĵěŉĚœħƟĽńĚŏĔĨįĸĕŀĚȮGDF8 ĶŃľĺƞŅĚĔŅĶĻŉĔļŅĔŅĶŏěĶŇĠ
ıńĥĬŅĕŀĚŏĞĸĸƢœĕƞĽŋĔĶŒĬľĸŀħŐĔƟĺȮŏıŊŗŀĺŇŏėĶŅŃľƢėŋĦĳŅıĕŀĚŏĞĸĸƢœĕƞĽŋĔȮıĭĺƞŅĔŅĶŒľƟȮGDF8 ŒĬ
ŀŅľŅĶŏĸňŘĵĚŏĞĸĸƢěŃĝƞĺĵŏĽĶŇĴĔŅĶŐĭƞĚŏĞĸĸƢŐĭĭœĴőŀĞŇĽŐĸŃĔŅĶŏěĶŇĠıńĥĬŅĕŀĚœĞőĨıĸŅĽĞŉĴĪņŒľƟ
ŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚȮtranscriptional patterns ĕŀĚȮSma- ŐĸŃȮMad-related protein 2/3 
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(SMAD2/3) ĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶĵńĭĵńŘĚĔŅĶĪņĚŅĬĕŀĚȮGDF8-induced SmadȮ2/3 ĽƞĚįĸŒľƟėŋĦĳŅı
ĕŀĚŏĞĸĸƢœĕƞĽŋĔĸħĸĚȮ&YoonȮŐĸŃėĦŃ, 2019)ȮĬŀĔěŅĔĬňŘěŅĔĔŅĶĻŉĔļŅŒĬįŌƟĮƙĺĵĪňŗĴňĳŅĺŃĴňĭŋĨĶĵŅĔ
ŏĔňŗĵĺĔńĭŏĵŊŗŀĭŋőıĶĚĴħĸŌĔŏěĶŇĠįŇħĪňŗŏĮĶňĵĭŏĪňĵĭĔńĭĔĸŋƞĴėĺĭėŋĴĪňŗĴňĽŋĕĳŅıħňȮěŅĔĔŅĶĻŉĔļŅĬŘņŒĬĩŋĚœĕƞ
ıĭĺƞŅĴňĔŅĶĪņĚŅĬĕŀĚȮIL-6, IL-10, IL-1̡  (PellicerȮŐĸŃėĦŃ, 1998'ȮŐĸŃĞŌŏĮŀĶƢŀŀĔœĞħƢħŇĽĴŇĺŏĪĽȮ
&superoxide dismutase: SOD) (Prieto ŐĸŃėĦŃ, 2012'ȮĔŅĶĻŉĔļŅĽŅĶľĸńŗĚěŅĔĩŋĚœĕƞĽŋĔĶħƟĺĵ
ŏĪėĬŇėȮSDS-PAGE ŐĸŃĺŇŏėĶŅŃľƢőĮĶĨňĬħƟĺĵĺŇīňȮLC/MS/MS ěŅĔĬŘņŒĬĩŋĚœĕƞĽŋĔĶȮĶŃĵŃĲŀĸĸŇėŌĸƞŅȮȮȮȮȮȮȮȮȮȮȮ
ŒĬĩŋĚœĕƞĽŋĔĶĕĬŅħȮ3-5 ĴŇĸĸŇŏĴĨĶȮıĭĺƞŅŐĩĭőĮĶĨňĬĪňŗĬŘņľĬńĔőĴŏĸĔŋĸȮ27 ĔŇőĸħŅĸĨńĬȮėŊŀȮ
immunoglobulin 45 ĔŇőĸħŅĸĨńĬȮėŊŀȮhaptoglobin complement component 3 ŐĸŃȮ
apolipoprotein A-IV 140 ĔŇőĸħŅĸĨńĬȮėŊŀȮceruloplasmin ŐĸŃĬŘņľĬńĔőĴŏĸĔŋĸĪňŗĴŅĔĔĺƞŅȮ220 
ĔŇőĸħŅĸĨńĬȮėŊŀȮfibronetinȮŐĸŃȮkeratin 1 ĽƞĺĬĬŘņŒĬĩŋĚœĕƞĽŋĔĶĶŃĵŃĸŌŏĨňĵĸıĭĺƞŅĬŘņľĬńĔőĴŏĸĔŋĸ
ĴŅĔĔĺƞŅȮ220 ĔŇőĸħŅĸĨńĬȮėŊŀȮőĮĶĨňĬȮalpha-2-macroglobulin ŐĸŃıĭőĮĶĨňĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ
ĳŌĴŇėŋƟĴĔńĬĭŅĚĨńĺĪňŗĽņėńĠȮŏĝƞĬȮHPS84 TRAP-1 ŐĸŃȮp60 ŏĮƦĬĨƟĬȮ&ĺĶĶĦŅ, 2552)ȮĬŀĔěŅĔĬňŘ
ĔŅĶĻŉĔļŅŒĬľĸŀħĪħĸŀĚěŃĝƞĺĵŒľƟŏĕƟŅŒěĔĶŃĭĺĬĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĸŃıńĥĬŅĩŋĚœĕƞĞŉŗĚĽƞĚįĸĨƞŀĔŅĶ
ŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞ ŏĝƞĬȮĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňĔŅĶĪņĚŅĬĕŀĚȮFGF (fibroblast growth 
factor) ŐĸŃȮEGF (epidermal growth factor) ŐĸŃĨńĺĶńĭȮFGF ĔńĭȮEGF (Wandji, /770'ȮŏĮƦĬĨƟĬ 
 ĞŉŗĚěŅĔĔŅĶĻŉĔļŅĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĽŅĶȮŁŀĶƢőĴĬŐĸŃŐĲĔŏĨŀĶƢĨƞŅĚŕȮĪňŗıĭŒĬĩŋĚœĕƞĽńĨĺƢ
ŏĸňŘĵĚĸŌĔħƟĺĵĬĴȮħńĚĨŅĶŅĚĪňŗȮ2 ŐĸŃőĮĶĨňĬĪňŗıĭŒĬĩŋĚœĕƞĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬĴȮħńĚĨŅĶŅĚĪňŗȮ3 ĶŅĵĚŅĬĺŇěńĵ
ĪňŗįƞŅĬĴŅĬńĔĺŇĪĵŅĻŅĽĨĶƢıĭĺƞŅŏĞĸĸƢėŌĴŌĸńĽĴňĽƞĺĬĽņėńĠŒĬĔŅĶĽƞĚĽŅĶĭŅĚĝĬŇħȮŏĝƞĬȮőĮĶĨňĬȮŏŀĬœĞĴƢ
ŐĸŃŁŀĶƢőĴĬĪňŗěņŏĮƦĬŏĕƟŅĽŌƞŒĬŏĞĸĸƢœĕƞȮŀňĔĪńŘĚĵńĚĽĶƟŅĚĽŅĶŏėĴňľĶŊŀőĮĶĨňĬĭŅĚĨńĺĪňŗĴňĮĶŃőĵĝĬƢŒĬĔŅĶĪņ
ŒľƟŏĔŇħĔŅĶėĚĽĳŅıĕŀĚŏĞĸĸƢœĕƞĪņŒľƟįŌƟĺŇěńĵėŅħľĴŅĵĺƞŅĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚĶńĚœĕƞȮŏĬŊŘŀŏĵŊŗŀĕŀĚ
ĶńĚœĕƞĽŋĔĶĽħȮŏĞĸĸƢœĕƞȮĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŐĸŃĺŇŏėĶŅŃľƢőĮĶĨňĬĕŀĚĬŘņŒĬĩŋĚœĕƞĽħŐĸŃĽŅĶĪňŗ
ŏĞĸĸƢŐĔĶĬŌőĸĞŅľĸńŗĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮ(condition medium) ŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĬńŘĬěŃĽŅĴŅĶĩĪņŒľƟ
ŏĔŇħėĺŅĴŏĕƟŅŒěĴŅĔĕŉŘĬŒĬŏĶŊŗŀĚĭĪĭŅĪŐĸŃľĬƟŅĪňŗĕŀĚĽŅĶľĸńŗĚŒĬŏĞĸĸƢœĕƞȮŐĸŃėŅħľĺńĚĺƞŅěŃĬņœĮŒĝƟ
ĮĶŃőĵĝĬƢĪŅĚħƟŅĬĚŅĬĺŇěńĵĨƞŅĚŕȮœħƟŒĬŀĬŅėĨ       
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ĨŅĶŅĚĪňŗȮ0 ĽŅĶȮŁŀĶƢőĴĬŐĸŃŐĲĔŏĨŀĶƢĨƞŅĚŕȮĪňŗıĭŒĬĬŘņŒĬĩŋĚœĕƞĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬĴ 
ĽŅĶȮŁŀĶƢőĴĬŐĸŃȮ
ŐĲĔŏĨŀĶƢĨƞŅĚŕȮ 

ĕĬŅħĕŀĚĩŋĚœĕƞ ĽńĨĺƢĪħĸŀĚ įĸĪňŗŏĔŇħĕŉŘĬ ŏŀĔĽŅĶŀƟŅĚŀŇĚ 

1. ĽŅĶĪňŗĵńĭĵńŘĚĔŅĶ
ŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞȮ 
&oocyte maturation 
inhibitor) 
2. ŀŇĬŁŇĭŇĬȮ&inhibin) 
3. ŁŀĶƢőĴĬőĮĶŏěĽ-
ŏĨŀőĶĬ 
4. oestradiol-17̡ 

ĕĬŅħŏĸŖĔȮ 
&ĬƟŀĵĔĺƞŅȮ3 
ĴŇĸĸŇŏĴĨĶ) 
ĕĬŅħĔĸŅĚȮ 
(3-6 ĴŇĸĸŇŏĴĨĶ) 
ĕĬŅħŒľĠƞȮ 
&ĴŅĔĔĺƞŅȮ6 
ĴŇĸĸŇŏĴĨĶ' 
 

ĽŋĔĶ 
(Dutch 
Landrace x 
Great 
Yorkshire gilts) 

ĔŅĶĻŉĔļŅŀńĨĶŅĔŅĶ
ĵńĭĵńŘĚĔŅĶŏěĶŇĠĕŀĚ
ŏĞĸĸƢœĕƞŒĬĺńĬĪňŗȮ5 
10 15 ŐĸŃȮ18 
ĕŀĚĶŀĭĔŅĶŏĮƦĬĽńħ
ŐĸŃȮ24 ĝńŗĺőĴĚľĸńĚ
ĔŅĶŏĮƦĬĽńħȮıĭĺƞŅ
ėĺŅĴŏĕƟĴĕƟĬĕŀĚ
OMI ŐĸŃŀŇĬŁŇĭŇĬ
ěŃĸħĸĚŏĴŊŗŀĕĬŅħ
ĕŀĚŏĞĸĸƢœĕƞŏıŇŗĴĕŉŘĬ
ŐĽħĚĺƞŅĕŀĚŏľĸĺĪňŗ
œħƟěŅĔĩŋĚœĕƞĕĬŅħ
ŏĸŖĔĴňŀńĨĶŅĵńĭĵńŘĚ
ĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢ 
 

Van de WielȮ
ŐĸŃėĦŃ, 1983 
 
 

1. ĽŅĶĪňŗĵńĭĵńŘĚĔŅĶ
ŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞȮ 
&oocyte maturation 
inhibitor: OMI) 
2. ŀŇĬŁŇĭŇĬȮ&inhibin) 
3. ŁŀĶƢőĴĬőĮĶŏěĽ-
ŏĨŀőĶĬ 
4. oestradiol-17̡ 

ĕĬŅħŏĸŖĔȮ 
&ĬƟŀĵĔĺƞŅȮ3 
ĴŇĸĸŇŏĴĨĶ) 
ĕĬŅħĔĸŅĚȮ 
(3-6 ĴŇĸĸŇŏĴĨĶ) 
ĕĬŅħŒľĠƞȮ 
&ĴŅĔĔĺƞŅȮ6 
ĴŇĸĸŇŏĴĨĶ' 

ĽŋĔĶ 
(Dutch 
Landrace x 
Great 
Yorkshire gilts) 

(Ĩƞŀ' 
œĕƞȮĴŅĔĔĺƞŅĕĬŅħ
ĔĸŅĚŐĸŃĕĬŅħ
ŒľĠƞȮőħĵœĴƞĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚĪńŘĚ
ŁŀĶƢőĴĬ 
őĮĶŏěĽŏĨŀőĶĬŐĸŃ 
oestradiol-17̡ 
 
 

Van de WielȮ
ŐĸŃėĦŃ, 1983 
 
 
 
 
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20de%20Wiel%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=6687738
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20de%20Wiel%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=6687738


  22 

ĽŅĶȮŁŀĶƢőĴĬŐĸŃȮ
ŐĲĔŏĨŀĶƢĨƞŅĚŕȮ 

ĕĬŅħĕŀĚĩŋĚœĕƞ ĽńĨĺƢĪħĸŀĚ įĸĪňŗŏĔŇħĕŉŘĬ ŏŀĔĽŅĶŀƟŅĚŀŇĚ 

1.ȮőĔĶĪħŇĲŏĲŀŏĶĬĪŇ
ŏŀĝńĬŐĲĔŏĨŀĶƢȮ9 
(growth 
differentiation 
factor 7' 
2. őĭĬĴŀĶƢőĲŏěŏĬĨŇĔ
őĮĶĨňĬ 15 (bone 
morphogenetic 
protein 15) 

œĴƞĶŃĭŋĕĬŅħ ľĬŌŐĸŃŐĔŃ 
ŏıĻŏĴňĵĪňŗȮ 
GDF 9  
ĭĔıĶƞŀĚ 
ŐĸŃŐĔŃĪňŗȮ
BMP15Ȯ
ĭĔıĶƞŀĚ 

ŏĞĸĸƢœĕƞěŃĽƞĚ
ĽńĠĠŅĦįƞŅĬŏĞĸĸƢ
ŐĔĶĬŌőĸĞŅŐĸŃ
ŏĞĸĸƢėŌĴŌĸńĽőħĵőĔ
ĶĪħŇĲŏĲŀŏĶĬĪŇŏŀ
ĝńĬŐĲĔŏĨŀĶƢȮ9 
ŐĸŃőĭĬĴŀĶƢőĲŏě-
ŏĬĨŇĔőĮĶĨňĬ 15 
ŏĮƦĬĮƤěěńĵĽņėńĠŒĬ
ĔŅĶŏěĶŇĠıńĥĬŅ
ĕŀĚŏĞĸĸƢœĕƞ 

Robert ŐĸŃ
ėĦŃ, 2006; 
Dong ŐĸŃėĦŃ, 
1996; 
Hanrahan ŐĸŃ
ėĦŃ, 2004 

1. ĔĸŌőėĽ-6-ĲŀĽŏĲĨȮ
ħňœŁőħĶěňŏĬĽ
(glucose4+
phosphate  
 

ĕĬŅħŏĸŖĔȮ 
&ĬƟŀĵĔĺƞŅȮ3 
ĴŇĸĸŇŏĴĨĶ) 
ĕĬŅħĔĸŅĚȮ 
(3-5 ĴŇĸĸŇŏĴĨĶ) 

ĽŋĔĶıńĬīŋƢ 
(ŐĸĬŏĶĞ) 
 
 
 

ıĭĺƞŅĴňĔŅĶĪņĚŅĬ
ĕŀĚĔĸŌőėĽ-6-
ĲŀĽŏĲĨȮ 
ħňœŁőħĶěňŏĬĽŐĸŃ
ĔŅĶĪņĚŅĬĕŀĚ 

AntosikȮŐĸŃ
ėĦŃ, 2009 
 
 
 

dehydrogenase: 
G4PDH) 
 
 
2.ȮőĞĬŅȮŏıĸĸŌĞŇħŅȮ 
œĔĸőėőĮĶĨňĬȮ(zona 
pellucida 
glycoproteins: 
pZP/* pZP0* pZP1* 
pZP1Ȯ alpha) 
 
3. ŀŇĬĪŇĔĶńĸŏĭĨŅ1 

&Ĩƞŀ' 
ĕĬŅħŒľĠƞȮ 
(ĴŅĔĔĺƞŅȮ5
ĴŇĸĸŇŏĴĨĶ) 

ĽŋĔĶıńĬīŋƢ 
(ŐĸĬŏĶĞ) 
 

&Ĩƞŀ' 
őĞĬŅ ŏıĸĸŌĞŇħŅȮ
œĔĸőėőĮĶĨňĬȮ
pZP/, pZP1 
ŀŇĬĪŇĔĶńĸŏĭĨŅ 1 
ŐĸŃŏĭĨŅȮ2 ĴňĔŅĶ
ŐĽħĚŀŀĔĽŌĚĕŉŘĬŒĬ
ĩŋĚœĕƞĕĬŅħĔĸŅĚ
ĴŅĔĔĺƞŅĕĬŅħŏĸŖĔ
ŐĸŃĴňĔŅĶ
ŐĽħĚŀŀĔĕŀĚŏŀŖĴ
ŀŅĶƢŏŀŖĬŏŀŒĬĩŋĚœĕƞ

AntosikȮŐĸŃ
ėĦŃ, 2009 
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ĽŅĶȮŁŀĶƢőĴĬŐĸŃȮ
ŐĲĔŏĨŀĶƢĨƞŅĚŕȮ 

ĕĬŅħĕŀĚĩŋĚœĕƞ ĽńĨĺƢĪħĸŀĚ įĸĪňŗŏĔŇħĕŉŘĬ ŏŀĔĽŅĶŀƟŅĚŀŇĚ 

ŐĸŃŏĭĨŅȮ2 
(integrins beta 1 
ŐĸŃ beta 0' 

ĕĬŅħŒľĠƞĴŅĔĔĺƞŅ
ĕĬŅħŏĸŖĔŐĽħĚĺƞŅ
őĮĶĨňĬĬňŘĴňĽƞĺĬŒĬ
ĔŅĶĮĢŇĽĬīŇŐĸŃ
ĕĬŅħĕŀĚĩŋĚœĕƞ 

1. ŀŇĬŁŇĭŇĬŏĭĨŅŏŀ

(INH̡A) 
2. ŀŇĬŁŇĭŇĬŏĭĨŅĭňȮ

(INH̡B) 
 
 
 

ĕĬŅħŏĸŖĔȮ 
(ĬƟŀĵĔĺƞŅȮ3 
ĴŇĸĸŇŏĴĨĶ) 
ĕĬŅħĔĸŅĚȮ 
(3-5 ĴŇĸĸŇŏĴĨĶ' 
ĕĬŅħŒľĠƞȮ
(ĴŅĔĔĺƞŅȮ5 

ĽŋĔĶıńĬīŋƢ 
ŐĸĬŏĶĞ 
 
 
 
 
 

ĻŉĔļŅıĭĺƞŅĴňĔŅĶ
ŐĽħĚŀŀĔĕŀĚȮȮȮȮȮȮȮȮȮȮȮ
ŀŇĬŁŇĭŇĬȮŏĭĨŅĭňŒĬ
ŏĞĸĸƢœĕƞĕĬŅħŒľĠƞ
ŐĸŃĕĬŅħĔĸŅĚ
ĴŅĔĔĺƞŅŏĞĸĸƢœĕƞ
ĕĬŅħŏĸŖĔĪńŘĚĔƞŀĬ 

KempistyȮŐĸŃ
ėĦŃ, 2013 
 
 
 
 
 

1. ŀŇĬŁŇĭŇĬŏĭĨŅŏŀ

(INH̡A) 
2. ŀŇĬŁŇĭŇĬŏĭĨŅĭňȮ

(INH̡B) 
 

&Ĩƞŀ' 
ĴŇĸĸŇŏĴĨĶ)ȮĪńŘĚ
ĔƞŀĬŐĸŃľĸńĚ
ĔŅĶŏıŅŃŏĸňŘĵĚ
ŏĞĸĸƢœĕƞŒľƟĽŋĔȮ 
(in vitro 
maturation) 

ĽŋĔĶıńĬīŋƢ 
ŐĸĬŏĶĞ 
 

&Ĩƞŀ' 
ŐĸŃľĸńĚĔŅĶ
ŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞ
ŒľƟĽŋĔıĭĺƞŅĔŅĶ
ĪņĚŅĬĕŀĚŀŇĬŁŇĭŇĬ
ĴňėĺŅĴĽńĴıńĬīƢĔńĭ
ĔŅĶŏěĶŇĠŐĸŃ
ıńĥĬŅĕŀĚĩŋĚœĕƞ
ĽŋĔĶ 

KempistyȮŐĸŃ
ėĦŃ, 2013 
 

3. ŀŇĬĞŌĸŇĬœĸėƢőĔĶĪ
ŐĲĔŏĨŀĶƢ-1 (insulin-
like growth 
factor, IGF-I)  
ĮĶŇĴŅĦȮ. 4. /0. 
/6.ȮȮȮŐĸŃȮ240 ĬŅőĬ
ĔĶńĴĨƞŀĴŇĸĸŇĸŇĨĶ 

ĕĬŅħŏĸŖĔȮ 
&2-5 ĴŇĸĸŇŏĴĨĶ' 
ĕĬŅħŒľĠƞȮ 
&6-10 ĴŇĸĸŇŏĴĨĶ'Ȯ
ħƟĺĵĔŅĶŏĸňŘĵĚ
ŏĞĸĸƢœĕƞŒľƟĽŋĔȮȮ
(in vitro 

ĽŋĔĶȮ 
 

ŀŅľŅĶŏĸňŘĵĚŏĝŊŘŀĪňŗ
ŏĸňŘĵĚŏĞĸĸƢœĕƞŒľƟĽŋĔȮ
ĽņľĶńĭĩŋĚœĕƞĕĬŅħ
ŏĸŖĔŒľƟįĸŏľĴŊŀĬĔńĭ
ĩŋĚœĕƞĕĬŅħŒľĠƞĪňŗ
œĴƞœħƟŒĽƞŀŇĬĞŌĸŇĬœĸėƢ
őĔĶĪŐĲĔŏĨŀĶƢ+1 Ȯ

OberlenderȮ
ŐĸŃėĦŃ, 2013 
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ĽŅĶȮŁŀĶƢőĴĬŐĸŃȮ
ŐĲĔŏĨŀĶƢĨƞŅĚŕȮ 

ĕĬŅħĕŀĚĩŋĚœĕƞ ĽńĨĺƢĪħĸŀĚ įĸĪňŗŏĔŇħĕŉŘĬ ŏŀĔĽŅĶŀƟŅĚŀŇĚ 

maturation) 
ŐĸŃĔŅĶĮĢŇĽĬīŇ
ŒĬľĸŀħĪħĸŀĚȮ
(in vitro 
fertilization) 
 

ŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶ
ŏĨŇĴŀŇĬĞŌĸŇĬœĸėƢȮȮȮȮȮȮȮȮȮȮ
őĔĶĪŐĲĔŏĨŀĶƢ+1 
ŒĬŀŅľŅĶŏĸňŘĵĚěŃ
ŏıŇŗĴĔŅĶĽŋĔĕŀĚĩŋĚ
œĕƞĕĬŅħŏĸŖĔŐĸŃ
ıńĥĬŅĔŅĶĮĢŇĽĬīŇ
ŒĬľĸŀħĪħĸŀĚ 
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ĨŅĶŅĚĪňŗȮ1 őĮĶĨňĬĪňŗıĭŒĬĩŋĚœĕƞĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬĴ 
őĮĶĨňĬ ĬŘņľĬńĔ

őĴŏĸĔŋĸ 
(ĔŇőĸħŅĸĨńĬ' 

ĽńĨĺƢĪħĸŀĚ ľĬƟŅĪňŗ ŏŀĔĽŅĶŀƟŅĚŀŇĚ 

1. FSH-binding 
inhibitor 

178 ĽŋĔĶ 
 

ĵńĭĵńŘĚŏĮĮœĪħƢ
ěŅĔĬŘņŒĬĩŋĚœĕƞ 
 

Furukawa ŐĸŃ
ėĦŃ, 1994 

2. ıĶňŀńĸĭŌĴŇĬ
(prealbumin) 
 

55 
 

őė 
 

ĕĬĽƞĚŁŀĶƢőĴĬ
œĪĶŀĔĞŇĬěŅĔ
ĨƞŀĴœĪĶŀĵħƢȮ
ĶĺĴĩŉĚĵńĚĝƞĺĵ
ĕĬĽƞĚĺŇĨŅĴŇĬŏŀ
ĶƞĺĴĔńĭȮretinol-
binding 
protein 

Mette ŐĸŃ
ėĦŃ,  
1976 
 

3. ŀńĸĭŌĴŇĬȮ
&albumin) 

68 őė 
 

ĽĶƟŅĚŏĴŖħŏĸŊŀħ
ŐĸŃĞƞŀĴŐĞĴ
ĽƞĺĬĨƞŅĚȮŕȮĕŀĚ
ĶƞŅĚĔŅĵŒľƟĴň
ėĺŅĴŐĕŖĚŐĶĚ  

Mette ŐĸŃ
ėĦŃ,  
1976 
 

4. GC-globulin 68 őė 
 

ĪņľĬƟŅĪňŗŒĬ
ĶŃĭĭĳŌĴŇėŋƟĴĔńĬ 
 

Mette ŐĸŃ
ėĦŃ, 1976 

5. ̡2-glycoprotein 
III 

145 
 

őė 
 

ĪņľĬƟŅĪňŗŒĬ
ĶŃĭĭĳŌĴŇėŋƟĴĔńĬ 
 

Mette ŐĸŃ
ėĦŃ, 1976 

6. ŀŇĴĴŌőĬőĔĸĭŌĸŇĬěňȮ
&IgG' 

160 őė ĔņěńħŐĭėĪňŏĶňĵȮ
œĺĶńĽȮŐĸŃ
ĽŅĶıŇļŒĬŏĸŊŀħ
ŐĸŃĬŘņŏľĸŊŀĚȮ

Mette ŐĸŃ
ėĦŃ,  
1976 
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őĮĶĨňĬ ĬŘņľĬńĔ
őĴŏĸĔŋĸ 
(ĔŇőĸħŅĸĨńĬ' 

ĽńĨĺƢĪħĸŀĚ ľĬƟŅĪňŗ ŏŀĔĽŅĶŀƟŅĚŀŇĚ 

IgG ěŃŀĵŌƞŒĬĶŌĮ
őĴőĬŏĴŀĶƢ 
 

 

7. h1-lipoprotein 
 

260 őė 
 

ĪņŒľƟĶƞŅĚĔŅĵ
ĕĬĽƞĚœĕĴńĬœĮŒĬ
ĬŘņȮŏĝƞĬȮŏĸŊŀħȮ
ŐĸŃĕŀĚŏľĸĺ
ĳŅĵĬŀĔŏĞĸĸƢœħƟ 
 

Mette ŐĸŃ
ėĦŃ, 1976 
 

8. h2-
macroglobulin 

820 őė 
 

ĸņŏĸňĵĚ 
thyroxine ěŅĔ
ĔĶŃŐĽŏĸŊŀħœĮ
ĽĴŀĚ 

Mette ŐĸŃ
ėĦŃ, 1976 
 

9.ȮŀŇĴĴŌőĬőĔĸĭŌĸŇĬ
ŏŀŖĴȮ&IgM) 

1,000 őė 
 

ĸņŏĸňĵĚ 
thyroxine ěŅĔ
ĔĶŃŐĽŏĸŊŀħœĮ
ĽĴŀĚ 

Mette ŐĸŃ
ėĦŃ, 1976 
 

10. ĽŅĶĪňŗĵńĭĵńŘĚĔŅĶ
ŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞȮ
(oocyte 
maturation 
inhibitor: OMI) 

30-100 ĽŋĔĶ ĵńĭĵńŘĚĔŅĶŏěĶŇĠ
ĕŀĚŏĞĸĸƢœĕƞ 

Tsafriri ŐĸŃ
Pomerantz, 
1986 

11.ȮĞŌŏĮŀĶƢŀŀĔœĞħƢ
ħŇĽĴŇĺŏĪĽȮ
&superoxide 
dismutase: SOD) 

130 ĴĬŋļĵƢ ŏĮĸňŗĵĬĞŌŏĮŀĶƢ
ŀŀĔœĞħƢŏĮƦĬ
œŁőħĶŏěĬŏĮŀĶƢ
ŀŀĔœĞħƢŐĸŃ
ŀŀĔĞŇŏěĬ 

Prieto ŐĸŃ
ėĦŃ, 2012 
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őĮĶĨňĬ ĬŘņľĬńĔ
őĴŏĸĔŋĸ 
(ĔŇőĸħŅĸĨńĬ' 

ĽńĨĺƢĪħĸŀĚ ľĬƟŅĪňŗ ŏŀĔĽŅĶŀƟŅĚŀŇĚ 

12.ȮŀŇĬŏĨŀĶƢĸŇĺėňĬȮȮȮȮȮȮȮȮȮ
(IL-6, IL-10ȮŐĸŃ          
IL-1̡ ) 
 

ĬŘņľĬńĔ
őĴŏĸĔŋĸĕŀĚ 
IL-6, IL-10Ȯ
ŐĸŃȮIL-1̡Ȯ
ėŊŀȮ23.18  
37 ŐĸŃ 
30.7 

ĴĬŋļĵƢ 
 

ľĬƟŅĪňŗŒĬĶŃĭĭ
ĳŌĴŇėŋƟĴĔńĬĪňŗ
ŐĨĔĨƞŅĚœĮŒĬŐĨƞ
ĸŃŏĞĸĸƢ 
 

PellicerȮŐĸŃ
ėĦŃ, 1998 
 

13. 
immunoglobulin 
lambda chain 

19.32 
 

ĽŋĔĶ ŏĽĶŇĴĔŅĶŏĸňŘĵĚ
ŏĞĸĸƢœĕƞŒľƟĽŋĔȮȮ 
(in vitro 
maturation)  

DucolombȮ
ŐĸŃėĦŃ, 2013 
 

13. 
immunoglobulin 
lambda chain 

19.32 
 

ĽŋĔĶ &Ĩƞŀ' 
ŐĸŃĔŅĶĮĢŇĽĬīŇ
ŒĬľĸŀħĪħĸŀĚȮ  
(in vitro 
fertilization) 

DucolombȮ
ŐĸŃėĦŃ, 2013 
 

14.ȮCytokeratin-/2 
type I cytoskeletal 

52.68 
 

ĽŋĔĶ ŏĽĶŇĴĔŅĶŏĸňŘĵĚ
ŏĞĸĸƢœĕƞŒľƟĽŋĔȮ 
(in vitro 
maturation) 
ŐĸŃĔŅĶĮĢŇĽĬīŇ
ŒĬľĸŀħĪħĸŀĚȮ 
(in vitro 
fertilization) 

DucolombȮ
ŐĸŃėĦŃ, 2013 
 

15.Ȯkeratin type II 
cytoskeletal 1 

65.48 
 

ĽŋĔĶ ŏĽĶŇĴĔŅĶŏĸňŘĵĚ
ŏĞĸĸƢœĕƞŒľƟĽŋĔȮ 
(in vitro 

DucolombȮ
ŐĸŃėĦŃ, 2013 
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őĮĶĨňĬ ĬŘņľĬńĔ
őĴŏĸĔŋĸ 
(ĔŇőĸħŅĸĨńĬ' 

ĽńĨĺƢĪħĸŀĚ ľĬƟŅĪňŗ ŏŀĔĽŅĶŀƟŅĚŀŇĚ 

maturation) 
ŐĸŃĔŅĶĮĢŇĽĬīŇ
ŒĬ 

15.Ȯkeratin type II 
cytoskeletal 1 

65.48 
 

ĽŋĔĶ &Ĩƞŀ' 
ľĸŀħĪħĸŀĚȮ 
(in vitro 
fertilization) 

DucolombȮ
ŐĸŃėĦŃ, 2013 
 

16.ȮŀŇĴĴŌőĬőĔĸĭŌ- 
ĸŇĬŐĔĴĴŅŏĝĬ
&immunoglobulin 
gamma-chain) 

52.21 ĽŋĔĶ ŏĽĶŇĴĔŅĶŏĸňŘĵĚ
ŏĞĸĸƢœĕƞŒľƟĽŋĔȮ 
(in vitro 
maturation) 
ŐĸŃĔŅĶĮĢŇĽĬīŇ
ŒĬľĸŀħĪħĸŀĚȮ 
(in vitro 
fertilization) 

DucolombȮ
ŐĸŃėĦŃ, 2013 
 

 
ĔŅĶĻŉĔļŅıĭĺƞŅĔŅĶĽƞĚĽńĠĠŅĦįƞŅĬŏĞĸĸƢŐĔĶĬŌőĸĞŅŐĸŃŏĞĸĸƢėŌĴŌĸńĽőħĵĴňőĔĶĪħŇĲŏĲŀŏĶĬ-ȮȮȮȮȮȮȮȮȮ

ĪŇŏŀĝńĬŐĲĔŏĨŀĶƢȮ9 ŐĸŃőĭĬĴŀĶƢőĲŏěŏĬĨŇĔőĮĶĨňĬ 15 ŏĮƦĬĮƤěěńĵĽņėńĠŒĬĔŅĶŏěĶŇĠıńĥĬŅĕŀĚŏĞĸĸƢ
œĕƞȮ(Robert ŐĸŃėĦŃ, 2006) ĬŀĔěŅĔĬňŘıĭĺƞŅĴňĔŅĶĪņĚŅĬĕŀĚĔĸŌőėĽ-6-ĲŀĽŏĲĨħňœŁőħĶěňŏĬĽŐĸŃ
ĔŅĶĪņĚŅĬĕŀĚőĞĬŅȮŏıĸĸŌĞŇħŅȮœĔĸőėőĮĶĨňĬȮpZP/* pZP1 ŀŇĬĪŇĔĶńĸŏĭĨŅȮ1 ŐĸŃŏĭĨŅȮ2ȮĴňĔŅĶ
ŐĽħĚŀŀĔĽŌĚĕŉŘĬŒĬĩŋĚœĕƞĕĬŅħĔĸŅĚȮ(ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ3-5 ĴŇĸĸŇŏĴĨĶ'ȮĴŅĔĔĺƞŅĕĬŅħŏĸŖĔȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĬƟŀĵĔĺƞŅȮ3 ĴŇĸĸŇŏĴĨĶ'ȮȮĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶŐĽħĚŀŀĔĕŀĚŏŀŖĴŀŅĶƢŏŀŖĬŏŀĪŋĔĨńĺŒĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĩŋĚœĕƞĕĬŅħŒľĠƞȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĴŅĔĔĺƞŅȮ5 ĴŇĸĸŇŏĴĨĶ'ȮĴŅĔĔĺƞŅĕĬŅħŏĸŖĔŐĽħĚŒľƟŏľŖĬĺƞŅőĮĶĨňĬ
ŏľĸƞŅĬňŘĴňĽƞĺĬŒĬĔŅĶĮĢŇĽĬīŇŐĸŃŏĔňŗĵĺĕƟŀĚĔńĭĕĬŅħĕŀĚĩŋĚœĕƞħƟĺĵ (AntosikȮŐĸŃėĦŃ, 2009'ȮŐĸŃĵńĚ
ıĭĔŅĶŐĽħĚŀŀĔĕŀĚőĮĶĨňĬŀŇĬŁŇĭŇĬŏĭĨŅŏŀȮ(INH̡A)ȮŐĸŃŀŇĬŁŇĭŇĬŏĭĨŅĭň (INH̡B)ȮĪńŘĚĔƞŀĬŐĸŃľĸńĚ
ĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞŒľƟĽŋĔ (in vitro maturation)ȮĻŉĔļŅħƟĺĵĺŇīňŏĺĽŏĪŇĶƢĬĭĸŀĪıĭĺƞŅĴňĔŅĶ
ŐĽħĚŀŀĔĕŀĚŀŇĬŁŇĭŇĬŏĭĨŅĭňŒĬŏĞĸĸƢœĕƞĕĬŅħŒľĠƞȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĴŅĔĔĺƞŅȮ5 ĴŇĸĸŇŏĴĨĶ'ȮŐĸŃ
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ĕĬŅħĔĸŅĚ (ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ3-5 ĴŇĸĸŇŏĴĨĶ'ȮĴŅĔĔĺƞŅŏĞĸĸƢœĕƞĕĬŅħŏĸŖĔȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĬƟŀĵ
ĔĺƞŅȮ3 ĴŇĸĸŇŏĴĨĶ'ȮĪńŘĚĔƞŀĬŐĸŃľĸńĚĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞŒľƟĽŋĔŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶĪņĚŅĬĕŀĚŀŇĬŁŇĭŇĬĴň
ėĺŅĴĽńĴıńĬīƢĔńĭĔŅĶŏěĶŇĠŐĸŃıńĥĬŅĕŀĚĩŋĚœĕƞĽŋĔĶ (Kempisty ŐĸŃėĦŃ, 2013) ĔŅĶĻŉĔļŅĽŅĶľĸńŗĚ
ěŅĔĽŋĔĶħƟĺĵŏĪėĬŇėőĞŏħňĵĴőħŏħĞŇĸĞńĸŏĲĨıŀĸŇŀŃėĶŇĸŅœĴħƢŏěĸŀŇŏĸŖĔőĨĶőĲĸŇĞŇĽȮ&SDS-PAGE)ȮŐĸŃ
ĺŇŏėĶŅŃľƢőĮĶĨňĬħƟĺĵĺŇīňȮLC/MS/MS ıĭĺƞŅĬŘņŒĬĩŋĚœĕƞĶŃĵŃĲŀĸĸŇėŌĸƞŅĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
3-5 ĴŇĸĸŇŏĴĨĶȮĴňŐĩĭőĮĶĨňĬľĸŅĵŐĩĭŏĴŊŗŀĺŇŏėĶŅŃľƢőĮĶĨňĬĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸȮ27 ĔŇőĸħŅĸĨńĬȮėŊŀȮ
ŀŇĴĴŌőĬőĔĸĭŌĸŇĬȮ&immunoglobulin'ȮŐĩĭőĮĶĨňĬĬŘņľĬńĔőĴŏĸĔŋĸȮ45 ĔŇőĸħŅĸĨńĬȮėŊŀȮHaptoglobin, 
Complement component 3 ŐĸŃȮApolipoprotein A-IV ŐĩĭőĮĶĨňĬĬŘņľĬńĔőĴŏĸĔŋĸȮ140 ȮȮȮȮȮȮȮȮ
ĔŇőĸħŅĸĨńĬȮėŊŀȮCeruloplasmin ŐĸŃĬŘņľĬńĔőĴŏĸĔŋĸĪňŗĴŅĔĔĺƞŅȮ220 ĔŇőĸħŅĸĨńĬȮėŊŀ FibronectinȮ
ŐĸŃȮKeratin 1 ĬŀĔěŅĔĬňŘĺŇŏėĶŅŃľƢĬŘņŒĬĩŋĚœĕƞĶŃĵŃĸŌŏĨňĵĸȮŏĸŊŀĔŐĩĭőĮĶĨňĬĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸ
ĴŅĔĔĺƞŅȮ220 ĔŇőĸħŅĸĨńĬȮėŊŀȮőĮĶĨňĬȮAlpha-2-macroglobulin ŐĸŃıĭőĮĶĨňĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ
ĳŌĴŇėŋƟĴĔńĬĭŅĚĨńĺĪňŗĽņėńĠȮŏĝƞĬȮHPS84, TRAP-1 ŐĸŃȮp60 ŏĮƦĬĨƟĬ (ĺĶĶĦŅ, 2552)ȮĶŅĵĚŅĬĔŅĶĻŉĔļŅ
ĔŅĶŏĸňŘĵĚŏĞĸĸƢœĕƞŒľƟĽŋĔȮ(in vitro maturation) ŐĸŃĔŅĶĮĢŇĽĬīŇŒĬľĸŀħĪħĸŀĚȮ(in vitro 
fertilization) őħĵĪņĔŅĶŏıŅŃŏĸňŘĵĚŐĸŃŏĽĶŇĴħƟĺĵŀŇĬĞŌĸŇĬœĸėƢőĔĶĪŐĲĔŏĨŀĶƢ+1 (insulin-like 
growth factor, IGF-I) ĮĶŇĴŅĦȮ.* 4.* /0.* 180 ŐĸŃ 240ȮĬŅőĬĔĶńĴĨƞŀĴŇĸĸŇĸŇĨĶȮıĭĺƞŅŀŅľŅĶŏĸňŘĵĚ
ŏĝŊŘŀĪňŗŏĸňŘĵĚŏĞĸĸƢœĕƞŒľƟĽŋĔȮĽņľĶńĭĩŋĚœĕƞĕĬŅħŏĸŖĔȮ&2-5 ĴŇĸĸŇŏĴĨĶ'ȮŒľƟįĸŏľĴŊŀĬĔńĭĩŋĚœĕƞĕĬŅħŒľĠƞ        
(6-10 ĴŇĸĸŇŏĴĨĶ'ȮĪňŗœĴƞœħƟŒĽƞŀŇĬĞŌĸŇĬœĸėƢőĔĶĪŐĲĔŏĨŀĶƢ+1 ŐĽħĚĺƞŅĔŅĶŏĨŇĴȮŀŇĬĞŌĸŇĬœĸėƢőĔĶĪŐĲĔ-
ŏĨŀĶƢ+1 ŒĬŀŅľŅĶŏĸňŘĵĚŏĝŊŘŀĪňŗŏĸňŘĵĚěŃŏıŇŗĴĔŅĶĽŋĔœħƟŒĬĩŋĚœĕƞĕĬŅħŏĸŖĔŐĸŃĽŅĴŅĶĩıńĥĬŅŒľƟŏĔŇħȮȮȮȮȮȮȮȮȮȮȮȮ
ĔŅĶĮĢŇĽĬīŇŒĬľĸŀħĪħĸŀĚœħƟȮ(Oberlender ŐĸŃėĦŃ, 2013) 

Areekijseree ŐĸŃėĦŃȮ&0./3) ĻŉĔļŅŐĩĭőĮĶĨňĬěŅĔĽŅĶľĸńŗĚěŅĔĩŋĚœĕƞĕĬŅħĔĸŅĚŐĸŃ
ĕĬŅħŒľĠƞȮőħĵœħƟĶńĚœĕƞěŅĔĶŃĭĭĽŊĭıńĬīŋƢŏıĻŏĴňĵĕŀĚĽŋĔĶĪňŗœħƟěŅĔőĶĚęƞŅĽńĨĺƢŒĬěńĚľĺńħĬėĶĮģĴȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĬņĽŅĶľĸńŗĚěŅĔĩŋĚœĕƞĕĬŅħĔĸŅĚ ĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ3-4ȮĴŇĸĸŇŏĴĨĶȮŐĸŃĩŋĚœĕƞĕĬŅħŒľĠƞȮȮȮȮȮȮȮȮȮ
ĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6ȮĴŇĸĸŇŏĴĨĶȮĴŅĪņĔŅĶĪħĸŀĚ őħĵŒĝƟŏĪėĬŇėĪňŗĮĸŀħŏĝŊŘŀŐĸŃĺŇŏėĶŅŃľƢ
ŐĩĭĕŀĚőĮĶĨňĬěŅĔĩŋĚœĕƞĕĬŅħĔĸŅĚŐĸŃĕĬŅħŒľĠƞ ħƟĺĵĺŇīňȮSDS-PAGE ıĭĺƞŅŐĩĭĕŀĚőĮĶĨňĬĪńŘĚĽŀĚ
œĴƞŐĨĔĨƞŅĚĔńĬŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭőĮĶĨňĬĴŅĨĶģŅĬȮ(standard protein) ħńĚĬńŘĬ ěŉĚŏĸŊŀĔŐĩĭőĮĶĨňĬȮ
ĪňŗĴňĴĺĸőĴŏĸĔŋĸȮ&MW) Ȯ30, 65, 76, 90, 110, 120, 160, 190 ŐĸŃĴŅĔĔĺƞŅȮ220ȮĔŇőĸħŅĸĨńĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĴŅĺŇŏėĶŅŃľƢħƟĺĵĺŇīňȮLC/MS/MS ĞŉŗĚįĸŐĽħĚŒľƟŏľŖĬĺƞŅĪňŗȮ50ȮĔŇőĸħŅĸĨńĬȮıĭőĮĶĨňĬȮ
immunoglobulinȮgramma chain 65 ĔŇőĸħŅĸĨńĬ ėŊŀȮkeratin 54ȮȮȮĔŇőĸħŅĸĨńĬȮėŊŀȮtransferrin 
7.ȮĔŇőĸħŅĸĨńĬ ėŊŀȮheat shock protein/plasminogen ŐĸŃĪňŗĴŅĔĔĺƞŅȮ/0.ȮĔŇőĸħŅĸĨńĬ ėŊŀȮ
glycogen phosphate protein kinase őĮĶĨňĬěŅĔĩŋĚœĕƞĕĬŅħŒľĠƞĪňŗĴŅĔĔĺƞŅȮ00.ȮĔŇőĸħŅĸĨńĬȮŏĮƦĬȮ
protease ĞŉŗĚőĮĶĨňĬĪŋĔĝĬŇħĴňĭĪĭŅĪĽņėńĠŒĬĔŅĶĔĶŃĨŋƟĬŐĸŃėĺĭėŋĴĔŅĶŏěĶŇĠŏĨŇĭőĨĔŅĶıńĥĬŅĕŀĚ
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ŏĞĸĸƢŒĬĶŃĭĭĽŊĭıńĬīŋƢȮįĸĔŅĶĻŉĔļŅıĭĺƞŅĴňőĮĶĨňĬĭŅĚĝĬŇħĪňŗĴňĮĶŃőĵĝĬƢŐĸŃĽņėńĠŒĬĔŅĶŏıŅŃŏĸňŘĵĚ
ŏĞĸĸƢœĕƞŒľƟŏěĶŇĠıńĥĬŅŏĮƦĬĨńĺŀƞŀĬŒĬŏĞĸĸƢŏĪėőĬőĸĵňȮĞŉŗĚĔŅĶĻŉĔļŅŒĬŀĬŅėĨŀŅěŒĝƟĽŅĶľĸńŗĚőĮĶĨňĬ
ěŅĔĩŋĚœĕƞĕĬŅħĔĸŅĚŐĸŃĕĬŅħŒľĠƞĴŅŏĮƦĬ ĽŅĶŒĝƟŏĽĶŇĴŒĬĽĳŅıŏıŅŃŏĸňŘĵĚŏıŊŗŀĔĶŃĨŋƟĬŒľƟœĕƞŐĸŃȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĨńĺŀƞŀĬŏěĶŇĠıńĥĬŅŏĮƦĬĨńĺŏĨŖĴĺńĵ 

ěŅĔĶŅĵĚŅĬıĭĺƞŅĬŘņŒĬĩŋĚœĕƞěŃĽƞĚįĸĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚŏĞĸĸƢŏıŅŃŏĸňŘĵĚŐĭĭĮģĴĳŌĴŇȮ
ěŅĔĶŃĭĭĽŊĭıńĬīŋƢŒľƟĴňĔŅĶŏěĶŇĠŏĨŇĭőĨĪňŗħňĕŉŘĬȮŏĬŊŗŀĚěŅĔıĭĺƞŅĬŘņŒĬĩŋĚœĕƞĴňőĮĶĨňĬĨƞŅĚŕȮȮĪňŗĽƞĚįĸȮȮȮȮȮȮȮȮȮȮȮȮ
ĨƞŀĔŅĶŏěĶŇĠ ŏĝƞĬȮtrypsin precursor beta-actin, albumin, keratin ŐĸŃ fibronectinȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&Alavi ŐĸŃėĦŃ, 2008'Ȯ 

 

6. ĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 
Ledwitz-Rigby ŐĸŃėĦŃȮ&1979) ĻŉĔļŅĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚȮ

M199 ĪňŗŏĽĶŇĴħƟĺĵĬŘņŒĬĩŋĚœĕƞĕĬŅħȮ1-2 ĴŇĸĸŇŏĴĨĶȮĬŘņŒĬĩŋĚœĕƞĕĬŅħȮ6-12 ĴŇĸĸŇŏĴĨĶȮŐĸŃĞňĶńĴĕŀĚĽŋĔĶ
ŏıĻŏĴňĵĺńĵŏěĶŇĠıńĬīŋƢ (puberty) ĪňŗĴňľĶŊŀœĴƞĴňĬŘņŒĬĩŋĚœĕƞĮĶŇĴŅĨĶȮ100 ȮĬŅőĬĔĶńĴȮŏĮƦĬĶŃĵŃŏĺĸŅȮ     
6 ĺńĬȮıĭĺƞŅľĸńĚĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅȮ4 ĺńĬ ŏĞĸĸƢĴňĔŅĶŏěĶŇĠŏĨŇĭőĨŏĮƦĬĝńŘĬŏħňĵĺȮ
(monolayer) őħĵŏĞĸĸƢĪňŗŏĽĶŇĴħƟĺĵĬŘņŒĬĩŋĚœĕƞěŃĽƞĚŏĽĶŇĴĔŅĶľĸńŗĚŁŀĶƢőĴĬőĮĶŏěĽŏĨŀőĶĬ ĴŅĔĔĺƞŅ
ŏĞĸĸƢĪňŗŏĽĶŇĴħƟĺĵĩŋĚœĕƞĕĬŅħŏĸŖĔŐĸŃŏĞĸĸƢĪňŗŏĽĶŇĴħƟĺĵĞňĶńŗĴĕŀĚĽŋĔĶȮěŅĔĔŅĶĻŉĔļŅėĶńŘĚĬňŘěŉĚıĭĺƞŅĔŅĶ
ŏěĶŇĠŏĨŇĭőĨĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅȮıĭĴŅĔĕŉŘĬĨŅĴĬŘņŒĬĩŋĚœĕƞŐĸŃĕĬŅħĕŀĚĩŋĚœĕƞ 

Areekijseree ŐĸŃȮVejaratpimol (2006) ĻŉĔļŅŏĪėőĬőĸĵňĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢĽńĦģŅĬ
ĺŇĪĵŅŐĸŃĝĬŇħĕŀĚőĮĶĨňĬĪňŗľĸńŗĚěŅĔŏĞĸĸƢĪƞŀĭŋĬņœĕƞŐĸŃŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞĽŋĔĶȮıĭĺƞŅĔŅĶ
ŏıŅŃŏĸňŘĵĚŏĞĸĸƢŒĬŀŅľŅĶ M199, RPMI 1640 ŐĸŃȮDMEM ĪňŗŏĽĶŇĴħƟĺĵŁŀĶƢőĴĬȮFSH, LH ŐĸŃȮ
ŏŀĽőĨĶŏěĬȮŒľƟįĸĔŅĶŏıŅŃŏĸňŘĵĚĪňŗħňŐĸŃŏĞĸĸƢĴňŏĮŀĶƢŏĞŖĬĨƢĔŅĶĶŀħĽŌĚ 

Ito ŐĸŃėĦŃȮ&2008) ĻŉĔļŅįĸĕŀĚĽŅĶľĸńŗĚőĮĶĨňĬŒĬĩŋĚœĕƞĪňŗŏěŅŃŏĔŖĭœħƟěŅĔĩŋĚœĕƞĕĬŅħĔĸŅĚȮ
&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6 ĴŇĸĸŇŏĴĨĶ'ȮŐĸŃĩŋĚœĕƞĕĬŅħŏĸŖĔȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ3-4 ĴŇĸĸŇŏĴĨĶ'ȮĨƞŀ
ĔĶŃĭĺĬĔŅĶȮnuclear maturation ŀńĨĶŅĔŅĶĮĢŇĽĬīŇŐĸŃĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏěĶŇĠıńĥĬŅĕŀĚŏĞĸĸƢ
œĕƞĽŋĔĶȮŏĴŊŗŀĪņĔŅĶŏĽĶŇĴĽŅĶŒĬĩŋĚœĕƞěŅĔĩŋĚœĕƞĪńŘĚĽŀĚĕĬŅħĸĚŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞȮőħĵıĭĺƞŅ
ŏĞĸĸƢœĕƞĪňŗŏěĶŇĠŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚĪňŗŏĽĶŇĴħƟĺĵĽŅĶŒĬĩŋĚœĕƞĪňŗœħƟěŅĔĩŋĚœĕƞĕĬŅħŒľĠƞȮĽƞĚįĸĔĶŃĨŋƟĬ
ĔĶŃĭĺĬĔŅĶȮnuclear maturation œħƟħňĔĺƞŅŐĸŃŏĞĸĸƢœĕƞĴňŀńĨĶŅĔŅĶĮĢŇĽĬīŇŐĸŃĴňĮĶŃĽŇĪīŇĳŅıŒĬ
ĔŅĶŏěĶŇĠıńĥĬŅħňĔĺƞŅŏĞĸĸƢœĕƞĪňŗŏěĶŇĠŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚĪňŗŏĽĶŇĴħƟĺĵĽŅĶŒĬĩŋĚœĕƞĪňŗœħƟěŅĔĩŋĚœĕƞĕĬŅħ
ŏĸŖĔȮĬŀĔěŅĔĬńŘĬĵńĚıĭĺƞŅŏĞĸĸƢœĕƞĪňŗŏıŅŃŏĸňŘĵĚŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚĪňŗŏĽĶŇĴħƟĺĵĽŅĶŒĬĩŋĚœĕƞĪňŗœħƟěŅĔĩŋĚœĕƞ
ĕĬŅħŒľĠƞĴňŀńĨĶŅĔŅĶĶŀħĝňĺŇĨĽŌĚĔĺƞŅŀĵƞŅĚĴňĬńĵĽŜŅėńĠ 
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Maria ŐĸŃėĦŃȮ&2014) ĻŉĔļŅįĸěŅĔĔŅĶĬņĬŘņŒĬĩŋĚœĕƞĝƞĺĵŏĽĶŇĴŒĬŀŅľŅĶŏĸňŘĵĚĨńĺŀƞŀĬĕŀĚ
őėŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶȮőħĵįŌƟĺŇěńĵŒĝƟĬŘņŒĬĩŋĚœĕƞĕŀĚĔĶŃĭŊŀĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ3-8 ĴŇĸĸŇŏĴĨĶȮıĭĺƞŅ
ĽŅĴŅĶĩŒĝƟŒĬĔŅĶŏĸňŘĵĚŏĞĸĸƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶœħƟŐĸŃĬŘņŒĬĩŋĚœĕƞĽƞĚįĸŒľƟĔŅĶŐĭƞĚĨńĺĕŀĚĨńĺŀƞŀĬĪňŗŏĸňŘĵĚ
ŒĬŀŅľŅĶ TCM-199 ĸħĸĚȮŏĬŊŗŀĚěŅĔĽƞĚįĸĵńĭĵńŘĚĔŅĶĪņĚŅĬĕŀĚȮcortical granules ŒľƟĪņĚŅĬĝƟŅĸĚ
ŐĸŃĵńĚĵńĭĵńŘĚĔŅĶȮŏěĶŇĠĕŀĚœĞőĨıĸŅĽĞŉĴȮŀňĔĪńŘĚĵńĚĽƞĚįĸŒľƟȮcumulus-oocyte complexes (COCs) 
ĵŉħĨŇħĔńĬŐĬƞĬĴŅĔĕŉŘĬĪņŒľƟĵńĭĵńŘĚĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞȮ&Damiani ŐĸŃėĦŃ, 1996) őħĵĔŅĶĪņĚŅĬ
ĕŀĚĬŘņŒĬĩŋĚœĕƞĬňŘėĸƟŅĵėĸŉĚĔńĭŀŀĔķĪīŇśĕŀĚŁŀĶƢőĴĬĨƞŅĚŕȮŒĬĶƞŅĚĔŅĵȮŏĝƞĬȮsteroids ŐĸŃȮ
gonadotrophinsȮĪňŗĴňľĬƟŅĪňŗŒĬĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞĨŅĴīĶĶĴĝŅĨŇ 
 Lee ŐĸŃėĦŃ (2021) ĻŉĔļŅįĸĕŀĚĔĶħĔĸŌőėőĶĬŇĔȮ&glucuronic acid) ŐĸŃ N-acetyl-D-
glucosamine (AG) ĞŉŗĚŏĮƦĬĽƞĺĬĮĶŃĔŀĭĕŀĚĔĶħœŁĵŅĸŌőĶĬŇĔȮ&hyaluronic acid) ĶŃľĺƞŅĚĔŅĶĽŋĔ
ĕŀĚœĕƞĽŋĔĶŒĬľĸŀħĪħĸŀĚȮ&in vitro maturation) őħĵĺńħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚœĕƞȮėĺŅĴľĬŅĕŀĚ
ĝƞŀĚĺƞŅĚĶŃľĺƞŅĚœĞőĨıĸŅĽĞŉĴĕŀĚœĕƞŐĸŃőĞĬŅȮŏıĸĸŌĞŇħŅȮĶŃħńĭŀĬŋĴŌĸŀŇĽĶŃ (reactive oxygen 
species: ROS) ŐĸŃĔŅĶĕĵŅĵĨńĺĕŀĚŏĞĸĸƢėŌĴŌĸńĽŐĸŃĵňĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮROS ŐĸŃĨĶĺěĽŀĭĮĢŇĔŇĶŇĵŅ
ĕŀĚ CG (cortical granule) ĕŀĚŏĞĸĸƢœĕƞȮıĭĺƞŅĔŅĶŏĨŇĴȮĔĶħĔĸŌőėőĶĬŇĔ .,.3ȮĴŇĸĸŇĸŇĨĶ ŐĸŃ ȮȮȮȮȮȮȮȮȮ
N-acetyl-D-glucosamineȮ.,.3ȮĴŇĸĸŇĸŇĨĶ ŒĬĝƞĺĚȮ00ȮĝńŗĺőĴĚ ŐĶĔĕŀĚĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞȮĪņŒľƟ
ŏĞĸĸƢœĕƞŏıŇŗĴĕŉŘĬŀĵƞŅĚĴňĬńĵĽņėńĠȮĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŐĸŃĕĬŅħĝƞŀĚĺƞŅĚĶŃľĺƞŅĚœĞőĨıĸŅĽĞŉĴĕŀĚœĕƞ
ŐĸŃőĞĬŅȮŏıĸĸŌĞŇħŅȮŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĨńĺėĺĭėŋĴȮĔŅĶŏıŇŗĴĔĶħĔĸŌőėőĶĬŇĔŐĸŃȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
N-acetyl-D-glucosamine ĽŅĴŅĶĩĸħĶŃħńĭĕŀĚȮȮROS ĳŅĵŒĬŏĞĸĸƢœĕƞŐĸŃȮŏıŇŗĴĔŅĶŐĽħĚŀŀĔĕŀĚȮ
CD22ȮŐĸŃȮCX21ȮŒĬŏĞĸĸƢėŌĴŌĸńĽŐĸŃȮPRDX/ȮŐĸŃȮTXN0ȮŒĬŏĞĸĸƢœĕƞĪňŗŏıŅŃŏĸňŘĵĚŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚ
ĪňŗįĽĴĔńĭĬŘņŒĬĩŋĚœĕƞĽŋĔĶȮŏĞĸĸƢœĕƞĪňŗŏĽĶŇĴħƟĺĵĔĶħĔĸŌőėőĶĬŇĔŐĸŃȮN-acetyl-D-glucosamine ĴňŀńĨĶŅ
ĔŅĶŏĔŇħĭĸŅĽőĨĞŇĽĨƢĽŌĚĔĺƞŅĔĸŋƞĴėĺĭėŋĴȮĽĶŋĮœħƟĺƞŅĔŅĶŏıŇŗĴĔĶħĔĸŌőėőĶĬŇĔŐĸŃȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
N-acetyl-D-glucosamine ĶŃľĺƞŅĚȮin vitro maturation ŒĬŏĞĸĸƢœĕƞĽŋĔĶĴňįĸħňĨƞŀŏĞĸĸƢœĕƞŒĬ
ĶŃĵŃŐĶĔȮ 
 Kimura ŐĸŃėĦŃȮ(2002) œŁĵŅĸŌőĶŐĬĬȮŏĮƦĬŀĚėƢĮĶŃĔŀĭĽƞĺĬľĬŉŗĚĕŀĚŏĞĸĸƢėŌĴŌĸńĽȮĪņŒľƟ
ŏĔŇħĔŅĶĕĵŅĵĨńĺĕŀĚȮcumulus-oocyte complexesȮ&COCs) ȮěŉĚĻŉĔļŅĔŅĶŐĽħĚŀŀĔĕŀĚȮmRNA 
ěŅĔȮHyaluronan synthase 0Ȯ&Has2) Hyaluronan synthase 1Ȯ&Has3) ŐĸŃȮCD44 ĶĺĴĪńŘĚĔŅĶ
ĨŀĭĽĬŀĚĨƞŀȮgonadotropinȮŐĸŃĬŘņŒĬĩŋĚœĕƞĽŋĔĶ ĕŀĚĵňĬŏľĸƞŅĬňŘŒĬȮCOCs, oocytectomized ŐĸŃ
ĔŅĶıńĥĬŅĕŀĚŏĞĸĸƢœĕƞŒĬĶŃľĺƞŅĚĔŅĶĽŋĔŒĬľĸŀħĪħĸŀĚȮħƟĺĵĺŇīňĔŅĶĺŇŏėĶŅŃľƢ 
Immunolocalization ĕŀĚȮCD44 ŒĬȮCOCs ľĸńĚěŅĔŏıŅŃŏĸňŘĵĚħƟĺĵȮM199 ĪňŗŏĽĶŇĴħƟĺĵĽŅĶȮ2 ĝĬŇħ 
ĶƞĺĴĔńĬȮėŊŀȮőĔĬŅőħőĪĶĮƕĬ  10 IU/mL ŐĸŃȮpFF 10% (v/v) ŏĮƦĬŏĺĸŅȮ/0ȮĝńŗĺőĴĚȮıĭĺƞŅŏĞĸĸƢėŌĴŌĸńĽ
ĽŅĴŅĶĩŐįƞĕĵŅĵœħƟŀĵƞŅĚĴňĬńĵĽņėńĠĴŅĔĔĺƞŅőĔĬŅőħőĪĶĮƕĬ  ľĶŊŀȮĬŘņŒĬĩŋĚœĕƞĽŋĔĶŏıňĵĚŀĵƞŅĚŏħňĵĺ ĔŅĶ
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ĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėĮĢŇĔŇĶŇĵŅĸŌĔőĞƞıŀĸŇŏĴŀŏĶĽŐĭĭĵƟŀĬĔĸńĭȮRT-PCR (Reverse transcription-
polymerase chain reaction)ȮıĭĺƞŅĴňĔŅĶĪņĚŅĬĕŀĚȮHyaluronan synthase 3 ŒĬŏĞĸĸƢœĕƞȮ
ŒĬĕĦŃĪňŗŏĞĸĸƢėŌĴŌĸńĽĴňĔŅĶŐĽħĚŀŀĔĕŀĚȮmRNA ĪńŘĚȮȮHas2 ŐĸŃȮCD44 ĞŉŗĚĴňĔŅĶŐĽħĚŀŀĔŏıŇŗĴĕŉŘĬȮŒĬ
ĔŅĶŏıŅŃŏĸňŘĵĚĪňŗŏĽĶŇĴħƟĺĵőĔĬŅőħőĪĶĮƕĬ  ŐĸŃĬŘņŒĬĩŋĚœĕƞĽŋĔĶŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮįĸĔŅĶĻŉĔļŅĬňŘ
ŐĽħĚŒľƟŏľŖĬĺƞŅŏĞĸĸƢœĕƞĽŋĔĶĽŅĴŅĶĩŐįƞĕĵŅĵĨńĺœħƟŏıŇŗĴĕŉŘĬěŅĔȮgonadotropin ŐĸŃĔŅĶĪņĚŅĬĕŀĚȮ
mRNA ěŅĔȮHas 2 ŒĬŏĞĸĸƢėŌĴŌĸńĽȮ 
 

7. ĽŅĶľĸńŗĚĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 

ĽŅĶľĸńŗĚĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŏıŅŃŏĸňŘĵĚ (condition medium)ȮėŊŀȮĽŅĶĪňŗŏĔŖĭěŅĔŀŅľŅĶĪňŗŒĝƟ
ŏıŅŃŏĸňŘĵĚŏĞĸĸƢĬŅĬ 2 ĺńĬȮ&őħĵŏĮĸňŗĵĬŀŅľŅĶĪŋĔŕȮ48 ĝńŗĺőĴĚ'ȮőħĵėŅħĺƞŅěŃĴňĔŅĶľĸńŗĚĽŅĶĸĚĽŌƞŀŅľŅĶ
ŏĸňŘĵĚŏĞĸĸƢȮĴňĶŅĵĚŅĬĔŅĶĻŉĔļŅĪňŗŏĔňŗĵĺĕƟŀĚȮħńĚĬňŘ 

McElroy ŐĸŃėĦŃȮ&2008) ĻŉĔļŅĔŅĶŏıŅŃŏĸňŘĵĚ somatic cell nuclear transfer (SCNT) 
ĕŀĚĽŋĔĶŒĬĶŃĵŃĭĸŅĽőĨĞŇĽĨƢȮŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢȮM199 ĪňŗŏĽĶŇĴħƟĺĵĽŅĶŀŅľŅĶĪňŗŐĨĔĨƞŅĚĔńĬȮ
ėŊŀȮ/.#Ȯfetal bovine serum (FBS) ŏĮĶňĵĭŏĪňĵĭĔńĭĔĸŋƞĴĪňŗŏĽĶŇĴħƟĺĵȮ/.#ȮFBSȮĶƞĺĴĔńĭȮcalcium 
/,.ȮmM ıĭĔŅĶĪņĚŅĬĕŀĚőĮĶĨňĬ heat shock protein 5.,0Ȯintegrin beta/&ITGB/' 
phosphoglycerate kinase /&PGK/'ȮBAXȮŐĸŃȮinsulin-like growth factor 0ȮreceptorȮ&IGF0R'Ȯ
ĽĶŋĮĺƞŅĽŅĶŀŅľŅĶĪňŗŐĨĔĨƞŅĚĔńĬĴňįĸĨƞŀĔŅĶĪņĚŅĬĕŀĚőĮĶĨňĬŐĸŃĔŅĶŏěĶŇĠıńĥĬŅĕŀĚĨńĺŀƞŀĬĽŋĔĶŒĬ
ĶŃĵŃĭĸŅĽőĨĞŇĽĨƢ 
  Zhang ŐĸŃėĦŃ (2020)ȮŏĞĸĸƢŐĔĶĬŌőĸĞŅȮŏĮƦĬŀĚėƢĮĶŃĔŀĭľĸńĔĕŀĚȮĩŋĚœĕƞ ĞŉŗĚĮĢŇĔŇĶŇĵŅ
ĶŃľĺƞŅĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚĩŋĚœĕƞĵńĚœĴƞŏĮƦĬĪňŗŐĬƞĝńħȮěŉĚĻŉĔļŅĽŅĶľĸńŗĚĕŀĚŏĞĸĸƢ
ŐĔĶĬŌőĸĞŅĕŀĚĔĶŃĭŊŀŒĬĔŅĶŏıŅŃŏĸňŘĵĚȮ&granulsa cells condition medium; GCCM)ȮıĭĺƞŅȮ
GCCM ĪňŗŏĔŖĭŏĴŊŗŀŏıŅŃŏĸňŘĵĚŏĮƦĬŏĺĸŅȮ26ȮĝńŗĺőĴĚȮĽƞĚŏĽĶŇĴĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶ
ĽńĚŏėĶŅŃľƢŐŀĬőħĶŏěĬȮėŊŀȮCYP//A/, CYP/5A/, 1ɼ-HSD ŐĸŃȮStar ěŉĚŏĮƦĬıŊŘĬģŅĬĽņľĶńĭ
ĔŅĶĻŉĔļŅĮĢŇĽńĴıńĬīƢĶŃľĺƞŅĚȮŏĞĸĸƢŐĔĶĬŌőĸĞŅŐĸŃĔŅĶĽĶƟŅĚȮĽŏĨňĵĶŀĵħƢȮŒĬĶńĚœĕƞ 
 Mohammad ŐĸŃėĦŃȮ(2021) ĔŅĶĻŉĔļŅĽŅĶľĸńŗĚĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŒĬĔŅĶŏıŅŃŏĸňŘĵĚ
ĕŀĚľĬŌȮőħĵĔŅĶĬņĶńĚœĕƞĕŀĚľĬŌŏĴŅĽƢŀŅĵŋȮ/ȮĺńĬȮĴŅŏıŅŃŏĸňŘĵĚŒĬĽŅĶĨƞŅĚŕȮ2ȮĝĬŇħȮœħƟŐĔƞȮCON ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
(ĔĸŋƞĴėĺĭėŋĴȮĴňȮGGCM ŏĪƞŅĬńŘĬ' PYR (GCCM ĔńĭœıĶŌŏĺĨ' ITS (GCCM ĔńĭȮITS (transferrin ŐĸŃ 
selenium) ľĶŊŀȮTES (GCCM ĔńĭŁŀĶƢőĴĬŏıĻĝŅĵȮėŊŀȮŏĪĽőĪĽŏĪŀőĶĬ'ȮŏĮƦĬŏĺĸŅȮ//ȮĺńĬȮħƟĺĵĔŅĶ
ĺŇŏėĶŅŃľƢĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅĩŋĚœĕƞȮőħĵŒĝƟĔŅĶĨĶĺěŏĬŊŘŀŏĵŊŗŀŐĸŃŏĪėĬŇė
ĮĢŇĔŇĶŇĵŅĸŌĔőĞƞıŀĸŇŏĴŀŏĶĽŐĭĭĵƟŀĬĔĸńĭȮ&RT-PCR' ŒĬĺńĬĪňŗȮ3ȮŐĸŃȮ//ȮıĭĺƞŅĔŅĶŏıŅŃŏĸňŘĵĚħƟĺĵȮȮȮȮȮȮȮȮȮȮȮȮ

https://link.springer.com/article/10.1007/s11626-020-00509-7#auth-Jun-Zhang
https://pubmed.ncbi.nlm.nih.gov/?term=Atrabi+MJ&cauthor_id=33910666
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œıĶŌŏĺĨĝƞĺĵĔĶŃĨŋƟĬĔŅĶıńĥĬŅĕŀĚĩŋĚœĕƞœĮŏĮƦĬĩŋĚœĕƞĶŃĵŃŐĶĔ ĔĸŋƞĴȮITS œĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĸŃ
ěņĬĺĬĩŋĚœĕƞĸħĸĚŒĬĺńĬĪňŗȮ//ȮĕŀĚĔŅĶŏıŅŃŏĸňŘĵĚȮĬŀĔěŅĔĬňŘȮITS ĸħĔŅĶėĺĭėŋĴȮPi1k, Gdf7, Bmp/3Ȯ
ŐĸŃȮCx15Ȯ&PȮ<.,.3'ȮıĭĺƞŅĔŅĶŏĽĶŇĴħƟĺĵœıĶŌŏĺĨŐĸŃŁŀĶƢőĴĬŏĪĽőĪĽŏĨŀőĶĬĶƞĺĴĔńĬȮĽŅĴŅĶĩŏıŇŗĴ
ŀńĨĶŅĔŅĶıńĥĬŅĕŀĚĩŋĚœĕƞŒĬĶŃĵŃŏĶŇŗĴĨƟĬŒĬĶńĚœĕƞĕŀĚľĬŌŏĴŅĽƢŀŅĵŋȮ/ȮĺńĬĪňŗŏıŅŃŏĸňŘĵĚœħƟ 
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ĭĪĪňŗȮ3Ȯ 

ĺŇīňħņŏĬŇĬĔŅĶĺŇěńĵ 

ŀŋĮĔĶĦƢŐĸŃĽŅĶŏėĴň 

1. ŀŋĮĔĶĦƢ 
  /,ȮĭňĔŏĔŀĶƢȮ&beaker) ĕĬŅħȮ50, /.., 250ȮŐĸŃȮ1,000ȮĴŇĸĸŇĸŇĨĶ 
  0.ȮěŅĬŐĔƟĺȮ&petri dish) 
  3,ȮŏĕŖĴŏĭŀĶƢȮ18 
  2.ȮľĸŀħĜňħĵŅȮ&syringe) 
  3.ȮľĸŀħĪħĸŀĚȮ&test tube) ĕĬŅħȮ15ȮĴŇĸĸŇĸŇĨĶ 
  4.ȮĔĶĺĵŐĔƟĺȮ&glass funnel) 
  5.ȮŏėĶŊŗŀĚħŌħěƞŅĵĽŅĶĸŃĸŅĵħƟĺĵœĲĲƚŅĕĬŅħȮ1-10ȮĴŇĸĸŇĸŇĨĶ 
  6.ȮĮƕŏĮĨȮ&pipette) ĕĬŅħȮ1, 5ȮŐĸŃȮ10ȮĴŇĸĸŇĸŇĨĶ 
  7.ȮœĴőėĶĮƕŏĮĨȮ&micropipette) ĕĬŅħȮ10, 0., /.., 200ȮŐĸŃȮ1,000ȮœĴőėĶĸŇĨĶ 
  /..ȮĔĶŃěĔĮƕħĽœĸħƢȮ&cover slide) 
  //.ȮĽœĸħƢȮ&slide) 
  /0.ȮĔĶĶœĔĶȮ&scissors) 
  /1.ȮĕĺħĶŌĮĝĴıŌƞȮ&Erlenmeyer flask) ĕĬŅħȮ125ȮŐĸŃȮ250ȮĴŇĸĸŇĸŇĨĶ 
  /2.ȮįƟŅĔŀĞȮ&gauze) 
  /3.ȮĮŅĔėňĭȮ&forceps) 
  /4.ȮħƟŅĴĴňħȮŐĸŃŒĭĴňħįƞŅĬĨńħȮ&scalpel handle, blade) 
  /5.ȮĩŋĚĞŇĮĸŖŀĔȮ&zip lock bag) 
  /6.ȮıŅĽŏěŀĶƢĮƕŏĮĨȮ&pasture pipette) 
  19. ĕĺħŏıŅŃŏĸňŘĵĚŏĞĸĸƢȮ&cell culture flask)  
  20. ŏĨŅœĲĲƚŅȮ&hot plate) 
  00.ȮŏėĶŊŗŀĚĺńħėĺŅĴŏĮƦĬĔĶħ-ŏĭĽȮ&pH meter) 
  01.ȮŏėĶŊŗŀĚĝńŗĚĽŅĶȮ&analytical) 
  02.ȮľĴƟŀĬŉŗĚėĺŅĴħńĬœŀĬŘņȮ&autoclave) 
  03.ȮĨŌƟħŌħėĺŅĴĝŊŘĬȮ&desiccator) 
  04.ȮŏėĶŊŗŀĚĨńħĨńĺŀĵƞŅĚŒľƟĭŅĚȮ&ultramicrotome) 
  05.ȮŏĨŅŀĭœĴőėĶŏĺĲȮ&microwave oven) 



  35 

  06.ȮĔĸƟŀĚħŇěŇĨŀĸȮ&digital camera) 
  07.ȮĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬȮ&electron microscopes)  
  1..ȮĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭĽŏĨŀĶŇőŀȮ&stereo microscope) 
  1/.ȮĨŌƟŀĭŐľƟĚȮ&hot air oven) 
  32,ȮŏėĶŊŗŀĚĮƤƧĬŏľĺňŗĵĚȮ&centrifuge) 
  11.ȮĨŌƟĭƞĴŏĞĸĸƢȮ(incubator)  
  12.ȮŏėĶŊŗŀĚĪņŐľƟĚĨńĺŀĵƞŅĚȮĦȮěŋħĺŇĔķĨȮ&critical point drier, CPD) 
  13.ȮĨŌƟĮĸŀħŏĝŊŘŀȮ&laminar air flow) 
  36. NuPAGE gel 
  37.ȮŏėĶŊŗŀĚȮIon sputter coater 
  38.ȮŏėĶŊŗŀĚȮUV-transilluminator 
  39. ŏėĶŊŗŀĚĺŇŏėĶŅŃľƢĴĺĸĽŅĶȮ&mass spectrometer 
  40. ŏėĶŊŗŀĚľĴŋĬŏľĺňŗĵĚĽŋĠĠŅĔŅĻ 
  41. ŏėĶŊŗŀĚȮLC-MS-MS 
  42. ŏėĶŊŗŀĚȮXcellSureLockƃȮMini-Cell Electrophoresis 
  43. ŏėĶŊŗŀĚȮNanodrop spectrophotometer 
  22,ȮŏėĶŊŗŀĚȮThermal cycler 
  22,ȮĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ&Scanning electron 
 microscope8ȮSEM' 
 
0. ĽŅĶŏėĴň 
  /.ȮŏŀĪŇĸŐŀĸĔŀŁŀĸƢȮ&ethyl alcohol) 
  0.ȮĔĶħœĨĶĲĸŌŀŀőĶŀŃĞŇĨŇĔ (trifluoroacetic acid)  
  3.ȮĬŘņĔĸńŗĬȮ&distilled water) 
  4.ȮĬŘņĮĶŅĻěŅĔœŀŀŀĬȮ&deionized water) 
  5.ȮĬŘņŏĔĸŊŀȮ0.9ȮŏĮŀĶƢŏĞŖĬĨƢȮ&0.9# normal saline solution) 
  6.ȮŐŀĴőĲŏĪŀĶŇĞŇĬȮĭňȮ&amphotericin B) 
  7.ȮŏıĬĬŇĞŇĸŇĬȮěňȮőĞŏħňĵĴȮ&penicillin G sodium) 
  8.ȮĽŏĨĶĮőĪĴŅĵĞŇĬȮ&streptomycin) 
  9. ĽŅĶĔĸŌĪŅĶŀĸħňœŁħƢ 2.5 ŏĮŀĶƢŏĞŖĬĨƢ 
  10. ĲŀĽŏĲĨĭńĲŏĲŀĶƢȮėĺŅĴŏĕƟĴĕƟĬȮ0.1 őĴĸŅĶƢ 



  36 

  11. ŀŀĽŏĴňĵĴȮŏĨĨĶŀĔœĞħƢ 
  12. ĵŌĶŅĬŇĸȮŀŅĞŇŏĨĪ 
  13. ŏĸħĞŇŏĨĪ 
  14. œĞĸňĬ 
  15. Loading dye     
  16. ĭńĲŏĲŀĶƢȮNuPAGE reagent  
  17. őĮĶĨňĬĴŅĨĶģŅĬȮBenchmark  protein ladder ŐĸŃ Benchmark  prestain 

protein ladder 
  18. Coomassie brilliant blue R-03.Ȯ 
  19. Detaining solution 
  20. ŀŃĞŇőĨœĬœĨĶĸƢ 
  21. ŐŀĴőĴŏĬňĵĴœĭėŅĶƢĭŀŏĬĨ 
  22. ĪĶŇĮĞŇĬ 

23. ĲŀĸŇĬĞŇőŀŐėĸĨŌĶňŏŀŏěĬĨƢȮ&Follin-Ciocalteu reagent' 
  02,ȮȮŏŀīŇŏħňĵĴőĭĶœĴħƢȮ&ethidium bromide) 
  25. ŀŃĞŇőĨœĬœĨĶĸƢȮ&Acetonitrile8 ACN'Ȯ50 ŏĮŀĶƢŏĞŖĬĨƢ 
  26. ŐŀĴőĴŏĬňĵĴȮœĭėŅĶƢĭŀŏĬĨȮ&Ammonium bicarbonate8ȮNH4HCO3' 
  05,ȮĔĶħœĨĶĲĸŌŀŀőĶŀŃĞŇĨŇĔȮ&trifluoroacetic acid8ȮTFA'Ȯ5 ŏĮŀĶƢŏĞŖĬĨƢ 
  06,ȮĲŀĽőĲőĴĸŇĭŏħĨĲŀĽőĲĪńĚĽŏĨĨȮ&Phosphomolybdate 
phosphotungstate' 
 

ĺŇīňĔŅĶĻŉĔļŅĔŅĶĺŇěńĵ 

1.ĔŅĶŏĔŖĭĨńĺŀĵƞŅĚȮĔŅĶŏĨĶňĵĴȮŐĸŃŏıŅŃŏĸňŘĵĚŏĞĸĸƢȮěŅĔĶńĚœĕƞĽŋĔĶ (ĴĵŋĺŅ, 2551) 

 1,1 ĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĶńĚœĕƞĽŋĔĶ 

 1.1.1 ŏĔŖĭĨńĺŀĵƞŅĚĶńĚœĕƞĽħĕŀĚĽŋĔĶıńĬīŋƢįĽĴȮ&Large White x Landrace x Duroc'ȮŀŅĵŋȮȮȮȮȮȮȮȮȮȮȮ
6ȮŏħŊŀĬ ĩŉĚȮ2ȮĮƖȮŐĸŃĬŘņľĬńĔĶŃľĺƞŅĚȮ100-150ȮĔŇőĸĔĶńĴȮĪňŗĩŌĔĝņŐľĸŃœĴƞŏĔŇĬȮ30 ĬŅĪňȮħƟĺĵŏĪėĬŇė
ĮĸŀħŏĝŊŘŀěŅĔőĶĚęƞŅĽńĨĺƢȮěńĚľĺńħĬėĶĮģĴȮȮ 

1.1.2 ĸƟŅĚĶńĚœĕƞŐĸŃĮƖĔĴħĸŌĔħƟĺĵĬŘņŏĔĸŊŀĴňėĺŅĴŏĕƟĴĕƟĬȮ0.9 ŏĮŀĶƢŏĞŖĬĨƢȮĪňŗįĽĴĵŅĮĢŇĝňĺĬŃ
ŏıĬĬŇĞŇĸŇĬ 100 ĵŌĬŇĨĨƞŀĴŇĸĸŇĸŇĨĶȮĽŏĨĶĮőĪĴŅĵĞŇĬ 100 œĴőėĶĔĶńĴĨƞŀĴŇĸĸŇĸŇĨĶȮŐŀĴőĲŏĪŀĶŇĞŇĬȮĭňȮȮȮ
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250 œĴőėĶĔĶńĴĨƞŀĴŇĸĸŇĸŇĨĶȮěŅĔĬńŘĬĭĶĶěŋŒĬĩŋĚıĸŅĽĨŇĔĮĸŀħŏĝŊŘŀȮŏĔŖĭŒĬĳŅĝĬŃĪňŗĴňĔŅĶĶńĔļŅ
ŀŋĦľĳŌĴŇĪňŗȮ30-35ȮŀĚĻŅŏĞĸŏĞňĵĽȮőħĵĶňĭĬņĔĸńĭľƟŀĚĮĢŇĭńĨŇĔŅĶĳŅĵŒĬȮ1 ĝńŗĺőĴĚ 

 
ĔŅĶĻŉĔļŅŐĭƞĚŀŀĔŏĮƦĬȮ3ȮĔŅĶĪħĸŀĚȮ 

 
 
 
 
 
 
 
 
 
 
 
 

ĔŅĶĪħĸŀĚĪňŗȮ/: ĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĶńĚœĕƞŐĸŃŏĬŊŘŀŏĵŊŗŀĕŀĚĶńĚœĕƞĽŋĔĶĽħ 

1.1 ĻŉĔļŅőėĶĚĽĶƟŅĚĳŅĵĬŀĔĕŀĚĶńĚœĕƞŐĸŃŏĬŊŘŀŏĵŊŗŀĕŀĚĶńĚœĕƞĽŋĔĶȮőħĵĺńħĕĬŅħĶńĚœĕƞŐĸŃĝńŗĚ
ĬŘņľĬńĔȮĔŅĶĻŉĔļŅėĺŅĴĽńĴıńĬīƢĕŀĚŏĽƟĬŏĸŊŀħĪňŗŏĵŊŗŀĵŉħĮƖĔĴħĸŌĔĔńĭĶńĚœĕƞĽŋĔĶ 
 1.2 ĻŉĔļŅŏĬŊŘŀŏĵŊŗŀĕŀĚĶńĚœĕƞĽŋĔĶħƟĺĵĺŇīňıŅĶŅĲƕĬŏĪėĬŇėȮ&paraffin technique'ȮőħĵĬņĶńĚœĕƞ
ĴŅĨńħŒľƟĴňĕĬŅħŏĸŖĔĸĚħƟĺĵŒĭĴňħőĔĬȮĬņĴŅŐĝƞŒĬĽŅĶĸŃĸŅĵĶńĔļŅĽĳŅıŏĬŊŘŀŏĵŊŗŀȮ@msglŲqȮdjsgbȮ
ěŅĔĬńŘĬĸƟŅĚȮ@msglŲqȮfluid ŀŀĔěŅĔŏĬŊŘŀŏĵŊŗŀħƟĺĵ 70ȮŏĮŀĶƢŏĞŖĬĨƢȮŐŀĸĔŀŁŀĸƢȮľĸŅĵŕȮėĶńŘĚȮěĬĔĶŃĪńŗĚ
ľĴħĽňŏľĸŊŀĚĕŀĚȮpicric acid 
 1.3ȮĬņĨńĺŀĵƞŅĚŏĮĸňŗĵĬĴŅŐĝƞŒĬȮŐŀĸĔŀŁŀĸƢ 95 ŏĮŀĶƢŏĞŖĬĨƢȮěņĬĺĬȮ2 ėĶńŘĚŕȮĸŃȮ 
1 ĝńŗĺőĴĚȮŐĸƟĺŐĝƞŒĬȮŐŀĸĔŀŁŀĸƢȮ100 ŏĮŀĶƢŏĞŖĬĨƢȮěņĬĺĬȮ2 ėĶńŘĚŕȮĸŃȮ1 ĝńŗĺőĴĚȮŏıŊŗŀħŉĚĬŘņŀŀĔěŅĔ
ŏĬŊŘŀŏĵŊŗŀȮěŅĔĬńŘĬĬņœĮŐĝƞŒĬœĞĸňĬȮěņĬĺĬȮ2 ėĶńŘĚŕȮĸŃȮ1ȮĝńŗĺőĴĚȮŏıŊŗŀĪņŒľƟŏĬŊŘŀŏĵŊŗŀŒĽȮ 
 1.4 ĬņŏĬŊŘŀŏĵŊŗŀŒĽƞŒĬıŅĶŅĲƕĬŏľĸĺŒĬĨŌƟŀĭŀŋĦľĳŋĴŇ 60 ŀĚĻŅŏĞĸŏĞňĵĽȮĬŅĬȮ1ȮĝńŗĺőĴĚȮěŅĔĬńŘĬ
ĪņĔŅĶİƤĚŏĬŊŘŀŏĵŊŗŀŒĬıŅĶŅĲƕĬȮ(embedding)ȮĨńħŐĨƞĚŐĸŃĨŇħĭĸŖŀĔıŅĶŅĲƕĬĨńħŏĬŊŘŀŏĵŊŗŀħƟĺĵŏėĶŊŗŀĚ 

ŏĔŖĭĨńĺŀĵƞŅĚĶńĚœĕƞĽŋĔĶıńĬīŋƢįĽĴȮ&Large White x Landrace x Duroc'ȮŀŅĵŋȮ6ȮŏħŊŀĬȮĩŉĚȮ2ȮĮƖȮ

ŐĸŃĬŘņľĬńĔĶŃľĺƞŅĚȮ100-150ȮĔŇőĸĔĶńĴ 

ĔŅĶĪħĸŀĚĪňŗȮ3 
ĻŉĔļŅŐĸŃĺŇŏėĶŅŃľƢőĮĶĨňĬ
ĕŀĚĬŘņŒĬĩŋĚœĕƞĽħŐĸŃĽŅĶ
ĪňŗŏĞĸĸƢŐĔĶĬŌőĸĞŅľĸńŗĚĽŌƞ
ŀŅľŅĶŏıŅŃŏĸňŘĵĚŒĬ
ľƟŀĚĮĢŇĭńĨŇĔŅĶ 

ĔŅĶĪħĸŀĚĪňŗȮ1 
ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚ
ĽńĦģŅĬĺŇĪĵŅĕŀĚȮȮȮ
ĶńĚœĕƞŐĸŃŏĬŊŘŀŏĵŊŗŀĕŀĚ
ĶńĚœĕƞĽŋĔĶĽħ 

ĔŅĶĪħĸŀĚĪňŗȮ2 
ĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅ
ŐĸŃĔŅĶŏĔŖĭĽŅĶĪňŗŏĞĸĸƢľĸńŗĚĽŌƞ
ŀŅľŅĶŏıŅŃŏĸňŘĵĚȮıĶƟŀĴ
ĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚ
ŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅ
ĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŒĬ
ľƟŀĚĮĢŇĭńĨŇĔŅĶ 
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rotary microtome ŒľƟŏĮƦĬŐįƞĬĭŅĚŕȮĕĬŅħėĺŅĴľĬŅĕŀĚŏĬŊŘŀŏĵŊŗŀ 7-10ȮœĴőėĶŏĴĨĶȮĵƟŀĴŏĬŊŘŀŏĵŊŗŀ
ħƟĺĵĽňŁňĴŅĪŀĔœĞĸŇĬŐĸŃŀňőŀĞŇĬ 
 1.5ȮĬņĽœĸħƢœĮĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚŏĬŊŘŀŏĵŊŗŀĳŅĵĽƞŀĚŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭŒĝƟŐĽĚŐĸŃ
ĩƞŅĵĳŅı 
 

ĔŅĶĪħĸŀĚĪňŗȮ2:ȮĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŐĸŃĔŅĶŏĔŖĭĽŅĶĪňŗŏĞĸĸƢľĸńŗĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮ
ıĶƟŀĴĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 

2.1 ĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĶńĚœĕƞȮŏĞĸĸƢœĕƞȮŏĞĸĸƢŐĔĶĬŌőĸĞŅěŅĔĶńĚœĕƞĽŋĔĶŐĸŃŏıŅŃŏĸňŘĵĚŏĞĸĸƢ  
 2.1.1 ĨńĺŀĵƞŅĚĶńĚœĕƞĽŋĔĶĶŃĵŃĲŀĸĸŇėŌĸƞŅŐĸŃĶŃĵŃĸŌŏĨňĵĸőħĵŐĭƞĚŀŀĔŏĮƦĬȮ4Ȯ 

ĔĸŋƞĴȮħńĚĬňŘȮĔĸŋƞĴĪňŗȮ/ȮėŊŀȮȮĩŋĚœĕƞĕĬŅħŏĸŖĔĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ/-0ȮĴŇĸĸŇŏĴĨĶȮĩŋĚœĕƞĕĬŅħĔĸŅĚȮȮȮȮ
2 ĔĸŋƞĴȮŐĭƞĚĨŅĴĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮőħĵĔĸŋƞĴĪňŗȮ0ȮėŊŀȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
3-4ȮĴŇĸĸŇŏĴĨĶȮŐĸŃĔĸŋƞĴĪňŗȮ1ȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6ȮĴŇĸĸŇŏĴĨĶȮŐĸŃĔĸŋƞĴĪňŗȮ2ȮėŊŀȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĩŋĚœĕƞĕĬŅħŒľĠƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ7-8ȮĴŇĸĸŇŏĴĨĶ 
  2.1.2 ĬņĶńĚœĕƞĴŅĸƟŅĚħƟĺĵĬŘņŏĔĸŊŀĪňŗįĽĴĵŅĮĢŇĝňĺĬŃȮŏıŊŗŀĪņėĺŅĴĽŃŀŅħĶńĚœĕƞȮȮȮȮȮȮȮȮȮ
ĞńĭĶńĚœĕƞĽŋĔĶŒľƟŐľƟĚħƟĺĵįƟŅĔƠŀĞĮĸŀħŏĝŊŘŀȮěŉĚĨńħĶńĚœĕƞŀŀĔěŅĔŏĬŊŘŀŏĵŊŗŀŏĔňŗĵĺıńĬĪņŒĬĨŌƟĮĸŀħŏĝŊŘŀ 
               2.1.3 ĔŅĶŏĨĶňĵĴŏĞĸĸƢœĕƞĽŋĔĶĪňŗĴňŏĞĸĸƢėŌĴŌĸńĽĸƟŀĴĶŀĭȮ&ĨŅĴĺŇīňĔŅĶĪħĸŀĚȮ
Areekijseree ŐĸŃ Vejaratpimol, 2006)ȮőħĵĬņĶńĚœĕƞĴŅŏěŅŃĬŘņŒĬĩŋĚœĕƞĪňŗĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕĬŅħ
ĨƞŅĚŕȮŏěŅŃħƟĺĵŏĕŖĴŏĭŀĶƢȮ18 ĪňŗĨƞŀĔńĭĔĶŃĭŀĔĜňħĵŅȮ5-10 ĴŇĸĸŇĸŇĨĶȮőħĵěņŐĬĔĩŋĚœĕƞĨŅĴĕĬŅħŏĽƟĬ
įƞŅĬĻŌĬĵƢĔĸŅĚȮėŊŀȮĔĸŋƞĴĪňŗȮ1 ĩŋĚœĕƞĕĬŅħŏĸŖĔŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕĬŅħȮ1-2 ĴŇĸĸŇŏĴĨĶȮĩŋĚœĕƞĕĬŅħĔĸŅĚĴň 
2 ĔĸŋƞĴȮŐĭƞĚĨŅĴĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮėŊŀȮĔĸŋƞĴĪňŗȮ0 ĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ3-4ȮĴŇĸĸŇŏĴĨĶȮ
ŐĸŃĔĸŋƞĴĪňŗȮ1 ĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6ȮĴŇĸĸŇŏĴĨĶȮĔĸŋƞĴĪňŗȮ2ȮėŊŀĩŋĚœĕƞĕĬŅħŒľĠƞĪňŗĴňĕĬŅħ
ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ7-8ȮĴŇĸĸŇŏĴĨĶȮěŃœħƟĬŘņŒĬĩŋĚœĕƞĪňŗĴňŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢ
ŐĔĶĬŌőĸĞŅŀĵŌƞĶĺĴĔńĬ  
      2.1.4 ŏĴŊŗŀŏěŅŃĩŋĚœĕƞŐĸƟĺěŃœħƟĬŘņŒĬĩŋĚœĕƞŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅĞŉŗĚŀĵŌƞĳŅĵŒĬĩŋĚœĕƞȮȮ
ŒĝƟĮƕŏĮĨĕĬŅħȮ220-240 œĴőėĶŏĴĨĶȮŐĵĔŏĞĸĸƢœĕƞŀŀĔěŅĔŏĞĸĸƢŐĔĶĬŌőĸĞŅŐĸŃĬŘņŒĬĩŋĚœĕƞȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
őħĵĻŉĔļŅŏĞĸĸƢœĕƞŐĭƞĚĨŅĴĸńĔļĦŃĕŀĚŏĞĸĸƢėŌĴŌĸńĽĪňŗĸƟŀĴĶŀĴĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĽŏĨŀĶŇőŀȮ 
      2.1.5 ĬņŏĞĸĸƢœĕƞŏıŅŃŏĸňŘĵĚŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚȮM199 ĪňŗĮĶŃĔŀĭħƟĺĵȮC_pjcŲqȮ
salts (Sigma Company, St Louis MO) ŏĽĶŇĴħƟĺĵ 10% heat treated bovine serum, 
NaHCO3 2.2 mg/mL (Sigma Company, St Louis MO), 1 M Hepes (Sigma, St Louis MO), 
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0.25 mM pyruvate, 15 µg/mL Īňŗ ŏĽ ĶŇĴ Ł ŀ ĶƢőĴ Ĭ Ȯporcine FSH, 1 µg/mL LH,1 
µg/mL estradiol ŐĸŃȮ50 µg/mL gentamycin sulfate őħĵĔĶŀĚŀŅľŅĶŏıŅŃŏĸňŘĵĚŐĸŃĮĶńĭėƞŅ
ėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚŏĪƞŅĔńĭȮ7.2-7.4 (AreekijsereeȮŐĸŃėĦŃ 2006)ȮŒĬĨŌƟŏıŅŃŏĸňŘĵĚĪňŗŀŋĦľĳŌĴŇȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
37 ŀĚĻŅŏĞĸŏĞňĵĽ ŏĽĶŇĴŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5 ŏĮŀĶƢŏĞŖĬĨƢȮĴňėĺŅĴĝŊŘĬĽńĴıńĪīƢĪňŗȮ95 ŏĮŀĶƢŏĞŖĬĨƢ 

  2.1.6 ĬņĬŘņŒĬĩŋĚœĕƞĪňŗŏěŅŃěŅĔĩŋĚœĕƞĮĔĨŇĕĬŅħĨƞŅĚŕȮŐĸŃŏěŅŃĬŘņěŅĔĩŋĚœĕƞĮĔĨŇŒĬ 
ĶńĚœĕƞŏħňĵĺĔńĭĪňŗĴňĞŇĽĨƢŏıŊŗŀĻŉĔļŅŐĩĭĕŀĚőĮĶĨňĬħƟĺĵŏĪėĬŇėȮSDS-PAGE 

   2.1.7 ěŅĔĬńŘĬĬņĬŘņŒĬĩŋĚœĕƞœĮĮƤƧĬŏľĺňŗĵĚ 1,500 ĶŀĭĨƞŀĬŅĪňŏıŊŗŀŐĵĔŏĞĸĸƢȮȮȮȮȮȮȮȮȮ 
ŐĔĶĬŌőĸĞŅŒľƟĨĔĨŃĔŀĬĪňŗĔƟĬľĸŀħŀŀĔěŅĔĬŘņŒĬĩŋĚœĕƞȮőħĵħŌħĬŘņŒĬĩŋĚœĕƞĪňŗŀĵŌƞĭĶŇŏĺĦħƟŅĬĭĬȮȮȮȮȮȮȮȮ
ŏĔŖĭĶńĔļŅŐĵĔŏĮƦĬľĸŀħĸŃȮ1 ĴŇĸĸŇĸŇĨĶȮŐĸƟĺœĺƟŒĬĨŌƟŏĵŖĬŀŋĦľĳŌĴŇȮ-80 ŀĚĻŅŏĞĸŏĞňĵĽ 
  2.1.8ȮĬņŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗĨĔĨŃĔŀĬĪňŗĔƟĬľĸŀħĴŅĸƟŅĚħƟĺĵĬŘņŏĔĸŊŀėĺŅĴŏĕƟĴĕƟĬȮ
0.9 ŏĮŀĶƢŏĞŖĬĨƢȮįĽĴĵŅĮĢŇĝňĺĬŃȮ7 ėĶńŘĚȮőħĵŒĬŐĨƞĸŃėĶńŘĚĨƟŀĚĪŇŘĚŏĞĸĸƢŒľƟĨĔĨŃĔŀĬľĶŊŀĮƤƧĬŏľĺňŗĵĚȮŐĸŃ
ŏĴŊŗŀĸƟŅĚŏĽĶŖěŐĸƟĺŒľƟħŌħĬŘņŏĔĸŊŀħƟŅĬĭĬĪňŗœĴƞĴňŏĞĸĸƢĪŇŘĚœĮőħĵĔŅĶħŌħĕŀĚŏľĸĺĬńŘĬŒľƟĨńħĮĸŅĵĮƕŏĮĨ 
ŏıŊŗŀŒľƟĽŅĴŅĶĩħŌħŏĞĸĸƢœħƟħňȮėĶĭĔŅĶĸƟŅĚėĶńŘĚĪňŗȮ7 ŐĸƟĺŒľƟŏěŊŀěŅĚŏĞĸĸƢŐĔĶĬŌőĸĞŅħƟĺĵŀŅľŅĶŏıŅŃŏĸňŘĵĚ 
M199 ŏĽĶŇĴħƟĺĵȮ10% heat treated bovine serum ŐĸƟĺȮĬńĭěņĬĺĬŏĞĸĸƢŐĔĶĬŌőĸĞŅŏĮƦĬŏĞĸĸƢ
ĨŅĵĔƞŀĬĔŅĶŏıŅŃŏĸňŘĵĚȮőħĵĔŅĶĵƟŀĴĽňȮ0.4 ŏĮŀĶƢŏĞŖĬĨƢ trypan blue ŒĬŀńĨĶŅĽƞĺĬȮ181 ĬńĭŏĞĸĸƢŐĔĶĬŌ
őĸĞŅħƟĺĵȮhemocytometer 
     2.1.9ȮěŅĔĬńŘĬŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĳŅĵŒĬĨŌƟŏıŅŃŏĸňŘĵĚŏĞĸĸƢȮŒĬ well-plate Īňŗ
ĴňŀŅľŅĶŏıŅŃŏĸňŘĵĚȮŒľƟŏĕĵƞŅŏĭŅŕȮŏıŊŗŀŒľƟŏĞĸĸƢĴňĔŅĶĔĶŃěŅĵĨńĺĪńŗĺĪńŘĚěŅĬŏıŅŃŏĸňŘĵĚěŅĔĬńŘĬĬņěŅĬ
ŏıŅŃŏĸňŘĵĚĪňŗĴňŏĞĸĸƢŐĔĶĬŌőĸĞŅŒĽƞŒĬĨŌƟŏıŅŃŏĸňŘĵĚŏĞĸĸƢĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮĪňŗŏĽĶŇĴħƟĺĵĔƠŅĞ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5 ŏĮŀĶƢŏĞŖĬĨƢȮĪňŗėĺŅĴĝŊŘĬĽŌĚȮŏıŊŗŀŏĔŖĭĽŅĶĪňŗŏĞĸĸƢŐĔĶĬŌőĸĞŅľĸńŗĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮ
(condition medium) ĪŋĔȮ48 ĝńŗĺőĴĚ 
 
 2.2ȮĔŅĶŏĔŖĭĽŅĶĪňŗŏĞĸĸƢľĸńŗĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮ 

     2.2.1 ŏĔŖĭĽŅĶľĸńŗĚĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶŏıŅŃŏĸňŘĵĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŏĴŊŗŀŏıŅŃŏĸňŘĵĚ .,Ȯ48, 96, /0.ȮŐĸŃȮ144ȮĝńŗĺőĴĚȮőħĵħŌħŀŅľŅĶŏıŅŃŏĸňŘĵĚŏħŇĴŀŀĔĴŅȮ50 ŏĮŀĶƢŏĞŖĬĨƢȮ
ŐĸƟĺŏĨŇĴŀŅľŅĶŏıŅŃŏĸňŘĵĚŒľĴƞŏĕƟŅœĮȮ50 ŏĮŀĶƢŏĞŖĬĨƢ 
  2.2.2 ěŅĔĬńŘĬĬņŀŅľŅĶŏıŅŃŏĸňŘĵĚŏħŇĴĴŅĮƤƧĬŐĵĔŏĞĸĸƢĔńĭĽŅĶľĸńŗĚĕŀĚŏĞĸĸƢȮȮȮȮȮȮȮ
ŐĔĶĬŌőĸĞŅĽŋĔĶŏıŅŃŏĸňŘĵĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮĪňŗȮ1,500 ĶŀĭĨƞŀĬŅĪňȮ 
  2.2.3 ħŌħĽŅĶľĸńŗĚħƟŅĬĭĬŐĵĔŒĽƞľĸŀħŐĕƞŐĕŖĚȮľĸŀħĸŃĮĶŇĴŅĦȮ1 œĴőėĶĸŇĨĶȮŐĸƟĺ
ĬņĽŅĶľĸńŗĚœĮŐĝƞŐĕŖĚĪňŗȮ-80 ŀĚĻŅŏĞĸŏĞňĵĽȮŏıŊŗŀĬņœĮĺŇŏėĶŅŃľƢőĮĶĨňĬ 

2.3 ĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 
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  2.3.1 ŐĵĔŏĞĸĸƢĨńĺŀĵƞŅĚĔĸŋƞĴľĬŉŗĚĴŅĻŉĔļŅĽńĦģŅĬĺŇĪĵŅħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢ
ŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħ (Scanning electron microscope: SEM) őħĵĬņĨńĺŀĵƞŅĚŐĝƞŒĬĬŘņĵŅ
ĶńĔļŅĽĳŅıȮ&primary fixative) ėŊŀȮĽŅĶĔĸŌĪŅĶŀĸħňœŁħƢȮ2.5 ŏĮŀĶƢŏĞŖĬĨƢȮĪňŗĸŃĸŅĵŒĬĲŀĽŏĲĨ
ĭńĲŏĲŀĶƢėĺŅĴŏĕƟĴĕƟĬȮ0.1 őĴĸŅĶƢȮĴňėƞŅėĺŅĴŏĮƦĬĔĶħ-ŏĭĽȮ7.2-7.4ȮĬŅĬȮ24 ĝńŗĺőĴĚ 
  2.3.2ȮĬŜŅŏĞĸĸƢĨńĺŀĵƞŅĚĸƟŅĚħƟĺĵĲŀĽŏĲĨĭńĲŏĲŀĶƢėĺŅĴŏĕƟĴĕƟĬȮ0.1 őĴĸŅĶƢȮĴňėƞŅėĺŅĴ
ŏĮƦĬĔĶħ-ŏĭĽȮ7.2-7.4 ĬŅĬȮ10 ĬŅĪňȮěŜŅĬĺĬȮ3 ėĶńŘĚěŅĔĬńŘĬħŉĚĬŘņŀŀĔěŅĔĨńĺŀĵƞŅĚħƟĺĵŐŀĸĔŀŁŀĸƢĪňŗĴň
ėĺŅĴŏĕƟĴĕƟĬȮ30, 50, 70, 90 ŐĸŃ 100 ŏĮŀĶƢŏĞŖĬĨƢȮĨŅĴĸŜŅħńĭȮĪňŗėĺŅĴŏĕƟĴĕƟĬĸŃȮ2 ėĶńŘĚŕȮĸŃȮ10 
ĬŅĪň 
  2.3.3ȮĪŜŅŏĞĸĸƢĨńĺŀĵƞŅĚŒľƟŐľƟĚħƟĺĵŏėĶŊŗŀĚĪŜŅĨńĺŀĵƞŅĚŒľƟŐľƟĚȮĦȮěŋħĺŇĔķĨȮ&critical 
point dryer) ĬņĨńĺŀĵƞŅĚĪňŗŐľƟĚœĮŏėĸŊŀĭĪŀĚħƟĺĵŏėĶŊŗŀĚȮIon sputter coater ěŅĔĬńŘĬĻŉĔļŅĳŅĵŒĨƟ
ĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħĪňŗ 15-20ȮĔŇőĸőĺĸĨƢȮ&kV) ıĶƟŀĴĭńĬĪŉĔĳŅı 
  2.3.4 ŐĵĔŏĞĸĸƢĨńĺŀĵƞŅĚŀňĔĔĸŋƞĴľĬŉŗĚĴŅĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢħƟĺĵĔĸƟŀĚ
ěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚįƞŅĬȮ(Transmission electron microscope: TEM)ȮőħĵĬŜŅŏĞĸĸƢ
ĨńĺŀĵƞŅĚĶńĔļŅĽĳŅıőĮĶĨňĬŒĬĬŘņĵŅĶńĔļŅĽĳŅıĝĬŇħĪňŗȮ1 (primary fixative)ȮėŊŀȮĔĸŌĪŅĶŀĸħňœŁħƢ 2.5Ȯ
ŏĮŀĶƢŏĞŖĬĨƢȮĪňŗĸŃĸŅĵŒĬĲŀĽŏĲĨĭńĲŏĲŀĶƢėĺŅĴŏĕƟĴĕƟĬȮ0.1 őĴĸŅĶƢȮĴňėƞŅėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚȮ7.2-7.4 
ŏĔŖĭœĺƟĪňŗŀŋĦľĳŌĴŇȮ4 ŀĚĻŅŏĞĸŏĞňĵĽȮĬŅĬȮ24 ĝńŗĺőĴĚ 
  2.3.5ȮŒĝƟĮƕŏĮĨħŌħĬŘņĵŅėĚĽĳŅıŏħŇĴĪŇŘĚȮŐĸƟĺĮƤƧĬĸƟŅĚĨńĺŀĵƞŅĚħƟĺĵĲŀĽŏĲĨĭńĲŏĲŀĶƢ
ėĺŅĴŏĕƟĴĕƟĬȮ0.1 őĴĸŅĶƢȮĴňėƞŅėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚȮ7.2-7.4 ĪňŗėĺŅĴŏĶŖĺ 900 ĶŀĭĨƞŀĬŅĪňŀŋĦľĳŌĴŇȮ4 
ŀĚĻŅŏĞĸŏĞňĵĽȮĬŅĬ 10 ĬŅĪňȮěŜŅĬĺĬȮ3 ėĶńŘĚ 
  2.3.6ȮĬņĨńĺŀĵƞŅĚĶńĔļŅĽĳŅıœĕĴńĬŒĬœĞĸňĬĬŘņĵŅĶńĔļŅĽĳŅıĝĬŇħĪňŗȮ2 (secondary 
fixative) ħƟĺĵŀŀĽŏĴňĵĴŏĨĨĶŀĔœĞħƢ 1 ŏĮŀĶƢŏĞŖĬĨƢȮŒĬĲŀĽŏĲĨĭńĲŏĲŀĶƢėĺŅĴŏĕƟĴĕƟĬȮ0.1 őĴĸŅĶƢȮĴňėƞŅ
ėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚȮ7.2-7.4 ĨƟŀĚĪŜŅŒĬĪňŗĴŊħŐĸŃĪŜŅŒĬĨŌƟħŌħœŀĽŅĶŏėĴň ŐĝƞĝŇŘĬĨńĺŀĵƞŅĚŒĬĬŘņĵŅėĚĽĳŅı
ĬŅĬȮ1 ĝńŗĺőĴĚȮŏĴŊŗŀėĶĭŏĺĸŅŒľƟŒĝƟĮƕŏĮĨħŌħŀŀĽŏĴňĵĴȮŏĨĨĶŀĔœĞħƢŀŀĔȮěŅĔĬńŘĬĮƤƧĬĸƟŅĚĨńĺŀĵƞŅĚħƟĺĵĬŘņ
ĔĸńŗĬȮ3 ėĶńŘĚŕȮĸŃȮ10 ĬŅĪňȮěŅĔĬńŘĬħŉĚĬŘņŀŀĔěŅĔĨńĺŀĵƞŅĚħƟĺĵŐŀĸĔŀŁŀĸƢȮėĺŅĴŏĕƟĴĕƟĬȮ30, 50, 70, 
80, 90 ŐĸŃ 95 ŏĮŀĶƢŏĞŖĬĨƢȮȮĪŜŅĕńŘĬĨŀĬĸŃȮ2 ėĶńŘĚŕȮĸŃȮ10 ĬŅĪňȮĨŅĴĸŜŅħńĭȮěŅĔĬńŘĬěŉĚŐĪĬĪňŗ
ŐŀĸĔŀŁŀĸƢȮħƟĺĵœĞĸňĬĨƞŀŏĶĞŇĬȮ&resin) ŀńĨĶŅĽƞĺĬȮ2:1 ĪŇŘĚœĺƟĕƟŅĴėŊĬȮįĽĴœĞĸňĬĨƞŀŏĶĞŇĬȮŀńĨĶŅĽƞĺĬȮ
1:2 ĬŅĬȮ8 ĝńŗĺőĴĚ 
  2.3.7ȮħŌħĨńĺŀĵƞŅĚŒĽƞĸĚŒĬŏĶĞŇĬȮőħĵŒĝƟŏĶĞŇĬĭĶŇĽŋĪīŇśȮ&pure resin) ŏĮƦĬėĶńŘĚĪňŗȮ1 ĪŇŘĚœĺƟ
ĕƟŅĴėŊĬħŌħĨńĺŀĵƞŅĚŒĽƞŒĬŏĶĞŇĬĭĶŇĽŋĪīŇśŏĮƦĬėĶńŘĚĪňŗȮ2 ĪŇŘĚœĺƟȮ8 ĝńŗĺőĴĚěŅĔĬńŘĬŏĕňŗĵĝŇŘĬĨńĺŀĵƞŅĚĬŜŅĴŅİƤĚȮ
&embedding) ŒĬŏĶĞŇĬĭĶŇĽŋĪīŇśĪňŗŀĵŌƞŒĬĭňĴȮŐėĮĞŌĸ (beam capsule) ĪŜŅĨńĺŀĵƞŅĚŒľƟŐĕŖĚŒĬĨŌƟŀĭĪňŗ
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ŀŋĦľĳŌĴŇĪňŗȮ70ȮŀĚĻŅŏĞĸŏĞňĵĽ ĬŅĬȮ8 ĝńŗĺőĴĚȮŏĴŊŗŀŏĶĞŇĬĭĶŇĽŋĪīŇśŐĕŖĚĨńĺȮŒľƟŐĔŃĝŇŘĬĨńĺŀĵƞŅĚŒĬŐĴƞıŇĴıƢ
ŀŀĔŐĸŃĨńħŐĨƞĚĭĸŖŀĔȮ&block) ŒľƟœħƟĕĬŅħȮěŉĚĬŜŅĨńĺŀĵƞŅĚœĮĨńħŒľƟĭŅĚ 
  2.3.8ȮĬŜŅĭĸŖŀĔĨńĺŀĵƞŅĚœĮĨńħħƟĺĵŏėĶŊŗŀĚĨńħĨńĺŀĵƞŅĚŒľƟĭŅĚħƟĺĵŏėĶŊŗŀĚĨńħȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ultramicrotomeȮĭŅĚȮ60-90 ĬŅőĬŏĴĨĶȮŐĸƟĺĺŅĚĝŇŘĬĨńĺŀĵƞŅĚĪňŗĨńħĭĬĨŃŐĔĶĚőĸľŃĺŅĚĨńĺ (grid)Ȯ
ěŅĔĬńŘĬĵƟŀĴĝŇŘĬĨńĺŀĵƞŅĚŏıŊŗŀŏıŇŗĴėĺŅĴŏĮĶňĵĭĨƞŅĚȮ&contrast) ħƟĺĵĵŌĶŅĬŇĸȮŀŅĞŇŏĨĪ 5 ŏĮŀĶƢŏĞŖĬĨƢ 
ŐĸŃŏĸħĞŇŏĨĪȮ0.4 ŏĮŀĶƢŏĞŖĬĨƢȮĪŜŅŒĬĪňŗĴŊħőħĵĨńħıŅĶŅĲƕĸƢĴĺŅĚŒĬěŅĬŐĔƟĺĔħŒľƟŐĬƞĬȮŒĝƟĔĶŃħŅļĔĶŀĚ
ĔĶŀĚĽŅĶĵŌĶŅĬŇĸŀŅĞŇŏĨĪȮŒľƟŏĮƦĬľĵħŏĸŖĔĭĬıŅĶŅĲƕĸƢĴȮŐĸƟĺěŉĚĺŅĚħƟŅĬĪňŗĴňĨńĺŀĵƞŅĚĭĬľĵħĕŀĚĵŌĶŅĬŇĸ
ŀŅĞŇŏĨĪȮĪŇŘĚœĺƟĬŅĬȮ1-2ȮĬŅĪň 
  2.3.9ȮĬņĨŃŐĔĶĚĺŅĚĨńĺŀĵƞŅĚĞńĭŒľƟŐľƟĚħƟĺĵĔĶŃħŅļĔĶŀĚŐĸƟĺĸƟŅĚħƟĺĵĬŘņĔĸńŗĬĨƟĴ
ĔĶŀĚȮ2 ĭňĔŏĔŀĶƢȮŐĨƞĸŃĭňĔŏĔŀĶƢěŋƞĴĕŉŘĬĸĚȮ20 ėĶńŘĚȮĞńĭħƟĺĵĔĶŃħŅļĔĶŀĚȮĸƟŅĚĽƞĺĬĪňŗŏĔŇĬŀŀĔħƟĺĵĬŘņ
ĔĸńŗĬĨƟĴĔĶŀĚőħĵěŋƞĴĕŉŘĬĸĚȮĮĶŃĴŅĦȮ20 ėĶńŘĚ ĞńĭŒľƟŐľƟĚȮěŅĔĬńŘĬěŋƞĴĨńĺŀĵƞŅĚĸĚŒĬ ŏĸħĞŇŏĨĪĬŅĬȮ              
10-15 ĬŅĪňȮŐĸƟĺĺŅĚĽƞĺĬĪňŗŏĔŇĬŀŀĔħƟĺĵĬŘņĔĸńŗĬĨƟĴĔĶŀĚőħĵěŋƞĴĕŉŘĬĸĚȮĮĶŃĴŅĦȮ20 ėĶńŘĚȮ&ŒľƟěŋƞĴĕŉŘĬĸĚ'Ȯ
ěŅĔĬńŘĬĞńĭŒľƟĨŃŐĔĶĚĨńĺŀĵƞŅĚŒľƟŐľƟĚŐĸƟĺŏĔŖĭŒĬĔĸƞŀĚŏĔŖĭĨŃŐĔĶĚĺŅĚĨńĺŀĵƞŅĚŏıŊŗŀĻŉĔļŅĝŇŘĬĨńĺŀĵƞŅĚ
ĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚįƞŅĬ 
 

ĔŅĶĪħĸŀĚĪňŗȮ3:ȮĻŉĔļŅŐĸŃĺŇŏėĶŅŃľƢőĮĶĨňĬĕŀĚĬŘņŒĬĩŋĚœĕƞĽħŐĸŃĽŅĶĪňŗŏĞĸĸƢŐĔĶĬŌőĸĞŅľĸńŗĚĽŌƞ
ŀŅľŅĶŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 

3.1 ĻŉĔļŅĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬœŁĵŅĸŌőĶŐĬĬĞŇĬŏĪĽȮ2 (Hyaluronan synthase 2: Has2) 
ĕŀĚĬŘņĕŀĚĩŋĚœĕƞĽŋĔĶȮħƟĺĵŏĪėĬŇėĮĢŇĔŇĶŇĵŅĸŌĔőĞƞıŀĸŇŏĴŀŏĶĽŐĭĭĵƟŀĬĔĸńĭȮ(RT-PCR)ȮŏıŊŗŀŏıŇŗĴĮĶŇĴŅĦ
ĕŀĚ ŀŅĶƢŏŀŖĬŏŀ ĪňŗĽŅĴŅĶĩĺńħĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬĞŉŗĚĮĢŇĔŇĶŇĵŅĸŌĔőĞƞ  ıŀĸŇŏĴŀ-ŏĶĽ ŐĭĭĵƟŀĬĔĸńĭĬńŘĬ
ĨńĺŀĵƞŅĚ ŀŅĶƢŏŀŖĬŏŀ ěŃěńĭĔńĭœıĶŏĴŀĶƢŐĸŃėńħĸŀĔŏĮƦĬĸņħńĭĕŀĚĞňħňŏŀŖĬŏŀȮ&cDNA) őħĵ ŏŀĬœĞĴƢĶň
ŏĺŀĶƢĽĪĶŅĬėĶŇĮŏĪĽ ŐĸŃĪņĮĢŇĔŇĶŇĵŅĮĢŇĔŇĶŇĵŅĸŌĔőĞƞıŀĸŇŏĴŀŏĶĽĨƞŀőħĵŒĝƟĽŅĵ ĞňħňŏŀŖĬŏŀȮĪňŗĽĶƟŅĚĕŉŘĬ
ěŅĔĬńŘĬěŉĚĬņœĮĨĶĺěĽŀĭħƟĺĵ ŀŃĔŅőĶĽŏěĸŀŇŏĸėőĨĶőĲĶňĞŇĽ  ĞŉŗĚĔŅĶĽĔńħŀŅĶƢŏŀŖĬŏŀ (RNA) ěŅĔĬŘņŒĬ
ĩŋĚœĕƞĽŋĔĶĽħħƟĺĵĔŅĶŐĵĔĽĔńħŀŅĶƢŏŀŖĬŏŀėĶńŘĚĬňŘŒĝƟĝŋħĽĔńħŀŅĶƢŏŀŖĬŏŀ ĽņŏĶŖěĶŌĮȮ(RNeasy Kit ĕŀĚȮ
QIAGEN)ȮĴňĕńŘĬĨŀĬħńĚĬňŘ 

          3.1.1 ĬņĬŘņŒĬĩŋĚœĕƞŒĽƞľĸŀħœĴőėĶŏĞĬĪĶŇĲƕĺĕĬŅħȮ1.5 ĴŇĸĸŇĸŇĨĶȮŐĸƟĺŏĨŇĴĭńĲŏĲŀĶƢȮ
RLT ĪňŗŏĨŇĴȮBeta mercaptoethanol (10 œĴőėĶĸŇĨĶĨƞŀȮ1 ĴŇĸĸŇĸŇĨĶ RLT) 450 œĴőėĶĸŇĨĶȮįĽĴŒľƟ
ŏĕƟŅĔńĬŐĸŃĬņľĸŀħœĮĶńĔļŅŀŋĦľĳŌĴŇĪňŗȮ56 ŀĚĻŅŏĞĸŏĞňĵĽȮĬŅĬȮ1-3 ĬŅĪňȮěŅĔĬńŘĬħŌħĽƞĺĬįĽĴĪńŘĚľĴħ
ŒĽƞŒĬȮQIAȮshredder spin column (ĽňĴƞĺĚ'ȮĬņėŀĸńĴĬƢĞƟŀĬĭĬľĸŀħĕĬŅħȮ2 ĴŇĸĸŇĸŇĨĶȮľĴŋĬŏľĺňŗĵĚ
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ĨŃĔŀĬĪňŗėĺŅĴŏĶŖĺȮ1,200 ĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ2ȮĬŅĪňȮĬŘņŒĽěŃįƞŅĬĬėŀĸńĴĬƢĸĚŒĬľĸŀħĪňŗĶŀĚĶńĭ
ĕĬŅħȮ2 ĴŇĸĸŇĸŇĨĶȮĽƞĺĬŏĻļĝŇŘĬĽƞĺĬĨƞŅĚŕȮĨŇħŀĵŌƞħƟŅĬĭĬėŀĸńĴĬƢ 

3.1.2ȮŒľƟŏĨŇĴŏŀĪŅĬŀĸĭĶŇĽŋĪīŇśŒĬľĸŀħĪňŗĶŀĚĶńĭĬŘņŒĽȮĮĶŇĴŅĨĶȮ0.5 ŏĪƞŅȮ&225 
œĴőėĶĸŇĨĶ'ȮįĽĴŒľƟŏĕƟŅĔńĬőħĵŒĝƟœĴőėĶĮƕŏĮĨħŌħĕŉŘĬĸĚȮŐĸƟĺěŉĚħŌħĽƞĺĬįĽĴĪńŘĚľĴħŒĽƞĸĚŒĬȮRNeasy 
mini column (ĽňĝĴıŌ'ȮŐĸŃĺŅĚĞƟŀĬĭĬľĸŀħĕĬŅħȮ2ȮĴŇĸĸŇĸŇĨĶȮěŅĔĬńŘĬĬņœĮľĴŋĬŏľĺňŗĵĚĨŃĔŀĬĪňŗȮ
1,200 ĶŀĭĨƞŀĬŅĪňȮĬŅĬȮ15 ĺŇĬŅĪň 
  3.1.3ȮŏĪĽƞĺĬĪňŗįƞŅĬėŀĸńĴĬƢŐĸƟĺŏĨŇĴĽŅĶĸŃĸŅĵȮRW1 ĮĶŇĴŅĨĶ 700 œĴőėĶĸŇĨĶȮ
ěŅĔĬńŘĬĬņœĮľĴŋĬŏľĺňŗĵĚĨŃĔŀĬĪňŗȮ1,200 ĶŀĭĨƞŀĬŅĪňȮĬŅĬȮ15 ĺŇĬŅĪňȮŐĸƟĺěŉĚŏĪĪŇŘĚĽƞĺĬĪňŗįƞŅĬ
ĬėŀĸńĴĬƢŐĸƟĺĸƟŅĚėŀĸńĴĬƢħƟĺĵȮRPE ĮĶŇĴŅĨĶȮ500 œĴőėĶĸŇĨĶȮěŅĔĬńŘĬĬņœĮľĴŋĬŏľĺňŗĵĚĨŃĔŀĬĪňŗȮ
1,200 ĶŀĭĨƞŀĬŅĪňȮĬŅĬȮ15 ĺŇĬŅĪň 
  3.1.4ȮĵƟŅĵėŀĸńĴĬƢĞƟŀĬĭĬľĸŀħœĴőėĶŏĞĬĪĶŇĲƕĺĽƢĕĬŅħȮ1.5 ĴŇĸĸŇĸŇĨĶȮŏĨŇĴĬŘņȮ
&RNase-free water) ĮĶŇĴŅĨĶȮ50 œĴőėĶĸŇĨĶȮŒĬėŀĸńĴĬƢŏıŊŗŀĝŃĸƟŅĚŀŅĶƢŏŀŖĬŏŀěŅĔėŀĸńĴĬƢȮ1ȮĬŅĪňȮ
ěŅĔĬńŘĬĬņœĮľĴŋĬŏľĺňŗĵĚĪňŗȮ1,200 ĶŀĭĨƞŀĬŅĪňȮĬŅĬȮ1 ĬŅĪň ŀŅĶƢŏŀŖĬŏŀ ĪňŗœħƟŒĬĬŘņįƞŅĬėŀĸńĴĬƢŐĸŃŏĔŖĭ
œĺƟŒĬľĸŀħĶŀĚĶńĭȮŐĸŃŏĨŇĴȮDNase (Sigma, USA) ĺŇŏėĶŅŃľƢľŅĮĶŇĴŅĦŐĸŃėŋĦĳŅıĕŀĚ ŀŅĶƢŏŀŖĬŏŀĪňŗ 
ĽĔńħœħƟħƟĺĵŏėĶŊŗŀĚȮNanodrop spectrophotometer ěŅĔĬńŘĬĬņœĮŏĔŖĭœĺƟĪňŗŀŋĦľĳŌĴŇȮ-80 ȮȮȮȮȮȮȮȮȮȮȮȮ
ŀĚĻŅŏĞĸŏĞňĵĽ 

3.2 ŏĪėĬŇėĸŌĔőĞƞıŀĸŇŏĴŀŏĶĽŐĭĭĵƟŀĬĔĸńĭ 
  3.2.1 ĬņĨńĺŀĵƞŅĚ ĞňħňŏŀŖĬŏŀȮ&cDNA) ĪňŗĽĔńħěŅĔŀŅĶƢŏŀŖĬŏŀħƟĺĵĝŋħĽĔńħ ŀŅĶƢŏŀŖĬŏŀ 
ĽņŏĶŖěĶŌĮȮ(RNeasy Kit ĕŀĚȮQIAGEN)ȮěŅĔĬŘņŒĬĩŋĚœĕƞœĮŏıŇŗĴĮĶŇĴŅĦŒĬĮĢŇĔŇĶŇĵŅĸŌĔőĞƞıŀĸŇ-ŏĴŀŏĶĽȮ
őħĵĕńŘĬĨŀĬĨƞŅĚŕȮħńĚĬňŘ 
  -ĞňħňŏŀŖĬŏŀĨƟĬŐĭĭȮ/..ȮĬŅőĬĔĶńĴ 
  -ŏıŇŗĴĮĶŇĴŅĦĵňĬȮGAPDHȮŏĮƦĬĵňĬėĺĭėŋĴȮŐĸŃĵňĬ Has2ȮĪňŗĨƟŀĚĔŅĶĻŉĔļŅȮħƟĺĵȮȮȮȮȮȮȮȮȮȮȮ
œıĶŏĴŀĶƢĲŀĶƢŏĺŇĶƢħŐĸŃĶňŏĺŇĶƢĽ (forward and reverse primer) .,0ȮœĴőėĶőĴĸŅĶƢ 
  Has2   F ėŊŀȮTTACAATCCTCCTGGGTGGT  
    R ėŊŀȮTCAAGCACCATGTCGTACTG 
  GAPDH  F ėŊŀ GTCGGTTGTGGATCTGACCT 
    R ėŊŀ TTGACGAAGTGGTCGTTGAG 
  - dNTP 0..ȮȮœĴőėĶőĴĸŅĶƢ 
  + Taq polymerase ėĺŅĴŏĕƟĴĕƟĬȮ/ȮľĬƞĺĵȮ 
  - MgCl0Ȯ2.5 ĴŇĸĸŇőĴĸŅĶƢ 
  - ĬŘņĔĸńŗĬ 
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  - ĮĶńĭĮĶŇĴŅĨĶĽŋħĪƟŅĵŒľƟœħƟȮ25 œĴőėĶĸŇĨĶ 
  2.2.2 ĪņĮĢŇĔŇĶŇĵŅħƟĺĵŏėĶŊŗŀĚ Thermal cyclerȮőħĵĴňĕńŘĬĨŀĬȮħńĚĬňŘ 
  ĕńŘĬĨŀĬĪňŗȮ1 denaturationȮĪňŗŀŋĦľĳŌĴŇ 95 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ30 ĺŇĬŅĪňȮȮȮȮȮȮȮȮȮȮȮ
ĪņĮĢŇĔŇĶŇĵŅȮ40 Ķŀĭ 
  ĕńŘĬĨŀĬĪňŗȮ2 annealing ĪňŗŀŋĦľĳŌĴŇ 55ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ30 ĺŇĬŅĪňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĪņĮĢŇĔŇĶŇĵŅȮ40 Ķŀĭ 
  ĕńŘĬĨŀĬĪňŗȮ3 extensionȮĪňŗŀŋĦľĳŌĴŇ 72 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ30 ĺŇĬŅĪňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĪņĮĢŇĔŇĶŇĵŅȮ40 Ķŀĭ 

ĔƞŀĬĽŇŘĬĽŋħĮĢŇĔŇĶŇĵŅŒľƟėĚŀŋĦľĳŌĴŇĪňŗ 72 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅ 10 ĬŅĪňȮŏıŊŗŀŒľƟ 
ŏĔŇħĔŅĶĽńĚŏėĶŅŃľƢħňŏŀŖĬŏŀĽŅĵŒľĴƞŀĵƞŅĚĽĴĭŌĶĦƢ (final extension) 
  4.2.3ȮŏĴŊŗŀĽŇŘĬĽŋħĮĢŇĔŇĶŇĵŅěŃœħƟįĸŇĨĳńĦĤƢěŅĔĮĢŇĔŇĶŇĵŅĸŌĔőĞƞıŀĸŇŏĴŀŏĶĽĞŉŗĚĽŅĴŅĶĩ
ĨĶĺěĽŀĭőĴŏĸĔŋĸħňŏŀŖĬŏŀħƟĺĵŀŃĔŅőĶĽŏěĸŀŇŏĸėőĨĶőĲĶňĞŇĽľĶŊŀŏĔŖĭįĸŇĨĳńĦĤƢœĺƟĪňŗȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
-20ȮŀĚĻŅŏĞĸŏĞňĵĽ 
 

4.3 ĨĶĺěĽŀĭĕĬŅħőĴŏĸĔŋĸħňŏŀĬŏŀħƟĺĵŀŃĔŅőĶĽŏěĸŀŇŏĸėőĨĶőĲĶňĞŇĽ 
 ĔŅĶĨĶĺěĺŇŏėĶŅŃľƢĔŅĶŏıŇŗĴĮĶŇĴŅĦĕŀĚħňŏŀŖĬŏŀȮőħĵĬņŏŀŅįĸŇĨĳńĦĤƢĪňŗœħƟěŅĔĮĢŇĔŇĶŇĵŅĸŌĔőĞƞ
ıŀĸŇŏĴŀŏĶĽȮįĽĴȮloading dye ľĵħŒĬľĸŋĴľĺňŏıŊŗŀĺŇŏėĶŅŃľƢŐĩĭħňŏŀŖĬŏŀĭĬȮ1 ŏĮŀĶƢŏĞŖĬĨƢȮŀŃĔŅőĶĽ
ŏěĸŀŇŏĸŖėőĨĶőĲĶňĞŇĽ őħĵŀŅĻńĵľĸńĔĔŅĶŏėĸŊŗŀĬĪňŗŒĬĽĬŅĴœĲĲƚŅȮěŅĔĬńŘĬĵƟŀĴħƟĺĵŏŀīŇŏħňĵĴőĭĶœĴħƢȮ
(ethidium bromide)ȮőħĵŒĝƟȮ/.. DNA ladder ŏĮƦĬĴŅĶƢėŏĔŀĶƢȮŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĕĬŅħĕŀĚħňŏŀŖĬŏŀȮ
ĪňŗŏĔŇħĕŉŘĬĔńĭȮħňŏŀŖĬŏŀĴŅĨĶģŅĬ 
      4.3.1ȮŏĨĶňĵĴĩŅħĽņľĶńĭŏĪŏěĸŒĬŐĬĺĶŅĭŐĸŃľĺňŒľƟŏĶňĵĭĶƟŀĵěŅĔĬńŘĬĝńŗĚįĚŀŃĔŅőĶĽ             
1 ĔĶńĴȮŏĨŇĴĭńĲŏĲŀĶƢĽņľĶńĭĪņŀŇŏĸėőĨĶőĲĶňĞŇĽ (10xTBE) 100 ĴŇĸĸŇĸŇĨĶ 

     4.3.2.ȮľĸŀĴŏěĸŀŃĔŅőĶĽŒľƟĸŃĸŅĵĔńĭĭńĲŏĲŀĶƢőħĵŒĝƟœĴőėĶŏĺĲȮŏĕĵƞŅŏĮƦĬėĶńŘĚėĶŅĺŒľƟ
ĸŃĸŅĵŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬěŅĔĬńŘĬŏĪŏěĸŀŃĔŅőĶĽĸĚĭĬĩŅħĪňŗŏĨĶňĵĴœĺƟőħĵĶŃĺńĚĺŋƟĬěńĭĨńĺĔńĬŏĮƦĬĔƟŀĬȮ 

     4.3.3 ŏĽňĵĭľĺňĨŅĴĨņŐľĬƞĚľĺňĭĬĩŅħŏĪŏěĸŏıŊŗŀĪņŒľƟŏĔŇħľĸŋĴĽņľĶńĭľĵħĨńĺŀĵƞŅĚħňŏŀŖĬ
ŏŀ ěŅĔĬńŘĬĮĸƞŀĵŒľƟŏěĸŐĕŖĚĨńĺĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŏĴŊŗŀŏěĸŐĕŖĚĨńĺħňŐĸƟĺěŉĚėƞŀĵŕȮħŉĚľĺňŀŀĔ 

      4.3.4 ĬņŏěĸŒĽƞĸĚŒĬŏėĶŊŗŀĚĽņľĶńĭĪņŀŇŏĸėőĨĶőĲĶňĞŇĽȮĪňŗĴňĭńĲŏĲŀĶƢĪƞĺĴŏěĸȮőħĵŒľƟĽŌĚ
ĔĺƞŅįŇĺŏěĸĮĶŃĴŅĦ 2-3 ĴŇĸĸŇĸŇĨĶ 

      4.3.5 ħŌħĽŅĶĸŃĸŅĵħňŏŀŖĬŏŀľĶŊŀįĸŇĨĳńĦĤƢĪňŗœħƟěŅĔĔŅĶĪņĮĢŇĔŇĶŇĵŅĸŌĔőĞƞȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ıŀĸŇŏĴŀŏĶĽĮĶŇĴŅĨĶȮ5 œĴőėĶĸŇĨĶȮįĽĴĔńĭĽňĨŇħĨŅĴȮ&loading dye) ĮĶŇĴŅĨĶȮ1ȮœĴőėĶĸŇĨĶȮěŅĔĬńŘĬ
ľĵħĸĚœĮŒĬľĸŋĴŏěĸĪňŗŏĨĶňĵĴœĺƟȮŒĽƞĭńĲŏĲŀĶƢŒľƟĪƞĺĴŏěĸ 
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      4.3.6ȮŏĮƕħĔĶŃŐĽœĲĲƚŅŏĕƟŅĔńĭŏėĶŊŗŀĚŀŇŏĸėőĨĶőĲĶŇĞŇĽĽńĚŏĔĨĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚħňŏŀŖĬŏŀȮ
őħĵĶŃĺńĚŀĵƞŅŒľƟĽňŏėĸŊŗŀĬĸĚĴŅĔěĬĨĔĕŀĭŏěĸȮěŅĔĬńŘĬěŉĚĮƕħŏėĶŊŗŀĚĪņŀŇŏĸėőĨĶőĲĶŇĞŇĽ 

      4.3.7 ĬņŏěĸĴŅĵƟŀĴħƟĺĵŏŀīŇŏħňĵĴőĭĶœĴħƢ 0.5 ŏĮŀĶƢŏĞŖĬĨƢȮŏĮƦĬŏĺĸŅȮ10 ĬŅĪňȮěŅĔĬńŘĬ
ĬņœĮŐĝƞŒĬĬŘņĔĸńŗĬľĶŊŀŏĮƕħĬŘņĔƠŀĔŒľƟœľĸŏĭŅŕȮŏĮƦĬŏĺĸŅ 10 ĬŅĪňĬņœĮĽƞŀĚŒĨƟŐĽĚŀńĸĨĶŅœĺőŀŏĸĨȮ
&UV) ħƟĺĵŏėĶŊŗŀĚȮUV-transilluminator 
 
 4.4ȮĔŅĶĻŉĔļŅőĮĶĨňĬěŅĔĬŘņŒĬĩŋĚœĕƞĽŋĔĶŐĸŃĽŅĶĪňŗŏĞĸĸƢľĸńŗĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮ
(condition medium) 
 ŏıŊŗŀĻŉĔļŅŐĸŃľŅĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚőĮĶĨňĬȮőħĵȮSDS ĞŉŗĚŏĮƦĬȮdetergent ĪňŗĴňĮĶŃěŋĸĭěŃ
ŏĔŅŃĔńĭőĮĶĨňĬŀĵƞŅĚŐĬƞĬľĬŅĴŅĔĪņŒľƟőĮĶĨňĬĪńŘĚľĴħĴňĮĶŃěŋĸĭ 
  4.4.1 ĬņĕŀĚŏľĸĺĪňŗŏěŅŃěŅĔĩŋĚœĕƞĽŋĔĶŐĸŃĽŅĶĪňŗŏĞĸĸƢľĸńŗĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮĴŅ
ĺŇŏėĶŅŃľƢľŅĮĶŇĴŅĦőĮĶĨňĬħƟĺĵĺŇīňĕŀĚĸŅĺĶňȮ&Lowry, 1951) ĞŉŗĚŏĮƦĬĺŇīňĪňŗĺńħĮĶŇĴŅĦőĮĶĨňĬœħƟĨńŘĚŐĨƞ
ėĺŅĴŏĕƟĴĕƟĬĬƟŀĵŕȮěĬĩŉĚȮ5 œĴőėĶĔĶńĴĨƞŀĴŇĸĸŇĸŇĨĶȮőħĵĽňĪňŗŏĔŇħĕŉŘĬěŅĔĮĢŇĔŇĶŇĵŅȮ2 ĝĬŇħȮėŊŀȮœĭĵŌŏĶĪ 
ŐĸŃĶňħńĔĝńĬĕŀĚĔĶħŀŃĴŇőĬœĪőĶĞňĬŐĸŃĪĶŇĮőĨŏĲĬħƟĺĵĲŀĸŇĬĞŇőŀŐėĸĨŌĶňŏŀŏěĬĨƢ (Follin-Ciocalteu 
reagent)ȮĞŉŗĚĴňĽƞĺĬįĽĴĕŀĚĲŀĽőĲőĴĸŇĭŏħĨĲŀĽőĲĪńĚĽŏĨĨȮ&Phosphomolybdate-
phosphotungstate)ȮőħĵĨńŘĚĪŇŘĚœĺƟȮ40-60 ĬŅĪňȮěŃŏĔŇħĽňĬŘņŏĚŇĬŏĕƟĴȮěŅĔĬńŘĬĬņœĮĺńħėƞŅĔŅĶħŌħĔĸŊĬ
ŐĽĚȮ(absorbance) œħƟĪňŗȮ650 ȮĬŅőĬŏĴĨĶȮŏĴŊŗŀĬņėƞŅĪňŗœħƟŏĪňĵĭĔńĭĔĶŅĲėĺŅĴŏĕƟĴĕƟĬĴŅĨĶģŅĬ 
(calibration curve) ěŃĪĶŅĭėƞŅėĺŅĴŏĕƟĴĕƟĬĕŀĚőĮĶĨňĬŒĬĽŅĶĸŃĸŅĵœħƟȮľĸńĚěŅĔėņĬĺĦľŅėƞŅ
ėĺŅĴŏĕƟĴĕƟĬĕŀĚőĮĶĨňĬěŅĔĔĶŅĲėĺŅĴŏĕƟĴĕƟĬĴŅĨĶģŅĬȮŐĸƟĺŏĨĶňĵĴĽŅĶĨńĺŀĵƞŅĚŒľƟĴňĮĶŇĴŅĦőĮĶĨňĬ
ėĚĪňŗŏĪƞŅĔńĬĔƞŀĬěŃľĵħĸĚŏěĸőĞŏħňĵĴőħŏħĞŇĸĞńĸŏĲĨȮıŀĸŇŀŃėĶŇĸŇœĴėƢŏěĸŀŇŏĸŖĔőĨĶőĲĸŇĞŇĽ 
  4.4.2ȮŏĨĶňĵĴŏěĸ NuPAGEȮNovex Bis-TrisȮgel ĮĶŃĔŀĭŏĕƟŅĔńĭŏėĶŊŗŀĚȮ
VacjjQspcJmaiƃȮKglg-Cell Electrophoresis ŒĬĭńĲŏĲŀĶƢȮNuPAGE® MES SDS Running Buffer 
(0.X)ȮĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢőĮĶĨňĬĪňŗœħƟěŅĔĕŀĚŏľĸĺŒĬĩŋĚœĕƞĕĬŅħĨƞŅĚŕȮ 
  4.4.3 įĽĴőĮĶĨňĬĨńĺŀĵƞŅĚĔńĭĽňĨŇħĨŅĴȮ&loading dye)ȮěŅĔĬńŘĬŒľƟėĺŅĴĶƟŀĬĽŅĶ
ĨńĺŀĵƞŅĚĪňŗŀŋĦľĳŌĴŇȮ70 ŀĚĻŅŏĞĸŏĞňĵĽȮĬŅĬȮ10 ĬŅĪňȮľĵŀħĽŅĶĨńĺŀĵƞŅĚĸĚŒĬľĸŋĴľĺňőħĵĴňĮĶŇĴŅĨĶȮ
10ȮœĴőėĶĸŇĨĶ 
  4.4.4 ľĵŀħĽŅĶĨńĺŀĵƞŅĚĪňŗœħƟŒĬŐĨƞĸŃľĸŋĴľĺňŒĬŏěĸȮőħĵľĵŀħőĮĶĨňĬĴŅĨĶģŅĬȮ
Benchmark protein ladder ľĶŊŀȮBenchmark prestain protein ladder ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĽŅĶ
ĨńĺŀĵƞŅĚĔńĭőĮĶĨňĬĴŅĨĶģŅĬĪňŗĪĶŅĭĬŘņľĬńĔőĴŏĸĔŋĸȮěŅĔĬńŘĬŒĽƞĭńĲŏĲŀĶƢȮNuPAGE reagent ŒľƟĪƞĺĴ
ŏěĸŐĸŃŏĮĶňĵĭŏĪňĵĭĽŅĶĨńĺŀĵƞŅĚĔńĭőĮĶĨňĬĴŅĨĶģŅĬȮBenchmarkȮprotein ladder ľĶŊŀȮ
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Benchmark prestain protein ladder ŏĮƦĬĴŅĶƢėŏĔŀĶƢȮěŅĔĬńŘĬĶńĬŏěĸĪňŗȮ0..ȮőĺĸĨƢȮĬŅĬĮĶŃĴŅĦȮ
50 ĬŅĪň 
  4.4.4 ĬņŏěĸĪňŗœħƟœĮĸƟŅĚħƟĺĵĬŘņĔĸńŗĬŐĸƟĺĪņĔŅĶĵƟŀĴħƟĺĵȮCoomassie brilliant 
blue R -03.ȮŏĕĵƞŅŏĭŅŕȮĪŇŘĚœĺƟĕƟŅĴėŊĬěŅĔĬńŘĬĪņĔŅĶĸƟŅĚĽňĽƞĺĬŏĔŇĬŀŀĔȮ&destain) ħƟĺĵȮdestaining 
solutionȮĩƞŅĵĳŅıħƟĺĵĔĸƟŀĚħŇěŇĨŀĸȮĔƞŀĬĬņĴŅĺŇŏėĶŅŃľƢőĮĶĨňĬ 
 
 4.5ȮĻŉĔļŅőĮĶĨňĬľĶŊŀĽŅĶľĸńŗĚěŅĔĬŘņŒĬĩŋĚœĕƞĽŋĔĶħƟĺĵŏĪėĬŇėȮLC-MS-MS 

LC-MS-MSȮŏĮƦĬŏėĶŊŗŀĚĴŊŀĽņľĶńĭŐĵĔĺŇŏėĶŅŃľƢľŅĝĬŇħŐĸŃĮĶŇĴŅĦĕŀĚŏľĸĺľĶŊŀőĮĶĨňĬőħĵ
ŒĝƟĨńĺĨĶĺěĺńħȮ&detector) ŏĮƦĬŐĭĭŏėĶŊŗŀĚĺŇŏėĶŅŃľƢĴĺĸĽŅĶȮ&mass spectrometer)  
  4.5.1ȮĬņŐĩĭőĮĶĨňĬĕĬŅħĪňŗĽĬŒěĴŅĵƞŀĵħƟĺĵŏŀĬœĞĴƢŏĮĮĞŇĬŒľƟŏĮƦĬŏĮĮœĪħƢĽŅĵ
ĽńŘĬŕȮĸƟŅĚħƟĺĵŀŃĞŇőĨœĬœĨĶĸƢȮ&Acetonitrile) 50 ŏĮŀĶƢŏĞŖĬĨƢĮĶŇĴŅĨĶȮ100 œĴőėĶĸŇĨĶȮĨƞŀȮ
ŐŀĴőĴŏĬňĵĴȮœĭėŅĶƢĭŀŏĬĨȮ&Ammonium bicarbonate: NH4HCO3)ȮĮĶŇĴŅĨĶȮ25 œĴőėĶőĴĸŅĶƢ 2 
ėĶńŘĚȮĨńŘĚĪŇŘĚœĺƟĪňŗŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ1 ĝńŗĺőĴĚȮ 
  2.5.2 ěŅĔĬńŘĬĸƟŅĚĽŅĶĸŃĸŅĵħƟĺĵŀŃĞŇőĨœĬœĨĶĸƢ100 ŏĮŀĶƢŏĞŖĬĨƢȮĮĶŇĴŅĨĶȮ50-100 
œĴőėĶĸŇĨĶȮŐĸƟĺĭƞĴĪňŗŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ10 ĬŅĪň ľĶŊŀěĬĔĶŃĪńŗĚŏěĸŏĮƦĬĽňĕŅĺ 
  4.5.3 ĸƟŅĚŀŃĞŇőĨœĬœĨĶĸƢħƟĺĵĪĶŇĮĞŇĬ 0.01 ĴŇĸĸŇĔĶńĴĨƞŀĴŇĸĸŇĸŇĨĶȮŒĬŐĨƞĸŃľĸŀħ
ŐĸƟĺĭƞĴĪňŗŀŋĦľĳŌĴŇ 37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ/6ȮĝńŗĺőĴĚ 
 4.5.4 ħŌħĽƞĺĬĭĬĕŀĚĽŅĶĸŃĸŅĵŒĽƞľĸŀħŒľĴƞȮěŅĔĬńŘĬĽĔńħĽŅĶĸŃĸŅĵŏĮĮœĪħƢ ėĶńŘĚĪňŗȮ2              
ħƟĺĵŀŃĞŇőĨœĬœĨĶĸƢȮ50 ŏĮŀĶƢŏĞŖĬĨƢ ĮĶŇĴŅĨĶȮ15+25ȮœĴőėĶĸŇĨĶȮŐĸŃĔĶħœĨĶĲĸŌŀŀőĶŀŃĞŇĨŇĔȮ
(trifluoroacetic acid: TFA) 5 ŏĮŀĶƢŏĞŖĬĨƢȮŒĽƞŐĨƞĸŃľĸŀħŏĮƦĬŏĺĸŅȮ15 ĬŅĪň 
 4.5.5 ěŅĔĬńŘĬĬņĽŅĶĸŃĸŅĵŏĮĮœĪħƢĴŅĶĺĴĔńĭĽƞĺĬĭĬĕŀĚĽŅĶĸŃĸŅĵŒĽƞľĸŀħŒľĴƞŐĸŃȮȮȮȮ
ŏĮĮœĪħƢĪňŗĽĔńħœħƟĪņŒľƟŐľƟĚħƟĺĵŏėĶŊŗŀĚľĴŋĬŏľĺňŗĵĚĽŋĠĠŅĔŅĻěŅĔĬńŘĬĺŇŏėĶŅŃľƢħƟĺĵŏėĶŊŗŀĚȮLC-MS-MS 
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ĭĪĪňŗȮ4 
įĸĔŅĶĺŇěńĵ 

  

įĸĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĶńĚœĕƞŐĸŃŏĬŊŘŀŏĵŊŗŀĕŀĚĶńĚœĕƞĽŋĔĶ 

 ěŅĔĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĶńĚœĕƞĕŀĚĽŋĔĶŏıĻŏĴňĵıńĬīŋƢįĽĴȮ&Large White x Landrace x Duroc'Ȯ
ŀŅĵŋȮ6ȮŏħŊŀĬ ĩŉĚȮ2ȮĮƖȮŐĸŃĬŘņľĬńĔĶŃľĺƞŅĚȮ100-150ȮĔŇőĸĔĶńĴ ĴŅĺńħĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŐĸŃĝńŗĚ
ĬŘņľĬńĔĶńĚœĕƞȮőħĵĶńĚœĕƞĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅŀĵŌƞŒĬĶŃĵŃĲŀĸĸŇėŌĸƞŅĶƢĪńŘĚľĴħȮ64ȮĶńĚœĕƞȮőħĵŐĭƞĚĨŅĴĩŋĚœĕƞĪňŗĴň
ĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ 1-2, 3-4, 5-6 ŐĸŃȮ7-8ȮĴŇĸĸŇŏĴĨĶȮıĭĺƞŅĶńĚœĕƞĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ
ŏĜĸňŗĵȮ2.54±0.19 ŏĞĬĨŇŏĴĨĶȮħńĚĨŅĶŅĚĪňŗȮ4Ȯ 
 
ĨŅĶŅĚĪňŗȮ2 ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚĶńĚœĕƞĪńŘĚľĴħȮ64 ĶńĚœĕƞ 

ĶńĚœĕƞ ėĺŅĴĵŅĺ 

(ĞĴ.) 

ĶńĚœĕƞ ėĺŅĴĵŅĺȮ 

(ĞĴ.) 

ĶńĚœĕƞ ėĺŅĴĵŅĺȮ 

(ĞĴ.) 

ĶńĚœĕƞ ėĺŅĴĵŅĺȮ 

(ĞĴ.) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2.2 

2.9 

2.4 

2.8 

2.8 

2.5 

2.2 

2.6 

2.3 

2.8 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

2.4 

2.4 

2.2 

2.5 

2.5 

2.3 

2.9 

3.0 

2.5 

2.7 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

2.5 

2.9 

2.4 

2.8 

2.8 

2.5 

2.7 

2.5 

2.6 

2.5 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

2.6 

2.5 

2.5 

2.7 

2.5 

2.6 

2.4 

2.3 

2.7 

2.6 
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ĶńĚœĕƞ ėĺŅĴĵŅĺ 

(ĞĴ.) 

ĶńĚœĕƞ ėĺŅĴĵŅĺȮ 

(ĞĴ.) 

ĶńĚœĕƞ ėĺŅĴĵŅĺȮ 

(ĞĴ.) 

ĶńĚœĕƞ ėĺŅĴĵŅĺȮ 

(ĞĴ.) 

11 

12 

13 

14 

15 

16 

2.5 

2.5 

2.5 

2.5 

2.3 

2.0 

27 

28 

29 

30 

31 

32 

2.5 

2.6 

3.0 

2.5 

2.8 

2.4 

43 

44 

45 

46 

47 

48 

2.6 

2.4 

2.5 

2.4 

2.5 

2.6 

59 

60 

61 

62 

63 

64 

2.5 

2.8 

2.5 

2.7 

2.5 

2.4 

  
įĸĔŅĶĻŉĔļŅěŅĔĔŅĶĝńŗĚĬŘņľĬńĔĕŀĚĶńĚœĕƞȮ64ȮĶńĚœĕƞȮĬņœĮľŅėƞŅŏĜĸňŗĵŐĸŃĽƞĺĬŏĭňŗĵĚŏĭĬ

ĴŅĨĶģŅĬȮěŅĔĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸȮȮıĭĺƞŅĴňĬŘņľĬńĔŏĜĸňŗĵȮ3.35 ± .,32ȮĔĶńĴȮħńĚĨŅĶŅĚĪňŗȮ5 
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ĨŅĶŅĚĪňŗȮ3 ĬŘņľĬńĔĕŀĚĶńĚœĕƞĪńŘĚľĴħȮ64 ĶńĚœĕƞ 
ĶńĚœĕƞ ĬŘņľĬńĔȮ 

(ĔĶńĴ) 

ĶńĚœĕƞ ĬŘņľĬńĔȮ 

(ĔĶńĴ) 

ĶńĚœĕƞ ĬŘņľĬńĔȮ 

(ĔĶńĴ) 

ĶńĚœĕƞ ĬŘņľĬńĔȮ 

(ĔĶńĴ) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

4.16 

3.35 

2.96 

4.50 

3.90 

3.66 

3.77 

2.75 

3.75 

3.17 

2.28 

2.54 

4.37 

2.58 

3.49 

2.57 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

3.49 

3.32 

2.93 

3.26 

2.49 

3.21 

2.69 

3.13 

2.74 

3.91 

3.07 

2.64 

3.42 

4.24 

2.89 

4.65 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

4.57 

3.29 

3.02 

2.84 

3.41 

3.37 

2.84 

3.22 

4.04 

3.59 

3.45 

3.57 

3.37 

3.19 

3.22 

2.94 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

3.21 

2.89 

3.23 

3.41 

3.49 

2.93 

3.24 

3.59 

4.05 

3.47 

3.54 

3.38 

4.12 

3.28 

3.34 

3.56 
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 įĸĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĳŅĵĬŀĔĕŀĚĶńĚœĕƞĽŋĔĶȮĶŃĵŃĲŀĸĸŇėŌĸƞŅĝƞĺĚŐĶĔȮ
&early follicular) ıĭĩŋĚœĕƞĕĬŅħ 1-2  ĴŇĸĸŇŏĴĨĶȮ100ȮŏĮŀĶƢŏĞŖĬĨƢȮœĴƞıĭėŀĶƢĮƤĽȮŁňőĴĶŅěŇĔńĴ 
(corpora hemorrhagicum) ėŀĶƢĮƤĽĸŌŏĪňĵĴȮ(corpora lutea) ľĶŊŀėŀĶƢĮƤĽȮŀńĸĭŇŐėĬĽƢȮ(corpora 
albican) ĶŃĵŃĲŀĸĸŇėŌĸƞŅĝƞĺĚľĸńĚȮ(late follicular)ȮıĭĩŋĚœĕƞĕĬŅħȮ3-4 ĴŇĸĸŇŏĴĨĶȮ90 ŏĮŀĶƢŏĞŖĬĨƢȮ
ŐĸŃıĭĩŋĚœĕƞĕĬŅħȮ1-2 ĴŇĸĸŇŏĴĨĶȮ10 ŏĮŀĶƢŏĞŖĬĨƢȮœĴƞıĭėŀĶƢĮƤĽȮŁňőĴĶŅěŇĔńĴȮėŀĶƢĮƤĽĸŌŏĪňĵĴľĶŊŀ              
ėŀĶƢĮƤĽȮŀńĸĭŇŐėĬȮĽƞĺĬĶŃĵŃĸŌŏĨňĵĸĝƞĺĚŐĶĔȮ&early luteal) ıĭĩŋĚœĕƞĕĬŅħȮ5-6 ĴŇĸĸŇŏĴĨĶȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
80ȮŏĮŀĶƢŏĞŖĬĨƢȮıĭĩŋĚœĕƞĕĬŅħȮ3-4 ĴŇĸĸŇŏĴĨĶȮ10 ŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃıĭĩŋĚœĕƞĕĬŅħȮ1-2 ĴŇĸĸŇŏĴĨĶȮ              
10ȮŏĮŀĶƢŏĞŖĬĨƢȮȮıĭėŀĶƢĮƤĽĸŌŏĪňĵĴ ŏĽŊŗŀĴĽĳŅıœĴƞĴňľĸŀħŏĸŊŀħĭĬıŊŘĬĪňŗįŇĺ ĽƞĺĬĶŃĵŃĸŌŏĨňĵĸĝƞĺĚľĸńĚȮ
&late luteal) ıĭĩŋĚœĕƞĕĬŅħȮ7-8 ĴŇĸĸŇŏĴĨĶȮ85 ŏĮŀĶƢŏĞŖĬĨƢȮıĭĩŋĚœĕƞĕĬŅħȮ5-6 ĴŇĸĸŇŏĴĨĶȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
10 ŏĮŀĶƢŏĞŖĬĨƢȮıĭĩŋĚœĕƞĕĬŅħȮ3-4 ĴŇĸĸŇŏĴĨĶȮ5 ŏĮŀĶƢŏĞŖĬĨƢ ıĭėŀĶƢĮƤĽȮŀńĸĭŇŐėĬĽƢ ĬŀĔěŅĔĬňŘŀŅěıĭ
ĩŋĚœĕƞĕĬŅħȮ3-4 ĴŇĸĸŇŏĴĨĶȮ60ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃıĭĩŋĚœĕƞĕĬŅħȮ1-2 ĴŇĸĸŇŏĴĨĶȮ20ȮŏĮŀĶƢŏĞŖĬĨƢȮĩŋĚœĕƞĴň
ŏĸŊŀħŐĸŃĬŘņŏľĸŊŀĚĴŅŏĸňŘĵĚĴŅĔěŉĚĴňĽňŐħĚŏĶňĵĔĺƞŅȮėŀĮƤĽȮŁňőĴĶŅěŇĔńĴȮıĭĮĶŃĴŅĦȮ20 ŏĮŀĶƢŏĞŖĬĨƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ħńĚĨŅĶŅĚĪňŗ 6 

 

ĨŅĶŅĚĪňŗȮ4ȮĔŅĶěņŐĬĔĶńĚœĕƞĽŋĔĶĨŅĴĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅŐĭƞĚŀŀĔŏĮƦĬȮ3ȮŐĭĭ 
ĶńĚœĕƞĽŋĔĶ ĶńĚœĕƞĽŋĔĶŒĬĶŃĵŃ

ĨƞŅĚŕ 

ĶŀĭĔŅĶŏĮƦĬĽńħ ĽńĦģŅĬĺŇĪĵŅĕŀĚĶńĚœĕƞ 

ĶŃĵŃĲŀĸĸŇėŌĸƞŅ    

 

early follicular 

 

ĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬ

įƞŅĬĻŌĬĵƢĔĸŅĚȮ1-2 

ĴŇĸĸŇŏĴĨĶ 

 

ıĭĩŋĚœĕƞĕĬŅħȮ1-2 

ĴŇĸĸŇŏĴĨĶȮ100

ŏĮŀĶƢŏĞŖĬĨƢȮœĴƞıĭȮȮȮȮȮȮȮȮȮȮȮ

ėŀĶƢĮƤĽȮŁňőĴĶŅěŇĔńĴȮ

ėŀĶƢĮƤĽĸŌŏĪňĵĴľĶŊŀėŀĶƢ

ĮƤĽȮŀńĸĭŇŐėĬȮ 
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ĶńĚœĕƞĽŋĔĶ ĶńĚœĕƞĽŋĔĶŒĬĶŃĵŃ

ĨƞŅĚŕ 

ĶŀĭĔŅĶŏĮƦĬĽńħ ĽńĦģŅĬĺŇĪĵŅĕŀĚĶńĚœĕƞ 

ĶŃĵŃĲŀĸĸŇėŌĸƞŅ late follicular 

 

ĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬ

įƞŅĬĻŌĬĵƢĔĸŅĚȮ3-4Ȯ

ĴŇĸĸŇŏĴĨĶ 

 

ıĭĩŋĚœĕƞĕĬŅħȮ3-4 
ĴŇĸĸŇŏĴĨĶȮ90Ȯ
ŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃıĭȮȮȮȮȮȮȮȮ
ĩŋĚœĕƞĕĬŅħȮ1-2 
ĴŇĸĸŇŏĴĨĶȮ10 
ŏĮŀĶƢŏĞŖĬĨƢȮœĴƞıĭ           
ėŀĶƢĮƤĽȮŁňőĴĶŅěŇĔńĴ 
ėŀĶƢĮƤĽĸŌŏĪňĵĴŐĸŃȮȮ
ėŀĶƢĮƤĽȮŀńĸĭŇŐėĬȮ 
 
 

 

ĶŃĵŃĸŌŏĨňĵĸ earlyȮluteal 

 

ĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬ

įƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6Ȯ

ĴŇĸĸŇŏĴĨĶ 

 

ıĭĩŋĚœĕƞĕĬŅħȮ5-6 

ĴŇĸĸŇŏĴĨĶȮ80Ȯ

ŏĮŀĶƢŏĞŖĬĨƢȮıĭĩŋĚœĕƞ

ĕĬŅħȮ3-4 ĴŇĸĸŇŏĴĨĶȮ

10 ŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃıĭ

ĩŋĚœĕƞĕĬŅħȮ1-2 

ĴŇĸĸŇŏĴĨĶȮ10Ȯ

ŏĮŀĶƢŏĞŖĬĨƢȮıĭ                

ėŀĶƢĮƤĽĸŌŏĪňĵĴ  

ŏĽŊŗŀĴĽĳŅıœĴƞĴňľĸŀħ

ŏĸŊŀħĭĬıŊŘĬĪňŗįŇĺ 
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ĶńĚœĕƞĽŋĔĶ ĶńĚœĕƞĽŋĔĶŒĬĶŃĵŃ

ĨƞŅĚŕ 

ĶŀĭĔŅĶŏĮƦĬĽńħ ĽńĦģŅĬĺŇĪĵŅĕŀĚĶńĚœĕƞ 

ĶŃĵŃĸŌŏĨňĵĸ 

 

late luteal 

 

ĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬ

įƞŅĬĻŌĬĵƢĔĸŅĚȮ7-8Ȯ

ĴŇĸĸŇŏĴĨĶ 

ıĭĩŋĚœĕƞĕĬŅħȮ7-8 

ĴŇĸĸŇŏĴĨĶȮ85 

ŏĮŀĶƢŏĞŖĬĨƢȮıĭĩŋĚœĕƞ

ĕĬŅħȮ5-6 ĴŇĸĸŇŏĴĨĶȮ

10 ŏĮŀĶƢŏĞŖĬĨƢȮıĭȮȮȮ

ĩŋĚœĕƞĕĬŅħȮ3-4 

ĴŇĸĸŇŏĴĨĶȮ5Ȯ

ŏĮŀĶƢŏĞŖĬĨƢȮıĭȮȮȮȮȮȮȮȮȮȮȮ

ėŀĶƢĮƤĽȮŀńĸĭŇŐėĬ 

 

Ȯ 

 

 

ĩŋĚœĕƞĴňėŀĮƤĽȮŁňőĴĶŅ

ěŇĔńĴ 

 

 

late luteal 

 

 

ĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬ

įƞŅĬĻŌĬĵƢĔĸŅĚȮ3-4Ȯ

ĴŇĸĸŇŏĴĨĶ 

 

 

ıĭĩŋĚœĕƞĕĬŅħȮ3-4 
ĴŇĸĸŇŏĴĨĶȮ60Ȯ
ŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃıĭȮȮȮ
ĩŋĚœĕƞĕĬŅħȮ1-2 
ĴŇĸĸŇŏĴĨĶȮ20Ȯ
ŏĮŀĶƢŏĞŖĬĨƢȮĩŋĚœĕƞĴň
ŏĸŊŀħŐĸŃĬŘņŏľĸŊŀĚĴŅ
ŏĸňŘĵĚĴŅĔěŉĚĴňĽňŐħĚ
ŏĶňĵĔĺƞŅȮȮ 
ėŀĮƤĽȮŁňőĴĶŅěŇĔńĴȮ 
ıĭȮ20 ŏĮŀĶƢŏĞŖĬĨƢ 
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ĻŉĔļŅĮĶŇĴŅĦŏĽƟĬŏĸŊŀħĪňŗĴŅŏĸňŘĵĚĩŋĚœĕƞŐĸŃŏĮĶňĵĭŏĪňĵĭĽňĕŀĚĬŘņŒĬĩŋĚœĕƞĪńŘĚȮ4ȮĔĸŋƞĴȮħńĚĬňŘȮĔĸŋƞĴ
ĪňŗȮ/ȮėŊŀ ĩŋĚœĕƞĕĬŅħŏĸŖĔĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ/-0ȮĴŇĸĸŇŏĴĨĶȮĩŋĚœĕƞĕĬŅħĔĸŅĚȮ2 ĔĸŋƞĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŐĭƞĚĨŅĴĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮőħĵĔĸŋƞĴĪňŗȮ0ȮėŊŀȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ3-4ȮĴŇĸĸŇŏĴĨĶȮ
ŐĸŃĔĸŋƞĴĪňŗȮ1ȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6ȮĴŇĸĸŇŏĴĨĶȮŐĸŃĔĸŋƞĴĪňŗȮ2ȮėŊŀȮĩŋĚœĕƞĕĬŅħŒľĠƞĪňŗĴň
ĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ7-8ȮĴŇĸĸŇŏĴĨĶ 

ıĭĺƞŅĸńĔļĦŃĕŀĚěņĬĺĬľĸŀħŏĸŊŀħŐĸŃĮĶŇĴŅĦŏĽƟĬŏĸŊŀħĪňŗĴŅŏĸňŘĵĚĶńĚœĕƞȮĶĺĴĪńŘĚĽňĕŀĚ
ĕŀĚŏľĸĺĪňŗœħƟěŅĔĔŅĶŏěŅŃĩŋĚœĕƞĪńŘĚȮ4ȮĔĸŋƞĴȮĨŅĴĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚıĭĺƞŅĴňėĺŅĴĽńĴıńĬīƢĔńĭĔŅĶ
ŏěĶŇĠĕŀĚĶńĚœĕƞőħĵŏĽƟĬŏĸŊŀħĪňŗĴŅŏĸňŘĵĚĬńŘĬěŃŐĮĶįńĬĨĶĚĔńĭĕĬŅħĕŀĚĩŋĚœĕƞȮėŊŀȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚȮ1-2ȮĴŇĸĸŇŏĴĨĶȮĴňĮĶŇĴŅĦŏĽƟĬŏĸŊŀħĴŅŏĸňŘĵĚĬƟŀĵĔĺƞŅĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
3-4ȮĴŇĸĸŇŏĴĨĶȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6 ĴŇĸĸŇŏĴĨĶȮŐĸŃĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ
7-8ȮĴŇĸĸŇŏĴĨĶȮĨŅĴĸņħńĭȮŐĽħĚŒľƟŏľŖĬĺƞŅĩŋĚœĕƞĕĬŅħŏĸŖĔĴňĮĶŇĴŅĦŏĽƟĬŏĸŊŀħĴŅŏĸňŘĵĚĬƟŀĵĔĺƞŅĩŋĚœĕƞ
ĕĬŅħĔĸŅĚŐĸŃĩŋĚœĕƞĕĬŅħŒľĠƞȮĨŅĴĸņħńĭȮħńĚĳŅıĪňŗȮ7 

 

 
 
ĳŅıĪňŗȮ5 ŐĽħĚĮĶŇĴŅĦľĸŀħŏĸŊŀħĪňŗĴŅŏĸňŘĵĚĶńĚœĕƞȮ 

&Ĕ'ȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ1-2 ĴŇĸĸŇŏĴĨĶȮȮ&ĕ'ȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮȮ
3-4 ĴŇĸĸŇŏĴĨĶȮ&ė'ȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6 ĴŇĸĸŇŏĴĨĶȮ&Ě'ȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚȮ7-8 ĴŇĸĸŇŏĴĨĶ 
 
 įĸĔŅĶĻŉĔļŅŏĮĶňĵĭŏĪňĵĭĽňĕŀĚĬŘņŒĬĩŋĚœĕƞĪňŗœħƟěŅĔĔŅĶŏěŅŃĩŋĚœĕƞĪńŘĚȮ4ȮĔĸŋƞĴȮėŊŀȮĩŋĚœĕƞĕĬŅħ
ŏĸŖĔĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ/-0ȮĴŇĸĸŇŏĴĨĶȮĩŋĚœĕƞĕĬŅħĔĸŅĚȮ2 ĔĸŋƞĴȮŐĭƞĚĨŅĴĕĬŅħŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚȮėŊŀȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ3-4ȮĴŇĸĸŇŏĴĨĶȮŐĸŃĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ
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5-6ȮĴŇĸĸŇŏĴĨĶȮĔĸŋƞĴĽŋħĪƟŅĵȮėŊŀȮĩŋĚœĕƞĕĬŅħŒľĠƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ7-8ȮĴŇĸĸŇŏĴĨĶȮıĭĺƞŅȮȮȮȮ
ĬŘņŒĬĩŋĚœĕƞĕĬŅħŏĸŖĔĴňĽňŏľĸŊŀĚŏĕƟĴĔĺƞŅĬŘņŒĬĩŋĚœĕƞĕĬŅħĔĸŅĚŐĸŃĕĬŅħŒľĠƞȮĞŉŗĚĽňĕŀĚĬŘņŒĬĩŋĚœĕƞěŃŒĽ
ĕŉŘĬŏĴŊŗŀĩŋĚœĕƞĴňĕĬŅħŒľĠƞĕŉŘĬȮŏĬŊŗŀĚěŅĔĩŋĚœĕƞĕĬŅħŒľĠƞĬńŘĬĴňĝƞŀĚĺƞŅĚĪňŗŏĨŖĴœĮħƟĺĵĕŀĚŏľĸĺľĶŊŀŐŀĬĪĶńĴȮ
&antrum) ĬŘņŒĬĩŋĚœĕƞȮ&follicular fluid) ĬńŘĬĮĶŃĔŀĭħƟĺĵĬŘņȮŀŇŏĸŖĔőĪĶœĸĨƢȮőĮĶĨňĬŒĬĞňĶńĴȮŐĸŃ
ŁŀĶƢőĴĬĽŏĨňĵĶŀĵħƢĪňŗĴňėĺŅĴŏĕƟĴĕƟĬĽŌĚĞŉŗĚľĸńŗĚŀŀĔĴŅěŅĔŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŀĵŌƞĶŀĭŕȮŏĞĸĸƢœĕƞȮěŉĚĪņŒľƟ
ĬŘņěŅĔĩŋĚœĕƞĕĬŅħŒľĠƞĬńŘĬŒĽĔĺƞŅĬŘņěŅĔĩŋĚœĕƞĕĬŅħŏĸŖĔȮħńĚĳŅıĪňŗȮ8 
 

 
 
ĳŅıĪňŗȮ6 ŐĽħĚĸńĔļĦŃĽňĕŀĚĕŀĚŏľĸĺĪňŗŏěŅŃħŌħěŅĔĩŋĚœĕƞĕĬŅħĨƞŅĚŕ 

Ȯ&Ĕ'ȮĩŋĚœĕƞĕĬŅħŏĸŖĔĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ1-2 ĴŇĸĸŇŏĴĨĶȮ&ĕ'ȮĩŋĚœĕƞĕĬŅħĔĸŅĚĪňŗĴňĕĬŅħ
ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ3-4 ĴŇĸĸŇŏĴĨĶȮ&ė'ȮĩŋĚœĕƞĕĬŅħĔĸŅĚĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6 ĴŇĸĸŇŏĴĨĶȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
(Ě'ȮĩŋĚœĕƞĕĬŅħŒľĠƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ7-8ȮĴŇĸĸŇŏĴĨĶ 
 

įĸĔŅĶĻŉĔļŅŏĬŊŘŀŏĵŊŗŀĕŀĚĶńĚœĕƞ 

 ĔŅĶĻŉĔļŅĸńĔļĦŃŏĬŊŘŀŏĵŊŗŀĕŀĚĶńĚœĕƞĽŋĔĶħƟĺĵıŅĶŅĲƕĬŏĪėĬŇėıĭĺƞŅőėĶĚĽĶƟŅĚĕŀĚĶńĚœĕƞĽŋĔĶ
ŐĭƞĚŀŀĔŏĮƦĬȮ2 ĽƞĺĬ ĽƞĺĬĬŀĔŏĶňĵĔĺƞŅȮėŀĶƢŏĪŖĔĞƢȮ&cortex) ŐĸŃĝńŘĬŒĬŏĶňĵĔĺƞŅȮŏĴħńĸĸŅȮ&medulla) ĞŉŗĚ
ėŀĶƢŏĪŖĔĞƢĮĶŃĔŀĭħƟĺĵŏĞĸĸƢœĕƞŐĸŃĝńŘĬĕŀĚŏĬŊŘŀŏĵŊŗŀĨƞŅĚŕȮĮĶŃĔŀĭħƟĺĵĩŋĚœĕƞĪňŗŏěĶŇĠıńĥĬŅȮħńĚĬňŘȮĩŋĚœĕƞ
ĶŃĵŃŏĶŇŗĴĨƟĬȮ(primordial follicle)ȮȮĩŋĚœĕƞĶŃĵŃŐĶĔȮ&primary follicle) ĩŋĚœĕƞĶŃĵŃĪňŗĽŀĚȮ
&secondary follicle) ĩŋĚœĕƞĶŃĵŃĔĶŅŏĲƖĵĬȮ&graafian follicle)ȮĩŋĚœĕƞĶŃĵŃėŀĶƢĮƤĽĸŌŏĪňĵĴȮ&corpus 
luteum)ȮŐĸŃĩŋĚœĕƞĶŃĵŃėŀĶƢĮƤĽŀńĸĭŇŐėĬȮ&corpus albican)ȮőħĵĩŋĚœĕƞěŃİƤĚĨńĺŐĪĶĔŀĵŌƞŒĬŏĬŊŘŀŏĵŊŗŀȮ
corpora luteaȮŐĸŃĝńŘĬŏĴħńĸĸŅĞŉŗĚŏĮƦĬĝńŘĬĪňŗĴňŏĽƟĬĮĶŃĽŅĪŏĽƟĬŏĸŊŀħŐĸŃĪƞŀĬŘņŏľĸŊŀĚĴŅľĸƞŀŏĸňŘĵĚȮ
őėĶĚĽĶƟŅĚĕŀĚĩŋĚœĕƞĞŉŗĚŏĮƦĬĪňŗŀĵŌƞĕŀĚŏĞĸĸƢœĕƞĳŅĵŒĬĶńĚœĕƞȮıĭĺƞŅȮĩŋĚœĕƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚőėĶĚĽĶƟŅĚ
ĨŅĴĶŃĵŃĔŅĶŏěĶŇĠȮĔŅĶĻŉĔļŅĸńĔļĦŃŏĬŊŘŀŏĵŊŗŀĕŀĚĶńĚœĕƞħƟĺĵıŅĶŅĲƕĬŏĪėĬŇėĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢ
ŐĭĭŒĝƟŐĽĚĶŅĵĸŃŏŀňĵħȮħńĚĳŅıĪňŗȮ9-14 

&Ĕ'      (ĕ' ȮȮ&ė' ȮȮȮȮȮȮ&Ě' 
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1. ĩŋĚœĕƞĶŃĵŃŏĶŇŗĴĨƟĬ (primordialȮfollicle) ĕŀĚĶńĚœĕƞĶŃĵŃĲŀĸĸŇėŌĸƞŅȮĮĶŃĔŀĭħƟĺĵŏĞĸĸƢœĕƞ
ĶŃĵŃŏĶŇŗĴĨƟĬȮĪňŗĸƟŀĴĶŀĭħƟĺĵŏĞĸĸƢŐĔĶĬŌőĸĞŅȮĸńĔļĦŃŏĞĸĸƢŐĭĭŐĭĬĭŅĚŏıňĵĚĝńŘĬŏħňĵĺȮ&single layer 
of flattened follicular cells) őħĵĴňŏĬŊŘŀŏĵŊŗŀĭŋįŇĺŒĬĶŃĭĭĽŊĭıńĬīŋƢ (germinal epithelium) ŐĸŃ
ŏĬŊŘŀŏĵŊŗŀŏĔňŗĵĺıńĬĪŌĬŇĔƟŅȮŀńĸĭŌěŇŏĬňĵȮ&tunica albuginea)ȮħńĚĳŅıĪňŗȮ7 

 

 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ7 ŐĽħĚĸńĔļĦŃĪŅĚŏĬŊŘŀŏĵŊŗŀĺŇĪĵŅĕŀĚĶńĚœĕƞĽŋĔĶĽƞĺĬĩŋĚœĕƞĶŃĵŃŏĶŇŗĴĨƟĬ 

ŐĽħĚĸńĔļĦŃĪŅĚŏĬŊŘŀŏĵŊŗŀĺŇĪĵŅĕŀĚĶńĚœĕƞĽŋĔĶĽƞĺĬĩŋĚœĕƞĶŃĵŃŏĶŇŗĴĨƟĬ (primordialȮfollicle: 
PE) ĪňŗĔņĸńĚĕĵŅĵȮ40X ěŅĔĳŅııĭŏĞĸĸƢŐĔĶĬŌőĸĞŅȮĸńĔļĦŃŏĞĸĸƢŐĭĭŐĭĬĭŅĚŏıňĵĚĝńŘĬŏħňĵĺȮ
ŏĬŊŘŀŏĵŊŗŀĭŋįŇĺŒĬĶŃĭĭĽŊĭıńĬīŋƢŐĸŃŏĬŊŘŀŏĵŊŗŀŏĔňŗĵĺıńĬĪŌĬŇĔƟŅȮŀńĸĭŌěŇŏĬňĵȮ&ŏĞĸĸƢŐĔĶĬŌőĸĞŅȮ&granulosa 
cell: GC), ŏĬŊŘŀŏĵŊŗŀĭŋįŇĺŒĬĶŃĭĭĽŊĭıńĬīŋƢ  (germinal epithelium: GEp), ŏĬŊŘŀŏĵŊŗŀŏĔňŗĵĺıńĬĪŌĬŇĔƟŅȮ
ŀńĸĭŌěŇŏĬňĵȮ(tunica albuginea: TA' 
 
 2.ȮĩŋĚœĕƞĶŃĵŃŐĶĔ (primary follicle) ěŅĔĶńĚœĕƞĶŃĵŃĲŀĸĸŇėŌĸƞŅȮőħĵĩŋĚœĕƞĶŃĵŃŐĶĔěŃıĭ
ĴŅĔĪňŗĽŋħŒĬĶńĚœĕƞőħĵŏěĶŇĠıńĥĬŅĴŅěŅĔĩŋĚœĕƞĶŃĵŃŏĶŇŗĴĨƟĬȮĮĶŃĔŀĭħƟĺĵŏĞĸĸƢœĕƞĶŃĵŃŐĶĔȮ(primary 
oocyte) ĴňĕĬŅħŒľĠƞĕŉŘĬĸƟŀĴĶŀĭħƟĺĵŏĞĸĸƢŐĔĶĬŌőĸĞŅȮĶŌĮĪĶĚĸŌĔĭŅĻĔƢȮ&cuboidal) ľĶŊŀŏĞĸĸƢĶŌĮ

GEp 

TA 

PF 

GC 
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ĪĶĚĔĶŃĭŀĔȮ&columnar) ŐĨƞěŃĴňĩŋĚœĕƞĶŃĵŃŐĶĔŏıňĵĚĭŅĚĽƞĺĬŏĪƞŅĬńŘĬĪňŗĽŅĴŅĶĩıńĥĬŅěĬĔĶŃĪńŗĚŏĔŇħ
ĔŅĶĨĔœĕƞœħƟȮĽƞĺĬĩŋĚœĕƞĪňŗİƙŀĨńĺľĶŊŀıńĥĬŅŐĸƟĺŐĨƞœĴƞĽŅĴŅĶĩŀĵŌƞĶŀħěĬŏĔŇħĔŅĶĨĔœĕƞœħƟȮŏĶňĵĔĺƞŅȮĩŋĚœĕƞ
ŏĽŊŗŀĴȮ(atresia follicle) ľĴŅĵŏľĨŋ:ȮȮĸŌĔĻĶĝňŘŐĽħĚĲŀĸĸŇŏėŇĸĶŃĵŃŐĶĔȮħńĚĳŅıĪňŗȮ/. 
 

 
 
 
 
 
 
 
 
 
 

 
 
ĳŅıĪňŗȮ/. ŐĽħĚĸńĔļĦŃĪŅĚŏĬŊŘŀŏĵŊŗŀĺŇĪĵŅĕŀĚĶńĚœĕƞĽŋĔĶĽƞĺĬĩŋĚœĕƞĶŃĵŃŐĶĔ 

ŐĽħĚĸńĔļĦŃĪŅĚŏĬŊŘŀŏĵŊŗŀĺŇĪĵŅĕŀĚĶńĚœĕƞĽŋĔĶĽƞĺĬĩŋĚœĕƞĶŃĵŃŐĶĔ (primary follicle)ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĪňŗĔņĸńĚĕĵŅĵȮ40X  ĴňŏĞĸĸƢœĕƞĶŃĵŃŐĶĔȮ&primary oocyte) ĸƟŀĴĶŀĭħƟĺĵŏĞĸĸƢŐĔĶĬŌőĸĞŅȮĶŌĮĪĶĚ
ĸŌĔĭŅĻĔƢȮ&cuboidal) ľĶŊŀŏĞĸĸƢĶŌĮĪĶĚĔĶŃĭŀĔȮ&columnar) &ŏĞĸĸƢœĕƞĶŃĵŃŐĶĔȮ&primary oocyte 
ľĶŊŀȮoocyte: O)  ŏĞĸĸƢŐĔĶĬŌőĸĞŅȮ&granulosa cell: GC) 
 

 3.ȮĩŋĚœĕƞĶŃĵŃĪňŗĽŀĚȮ(secondary follicle) ěŅĔĶńĚœĕƞĶŃĵŃĲŀĸĸŇėŌĸƞŅȮĩŋĚœĕƞĶŃĵŃĬňŘŏĔŇħěŅĔ
ĔŅĶıńĥĬŅěŅĔĩŋĚœĕƞĶŃĵŃŐĶĔĪňŗĸƟŀĴĶŀĭħƟĺĵŏĞĸĸƢŐĔĶĬŌőĸĞŅȮĞŉŗĚěŃŐĭƞĚĨńĺŏĮƦĬľĸŅĵĝńŘĬĸƟŀĴĶŀĭ
ŏĞĸĸƢœĕƞȮőħĵŏĞĸĸƢŐĔĶĬŌőĸĞŅȮěŃĴňĽŅĶěņıĺĔœĔĸőėőĮĶĨňĬĴŅľŋƟĴŏĞĸĸƢœĕƞȮŏĶňĵĔĺƞŅȮőĞĬŅȮŏıĸĸŌĞŇħŅȮ
ĸƟŀĴĶŀĭŏĮƦĬĝńŘĬľƞŀľŋƟĴŏĞĸĸƢœĕƞȮŐĸŃĴňŏĞĸĸƢĪňĔŅȮ&thaca cell) ĞŉŗĚŏĮƦĬŏĞĸĸƢĶŌĮĔĶŃĽĺĵĸƟŀĴĶŀĭŏĞĸĸƢ
ŐĔĶĬŌőĸĞŅȮŐĭƞĚŀŀĔŏĮƦĬȮ2ȮĝĬŇħȮėŊŀȮtheca internal ŐĸŃȮtheca external ĞŉŗĚěŃĔĶŃĨŋƟĬŐĸŃ          

Primary 
Follicle 

O 
GC 

GC 
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ľĸńŗĚĽŏĨňĵĶŀĵħƢȮŏĝƞĬȮŐŀĬőħĶŏěĬ ŐĸŃŏŀĽőĨĶŏěĬȮŐĸŃĽŅĶŀŊŗĬŕȮŏıŊŗŀŒĝƟŒĬĔŅĶıńĥĬŅĕŀĚĩŋĚœĕƞȮŐĸŃ
ŏĞĸĸƢœĕƞŐĸŃĩŋĚœĕƞŏěĶŇĠŏĨŇĭőĨĕŉŘĬŏĶŇŗĴĴňĔŅĶĕĵŅĵĕŀĚĩŋĚĬŘņŏĔŇħŏĮƦĬĝƞŀĚĺƞŅĚȮŏĶňĵĔĺƞŅȮŐŀĬĪĶńĴȮĳŅĵŒĬěŃ
ĴňĬŘņŒĬĩŋĚœĕƞȮĞŉŗĚĮĶŃĔŀĭħƟĺĵĽŅĶȮŁŀĶƢőĴĬŐĸŃŏŀĬœĞĴƢĪňŗŏĔňŗĵĺĔńĭĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢœĕƞȮħńĚĳŅıĪňŗȮ11 
 

 
 
 
 
 
 
 
 
 

 
 
 
ĳŅıĪňŗȮ// ŐĽħĚĸńĔļĦŃĪŅĚŏĬŊŘŀŏĵŊŗŀĺŇĪĵŅĕŀĚĶńĚœĕƞĽŋĔĶĽƞĺĬĩŋĚœĕƞĶŃĵŃĪňŗĽŀĚȮ 

ŐĽħĚĸńĔļĦŃĪŅĚŏĬŊŘŀŏĵŊŗŀĺŇĪĵŅĕŀĚĶńĚœĕƞĽŋĔĶĽƞĺĬĩŋĚœĕƞĶŃĵŃĪňŗĽŀĚȮ(secondary follicle) ȮȮȮȮȮȮȮȮȮ
ĪňŗĔņĸńĚĕĵŅĵȮ2.X ĳŅĵŒĬĴňŏĞĸĸƢœĕƞĶŃĵŃĪňŗĽŀĚ (secondary oocyte) ĪňŗŀĵŌƞŒĬĩŋĚœĕƞĶŃĵŃĪňŗĽŀĚȮ
(secondary follicle) ĸƟŀĴĶŀĭħƟĺĵŏĞĸĸƢŐĔĶĬŌőĸĞŅľĸŅĵĝńŘĬĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮĴňĽŅĶěņıĺĔȮȮȮȮȮȮȮȮȮȮȮ
œĔĸőėőĮĶĨňĬĴŅľŋƟĴŏĞĸĸƢœĕƞȮŏĶňĵĔĺƞŅȮőĞĬŅȮŏıĸĸŌĞŇħŅȮŐĸŃŏĞĸĸƢĪňĔŅȮıĭĩŋĚĬŘņŏĮƦĬĝƞŀĚĺƞŅĚȮŏĶňĵĔĺƞŅȮ 
ŐŀĬĪĶńĴȮ&ŏĞĸĸƢœĕƞȮ(oocyte: O) ŏĞĸĸƢŐĔĶĬŌőĸĞŅȮ&granulosa cell: GC) őĞĬŅȮŏıĸĸŌĞŇħŅȮ&zona 
pellucida: ZP' ŏĞĸĸƢĪňĔŅȮ&thaca cells: TC)ȮŐŀĬĪĶńĴȮ&antrum: A) 
 
 4. ĩŋĚœĕƞĶŃĵŃĔĶŅŏĲƖĵĬȮ&graafian follicle)ȮěŅĔĶńĚœĕƞĶŃĵŃĲŀĸĸŇėŌĸƞŅŏĮƦĬĩŋĚœĕƞĶŃĵŃĪňŗŏěĶŇĠ
ĽĴĭŌĶĦƢŏĨŖĴĪňŗŒĔĸƟěŃĨĔœĕƞ ĴňĔŅĶŏıŇŗĴĕŀĚŏĞĸĸƢŐĔĶĸŌőĬĞŅŐĸŃĴňŏĞĸĸƢĪňĔŅȮĸƟŀĴĶŀĭŏĞĸĸƢŐĔĶĬŌőĸĞŅ
ľĸŅĵĝńŘĬȮőħĵěŃĴňĽŅĶěņıĺĔœĔĸőėőĮĶĨňĬĴŅľŋƟĴŏĞĸĸƢœĕƞȮŏĶňĵĔĺƞŅȮőĞĬŅȮŏıĸĸŌĞŇħŅȮĞŉŗĚıĭĺƞŅĴňĔŅĶ

O 

GC ZP 

A 

Secondary 
Follicle 
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ĕĵŅĵĕŀĚĩŋĚĬŘņŏıŇŗĴĴŅĔĕŉŘĬȮėŊŀȮŐŀĬĪĶńĴȮĴňĕĬŅħŒľĠƞĔĺƞŅȮĴňĔŅĶĽŃĽĴĕŀĚĬŘņŒĬĩŋĚœĕƞȮĮĶŃĔŀĭħƟĺĵ
őĮĶĨňĬȮŁŀĶƢőĴĬĝĬŇħŏĮĮœĪħƢȮŐĸŃŏŀĬœĞĴƢĨƞŅĚŕ ĞŉŗĚŏĞĸĸƢœĕƞŏěĶŇĠěĬıĶƟŀĴĪňŗěŃĨĔŀŀĔĴŅȮĩŋĚœĕƞȮőħĵ
ŏĞĸĸƢœĕƞŒĬĩŋĚœĕƞĶŃĵŃĔĶŅŏĲƖĵĬěŃŐĭƞĚĨńĺŐĭĭœĴőŀĞŇĽĩŉĚĶŃĵŃŏĴĪŅŏĲĽȮ2 őħĵěŃœĴƞŏěĶŇĠĨƞŀ ěĬĔĺƞŅ
ěŃœħƟĶńĭĔŅĶįĽĴĔńĭŏĝŊŘŀŀĽŋěŇȮħńĚĳŅıĪňŗȮ12 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
ĳŅıĪňŗȮ/0 ŐĽħĚĸńĔļĦŃĪŅĚŏĬŊŘŀŏĵŊŗŀĺŇĪĵŅĕŀĚĶńĚœĕƞĽŋĔĶĽƞĺĬĩŋĚœĕƞĶŃĵŃĔĶŅŏĲƖĵĬ 

ŐĽħĚĸńĔļĦŃĪŅĚŏĬŊŘŀŏĵŊŗŀĺŇĪĵŅĕŀĚĶńĚœĕƞĽŋĔĶĽƞĺĬĩŋĚœĕƞĶŃĵŃĔĶŅŏĲƖĵĬȮĪňŗĔņĸńĚĕĵŅĵȮ2.X 
ŏĞĸĸƢœĕƞĶŃĵŃĬňŘĴňĔŅĶŏıŇŗĴĕŀĚŏĞĸĸƢŐĔĶĸŌőĬĞŅŐĸŃŏĞĸĸƢĪňĔŅľĸŅĵĝńŘĬȮĴňĽŅĶěņıĺĔœĔĸőėőĮĶĨňĬĴŅľŋƟĴ
ŏĞĸĸƢœĕƞȮŏĶňĵĔĺƞŅȮőĞĬŅȮŏıĸĸŌĞŇħŅȮıĭĺƞŅĴňĔŅĶĕĵŅĵĕŀĚĝƞŀĚĺƞŅĚĳŅĵŒĬĩŋĚœĕƞŏıŇŗĴĴŅĔĕŉŘĬȮėŊŀȮĝƞŀĚĺƞŅĚ
ĳŅĵŒĬĩŋĚœĕƞľĶŊŀŐŀĬĪĶńĴȮ&ŏĞĸĸƢœĕƞȮ(oocyte: O), ŏĞĸĸƢŐĔĶĬŌőĸĞŅȮ&granulosa cell: GC), ŏĞĸĸƢĪňĔŅȮ
&thaca cells: TC), őĞĬŅȮŏıĸĸŌĞŇħŅȮ&zona pellucida: ZP),ȮŐŀĬĪĶńĴȮ&antrum: A) 

 

O A 
ZP GC 

Graafian 
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GC 
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 5.ȮĩŋĚœĕƞĶŃĵŃėŀĶƢĮƤĽĸŌŏĪňĵĴȮěŅĔĶńĚœĕƞȮĞŉŗĚŏĮƦĬŏĬŊŘŀŏĵŊŗŀĪňŗŏěĶŇĠŏĮĸňŗĵĬŐĮĸĚĴŅěŅĔĩŋĚœĕƞĶŃĵŃȮ
ĔĶŅŏĲƖĵĬľĸńĚĨĔœĕƞȮįĬńĚĕŀĚĲŀĸĸŇŏėŇĸěŃĵŋĭĨńĺĸĚȮŏĶňĵĔĺƞŅȮėŀĶƢĮƤĽȮĸŌŏĪňĵĴȮŐĸŃĕĵŅĵĨńĺĕŉŘĬĴŅŀňĔ
ĳŅĵľĸńĚȮŏĬŊŗŀĚěŅĔĴňŏĸŊŀħŐĸŃĬŘņŏľĸŊŀĚĴŅŏĸňŘĵĚĴŅĔěŉĚĴňĽňŐħĚȮĶńĚœĕƞĭĶŇŏĺĦĬńŘĬěŃĴňŏĸŊŀħŀŀĔ
ĔĸŅĵŏĮƦĬĔƟŀĬĽňŐħĚȮŏĶňĵĔĺƞŅȮėŀĮƤĽȮŁňőĴĶŅěŇĔńĴȮ&corpus hemorrhagicum) ŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅěŃ
ĴňĕĬŅħŒľĠƞĕŉŘĬȮĔƟŀĬŏĸŊŀħěŃĩŌĔŐĪĬĪňŗħƟĺĵœĕĴńĬĽňŏľĸŊŀĚěŃŏĮƦĬŏĞĸĸƢĸŌŏĨňĵĸȮ&luteal cell) ĞŉŗĚěŃĴň
ĔŅĶľĸńŗĚĽŅĶĽňŏľĸŊŀĚŀŀĔĴŅěŅĔŏĞĸĸƢĬňŘȮŏĶňĵĔĔĶŃĭĺĬĔŅĶĬňŘĺƞŅȮLuteinization ħńĚĳŅıĪňŗȮ13 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
ĳŅıĪňŗȮ/1 ŐĽħĚĸńĔļĦŃĪŅĚŏĬŊŘŀŏĵŊŗŀĺŇĪĵŅĕŀĚĩŋĚœĕƞĶŃĵŃėŀĶƢĮƤĽĸŌŏĪňĵĴȮ 

ěŅĔĶńĚœĕƞĽŋĔĶĪňŗĔņĸńĚĕĵŅĵȮ40X ĞŉŗĚŏĮƦĬŏĬŊŘŀŏĵŊŗŀĪňŗŏěĶŇĠŏĮĸňŗĵĬŐĮĸĚĴŅěŅĔĩŋĚœĕƞĶŃĵŃȮ
ĔĶŅŏĲƖĵĬľĸńĚĨĔœĕƞȮĞŉŗĚįĬńĚĕŀĚĲŀĸĸŇŏėŇĸěŃĵŋĭĨńĺĸĚȮŏĶňĵĔĺƞŅȮėŀĶƢĮƤĽȮĸŌŏĪňĵĴȮŐĸŃĕĵŅĵĨńĺĕŉŘĬĴŅŀňĔ
ĳŅĵľĸńĚ 
 

 6. ĩŋĚœĕƞĶŃĵŃėŀĶƢĮƤĽȮŀńĸĭŇŐėĬȮŏĔŇħŏĴŊŗŀŏĞĸĸƢœĕƞœĴƞœħƟĶńĭĔŅĶįĽĴ ėŀĶƢĮƤĽĸŌŏĪňĵĴěŃŏěĶŇĠ
ĨƞŀœĮŏĮĸňŗĵĬŏĮƦĬėŀĶƢĮƤĽŀńĸĭŇŐėĬȮ&corpus albican) ŏĮƦĬŏĬŊŘŀŏĵŊŗŀĪňŗĔņĸńĚĽĸŅĵĨńĺȮŏĞĸĸƢěŃĨŅĵĴň
ŏĬŊŘŀŏĵŊŗŀĽňĕŅĺȮŏĶňĵĔĺƞŅȮėŀĶƢĮƤĽȮŀńĸĭŇŐėĬȮĪňŗœĴƞœħƟĽĶƟŅĚŁŀĶƢőĴĬőĮĶŏěĽŏĪŀőĶĬȮŏĵŊŗŀĭŋĴħĸŌĔěŉĚĽĸŅĵŏĔŇħ
ŏĮƦĬŏĸŊŀħĮĶŃěņŏħŊŀĬȮħńĚĳŅıĪňŗȮ14 
 

Corpus 
luteum 
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ĳŅıĪňŗȮ/2 ŐĽħĚĸńĔļĦŃĪŅĚŏĬŊŘŀŏĵŊŗŀĺŇĪĵŅĕŀĚĩŋĚœĕƞĶŃĵŃėŀĶƢĮƤĽŀńĸĭŇŐėĬȮ 

ěŅĔĶńĚœĕƞĽŋĔĶĪňŗĔņĸńĚĕĵŅĵȮ40X 
 

įĸĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢœĕƞĽŋĔĶŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 

 įĸĔŅĶĻŉĔļŅĸńĔļĦŃŏĞĸĸƢœĕƞĽŋĔĶħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭŒĝƟŐĽĚěņŐĬĔŏĞĸĸƢœĕƞœħƟĪńŘĚľĴħȮ5Ȯ
ŐĭĭȮħńĚĬňŘ 
 ŐĭĭĪňŗȮ1 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬ (intact cumulus cell layer 
oocytes) 
 ŐĭĭĪňŗ 2 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬȮ&multi cumulus cells layer 
oocytes) 
 ŐĭĭĪňŗȮ3 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬȮ&partial cumulus cells layer 
oocytes) 
 ŐĭĭĪňŗȮ4 ŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ&completely denuded oocytes'  
 ŐĭĭĪňŗȮ5 ŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĳŅıȮ&degenerated oocytes) 
 ŏĞĸĸƢœĕƞěŅĔĩŋĚœĕƞĕĬŅħŏĸŖĔĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĨƞŅĚŕȮěŃĴňĶŌĮĶƞŅĚĔĸĴŐĸŃĸƟŀĴĶŀĭ
ħƟĺĵȮőĞĬŅȮŏıĸĸŌĞŇħŅĪňŗĴňĝńŘĬĕŀĚŏĞĸĸƢėŌĴŌĸńĽȮŏĴŊŗŀĻŉĔļŅħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭŒĝƟŐĽĚıĭĺƞŅĽŅĴŅĶĩ
ŐĭƞĚŀŀĔŏĮƦĬȮ5ȮŐĭĭȮĨŅĴěņĬĺĬĕŀĚĝńŘĬŏĞĸĸƢėŌĴŌĸńĽĪňŗŀĵŌƞőħĵĶŀĭŏĞĸĸƢœĕƞȮőħĵŐĭĭĪňŗȮ1 ŏĞĸĸƢœĕƞĪňŗĴň
ŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬěŃĴňĝńŘĬĕŀĚŏĞĸĸƢėŌĴŌĸńĽĸƟŀĴĶŀĭȮ5ȮĝńŘĬȮĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ

Corpus  
albican 
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ŏĜĸňŗĵ 149.47±3.72ȮœĴőėĶŏĴĨĶȮŐĭĭĪňŗȮ2 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬȮěŃĴňĝńŘĬ
ĕŀĚŏĞĸĸƢėŌĴŌĸńĽĸƟŀĴĶŀĭ 2-3ȮĝńŘĬȮĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵȮ108.20±14.60 œĴőėĶŏĴĨĶȮ               
őħĵŐĽħĚĳŅıĕŀĚŏĞĸĸƢœĕƞŏĮĶňĵĭŏĪňĵĭŏĞĸĸƢœĕƞĪňŗœħƟěŅĔĩŋĚœĕƞĕĬŅħŏĸŖĔȮĕĬŅħĔĸŅĚŐĸŃĕĬŅħŒľĠƞȮĕŀĚ
ŏĞĸĸƢœĕƞŐĭĭĪňŗȮ1 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬ (intact cumulus cell layer 
oocytes)ȮŐĸŃŏĞĸĸƢœĕƞŐĭĭĪňŗ 2 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬȮ&multi cumulus 
cells layer oocytes) ıĭĺƞŅěņĬĺĬĝńŘĬĕŀĚŏĞĸĸƢėŌĴŌĸńĽĪňŗĸƟŀĴĶŀĭŏĞĸĸƢœĕƞěŅĔĩŋĚœĕƞĕĬŅħŏĸŖĔĬƟŀĵ
ĔĺƞŅĩŋĚœĕƞĕĬŅħĔĸŅĚŐĸŃĕĬŅħŒľĠƞȮĨŅĴĸņħńĭȮħńĚĳŅıĪňŗ 15-16 ŐĸŃĳŅıĕŀĚŏĞĸĸƢœĕƞŐĭĭĪňŗȮ3 ŏĞĸĸƢ
œĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬěŃĴňĝńŘĬĕŀĚŏĞĸĸƢėŌĴŌĸńĽĸƟŀĴĶŀĭŏıňĵĚĭŅĚĽƞĺĬȮĴňĕĬŅħŏĽƟĬ
įƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵ 72.71±2.87 œĴőėĶŏĴĨĶȮŐĭĭĪňŗȮ4 ŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞěŃœĴƞĴňĝńŘĬ
ĕŀĚŏĞĸĸƢėŌĴŌĸńĽĸƟŀĴĶŀĭȮĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵ 77.50±4.23 œĴőėĶŏĴĨĶŐĸŃŐĭĭĪňŗȮ5 ŏĞĸĸƢ
œĕƞĪňŗŏĽŊŗŀĴĽĳŅıȮĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵ 59.49±1.64 œĴőėĶŏĴĨĶȮħńĚĳŅıĪňŗ 15 
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ĳŅıĪňŗȮ/3 ĳŅıŏĞĸĸƢœĕƞŐĭĭĪňŗȮ/ȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĸŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬěŅĔĩŋĚœĕƞĕĬŅħŏĸŖĔȮ
ĕĬŅħĔĸŅĚŐĸŃĕĬŅħŒľĠƞȮ 

&Ĕ'ȮŐĽħĚĳŅıŏĞĸĸƢœĕƞŐĭĭĪňŗȮ1 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬěŅĔĩŋĚœĕƞĕĬŅħ
ŏĸŖĔȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ1-2 ĴŇĸĸŇŏĴĨĶ'Ȯ&ĕ'ȮŐĽħĚĳŅıŏĞĸĸƢœĕƞŐĭĭĪňŗȮ1 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭ
ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬěŅĔĩŋĚœĕƞĕĬŅħĔĸŅĚȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6 
ĴŇĸĸŇŏĴĨĶ'Ȯ&ė'ȮŐĽħĚĳŅıŏĞĸĸƢœĕƞŐĭĭĪňŗȮ1 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞ
ŐĭĭĨŇħŐĬƞĬěŅĔĩŋĚœĕƞĕĬŅħŒľĠƞȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ7-8 ĴŇĸĸŇŏĴĨĶ' 
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ĳŅıĪňŗȮ/4ȮĳŅıŏĞĸĸƢœĕƞŐĭĭĪňŗȮ0ȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬěŅĔĩŋĚœĕƞĕĬŅħŏĸŖĔȮ
ĕĬŅħĔĸŅĚŐĸŃĕĬŅħŒľĠƞȮ 

&Ĕ'ȮŐĽħĚĳŅıŏĞĸĸƢœĕƞŐĭĭĪňŗȮ0ȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬěŅĔĩŋĚœĕƞ
ĕĬŅħŏĸŖĔȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ/-0ȮĴŇĸĸŇŏĴĨĶ'Ȯ&ĕ'ȮŐĽħĚĳŅıŏĞĸĸƢœĕƞŐĭĭĪňŗȮ0ȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢ
ĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬěŅĔĩŋĚœĕƞĕĬŅħĔĸŅĚȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6 ĴŇĸĸŇŏĴĨĶ'ȮȮ&ė'ȮŐĽħĚ
ĳŅıŏĞĸĸƢœĕƞŐĭĭĪňŗȮ0ȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬěŅĔĩŋĚœĕƞĕĬŅħŒľĠƞȮ&ŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚȮ7-8 ĴŇĸĸŇŏĴĨĶ' 
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ĳŅıĪňŗȮ17 ĳŅıŐĽħĚŏĞĸĸƢœĕƞĪňŗěņŐĬĔĨŅĴŏĞĸĸƢėŌĴŌĸńĽĪňŗĸƟŀĴĶŀĴȮ&Ĕ'ȮŐĭĭĪňŗȮ3 Ȯ&ĕ'ȮŐĭĭĪňŗȮ4 Ȯ&ė'Ȯ
ŐĭĭĪňŗȮ5 

 ĳŅıŐĽħĚŏĞĸĸƢœĕƞĪňŗěņŐĬĔĨŅĴŏĞĸĸƢėŌĴŌĸńĽĪňŗĸƟŀĴĶŀĭȮ&Ĕ'ȮŐĭĭĪňŗȮ3 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢ
ĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬȮ&ĕ'ȮŐĭĭĪňŗȮ4 ŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ&ė'ȮŐĭĭĪňŗȮ5 ŏĞĸĸƢ
œĕƞĪňŗŏĽŊŗŀĴĽĳŅı ĔŅĶĻŉĔļŅĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĨƞŅĚŕȮħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭŒĝƟŐĽĚ
ıĭĺƞŅĽŅĴŅĶĩŐĭƞĚŀŀĔŏĮƦĬȮ5ȮŐĭĭȮĨŅĴěņĬĺĬĕŀĚĝńŘĬŏĞĸĸƢėŌĴŌĸńĽĪňŗŀĵŌƞőħĵĶŀĭŏĞĸĸƢœĕƞȮıĭěņĬĺĬ
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ŏĞĸĸƢœĕƞŐĸŃŏĮŀĶƢŏĞŖĬĨƢĕŀĚŏĞĸĸƢœĕƞŐĭĭĪňŗȮ1, 2, 3, 4 ŐĸŃȮ5 ħńĚĨŅĶŅĚĪňŗȮ7ȮŏĞĸĸƢœĕƞĽƞĺĬŒľĠƞěŃŏĮƦĬ
ŐĭĭĪňŗȮ1ȮŐĸŃȮ2 őħĵŏĶňĵĚĨŅĴĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ/-0ȮĴŇĸĸŇŏĴĨĶȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚȮ3-4ȮĴŇĸĸŇŏĴĨĶȮĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6ȮĴŇĸĸŇŏĴĨĶȮŐĸŃĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚȮ7-8ȮĴŇĸĸŇŏĴĨĶȮıĭĶƟŀĵĸŃȮ53.84, 55.92, 56.94 ŐĸŃȮ56.52 ĨŅĴĸņħńĭ  

 
ĨŅĶŅĚĪňŗȮ5 ěņĬĺĬŐĸŃŏĮŀĶƢŏĞŖĬĨƢĕŀĚŏĞĸĸƢœĕƞěŅĔĶńĚœĕƞȮ42ȮĶńĚœĕƞȮĪňŗĴňĩŋĚœĕƞĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮȮȮ
1-2, 3-4, 5-6 ŐĸŃȮ7-8 ĴŇĸĸŇŏĴĨĶȮ 

 
ľĴŅĵŏľĨŋ  
 ŐĭĭĪňŗȮ1 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬȮ(intact cumulus cell layer 
oocytes) 

ĕĬŅħĩŋĚœĕƞ 

&ĴŇĸĸŇŏĴĨĶ' 

ěņĬĺĬ

ŏĞĸĸƢœĕƞĪňŗ

ŏěŅŃœħƟ 

ěņĬĺĬĝĬŇħŏĞĸĸƢœĕƞĪňŗıĭ 

ŐĭĭĪňŗȮ1 ŐĭĭĪňŗȮ2 ŐĭĭĪňŗȮ3 ŐĭĭĪňŗȮ4 ŐĭĭĪňŗȮ5 

1-2  1,208 162 

(13.41%) 

484 

(40.07%) 

207 

(17.14%) 

275 

(22.76%) 

80 

(6.62%) 

3-4  372 71 

(19.09%) 

137 

(36.83%) 

73 

(19.62%) 

68 

(18.28%) 

23 

(6.18%) 

5-6  72 24 

(33.33%) 

17 

(23.61%) 

/1 

(15.28%) 

13 

(18.06%) 

7 

(9.72%) 

7-8 23 6 

(26.09%) 

7 

(30.43%) 

6 

(26.09%) 

/ 

(4.35%) 

3 

(13.04%) 



  65 

 ŐĭĭĪňŗȮ2 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬȮ&multi cumulus cells layer 
oocytes) 
 ŐĭĭĪňŗȮ3 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬ (partial cumulus cells 
layer oocytes) 
 ŐĭĭĪňŗȮ4 ėŊŀȮŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ&completely denuded oocytes' 
 ŐĭĭĪňŗȮ5 ėŊŀȮŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĸŅĵ (degenerated oocytes) 
   
 ěŅĔĕƟŀĴŌĸěņĬĺĬŐĸŃŏĮŀĶƢŏĞŖĬĨƢĕŀĚŏĞĸĸƢœĕƞĪňŗıĭŒĬĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ1-2  
3-4, 5-6 ŐĸŃȮ7-8ȮĴŇĸĸŇŏĴĨĶȮĬņĴŅĺŇŏėĶŅŃľƢŏĮƦĬĔĶŅĲŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭěņĬĺĬŐĸŃŏĮŀĶƢŏĞŖĬĨƢ
ŏĞĸĸƢœĕƞŐĨƞĸŃĝĬŇħĪňŗıĭŒĬĩŋĚœĕƞĪňŗĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĨƞŅĚŕȮħńĚĳŅıĪňŗȮ18-21 

 
 
ĳŅıĪňŗȮ/6 ĔĶŅĲŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭěņĬĺĬŐĸŃŏĮŀĶƢŏĞŖĬĨƢŏĞĸĸƢœĕƞŐĨƞĸŃĝĬŇħĪňŗıĭŒĬĩŋĚœĕƞĕĬŅħ
ŏĸŖĔȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ1-2 ĴŇĸĸŇŏĴĨĶ'ȮĪňŗŏěŅŃŏĔŖĭœħƟěŅĔŏĞĸĸƢœĕƞȮ1,208 ŏĞĸĸƢ 
ľĴŅĵŏľĨŋ  
 ŐĭĭĪňŗȮ1 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬȮ(intact cumulus cell layer 
oocytes) 
 ŐĭĭĪňŗȮ2 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬȮ&multi cumulus cells layer 
oocytes) 
 ŐĭĭĪňŗȮ3 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬ&partial cumulus cells layer 
oocytes) 
 ŐĭĭĪňŗȮ4 ėŊŀȮŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ&completely denuded oocytes' 
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 ŐĭĭĪňŗȮ5 ėŊŀȮŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĸŅĵȮ(degenerated oocytes) 
  

ěŅĔĳŅıĪňŗȮ18ȮıĭĺƞŅĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ1-2ȮĴŇĸĸŇŏĴĨĶȮĴňěņĬĺĬŏĞĸĸƢœĕƞŐĭĭĪňŗȮ
1 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬĴŅĔĪňŗĽŋħȮėŊŀȮěņĬĺĬȮ484ȮŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭȮ40.07
ŏĮŀĶƢŏĞŖĬĨƢȮĶŀĚĸĚĴŅȮėŊŀȮŐĭĭĪňŗȮ4 ŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮȮěņĬĺĬȮ275ȮŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭ 
22.76 ŏĮŀĶƢŏĞŖĬĨƢȮŐĭĭĪňŗ 3 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬȮěņĬĺĬȮ207ŏĞĸĸƢœĕƞȮ
ŏĪƞŅĔńĭ 17.14 ŏĮŀĶƢŏĞŖĬĨƢȮŐĭĭĪňŗȮ1 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬȮěņĬĺĬȮ162 
ŏĪƞŅĔńĭȮ13.41 ŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃŐĭĭĪňŗȮ5 ŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĸŅĵȮěņĬĺĬȮ80 ŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭȮ6.62 
ŏĮŀĶƢŏĞŖĬĨƢȮĨŅĴĸņħńĭȮ 

 

ĳŅıĪňŗȮ/7 ĔĶŅĲŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭěņĬĺĬŐĸŃŏĮŀĶƢŏĞŖĬĨƢŏĞĸĸƢœĕƞŐĨƞĸŃĝĬŇħĪňŗıĭŒĬĩŋĚœĕƞĕĬŅħ
ĔĸŅĚȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ3-4 ĴŇĸĸŇŏĴĨĶ'ȮĪňŗŏěŅŃŏĔŖĭœħƟěŅĔŏĞĸĸƢœĕƞȮ372 ŏĞĸĸƢ 
 
 
ľĴŅĵŏľĨŋ  
 ŐĭĭĪňŗȮ1 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬȮ(intact cumulus cell layer 
oocytes) 
 ŐĭĭĪňŗȮ2 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬȮ&multi cumulus cells layer 
oocytes) 
 ŐĭĭĪňŗȮ3 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬ&partial cumulus cells layer 
oocytes) 
 ŐĭĭĪňŗȮ4 ėŊŀȮŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ&completely denuded oocytes' 
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ŐĭĭĪňŗȮ5 ėŊŀȮŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĸŅĵȮ(degenerated oocytes) 
 

ěŅĔĳŅıĪňŗȮ19ȮıĭĺƞŅĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ 3-4ȮĴŇĸĸŇŏĴĨĶȮĴňěņĬĺĬŏĞĸĸƢœĕƞŐĭĭĪňŗȮ
2 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬĴŅĔĪňŗĽŋħȮėŊŀȮěņĬĺĬȮ137ȮŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭȮ36.83 
ŏĮŀĶƢŏĞŖĬĨƢȮĶŀĚĸĚĴŅȮėŊŀȮŐĭĭĪňŗȮ3 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬȮėŊŀȮěņĬĺĬȮ73Ȯ
ŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭ 19.62 ŏĮŀĶƢŏĞŖĬĨƢȮŐĭĭĪňŗȮ1 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬȮěņĬĺĬȮ
71ȮŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭȮ19.09 ŏĮŀĶƢŏĞŖĬĨƢȮŐĭĭĪňŗȮ4 ŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮěņĬĺĬȮ68 
ŏĪƞŅĔńĭȮ18.28 ŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃŐĭĭĪňŗȮ5 ŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĸŅĵȮ23 ŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭȮ6.18 ŏĮŀĶƢŏĞŖĬĨƢȮ
ĨŅĴĸņħńĭȮ 

 
 
ĳŅıĪňŗȮ0. ĔĶŅĲŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭěņĬĺĬŐĸŃŏĮŀĶƢŏĞŖĬĨƢŏĞĸĸƢœĕƞŐĨƞĸŃĝĬŇħĪňŗıĭŒĬĩŋĚœĕƞĕĬŅħ
ĔĸŅĚȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6 ĴŇĸĸŇŏĴĨĶ'ȮĪňŗŏěŅŃŏĔŖĭœħƟěŅĔŏĞĸĸƢœĕƞȮ72 ŏĞĸĸƢ 
ľĴŅĵŏľĨŋ  
 ŐĭĭĪňŗȮ1 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬȮ(intact cumulus cell layer 
oocytes) 
 ŐĭĭĪňŗȮ2 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬȮ&multi cumulus cells layer 
oocytes) 
 ŐĭĭĪňŗȮ3 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬ&partial cumulus cells layer 
oocytes) 
 ŐĭĭĪňŗȮ4 ėŊŀȮŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ&completely denuded oocytes' 
 ŐĭĭĪňŗȮ5 ėŊŀȮŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĸŅĵȮ(degenerated oocytes) 
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 ěŅĔĳŅıĪňŗȮ20ȮıĭĺƞŅĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ5-6ȮĴŇĸĸŇŏĴĨĶȮĴňěņĬĺĬŐĭĭĪňŗȮ1 
ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬĴŅĔĪňŗĽŋħȮėŊŀȮ24ȮŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭ 33.33ȮŏĮŀĶƢŏĞŖĬĨƢȮ
ĶŀĚĸĚĴŅȮėŊŀŐĭĭĪňŗȮ2 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬȮěņĬĺĬȮ17 ŏĞĸĸƢœĕƞŏĪƞŅĔńĭȮ
23.61ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĭĭĪňŗȮ4 ŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮěņĬĺĬȮ13ȮŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭȮ18.06Ȯ
ŏĮŀĶƢŏĞŖĬĨƢȮŐĭĭĪňŗȮ3ȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬěņĬĺĬ 11 ŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭȮ
15.28ȮŏĮŀĶƢŏĞŖĬĨƢ ŐĸŃŐĭĭĪňŗȮ5 ŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĸŅĵěņĬĺĬ 7 ŏĞĸĸƢœĕƞŐĸŃȮ9.72ȮŏĮŀĶƢŏĞŖĬĨƢȮ
ĨŅĴĸņħńĭȮŏĴŊŗŀĺŇŏėĶŅŃľƢįĸĪŅĚĽĩŇĨŇȮıĭĺƞŅŏĞĸĸƢœĕƞĪńŘĚȮ5 ĝĬŇħ œĴƞŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇĪňŗĶŃħńĭĬńĵĽņėńĠȮ
0.05 

 

ĳŅıĪňŗȮ0/ ĔĶŅĲŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭěņĬĺĬŐĸŃŏĮŀĶƢŏĞŖĬĨƢŏĞĸĸƢœĕƞŐĨƞĸŃĝĬŇħĪňŗıĭŒĬĩŋĚœĕƞĕĬŅħ
ŒľĠƞȮ&ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ7-8 ĴŇĸĸŇŏĴĨĶ'ȮĪňŗŏěŅŃŏĔŖĭœħƟěŅĔŏĞĸĸƢœĕƞȮ23 ŏĞĸĸƢ 
 
ľĴŅĵŏľĨŋ  
 ŐĭĭĪňŗȮ1 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬȮ(intact cumulus cell layer 
oocytes) 
 ŐĭĭĪňŗȮ2 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬȮ&multi cumulus cells layer 
oocytes) 
 ŐĭĭĪňŗȮ3 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬȮ&partial cumulus cells 
layer oocytes) 
 ŐĭĭĪňŗȮ4 ėŊŀȮŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ&completely denuded oocytes' 
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 ŐĭĭĪňŗȮ5 ėŊŀȮŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĸŅĵ (degenerated oocytes) 
  
 ěŅĔĳŅıĪňŗȮ21 ıĭĺƞŅĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ 7-8ȮĴŇĸĸŇŏĴĨĶȮĴňŐĭĭĪňŗȮ2 ŏĞĸĸƢœĕƞĪňŗĴň
ŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬĴŅĔĪňŗĽŋħȮėŊŀȮěņĬĺĬȮ7ȮŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭ 30.43 ŏĮŀĶƢŏĞŖĬĨƢȮ
ĶŀĚĸĚĴŅȮėŊŀȮŐĭĭĪňŗȮ1 ŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬȮěņĬĺĬȮ6 ŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭȮ26.09 
ŏĮŀĶƢŏĞŖĬĨƢȮŐĭĭĪňŗȮ3ȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬȮěņĬĺĬȮ6 ŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭȮ
26.09 ŏĮŀĶƢŏĞŖĬĨƢŐĭĭĪňŗ 5ȮŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĸŅĵěņĬĺĬȮ3 ŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭ13.04 ŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃ
ŐĭĭĪňŗȮ4 ŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮěņĬĺĬ 1 ŏĞĸĸƢœĕƞȮŏĪƞŅĔńĭȮ4.35 ŏĮŀĶƢŏĞŖĬĨƢȮĨŅĴĸņħńĭȮ
ŏĴŊŗŀĺŇŏėĶŅŃľƢįĸĪŅĚĽĩŇĨŇȮıĭĺƞŅŏĞĸĸƢœĕƞĪńŘĚȮ5 ŐĭĭȮœĴƞŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇĪňŗĶŃħńĭĬńĵĽņėńĠȮ0.05 
 

 

ĳŅıĪňŗȮ00 ĔĶŅĲŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭěņĬĺĬĕŀĚŏĞĸĸƢœĕƞĪňŗıĭŒĬĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮȮ
1-2, 3-4, 5-6 ŐĸŃȮ7-8 ĴŇĸĸŇŏĴĨĶ 
 
ľĴŅĵŏľĨŋ  
 ŐĭĭĪňŗȮ1 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭĨŇħŐĬƞĬȮ(intact cumulus cell layer 
oocytes) 
 ŐĭĭĪňŗȮ2 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŐĭĭľĸŅĵĝńŘĬȮ&multi cumulus cells layer 
oocytes) 
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 ŐĭĭĪňŗȮ3 ėŊŀȮŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞŏıňĵĚĭŅĚĽƞĺĬȮ&partial cumulus cells 
layer oocytes) 
 ŐĭĭĪňŗȮ4 ėŊŀȮŏĞĸĸƢœĕƞĪňŗœĴƞĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ&completely denuded oocytes' 
 ŐĭĭĪňŗȮ5 ėŊŀȮŏĞĸĸƢœĕƞĪňŗŏĽŊŗŀĴĽĸŅĵȮ(degenerated oocytes) 
 
 ěŅĔĳŅıĪňŗȮ22 ıĭĺƞŅĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ1-2, 3-4ȮŐĸŃȮ7-8ȮĴŇĸĸŇŏĴĨĶȮȮȮȮȮȮȮȮȮ
ıĭŏĞĸĸƢœĕƞŐĭĭĪňŗȮ2 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŐĭĭľĸŅĵĝńŘĬĴŅĔĪňŗĽŋħȮŒĬĕĦŃĪňŗĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚ 5-6 ĴŇĸĸŇŏĴĨĶȮıĭŐĭĭĪňŗ 1 ŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŐĭĭĨŇħŐĬƞĬĴŅĔĪňŗĽŋħȮĬŀĔěŅĔĬňŘ
ıĭĺƞŅěņĬĺĬŏĞĸĸƢœĕƞĪňŗıĭŒĬĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ1-2 ĴŇĸĸŇŏĴĨĶȮĴňěņĬĺĬĴŅĔĔĺƞŅĩŋĚœĕƞ
ĕĬŅħŀŊŗĬŕȮĶŀĚĸĚĴŅŏĮƦĬĩŋĚœĕƞĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ 3-4, 5-6 ŐĸŃ 7-8ȮĴŇĸĸŇŏĴĨĶȮĨŅĴĸņħńĭȮ 
  

įĸĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĸŃĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢœĕƞ 
ĨńĺŀĵƞŅĚŏĞĸĸƢœĕƞěŅĔĶńĚœĕƞĽŋĔĶĪňŗŏĔŖĭħƟĺĵŏĪėĬŇėŐĭĭĮĸŀħŏĝŊŘŀȮĪňŗŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞŒĬŀŅľŅĶȮ 

K/77ȮugrfȮC_pjcŲqȮq_jrqȮ&Qgek_ȮAfckga_jȮAm,*ȮQr,ȮJmsgqȮKM*ȮSQ?'ȮĪňŗŏĽĶŇĴħƟĺĵ 10% heat-
treated fetal bovine serum (HTFBS), 2.2 mg/mL NaHCO3 1 M HEPES (Sigma Chemical 
Co., St. Louis MO, USA) 0.25 mM pyruvate 15 µg/mLȮĪňŗŏĽĶŇĴŁŀĶƢőĴĬȮporcine FSH 1 
µg/mL LHȮ1 µg/mL estradiol ŐĸŃȮ50Ȯµg/mL gentamycin sulfate ŒĬĽĳŅĺŃėĺŅĴĝŊŘĬĽŌĚĪňŗ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5 ŏĮŀĶƢŏĞŖĬĨƢȮĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĴŊŗŀŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞŒĬĶŃĵŃŏĶŇŗĴĨƟĬȮ
0 ĝńŗĺőĴĚȮıĭĺƞŅŏĞĸĸƢœĕƞĽŋĔĶĴňĶŌĮĶƞŅĚĔĸĴĸƟŀĴħƟĺĵȮȮőĞĬŅȮŏıĸĸŌĞŇħŅȮıĭŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞľĶŊŀ
ŏĞĸĸƢėŌĴŌĸńĽȮŏĞĸĸƢĸƟŀĴĶŀĭĨŇħŐĬƞĬĴŅĔȮıĭŏĞĸĸƢĸƟŀĴĶŀĭĮĶŃĴŅĦȮ5-7ȮĝńŘĬȮĴňĕĬŅħŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚŏĜĸňŗĵ 187.5±43.67ȮœĴőėĶŏĴĨĶȮħńĚĳŅıĪňŗ 23  
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ĳŅıĪňŗȮ01 ŏĞĸĸƢœĕƞĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŏĶŇŗĴĨƟĬȮ0 ĝńŗĺőĴĚȮ 

ŏıŅŃŏĸňŘĵĚŒĬŀŅľŅĶȮM199 ĪňŗĴňȮC_pjcŲqȮq_jrqȮ&Qgek_ȮAfckga_jȮAm,*ȮQr,ȮJmsgqȮKM*Ȯ
USA) ĪňŗŏĽĶŇĴħƟĺĵȮ10% HTFBS, 2.2 mg/mL NaHCO3 1 M HEPES (Sigma Chemical Co., St. 
Louis MO, USA), 0.25 mM pyruvateȮ15 µg/mLȮĪňŗŏĽĶŇĴŁŀĶƢőĴĬȮporcine FSH 1 µg/mL LH,            
1 µg/mL estradiol ŐĸŃȮ50 µg/mL gentamycin sulfate ŒĬĽĳŅĺŃėĺŅĴĝŊŘĬĽŌĚĪňŗėŅĶƢĭŀĬ-             Ȯ
œħŀŀĔœĞħƢȮ5 ŏĮŀĶƢŏĞŖĬĨƢȮĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮȮ&Ĕ'ȮĳŅıŏĞĸĸƢœĕƞĽŋĔĶĪňŗĔņĸńĚĕĵŅĵȮ100 ŏĪƞŅȮ
ıĭŏĞĸĸƢœĕƞĽŋĔĶĶŌĮĶƞŅĚĔĸĴŐĸŃĴňŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ&ľĶŊŀŏĞĸĸƢėŌĴŌĸńĽ'Ȯ3-5ȮĝńŘĬȮŐĭĭĨŇħŐĬƞĬĴŅĔȮ
&ĕ'ȮŏĞĸĸƢœĕƞĽŋĔĶĪňŗĔņĸńĚĕĵŅĵȮ2..ȮŏĪƞŅȮıĭŏĞĸĸƢœĕƞĽŋĔĶĶŌĮĶƞŅĚĔĸĴĸƟŀĴĶŀĭħƟĺĵőĞĬŅŏıĸĸŌĞŇħŅ 
 

&Ĕ' 

&ĕ' 
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ľĸńĚěŅĔŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞĽŋĔĶŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮıĭĸńĔļĦŃĕŀĚŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞĪňŗĴň
ĶŌĮĶƞŅĚĔĸĴȮěŃĕĵŅĵĨńĺŐįƞŀŀĔěŅĔĝńŘĬőĞĬŅȮŏıĸĸŌĞŇħŅȮěŅĔĬńŘĬĺńħĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚŏĞĸĸƢœĕƞ
ĪňŗĴňŏĞĸĸƢĸƟŀĴĶŀĭŐįƞĕĵŅĵŀŀĔŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶŏĶŇŗĴĨƟĬŒĬŏĺĸŅŏıŅŃŏĸňŘĵĚŏĶŇŗĴĨƟĬĪňŗȮ0 ĝńŗĺőĴĚȮ
ıĭĺƞŅĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵȮ120.66±17.09ȮœĴőėĶŏĴĨĶ ħńĚĳŅıĪňŗȮ24ȮĨƞŀĴŅŏĴŊŗŀŏıŅŃŏĸňŘĵĚ
ŏĞĸĸƢœĕƞĬŅĬȮ48ȮĝńŗĺőĴĚȮıĭĸńĔļĦŃĕŀĚŏĞĸĸƢėŌĴŌĸńĽȮĕĵŅĵĨńĺĵŊħĵŅĺŐĵĔŀŀĔěŅĔŏĞĸĸƢœĕƞŐĸŃĝńŘĬ           
őĞĬŅȮŏıĸĸŌĞŇħŅȮŏĴŊŗŀŏĪňĵĭĔńĭŏĞĸĸƢŏĶŇŗĴĨƟĬĪňŗŏıŅŃŏĸňŘĵĚŏĺĸŅȮ0ȮĝńŗĺőĴĚȮıĭĺƞŅĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ
ŏĜĸňŗĵ 143.33±0.,6/ȮœĴőėĶŏĴĨĶȮħńĚĳŅıĪňŗ 24 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
ĳŅıĪňŗȮ02 ŏĞĸĸƢœĕƞĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŏĮƦĬŏĺĸŅȮ24 ĝńŗĺőĴĚ 

ȮŒĬŀŅľŅĶȮM199 ĪňŗĴňȮC_pjcŲqȮq_jrqȮ&Qgek_ȮAfckga_jȮAm,*ȮQr,ȮJmsgqȮKM*ȮSQ?'ȮĪňŗŏĽĶŇĴ
ħƟĺĵȮ10% HTFBS, 2.2mg/mL NaHCO3 1 M HEPES (Sigma Chemical Co., St. Louis MO, 
USA), 0.25 mM pyruvateȮ15 µg/mLȮĪňŗŏĽĶŇĴŁŀĶƢőĴĬȮporcine FSH 1 µg/mL LH,                                 
1 µg/mL estradiol ŐĸŃȮ50 µg/mL gentamycin sulfate ŒĬĽĳŅĺŃėĺŅĴĝŊŘĬĽŌĚĪňŗėŅĶƢĭŀĬ-          Ȯ
œħŀŀĔœĞħƢȮ5 ŏĮŀĶƢŏĞŖĬĨƢȮĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮ&Ĕ'ȮŐĽħĚŏĞĸĸƢœĕƞĽŋĔĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞĽŋĔĶ
ŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚ ĪňŗĔņĸńĚĕĵŅĵȮ/..ȮŏĪƞŅȮıĭŏĞĸĸƢœĕƞĽŋĔĶĶŌĮĶƞŅĚĔĸĴĸƟŀĴĶŀĭħƟĺĵőĞĬŅȮŏıĸĸŌĞŇħŅȮ

&Ĕ' 

&ĕ' 
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ŐĸŃĴňŏĞĸĸƢėŌĴŌĸńĽŏĶŇŗĴĵŊħĨńĺŀŀĔȮ&ĕ'ȮŏĞĸĸƢœĕƞĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŏĞĸĸƢœĕƞĽŋĔĶŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮ
ĔņĸńĚĕĵŅĵȮ2..ȮŏĪƞŅ ŏĞĸĸƢėŌĴŌĸńĽŏĶŇŗĴĵŊħĨńĺŀŀĔŐĸŃŏĔŅŃĨŇħıŊŘĬįŇĺĳŅĝĬŃŏıŅŃŏĸňŘĵĚȮ3.ȮŏĮŀĶƢŏĞŖĬĨƢȮĵńĚ
ıĭŏĞĸĸƢĶŌĮĶƞŅĚĔĸĴŏĸŖĔĬƟŀĵ 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ03 ŏĞĸĸƢœĕƞĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŏĮƦĬŏĺĸŅȮ48 ĝńŗĺőĴĚ 

ŒĬŀŅľŅĶȮM199 ĪňŗĴňȮC_pjcŲqȮq_jrqȮ&Qgek_ȮAfckga_jȮAm,*ȮQr,ȮJmsgqȮKM*ȮSQ?'ȮĪňŗŏĽĶŇĴ
ħƟĺĵȮ10% HTFBS, 2.2 mg/mL NaHCO3 1 M HEPES (Sigma Chemical Co., St. Louis MO, 
USA) 0.25 mM pyruvate 15 µg/mLȮĪňŗŏĽĶŇĴŁŀĶƢőĴĬȮporcine FSH 1 µg/mL LHȮ1 
µg/mL estradiol ŐĸŃȮ50 µg/mL gentamycin sulfate ŒĬĽĳŅĺŃėĺŅĴĝŊŘĬĽŌĚĪňŗ

&Ĕ' 

&ĕ' 
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ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5 ŏĮŀĶƢŏĞŖĬĨƢ ĪňŗŀŋĦľĳŌĴŇȮ37ȮŀĚĻŅŏĞĸŏĞňĵĽȮ(Ĕ) ŏĞĸĸƢœĕƞĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŏĮƦĬŏĺĸŅȮ
48ȮĝńŗĺőĴĚȮĪňŗĔņĸńĚĕĵŅĵȮ100ȮŏĪƞŅ ıĭŏĞĸĸƢœĕƞĽŋĔĶĶŌĮĶƞŅĚĔĸĴĸƟŀĴĶŀĭħƟĺĵőĞĬŅȮŏıĸĸŌĞŇħŅŐĸŃĴňŏĞĸĸƢ
ėŌĴŌĸńĽĪňŗĸƟŀĴĶŀĭŏĞĸĸƢœĕƞȮ5-7 ĝńŘĬȮŏĶŇŗĴĵŊħĵŅĺŀŀĔŏıŇŗĴĕŉŘĬŏĮƦĬĶŌĮľĵħĬŘņĨŅȮ(ĕ) ŏĞĸĸƢœĕƞĽŋĔĶĪňŗ
ŏıŅŃŏĸňŘĵĚŏĮƦĬŏĺĸŅĬŅĬȮ48ȮĝńŗĺőĴĚȮĔņĸńĚĕĵŅĵȮ400ȮŏĪƞŅ ŏĞĸĸƢėŌĴŌĸńĽĵŊħĕĵŅĵŀŀĔěŅĔŏĞĸĸƢœĕƞŐĸŃ
ŏĔŅŃĨŇħıŊŘĬįŇĺĳŅĝĬŃŏıŅŃŏĸňŘĵĚȮ4.-5.ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĽħĚŒľƟŏľŖĬĺƞŅŏĞĸĸƢœĕƞĴňĔŅĶŏěĶŇĠıńĥĬŅěŅĔĔŅĶ
ĵŊħĕĵŅĵĕŀĚŏĞĸĸƢėŌĴŌĸńĽ 
 

įĸĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŐĸŃĔŅĶŏĔŖĭĽŅĶĪňŗŏĞĸĸƢľĸńŗĚĽŌƞŀŅľŅĶŏıŅŃŏĸňŘĵĚȮ 
ĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅŏĞĸĸƢŐĔĶĬŌőĸĞŅħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭľńĺĔĸńĭȮŏĴŊŗŀŏıŅŃŏĸňŘĵĚŏĞĸĸƢ

ŐĔĶĬŌőĸĞŅĽŋĔĶŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚȮM199 ŏĽĶŇĴħƟĺĵȮ/.#ȮHTFBS, /3Ȯµg/mL NaHCO1,        
.,03ȮmM pyruvate, 3.Ȯµg/mL gentamycin sulfate ŏĺĸŅ 0, 24,Ȯ48, 72, 96, 120ȮŐĸŃ 144Ȯ
ĝńŗĺőĴĚȮĨŅĴĸņħńĭȮőħĵŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ             
5ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬėĺŅĴĝŊŘĬĽŌĚȮŏĺĸŅŏĶŇŗĴĨƟĬȮ0 ĝńŗĺőĴĚȮıĭĺƞŅŏĞĸĸƢĴňĸńĔļĦŃĶŌĮĶƞŅĚĔĸĴȮœĴƞĴňĞŇŏĸňĵȮħńĚĳŅı
ĪňŗȮ26 ĬŀĔěŅĔĬńŘĬıĭŏĞĸĸƢĸŀĵŀĵŌƞŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚȮŏĞĸĸƢœĴƞĵŉħŏĔŅŃıŊŘĬįŇĺĳŅĝĬŃĪňŗŏıŅŃŏĸňŘĵĚȮıĭ
œħƟĪńŘĚŏĞĸĸƢŏħňŗĵĺŕȮ(singer cell) ŐĸŃıĭŏĞĸĸƢĪňŗŏĔŅŃĔĸŋƞĴĶĺĴĔńĬȮ(cluster cells) ŏĞĸĸƢŐĔĶĬŌőĸĞŅĴň
ĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵȮ4.2±/7.2/ œĴőėĶŏĴĨĶȮħńĚĳŅıĪňŗȮ27 (Ĕ'ȮľĸńĚěŅĔŏıŅŃŏĸňŘĵĚŏĞĸĸƢ
ŐĔĶĬŌőĸĞŅŏĮƦĬŏĺĸŅȮ24ȮĝńŗĺőĴĚȮıĭĸńĔļĦŃĕŀĚŏĞĸĸƢĸƟŀĴĶŀĭŏĞĸĸƢœĕƞĪňŗĴňĶŌĮĶƞŅĚĔĸĴȮěŃĕĵŅĵĨńĺŐįƞ
ŀŀĔěŅĔĝńŘĬőĞĬŅȮŏıĸĸŌĞŇħŅȮŏĶŇŗĴĵŉħŏĔŅŃıŊŘĬįŇĺ 50 ŏĮŀĶƢŏĞŖĬĨƢȮőħĵıĭĸńĔļĦŃŏĞĸĸƢĴňĔŅĶŐįƞĨńĺĕĵŅĵ
ĵŊħĵŅĺĶŌĮĔĶŃĽĺĵȮ(fusiform shape) ěŅĔĬńŘĬĬņĴŅĺńħĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢ
ĸƟŀĴĶŀĭŐįƞĕĵŅĵŀŀĔŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶŏĶŇŗĴĨƟĬŒĬŏĺĸŅŏıŅŃŏĸňŘĵĚȮ0 ĝńŗĺőĴĚȮıĭĺƞŅĴňŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚŏĜĸňŗĵȮ15..±/1..1 œĴőėĶŏĴĨĶ ħńĚĳŅıĪňŗȮ26Ȯ&ĕ'Ȯ 
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ĳŅıĪňŗȮ04ȮŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĪňŗŏĶŇŗĴŏıŅŃŏĸňŘĵĚȮ.ȮĝńŗĺőĴĚ 
ŒĬŀŅľŅĶȮM199 ŏĽĶŇĴħƟĺĵȮ10% HTFBS, 15 µg/mL NaHCO3, 0.25 ĴŇĸĸŇŏĴĨĶȮ

pyruvate, 50 µg/mL gentamycin sulfate ĭƞĴŒĬĨŌƟĭƞĴėĺŅĴĝŊŘĬĪňŗėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5 
ŏĮŀĶƢŏĞŖĬĨƢȮĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŒĬĽĳŅĺŃėĺŅĴĝŊŘĬĽŌĚȮȮıĭŏĞĸĸƢĶŌĮĶƞŅĚĔĸĴȮœĴƞĴňĞŇŏĸňĵ 
 

 

 

 

 

 

 

 
ĳŅıĪňŗȮ05ȮŏĮĶňĵĭŏĪňĵĭĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŒĬĔŅĶŏıŅŃŏĸňŘĵĚĪňŗȮ.ȮĝńŗĺőĴĚȮ
ŐĸŃȮ02ȮĝńŗĺőĴĚ 

&Ĕ'ȮŐĽħĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŏĴŊŗŀŏĶŇŗĴŏıŅŃŏĸňŘĵĚȮ0 ĝńŗĺőĴĚȮŒĬŀŅľŅĶȮM199 ŏĽĶŇĴħƟĺĵȮ10% 
HTFBS, /3Ȯµg/mL NaHCO1, .,03ȮmM pyruvate, 3.Ȯµg/mL gentamycin sulfateȮőħĵ
ŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬ

&ĕ' &Ĕ' 
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ėĺŅĴĝŊŘĬĽŌĚ ıĭĺƞŅŏĞĸĸƢĴňĸńĔļĦŃĶŌĮĶƞŅĚĔĸĴȮĸŀĵŀĵŌƞŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚĵńĚœĴƞĵŉħŏĔŅŃıŊŘĬįŇĺĳŅĝĬŃĪňŗ
ŏıŅŃŏĸňŘĵĚȮ&ĕ'ȮŐĽħĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŏıŅŃŏĸňŘĵĚĬŅĬȮ24 ĝńŗĺőĴĚȮıĭĸńĔļĦŃŏĞĸĸƢĴňĔŅĶŐįƞĕĵŅĵĵŊħ
ĵŅĺȮĶŌĮĔĶŃĽĺĵȮ&fusiform shape) ıĭĺƞŅŏĞĸĸƢŐĔĶĬŌőĸĞŅŏĶŇŗĴĵŉħŏĔŅŃıŊŘĬįŇĺȮ50 ŏĮŀĶƢŏĞŖĬĨƢȮĴňŏĽƟĬ
įƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵȮ15..±/1..1 œĴőėĶŏĴĨĶ ŐĸŃŏĞĸĸƢĵńĚĴňĶŌĮĶƞŅĚŏĮƦĬĪĶĚĔĸĴĵŉħŏĔŅŃĔńĭıŊŘĬįŇĺ
ĳŅĝĬŃŏıŅŃŏĸňŘĵĚŀĵŌƞȮ 
 

ŏĴŊŗŀŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŏĮƦĬŏĺĸŅȮ26ȮĝńŗĺőĴĚȮŒĬŀŅľŅĶȮM199 ŏĽĶŇĴħƟĺĵȮ10% 
HTFBS, /3Ȯµg/mL NaHCO1, .,03ȮmM pyruvate, 3.Ȯµg/mL gentamycin sulfateȮőħĵ
ŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬ
ėĺŅĴĝŊŘĬĽŌĚȮıĭĺƞŅŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňĔŅĶĵŉħŏĔŅŃĪňŗıŊŘĬįŇĺĳŅĝĬŃŏıŅŃŏĸňŘĵĚĮĶŃĴŅĦȮ60ȮŏĮŀĶƢŏĞŖĬĨƢȮ
őħĵıĭĸńĔļĦŃŏĞĸĸƢĴňĔŅĶŐįƞĕĵŅĵĵŊħĵŅĺŏıŇŗĴĕŉŘĬĴňĕĬŅħėĺŅĴĵŅĺŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵ 
52.85±9.68 œĴőėĶŏĴĨĶ ŐĸŃĭŅĚŏĞĸĸƢĵńĚĴňĶŌĮĶƞŅĚŏĮƦĬĪĶĚĔĸĴĵŉħŏĔŅŃĔĶŃěŅĵĪńŗĺıŊŘĬįŇĺĳŅĝĬŃ
ŏıŅŃŏĸňŘĵĚȮħńĚĳŅıĪňŗ 28 ŏĴŊŗŀŏıŅŃŏĸňŘĵĚĬŅĬȮ72ȮĝńŗĺőĴĚȮıĭĺƞŅŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňĔŅĶĵŉħŏĔŅŃĪňŗıŊŘĬįŇĺ
ĳŅĝĬŃŏıŅŃŏĸňŘĵĚĮĶŃĴŅĦȮ70ȮŏĮŀĶƢŏĞŖĬĨƢȮőħĵıĭĸńĔļĦŃŏĞĸĸƢĴňĔŅĶŐįƞĕĵŅĵĵŊħĵŅĺŏıŇŗĴĕŉŘĬȮĴňĕĬŅħ
ėĺŅĴĵŅĺŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵ 79.9±6.58 œĴőėĶŏĴĨĶȮŐĸŃĭŅĚŏĞĸĸƢĵńĚĴňĶŌĮĶƞŅĚŏĮƦĬĪĶĚĔĸĴĵŉħ
ŏĔŅŃĔĶŃěŅĵĪńŗĺıŊŘĬįŇĺĳŅĝĬŃŏıŅŃŏĸňŘĵĚıĭŏĞĸĸƢĔĸĴĬƟŀĵĸĚȮȮħńĚĳŅıĪňŗ 28 

 

 

 

 

 

 

 
ĳŅıĪňŗȮ06 ĳŅıŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŏıŅŃŏĸňŘĵĚĬŅĬ 48 ĝńŗĺőĴĚȮ 

ŒĬŀŅľŅĶ M199ȮŏĽĶŇĴħƟĺĵ 10% HTFBS,Ȯ/3Ȯµg/mL NaHCO3, .,03ȮmM pyruvate, 3.Ȯ
µg/mL gentamycin sulfate  őħĵŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬėĺŅĴĝŊŘĬĽŌĚȮ&Ĕ'ȮŐĽħĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗĔņĸńĚĕĵŅĵȮ100 ŏĪƞŅȮ

&Ĕ' &ĕ' 
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ŐĸŃȮ&ĕ'ȮŐĽħĚŏĞĸĸƢŐĔĶĬŌőĸĞŅȮĪňŗĔņĸńĚĕĵŅĵȮ50ȮŏĪƞŅȮıĭĺƞŅŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňĔŅĶĵŉħŏĔŅŃĪňŗıŊŘĬįŇĺ
ĕĺħŏıŅŃŏĸňŘĵĚĮĶŃĴŅĦȮ60 ŏĮŀĶƢŏĞŖĬĨƢȮőħĵıĭĸńĔļĦŃŏĞĸĸƢĴňĔŅĶŐįƞĕĵŅĵĵŊħĵŅĺŏıŇŗĴĕŉŘĬȮŐĸŃĭŅĚ
ŏĞĸĸƢĵńĚĴňĶŌĮĶƞŅĚŏĮƦĬĪĶĚĔĸĴĵŉħŏĔŅŃĔĶŃěŅĵĪńŗĺıŊŘĬįŇĺĳŅĝĬŃŏıŅŃŏĸňŘĵĚȮĴňėĺŅĴĵŅĺŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚŏĜĸňŗĵȮ52.85±9.68 œĴőėĶŏĴĨĶ 
 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ07 ĳŅıŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŏıŅŃŏĸňŘĵĚĬŅĬ 72 ĝńŗĺőĴĚȮ 
ŒĬŀŅľŅĶ M199ȮŏĽĶŇĴħƟĺĵ 10% HTFBS, /3Ȯµg/mL NaHCO3, .,03ȮmM pyruvate, 3.Ȯ

µg/mL gentamycin sulfate őħĵŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬėĺŅĴĝŊŘĬĽŌĚȮıĭĺƞŅŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňĔŅĶĵŉħŏĔŅŃĪňŗıŊŘĬįŇĺĕĺħ
ŏıŅŃŏĸňŘĵĚĮĶŃĴŅĦȮ70 ŏĮŀĶƢŏĞŖĬĨƢȮőħĵıĭĸńĔļĦŃŏĞĸĸƢĴňĔŅĶŐįƞĕĵŅĵĵŊħĵŅĺŏıŇŗĴĕŉŘĬőħĵĽƞĺĬĪňŗĵŊħ
ĵŅĺŀŀĔĴŅĸńĔļĦŃľńĺŐľĸĴĪƟŅĵŐľĸĴȮıĭŏĞĸĸƢĔĸĴĬƟŀĵĸĚȮĴňĕĬŅħėĺŅĴĵŅĺŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ
ŏĜĸňŗĵ 79.9±6.58 œĴőėĶŏĴĨĶ 
 

ŏĴŊŗŀŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŒĬŏĺĸŅ 96 ĝńŗĺőĴĚȮŒĬŀŅľŅĶŏĸňŘĵĚŏĞĸĸƢȮM199 ŏĽĶŇĴħƟĺĵ 10% 
HTFBS,Ȯ/3Ȯµg/mL NaHCO3 , .,03ȮmM pyruvate, 3.Ȯµg/mL gentamycin sulfate őħĵ
ŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮ                
ŒĬėĺŅĴĝŊŘĬĽŌĚȮıĭĺƞŅŏĞĸĸƢĴňĔŅĶĵŉħŏĔŅŃĪňŗıŊŘĬįŇĺĕŀĚĳŅĝĬŃŏĸňŘĵĚŏĞĸĸƢĪńŘĚľĴħȮĔŅĶĵŊħĵŅĺĕŀĚŏĞĸĸƢ
ŏıŇŗĴĴŅĔĕŉŘĬěĬĴňĶŌĮĶƞŅĚŐĭĭœĲőĭĶĭĸŅĽ (fibroblast)ȮĪňŗĴňĸńĔļĦŃŐľĸĴľńĺĪƟŅĵĕŉŘĬȮőħĵŏĞĸĸƢĵŊħĵŅĺ
ĴŅĔĕŉŘĬĩŉĚ 90ȮŏĮŀĶƢŏĞŖĬĨƢȮŏĞĸĸƢĴňĔŅĶŐįƞĕĵŅĵěĬŏĔŊŀĭŏĨŖĴıŊŘĬĪňŗȮĴňĕĬŅħėĺŅĴĵŅĺ /07,65±01,3/
œĴőėĶŏĴĨĶ ħńĚĳŅıĪňŗȮ30 
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ĳŅıĪňŗȮ1. ĳŅıŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŏıŅŃŏĸňŘĵĚĬŅĬ 96ȮĝńŗĺőĴĚȮ 

ŒĬŀŅľŅĶ M199ȮŏĽĶŇĴħƟĺĵȮ10% HTFBS, /3Ȯµg/mL NaHCO3 , .,03ȮmM pyruvate, 3.Ȯ
µg/mL gentamycin sulfate őħĵŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬėĺŅĴĝŊŘĬĽŌĚȮıĭĺƞŅŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňĔŅĶĵŉħŏĔŅŃĪňŗıŊŘĬįŇĺĕŀĚ
ĳŅĝĬŃŏĸňŘĵĚŏĞĸĸƢĪńŘĚľĴħȮĔŅĶĵŊħĵŅĺĕŀĚŏĞĸĸƢŏıŇŗĴĴŅĔĕŉŘĬěĬĴňĶŌĮĶƞŅĚŐĭĭœĲőĭĶĭĸŅĽ ĪňŗĴňĸńĔļĦŃ
ľńĺĪƟŅĵŐľĸĴ ĴňĕĬŅħėĺŅĴĵŅĺŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵ /31,7/±0/,77ȮœĴőėĶŏĴĨĶ 

ŏĴŊŗŀŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĬŅĬȮ120 ĝńŗĺőĴĚȮŒĬŀŅľŅĶŏĸňŘĵĚŏĞĸĸƢȮM199 ŏĽĶŇĴħƟĺĵ 10% 
HTFBS, /3 µg/mL NaHCO3 ,.,03ȮmM pyruvate, 3.Ȯµg/mL gentamycin sulfate őħĵ
ŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮ                     
ŒĬėĺŅĴĝŊŘĬĽŌĚȮıĭĺƞŅŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňĔŅĶŐįƞĕĵŅĵĵŊħĵŅĺŏıŇŗĴĕŉŘĬȮȮŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňĔŅĶĵŉħŏĔŅŃĪňŗ
ıŊŘĬįŇĺĳŅĝĬŃŏıŅŃŏĸňŘĵĚĔńĬŀĵƞŅĚľĬŅŐĬƞĬĮĶŃĴŅĦȮ80-90 ŏĮŀĶƢŏĞŖĬĨƢȮĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵ 
/31,7/±0/,77ȮœĴőėĶŏĴĨĶȮħńĚĳŅıĪňŗ 31 
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ĳŅıĪňŗȮ1/ ĳŅıŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŏıŅŃŏĸňŘĵĚĬŅĬ 120 ĝńŗĺőĴĚȮ 
ŒĬŀŅľŅĶ M199ȮŏĽĶŇĴħƟĺĵȮ10% HTFBS,Ȯ/3Ȯµg/mL NaHCO3 ,.,03ȮmM pyruvate, 3.Ȯ

µg/mL gentamycin sulfate ȮőħĵŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬėĺŅĴĝŊŘĬĽŌĚȮıĭĺƞŅŏĞĸĸƢĴňĔŅĶŐįƞĕĵŅĵĵŊħĵŅĺŏıŇŗĴĕŉŘĬŏĞĸĸƢ             
ŐĔĶĬŌőĸĞŅĴňĔŅĶĵŉħŏĔŅŃĪňŗıŊŘĬįŇĺĕĺħŏıŅŃŏĸňŘĵĚĔńĬŀĵƞŅĚľĬŅŐĬƞĬĮĶŃĴŅĦȮ80-90 ŏĮŀĶƢŏĞŖĬĨƢȮĴňėĺŅĴ
ĵŅĺŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵȮ/31,7/±0/,77ȮœĴőėĶŏĴĨĶ 
  

ŏĴŊŗŀŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĬŅĬȮ144 ĝńŗĺőĴĚȮŒĬŀŅľŅĶ M199ȮŏĽĶŇĴħƟĺĵȮ10% HTFBS 
/3Ȯµg/mL NaHCO3, .,03ȮmM pyruvate, 3.Ȯµg/mL gentamycin sulfate ȮőħĵŏıŅŃŏĸňŘĵĚŒĬĨŌƟ
ĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬėĺŅĴĝŊŘĬĽŌĚȮıĭĺƞŅ
ŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĴňĸńĔļĦŃĵŊħĵŅĺĴŅĔĕŉŘĬŏĮƦĬĶŌĮĔĶŃĽĺĵȮ&fusiform  shape)ȮŏĞĸĸƢŐĔĶĬŌőĸĞŅ
ĽŋĔĶĴňĔŅĶĵŉħŏĔŅŃĨŇħĪňŗıŊŘĬįŇĺěŅĬŏıŅŃŏĸňŘĵĚĔńĬŀĵƞŅĚľĬŅŐĬƞĬĮĶŃĴŅĦ 90-100 ŏĮŀĶƢŏĞŖĬĨƢȮĕĬŅħĕŀĚ
ŏĞĸĸƢĴňėĺŅĴĵŅĺŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵȮ165.45±13.25 œĴőėĶŏĴĨĶȮħńĚĳŅıĪňŗȮ32 
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ĳŅıĪňŗȮ10 ĳŅıŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŏıŅŃŏĸňŘĵĚĬŅĬ 144ȮĝńŗĺőĴĚȮ 

ŒĬŀŅľŅĶ M199 ŏĽĶŇĴħƟĺĵȮ10% HTFBS, /3Ȯµg/mL NaHCO3 ,.,03ȮmM pyruvate, 3.Ȯ
µg/mL gentamycin sulfate ȮőħĵŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬėĺŅĴĝŊŘĬĽŌĚȮıĭĺƞŅĸńĔļĦŃŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňĔŅĶŐįƞĕĵŅĵĵŊħĵŅĺ
ŏıŇŗĴĕŉŘĬȮŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňĔŅĶĵŉħŏĔŅŃĪňŗıŊŘĬįŇĺĕĺħŏıŅŃŏĸňŘĵĚĔńĬŀĵƞŅĚľĬŅŐĬƞĬȮ100 ŏĮŀĶƢŏĞŖĬĨƢȮ           
ĴňėĺŅĴĵŅĺ 165.45±13.25 œĴőėĶŏĴĨĶ  

 
ĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢœĕƞŐĸŃŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĳŅĵŒĨƟĔĸƟŀĚ
ěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħ 

ĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢœĕƞ 
įĸĔŅĶĻŉĔļŅŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢėŌĴŌĸńĽĸƟŀĴĶŀĭŐĭĭĨŇħŐĬƞĬĔƞŀĬĔŅĶŏıŅŃŏĸňŘĵĚȮĻŉĔļŅħƟĺĵĔĸƟŀĚ

ěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮıĭĺƞŅŏĞĸĸƢėŌĴŌĸńĽĸƟŀĴĶŀĭĞƟŀĬĨŇħŐĬƞĬěņĬĺĬĴŅĔȮőħĵŏĞĸĸƢĴň
ĸńĔļĦŃĔĸĴŐĸŃŏĞĸĸƢĴňĕĬŅħȮ5 œĴőėĶŏĴĨĶȮħńĚĳŅıĪňŗȮ33 ŐĸŃȮĳŅıĪňŗȮ12Ȯ 
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ĳŅıĪňŗȮ11ȮĳŅıĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭĽƞŀĚĔĶŅħĕŀĚŏĞĸĸƢœĕƞĪňŗĴňŏĞĸĸƢėŌĴŌĸńĽĸƟŀĴĶŀĭŐĭĭĨŇħŐĬƞĬȮ
ĔƞŀĬĔŅĶŏıŅŃŏĸňŘĵĚ  
 

 
 

ĳŅıĪňŗȮ12ȮĳŅıĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭĽƞŀĚĔĶŅħȮŐĽħĚĳŅıĕĵŅĵŏĞĸĸƢėŌĴŌĸńĽĪňŗĸƟŀĴĶŀĭŏĞĸĸƢœĕƞĴň
ĸńĔļĦŃėƞŀĬĕƟŅĚĔĸĴĞƟŀĬĨŇħŐĬƞĬ 
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ŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶ 
ȮȮȮȮȮȮȮȮȮĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĴŅŏıŅŃŏĸňŘĵĚȮŒĬŀŅľŅĶȮM199 ŏĽĶŇĴħƟĺĵ 10% HTFBS,Ȯ
/3Ȯµg/mL NaHCO3 , .,03ȮmM pyruvate, 3.Ȯµg/mL gentamycin sulfate ĬŅĬ 0,Ȯ24, 48, 
72, 96 120, 144ȮĝńŗĺőĴĚȮĨŅĴĸņħńĭȮőħĵŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮŏĽĶŇĴħƟĺĵ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬėĺŅĴĝŊŘĬĽŌĚȮıĭĺƞŅŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŏıŅŃŏĸňŘĵĚȮ.ȮĝńŗĺőĴĚȮȮȮȮȮȮȮȮȮȮ
ĴňĕĬŅħȮ5 œĴőėĶŏĴĨĶȮĸńĔļĦŃĶŌĮĶƞŅĚĔĸĴȮœĴƞĴňĞŇŏĸňĵȮħńĚĳŅıĪňŗȮ35ȮŏĴŊŗŀĻŉĔļŅħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢ
ŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħĪňŗĔņĸńĚĕĵŅĵĽŌĚĕŉŘĬȮŐĽħĚĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅįŇĺĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅ
ĽŋĔĶŐĸŃıĭœĴőėĶĺŇĸœĸȮ&microvilli)ȮĴňĕĬŅħȮ1-2 œĴőėĶŏĴĨĶȮħńĚĳŅıĪňŗȮ36ȮěŅĔĬńŘĬĪņĔŅĶŏıŅŃŏĸňŘĵĚ
ŏĮƦĬŏĺĸŅȮ48 ĝńŗĺőĴĚȮŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĴňĶŌĮĶƞŅĚĵŊħĵŅĺȮŏĮƦĬĶŌĮľĵħĬŘņĨŅȮ(tear drop) ħńĚĳŅıĪňŗȮ35 
 

 
 
ĳŅıĪňŗȮ13 ĳŅıěŅĔĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħŐĽħĚŏĞĸĸƢŐĔĶĬŌőĸĞŅŏıŅŃŏĸňŘĵĚŏĶŇŗĴĨƟĬ
ĪňŗȮ0 ĝńŗĺőĴĚ 

ŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚȮM199 ŏĽĶŇĴħƟĺĵȮ10% HTFBS, 15 µg/mL NaHCO3, 0.25 mM 
pyruvate, 50 µg/mL gentamycin sulfate őħĵŏıŅŃŏĸňŘĵĚŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮ
ŏĽĶŇĴħƟĺĵėŅĶƢĭŀĬœħŀŀĔœĞėƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬėĺŅĴĝŊŘĬĽŌĚȮıĭĺƞŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅŏĞĸĸƢ
ŐĔĶĬŌőĸĞŅĽŋĔĶŏĞĸĸƢŏħňŗĵĺȮĴňĶŌĮĶƞŅĚĔĸĴȮįŇĺŏĞĸĸƢœĴƞŏĶňĵĭȮœĴƞĴňĞŇŏĸňĵŐĸŃœĴƞıĭœĴőėĶĺŇĸœĸȮ 
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ĳŅıĪňŗȮ14 (Ĕ'ȮŐĸŃȮ&ĕ'ȮĳŅıěŅĔĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħĪňŗĔņĸńĚĕĵŅĵĽŌĚĕŉŘĬ 

ŐĽħĚĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶȮıĭįŇĺŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĴň
ĸńĔļĦŃŏĮƦĬœĴőėĶĺŇĸœĸȮ 

 

 

 

ĳŅıĪňŗȮ15 ĳŅıěŅĔĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħŐĽħĚĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚ
ŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĪňŗŏıŅŃŏĸňŘĵĚĬŅĬȮ48 ĝńŗĺőĴĚ 

ŒĬŀŅľŅĶĽŌĨĶȮM 199 ĪňŗŏĽĶŇĴħƟĺĵȮ10% HTFBS,Ȯ/3Ȯµg/mL NaHCO3, 0.25 ĴŇĸĸŇŏĴĨĶȮ
pyruvate, 50 µg/mL gentamycin sulfate ŒĬĨŌƟŏıŅŃŏĸňŘĵĚĪňŗŀŋĦľĳŌĴŇȮ37ȮŀĚĻŅŏĞĸŏĞňĵĽȮĪňŗŏĽĶŇĴȮ5Ȯ
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ŏĮŀĶƢŏĞŖĬĨƢȮŐĔŖĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĴňėĺŅĴĝŊŘĬĽŌĚȮıĭŏĞĸĸƢŐĔĶĬŌőĸĞŅĽŋĔĶĴňĸńĔļĦŃĶŌĮĶƞŅĚĵŊħĵŅĺ
ĶŌĮľĵħĬŘņĨŅȮ 

ĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŏıŅŃŏĸňŘĵĚĬŅĬȮ50ȮĝńŗĺőĴĚȮŒĬŀŅľŅĶĽŌĨĶȮ
M199 ŏĽĶŇĴħƟĺĵ 10% HTFBS, /3Ȯµg/mL NaHCO3, 0.25 ĴŇĸĸŇŏĴĨĶ pyruvate 50 µg/mL 
gentamycin sulfateȮŒĬĨŌƟĭƞĴĪňŗŀŋĦľĳŌĴŇȮ15ȮŀĚĻŅŏĞĸŏĞňĵĽȮĪňŗŏĽĶŇĴħƟĺĵėŅĶƢĭŀĬœħŀŀĔœĞĨƢȮ3 
ŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃėĺŅĴĝŊŘĬĽŌĚȮĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮıĭĺƞŅŏĞĸĸƢĴňĸńĔļĦŃ
ĶŌĮĶƞŅĚŏĶňĵĺĵŅĺľńĺŐľĸĴĪƟŅĵŐľĸĴĶŌĮĔĶŃĽĺĵȮ(fusiform shape) ŐĸŃŏĞĸĸƢıĭĽŅĬĔńĬŏĮƦĬĶƞŅĚŐľȮ
ħńĚĳŅıĪňŗ 38 

 
 
ĳŅıĪňŗȮ38 ĳŅıěŅĔĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħŐĽħĚĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚ
ŏĞĸĸƢŐĔĶĬŌőĸĞŅĪňŗŏıŅŃŏĸňŘĵĚĬŅĬȮ72 ĝńŗĺőĴĚ 

ŒĬŀŅľŅĶĽŌĨĶȮM 199 ĪňŗŏĽĶŇĴħƟĺĵȮ10% HTFBS,Ȯ /3Ȯµg/mL NaHCO3, 0.25 ĴŇĸĸŇŏĴĨĶȮ
pyruvate, 50 µg/mL gentamycin sulfate ŒĬĨŌƟŏıŅŃŏĸňŘĵĚĪňŗŀŋĦľĳŌĴŇȮ37 ŀĚĻŅŏĞĸŏĞňĵĽȮĪňŗŏĽĶŇĴ
ħƟĺĵėŅĶƢĭŀĬœħŀŀĔœĞĨƢȮ5ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃĴňėĺŅĴĝŊŘĬĽŌĚȮıĭŏĞĸĸƢŐĔĶĬŌőĸĞŅĶŌĮĶƞŅĚŏĶňĵĺĵŅĺľńĺŐľĸĴ
ĪƟŅĵŐľĸĴĶŌĮĔĶŃĽĺĵ ŐĸŃŏĞĸĸƢĽŅĬĔńĬŏĮƦĬĶƞŅĚŐľ 
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įĸĔŅĶĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢŏĞĸĸƢŐĔĶĬŌőĸĞŅĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢ 

 ŏĞĸĸƢŐĔĶĬŌőĸĞŅěņĬĺĬĴŅĔĪňŗĻŉĔļŅĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚįƞŅĬŐĽħĚ
ĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅĕŀĚŏĞĸĸƢĪňŗŏıŅŃŏĸňŘĵĚŒĬĝƞĺĚŏĶŇŗĴĨƟĬȮ0 ĝńŗĺőĴĚ ŒĬŀŅľŅĶĽŌĨĶȮM 199ȮĪňŗŏĽĶŇĴħƟĺĵ 
10% HTFBS, /3Ȯµg/mL NaHCO3 ,0.25 ĴŇĸĸŇŏĴĨĶ pyruvate, 50 µg/mL gentamycin sulfateȮ
ŒĬĨŌƟŏıŅŃŏĸňŘĵĚĪňŗŀŋĦľĳŌĴŇȮ15ȮŀĚĻŅŏĞĸŏĞňĵĽȮĪňŗŏĽĶŇĴȮ3ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĔŖĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĴň
ėĺŅĴĝŊŘĬĽŌĚȮıĭŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňĶŌĮĶƞŅĚĔĸĴȮĴňĬŇĺŏėĸňĵĽĳŅĵŒĬȮĪňŗœĞőĨıĸŅĽĞŉĴıĭœĴőĨėĶŀĬŏħĶňĵ
ěņĬĺĬĴŅĔȮħƟŅĬĕŀĭœĞőĨıĸŅĽĞŉĴĕŀĚŏĞĸĸƢŐĔĶĬŌőĸĞŅĴňœĴőėĶĺŇĸœĸěņĬĺĬĴŅĔĵŊŗĬĽńĴįńĽĔńĭŏĞĸĸƢ
ĕƟŅĚŏėňĵĚŏıŊŗŀĽƞĚĽŅĶĽŊŗŀĶŃľĺƞŅĚŏĞĸĸƢȮħńĚĳŅıĪňŗȮ17 

    

 

ĳŅıĪňŗȮ17 ěŅĔĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚįƞŅĬŐĽħĚŏĞĸĸƢėŌĴŌĸńĽĪňŗŏıŅŃŏĸňŘĵĚŒĬĝƞĺĚŏĶŇŗĴĨƟĬȮ    
0 ĝńŗĺőĴĚ  
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