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THE EFFECT OF DIFFERENT CONCENTRATIONS OF ETHYLENE

GLYCOL ON ULTRA-RAPID FREEZING OF PIG OOCYTES

The objective of this study was to investigate the effect of different concentrations of ethylene

glycol on the normality and the in vitro maturation of pig oocytes, after ultra-rapid freezing on a

microscope copper grid. Immature pig oocytes were exposed to different concentrations of ethylene

glycol at levels of 4.0, 4.5, 5.0, 5.5, 6.0, 6.5 and 7.0 molar for 20 seconds, at room temperature (25 oC),

laid on a microscope copper grid and then plunged directly to -196 oC where they were kept for 10

seconds. The oocytes normality after thawing and the percentage that show in vitro maturation (MII)

were assessed by culturing them in TCM 199+NaHCO
3
 for 40-44 hrs at 38.5oC in a CO

2
 incubator.

The results showed that ninety percent normality was found in the pig oocytes exposed to 4.0, 4.5, 5.0,

5.5 and 6.0 molar and the same results were seen in the in vitro maturation rates, which were 21.7,

24.5, 24.4, 20.9 and 19.3% respectively. These results were significantly better than those which used

6.5 and 7.0 molar ethylene glycol which were 85.6% and 78.7% (p <0.01) for the normality rates and

16.0% and 11.4% (p <0.05) for the maturation rates. The study indicated that the concentration of

ethylene glycol influenced the normality and the ability of immature pig oocytes to develop in vitro.

The higher concentrations from 6.5 molar and up affected the oocytes after freezing.
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º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√‡Õ∑’≈’π ‰°≈§Õ≈ µàÕ°“√·™à·¢Áß‚Õ‚Õ‰´µå ÿ°√¥â«¬«‘∏’

ultra-rapid freezing

®ÿ¥ª√– ß§å¢Õß°“√»÷°…“‡æ◊ËÕÀ“§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß “√‡Õ∑’≈’π ‰°≈§Õ≈ µàÕ°“√·™à·¢Áß‚Õ‚Õ‰´µå

 ÿ°√∑’ËÕ¬Ÿà„π√–¬–‰¡àæ√âÕ¡ªØ‘ π∏‘ „π√–¥—∫§«“¡‡¢â¡¢âπ 4.0, 4.5, 5.0, 5.5, 6.0, 6.5 ·≈– 7.0 ‚¡≈“√å π“π 20

«‘π“∑’ «“ß‚Õ‚Õ‰´µå∫π·ºàπµ–·°√ß∑Õß·¥ß¢π“¥‡≈Á° ®ÿà¡≈ß„π‰π‚µ√‡®π‡À≈«∑’Ë -196 
o
´. ‡°Á∫‰«âπ“π 10 «‘π“∑’

À≈—ß∑”≈–≈“¬·≈â«‡≈’È¬ß„Àâæ√âÕ¡ªØ‘ π∏‘®π∂÷ß√–¬–‡¡∑“‡ø  ∑Ÿ „ππÈ”¬“ TCM 199+NaHCO
3
 π“π  40-44 ™—Ë«‚¡ß

∑’ËÕÿ≥À¿Ÿ¡‘ 38.5 
o
´. 5%CO

2
 §«“¡™◊Èπ —¡æ—∑∏å‡µÁ¡∑’Ë º≈æ∫«à“ §«“¡‡¢â¡¢âπ∑’Ë 4.0, 4.5, 5.0, 5.5 ·≈– 6.0 ‚¡≈“√å

„Àâº≈„π§«“¡ª°µ‘¢Õß‚Õ‚Õ‰´µå∑’Ë‰¡à·µ°µà“ß°—π¿“¬À≈—ß°“√∑”≈–≈“¬ ‚¥¬¡’§à“ª√–¡“≥ 90% ¥’°«à“§«“¡‡¢â¡¢âπ∑’Ë

6.5 ·≈– 7.0 ‚¡≈“√å ´÷Ëß¡’§à“‡∑à“°—∫ 85.6 ·≈– 78.7% µ“¡≈”¥—∫ (p <0.01)  à«πº≈°“√‡≈’È¬ß„Àâæ√âÕ¡ªØ‘ π∏‘‰¡à

æ∫§«“¡·µ°µà“ß°—π√–À«à“ß§«“¡‡¢â¡¢âπ„π√–¥—∫ 4.0, 4.5, 5.0, 5.5 ·≈– 6.0 ‚¡≈à“√å Õ¬Ÿà„π√–¥—∫ª√–¡“≥ 20%

´÷Ëß¡’§à“ Ÿß°«à“§«“¡‡¢â¡¢âπ„π√–¥—∫ 6.5 ·≈– 7.0 ‚¡≈“√å Õ¬à“ß¡’π—¬ ”§—≠ (p <0.05) ®“°°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ

«à“§«“¡‡¢â¡¢âπ¢Õß‡Õ∑’≈’π ‰°≈§Õ≈ ¡’º≈µàÕ§«“¡ª°µ‘À≈—ß∑”≈–≈“¬·≈–À≈—ß‡≈’È¬ß„Àâæ√âÕ¡ªØ‘ π∏‘„π ÿ°√ ‚¥¬

§«“¡‡¢â¡¢âπ„π√–¥—∫ Ÿß¡“°°«à“ 6.0 ‚¡≈“√å ¡’º≈°√–∑∫µàÕ§ÿ≥¿“æ‚Õ‚Õ‰´µåÀ≈—ß°“√·™à·¢Áß

§” ”§—≠ :  ‚Õ‚Õ‰´µå ÿ°√ ‡Õ∑’≈’π ‰°≈§Õ≈ °“√·™à·¢Áß °“√‡®√‘≠æ√âÕ¡ªØ‘ π∏‘„πÀ≈Õ¥∑¥≈Õß

∫∑π”

°“√·™à·¢Áßµ—«ÕàÕπ·≈–πÈ”‡™◊ÈÕ¡’®ÿ¥ª√– ß§å‡æ◊ËÕ

‡°Á∫√—°…“æ—π∏ÿ°√√¡ —µ«å´÷Ëß¡’°“√»÷°…“∑¥≈Õß°—π¡“°

 à«π°“√»÷°…“∑¥≈Õß„π‚Õ‚Õ‰´µå¬—ß¡’πâÕ¬ æ∫§«“¡

 ”‡√Á®§√—Èß·√°„π°“√·™à·¢Áß‚Õ‚Õ‰´µåÀπŸ‡¡“ ǻ‚¥¬

Whittingham (1977) ·≈– ”À√—∫‚Õ‚Õ‰´µå ÿ°√¡’°“√

√“¬ß“π°—ππâÕ¬ ‡π◊ËÕß®“°‚Õ‚Õ‰´µå ÿ°√¡’§«“¡‰«µàÕ

Õÿ≥À¿Ÿ¡‘µË” ‡æ√“–¡’ —¥ à«π¢Õß‰¢¡—π„π‰´‚µæ≈“ ¡

¡“°°«à“ —µ«å™π‘¥Õ◊ËπÊ (Smith and Alcinar, 1993)

ªí®®—¬ ”§—≠„π°“√·™à·¢Áß‚Õ‚Õ‰´µå —µ«å§◊Õ ™π‘¥·≈–

§«“¡‡¢â¡¢âπ¢Õß “√ªÑÕß°—π°“√·™à·¢Áß∑’Ë„™â (Arav et al.,

1993) Schellander et al. (1994) æ∫«à“°“√„™â “√

°≈’‡´Õ√Õ≈ ‚æ√‡æπ ‰¥ÕÕ≈(PROH) ·≈–‰¥‡¡∑∏‘≈

´—≈‚ø‰´¥å (DMSO) „π°“√·™à·¢Áß‚Õ‚Õ‰´µå‚§®–„Àâ

º≈‰¡à·µ°µà“ß°—π µà“ß®“° Otoi et al. (1998) æ∫«à“

°“√·™à·¢Áß‚Õ‚Õ‰´µå‚§‚¥¬„™â ‡Õ∑’≈’π ‰°≈§Õ≈ (EG)

40% (6.0 ‚¡≈“√å) ‡ªìπ “√ªÑÕß°—π°“√·™à·¢Áß¡’Õ—µ√“

°“√√Õ¥¢Õß‚Õ‚Õ‰´µåÀ≈—ß°“√≈–≈“¬¡“°∑’Ë ÿ¥ ‡ªìπº≈
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®“° EG ¡’¡«≈‚¡‡≈°ÿ≈µË” (62.07) ∑”„ÀâÕ—µ√“°“√·∑√°

ºà“πºπ—ß·≈–ºà“πÕÕ°®“°‡´≈≈å‰¥â‡√Á«¢≥–∑”≈–≈“¬

πÕ°®“°π’È¬—ß¡’§«“¡‡ªìπæ‘…µàÕ‡´≈≈åµË” (Arav et al.,

1993; Bautista and Kanakawa,1998) °“√»÷°…“‡°’Ë¬«

°—∫°“√·™à·¢Áßµ—«ÕàÕπ ÿ°√π—Èπµ“¡°“√∑¥≈Õß¢Õß Wu

et al. (1999) æ∫«à“À≈—ß°“√·™à·¢Áß√—ß‰¢à ÿ°√‚¥¬„™â EG

®–¡’≈—°…≥–‚Õ‚Õ‰´µåª°µ‘¡“°°«à“°“√„™â “√ªÑÕß°—π

°“√·™à·¢Áßµ—«Õ◊Ëπ ·≈–®“°°“√»÷°…“¢Õß∏«—™™—¬·≈–

§≥– (1999) ‚¥¬„™â °≈’‡´Õ√Õ≈ DMSO ·≈– EG §«“¡

‡¢â¡¢âπ 5.0 ‚¡≈“√å æ∫«à“°“√„™â EG ¡’·π«‚πâ¡∑”„Àâ

‚Õ‚Õ‰´µå ÿ°√ “¡“√∂‡®√‘≠∂÷ß√–¬–æ√âÕ¡ªØ‘ π∏‘‰¥â

¥’°«à“Õ’° 2 ™π‘¥ Õ¬à“ß‰√°Á¥’¬—ß‰¡à¡’√“¬ß“π∂÷ßº≈¢Õß

§«“¡‡¢â¡¢âπ¢Õß “√ EG ∑’Ë‡À¡“– ¡∑’Ë∑”„Àâ°“√·™à

·¢Áß‚Õ‚Õ‰´µå ÿ°√√–¬–‰¡àæ√âÕ¡ªØ‘ π∏‘·≈â«‡°‘¥§«“¡

º‘¥ª°µ‘πâÕ¬∑’Ë ÿ¥·≈–¡’§«“¡ “¡“√∂„π°“√‡®√‘≠∂÷ß

√–¬–æ√âÕ¡ªØ‘ π∏‘‰¥â¡“°∑’Ë ÿ¥ °“√»÷°…“§√—Èßπ’È®÷ß¡’

«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“∂÷ßº≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√

EG µàÕ°“√·™à·¢Áß‚Õ‚Õ‰´µå ÿ°√¥â«¬«‘∏’ ultrarapid

freezing µàÕ≈—°…≥–·≈–§«“¡ “¡“√∂„π°“√æ—≤π“

¢Õß‚Õ‚Õ‰´µå ÿ°√‡æ◊ËÕ„Àâ‰¥â√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë

‡À¡“– ¡ ÷́Ëßπ”‰ª„™â‰¥âµàÕ‰ª

«— ¥ÿ·≈–«‘∏’°“√

°“√‡µ√’¬¡‚Õ‚Õ‰´µå ‡°Á∫√—ß‰¢à¢Õß ÿ°√ “«®“°

‚√ß¶à“ —µ«å∑âÕß∂‘Ëπ Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥π§√ª∞¡ §√—Èß

≈–ª√–¡“≥ 20-30 Õ—π ·™à„ππÈ”‡°≈◊Õ 0.9% ∑’Ëº ¡

penicillin-streptomycin ¢π“¥ 50,000 ‰Õ¬Ÿ/100 ¡≈.

π”¡“∑’ËÀâÕßªØ‘∫—µ‘°“√¿“¬„π 1 ™—Ë«‚¡ß „™â°√–∫Õ°

©’¥¬“ª≈Õ¥‡™◊ÈÕ¢π“¥ 10 ¡≈. µàÕ°—∫‡¢Á¡‡∫Õ√å 19 À√◊Õ

20 ‡®“–¥Ÿ¥¢Õß‡À≈«¿“¬„πøÕ≈≈‘‡§‘≈¢π“¥ 3-5 ¡¡. ∫π

º‘«¢Õß√—ß‰¢à ‡∑¢Õß‡À≈«∑’Ë‡®“–‰¥â≈ß„ππÈ”¬“ TCM-199

(Gibco GBL, USA) Hepes π”‰ªµ√«®À“‚Õ‚Õ‰´µå

¿“¬„µâ°≈âÕß ‡µÕ√‘‚Õ ‡≈◊Õ°‚Õ‚Õ‰´µå∑’Ë¡’≈—°…≥–‡´≈≈å

§‘«¡Ÿ≈— ÀàÕÀÿâ¡Àπ“·πàπ (cumulus-cocyte-complexes,

COCs) ≈—°…≥–‰´‚µæ≈“ ¡‡π’¬π‡ªìπ‡π◊ÈÕ‡¥’¬«°—π „ à

æ—°‰«â„ππÈ”¬“ TCM-199 Hepes ·∫àß°“√∑¥≈Õß

‡ªìπ 2 °≈ÿà¡ §◊Õ °≈ÿà¡§«∫§ÿ¡ ‚Õ‚Õ‰´µå®–‰¡àºà“π

°√–∫«π°“√·™à·¢Áß ·µàπ”‰ª‡≈’È¬ß„Àâ‡°‘¥ ¿“ææ√âÕ¡

ªØ‘ π∏‘ °≈ÿà¡∑¥≈Õß ‚Õ‚Õ‰´µå®–ºà“π°√–∫«π°“√·™à

·¢Áß¥â«¬§«“¡‡√Á« ∑”≈–≈“¬ ·≈â«π”‰ª‡≈’È¬ß„Àâ‡°‘¥

 ¿“ææ√âÕ¡ªØ‘ π∏‘ °“√·™à·¢Áß‚Õ‚Õ‰´µå ‡µ√’¬¡

 “√≈–≈“¬ EG (Sigma, USA) §«“¡‡¢â¡¢âπ 4.0, 4.5,

5.0, 5.5, 6.0, 6.5 ·≈– 7.0 ‚¡≈“√å (M) „π≈—°…≥–

À¬¥‡≈Á°Ê (microdrop)  ÿà¡‡≈◊Õ°‚Õ‚Õ‰´µå∑’Ë§—¥‡≈◊Õ°‰«â

ª√–¡“≥ 200 „∫µàÕ§√—Èß ≈ß„π “√≈–≈“¬ EG ·µà≈–

§«“¡‡¢â¡¢âππ“π 20 «‘π“∑’ ®“°π—Èπ«“ß‚Õ‚Õ‰´µå≈ß∫π

µ–·°√ß∑Õß·¥ß¢π“¥‡≈Á° (electron microscope copper

grid ·≈â«„™â watchmaker forceps §’∫ copper grid ®ÿà¡

≈ß„π‰π‚µ√‡®π‡À≈«∑‘Èß‰«âª√–¡“≥ 10 «‘π“∑’ √–¬–

‡«≈“®“°‚Õ‚Õ‰´µå —¡º— °—∫ “√ EG ®π∂÷ß°“√·™à·¢Áß

‰¡à‡°‘π 1 π“∑’ (Martino et al., 1996)

°“√≈–≈“¬‚Õ‚Õ‰´µå ∑”°“√≈–≈“¬‚Õ‚Õ‰´µå·™à·¢Áß

·≈–¥÷ß “√≈–≈“¬ EG ÕÕ° ‚¥¬°“√·™à‚Õ‚Õ‰´µå„π “√

≈–≈“¬ Ÿ́‚§√  0.5, 0.25 ·≈– 0.125 ‚¡≈“√å µ“¡≈”¥—∫

∑’ËÕÿ≥À¿Ÿ¡‘ 37o´.‚¥¬Õ¬Ÿà„π·µà≈–§«“¡‡¢â¡¢âππ“π 1 π“∑’

·≈â«¬â“¬≈ß„π “√≈–≈“¬ PBS+10%fetal calf serum

(FCS) ·≈â«π”‰ªµ√«® Õ∫≈—°…≥–‚Õ‚Õ‰´µåÀ≈—ß°“√

·™à·¢Áß ‰¥â·°à ≈—°…≥–¢Õß‡´≈≈å§‘«¡Ÿ≈—  ‡ª≈◊Õ°Àÿâ¡ (zona

pellucida) ·≈–≈—°…≥–¢Õß‰´‚µæ≈“ ¡¢Õß‚Õ‚Õ‰´µå

°“√‡≈’È¬ß„Àâ‚Õ‚Õ‰´µå‡®√‘≠æ√âÕ¡ªØ‘ π∏‘„πÀ≈Õ¥∑¥≈Õß

π”‚Õ‚Õ‰´µå„ à≈ß„ππÈ”¬“∑’Ë„™â‡≈’È¬ß‡æ◊ËÕ„Àâ‡®√‘≠æ√âÕ¡

ªØ‘ π∏‘(IVM-media) ª√–°Õ∫¥â«¬ TCM-199 NaHCO
3

+10%FCS+10(l/¡≈. FSH/LH (Folltropin, Vetapharm,

Canada) +10µl/¡≈. Estradiol (Marivac, Canada)

∫√√¬“°“» 5%CO
2
 ‡ªìπ‡«≈“π“π 40 ™—Ë«‚¡ß (¡ß§≈

·≈–«—π‡æÁ≠, 1997)
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°“√µ√«® ¿“ææ√âÕ¡ªØ‘ π∏‘ π”‚Õ‚Õ‰´µå∑’Ëºà“π

°“√‡≈’È¬ß„Àâ‡°‘¥ ¿“ææ√âÕ¡ªØ‘ π∏‘¡“µ√«®¥Ÿ °“√

·ºà¢¬“¬ÕÕ°¢Õß‡´≈≈å§‘«¡Ÿ≈—  ≈Õ°‡´≈≈å§‘«¡Ÿ≈— ÕÕ°

(decoronization) ‚¥¬·™à‚Õ‚Õ‰´µå„π‡ÕÁπ‰´¡å‰Œ¬“√Ÿ

‚≈π‘‡¥  (Sigma, USA) π“π 30 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 38o´.

·≈–„™âªî ‡ªµ∑’Ë¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß„À≠à°«à“

‚Õ‚Õ‰´µå‡≈Á°πâÕ¬ ¥Ÿ¥‡ªÉ“‚Õ‚Õ‰´µå‡¢â“ÕÕ°®π‡´≈≈å

§‘«¡Ÿ≈— À≈ÿ¥ÕÕ° ®“°π—Èπ∑”°“√µ√÷ß‚Õ‚Õ‰´µå„π “√

≈–≈“¬  glacial acetic acid:absoluted ethanol „π —¥ à«π

1:3 π“π 14 «—π ·≈â«π”‚Õ‚Õ‰´µå¡“¬âÕ¡¥â«¬ ’ 1%

aceto-orcein ‡æ◊ËÕµ√«®≈—°…≥–¢Õß‚§√‚¡‚´¡ («—π‡æÁ≠

·≈–¡ß§≈, 1994)

°“√ª√–‡¡‘πº≈°“√∑¥≈Õß

1. Õ—µ√“°“√‡°Á∫§◊π‚Õ‚Õ‰´µå (recovery rate)

§‘¥®“°‚Õ‚Õ‰´µå∑’Ë‡°Á∫‰¥âÀ≈—ß°“√·™à·¢Áß®“°®”π«π

‚Õ‚Õ‰´µå‡√‘Ë¡µâπ

2. Õ—µ√“§«“¡ª°µ‘¢Õß‚Õ‚Õ‰´µå (normality

rate) §‘¥®“°≈—°…≥–¢Õß‚Õ‚Õ‰´µåÀ≈—ß°“√·™à·¢Áß

 —ß‡°µ®“°≈—°…≥–¢Õß‡´≈≈å§‘«¡Ÿ≈—  ‡ª≈◊Õ°Àÿâ¡‚Õ‚Õ‰´µå

·≈–≈—°…≥–¢Õß‰´‚µæ≈“ ¡¢Õß‚Õ‚Õ‰´µå ·∫àßÕÕ°

‡ªìπ 4 √–¥—∫ §◊Õ

‡°√¥ A §◊Õ ‚Õ‚Õ‰´µå∑’Ë¡’≈—°…≥–ª°µ‘‡À¡◊Õπ

°àÕπ°“√∑”°“√·™à·¢Áß

‡°√¥ B §◊Õ ‚Õ‚Õ‰´µå∑’Ë¡’‡´≈≈å§‘«¡Ÿ≈— À≈ÿ¥

À“¬‰ª∫“ß à«π (partial cumulus oocyte)

‡°√¥ C §◊Õ ‚Õ‚Õ‰´µå∑’Ë‡´≈≈å§‘«¡Ÿ≈— À“¬‰ª

∑—ÈßÀ¡¥ (denude oocyte)

‡°√¥ D §◊Õ ‚Õ‚Õ‰´µå∑’Ë‡ ◊ËÕ¡ ≈“¬ (degenerated

oocyte)

3. Õ—µ√“°“√·ºà¢¬“¬‡´≈≈å§‘«¡Ÿ≈— ¢Õß‚Õ‚Õ‰´µå

(expansion rate) §‘¥®“°≈—°…≥–°“√·ºà¢¬“¬¢Õß‡´≈≈å

§‘«¡Ÿ≈— ¢Õß‚Õ‚Õ‰´µå¿“¬À≈—ß®“°°“√‡°‘¥ ¿“ææ√âÕ¡

ªÆ‘ π∏‘·≈â«‚¥¬·∫àß≈—°…≥–‚Õ‚Õ‰´µå‰¥â‡ªìπ 4 √–¥—∫

§◊Õ

‡°√¥ A §◊Õ ≈—°…≥–‚Õ‚Õ‰´µåª°µ‘·≈–¡’°“√

·ºà¢¬“¬µ—«ÕÕ°¢Õß‡´≈≈å§‘«¡Ÿ≈— ∑’ËÕ¬Ÿà√Õ∫Ê ‚Õ‚Õ‰´µå

‡°√¥ B §◊Õ ≈—°…≥–‚Õ‚Õ‰´µåª°µ‘·≈–‰¡à¡’

°“√·ºà¢¬“¬µ—«ÕÕ°¢Õß‡´≈≈å§‘«¡Ÿ≈— 

‡°√¥ C §◊Õ ≈—°…≥–‚Õ‚Õ‰´µå∑’Ë¡’ ‡´≈≈å

§‘«¡Ÿ≈— À“¬‰ª∫“ß à«π

‡°√¥ D §◊Õ ≈—°…≥–‚Õ‚Õ‰´µå∑’Ë¡’ ‡´≈≈å

§‘«¡Ÿ≈— À“¬‰ª∑—ÈßÀ¡¥

4. Õ—µ√“°“√‡°‘¥ ¿“ææ√âÕ¡ªØ‘ π∏‘ (matura-

tion rate) ‚¥¬¥Ÿ®“°≈—°…≥–¢Õß‚§√‚¡‚´¡ ¿“¬„µâ°≈âÕß

®ÿ≈∑√√»πå·≈–§‘¥®“°®”π«π‚Õ‚Õ‰´µå∑’Ë¡’‚§√‚¡‚´¡

„π√–¬–‡¡∑“‡ø  ∑Ÿ ®“°‚Õ‚Õ‰´µå∑—ÈßÀ¡¥∑’Ë∑”°“√

µ√«® ‚¥¬·∫àß‚Õ‚Õ‰´µåÕÕ°‡ªìπ√–¬–µà“ßÊ §◊Õ (Coy

et al., 1993; Alberts et al., 1994)

°. ‚Õ‚Õ‰´µå∑’Ë ‡®√‘≠‰¡à∂÷ß√–¬–ªØ‘ π∏‘

(immature oocyte)

- Germinal vesicle (GV) §◊Õ ≈—°…≥–

¢Õßπ‘«‡§≈’¬ ‰¡à¡’°“√·∫àßµ—« æ∫‡¬◊ËÕÀÿâ¡π‘«‡§≈’¬ ·≈–

‡ªìπ√–¬–æ—°¢Õß meiosis I

- Germinal vesicle breakdown (GVBD)

§◊Õ √–¬–∑’Ëºπ—ßπ‘«‡§≈’¬ ·µ°ÕÕ° æ∫°“√·ºà¢¬“¬¢Õß

 “¬‚§√¡“µ‘π·≈–‰¡àæ∫‡¬◊ËÕÀÿâ¡π‘«‡§≈’¬ 

- Metaphase I (M I) §◊Õ √–¬–∑’Ë‡ÀÁπ

‚§√‚¡‚´¡®—∫‡ªìπ§Ÿà·≈–‡√’¬ßµ—«‡ªìπ°≈ÿà¡ (equatorial

plate)

- Telophase I (T I) §◊Õ √–¬–∑’Ë‡°‘¥°“√

·¬°µ—«¢Õß‚§√‚¡‚´¡·≈–‡´π‚∑√‡¡’¬√å

¢. ‚Õ‚Õ‰´µå√–¬–æ√âÕ¡ªØ‘ π∏‘ (mature

oocyte, M II) §◊Õ‚Õ‚Õ‰´µå∑’Ë¡’‚§√‚¡‚´¡Õ¬Ÿà„π√–¬–

‡¡∑“‡ø  ∑Ÿ ´÷Ëßæ∫‡¡∑“‡ø  ‡æ≈∑ (metaphase plate)

·≈–‚æ≈“√å ∫Õ¥’ (polar body) 1 Õ—π

§. ‚Õ‚Õ‰´µå∑’Ë‡ ◊ËÕ¡ ≈“¬ (degenerated

oocyte, Deg) §◊Õ ‚Õ‚Õ‰´µå∑’Ë‡°‘¥°“√·µ° ≈“¬¢Õß
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‚Õ‚Õ‡≈¡“ (oolemma) ·≈–§«“¡º‘¥ª°µ‘¢Õß‰´‚µ-

æ≈“ ¡

4. ‚Õ‚Õ‰´µå∑’Ë‰¡à “¡“√∂∫Õ°≈—°…≥–‰¥â

(unidentified oocyte, UnI)

°“√«‘‡§√“–Àåº≈ · ¥ßº≈§à“æ“√“¡‘‡µÕ√å‚¥¬„™â§à“‡©≈’Ë¬

·≈–ª√–‡¡‘π¢âÕ¡Ÿ≈„π à«π¢ÕßÕ—µ√“§«“¡ª°µ‘À≈—ß°“√

≈–≈“¬ Õ—µ√“°“√·ºà¢¬“¬‡´≈≈å§‘«¡Ÿ≈— ¢Õß‚Õ‚Õ‰´µå

·≈–Õ—µ√“°“√‡°‘¥ ¿“ææ√âÕ¡ªØ‘ π∏‘´÷Ëß‡ª√’¬∫‡∑’¬∫

‚¥¬«‘∏’ chi-square (X2 test) ¥â«¬‚ª√·°√¡ SPSS

‡«Õ√å™—π 7.0 °”Àπ¥√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ∑’Ë 95%

(p <0.05)

º≈

º≈¢Õß°“√„™â‡Õ∑’≈’π ‰°≈§Õ≈∑’Ë√–¥—∫§«“¡‡¢â¡

¢âπ∑’Ë 4.0, 4.5, 5.0, 5.5, 6.0, 6.5 ·≈– 7.0 ‚¡≈“√å

µ“¡≈”¥—∫ ‚¥¬«‘∏’ ultra-rapid freezing æ∫«à“Õ—µ√“°“√

‡°Á∫§◊π‚Õ‚Õ‰´µåÀ≈—ß®“°°“√∑”≈–≈“¬‡∑à“°—∫ 84.1%

(440/523), 97.4% (337/346), 82.3% (423/514),

98.0% (301/307), 83.1% (427/514), 98.6% (358/

365) ·≈– 93.0% (343/369) µ“¡≈”¥—∫ ‚¥¬¡’§à“‡©≈’Ë¬

¢ÕßÕ—µ√“°“√‡°Á∫§◊π‚Õ‚Õ‰´µåÀ≈—ß®“°∑”≈–≈“¬‡∑à“°—∫

89.5%

‡¡◊ËÕª√–‡¡‘π§ÿ≥¿“æ¢Õß‚Õ‚Õ‰´µåÀ≈—ß°“√∑”

≈–≈“¬ A B C D æ∫«à“‚Õ‚Õ‰´µå∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ

4.0, 4.5, 5.0, 5.5 ·≈– 6.0 ‚¡≈“√å®–¡’§«“¡ª°µ‘

À≈—ß®“°∑”°“√·™à·¢Áß·≈–∑”°“√≈–≈“¬¡“°°«à“‡¡◊ËÕ

‡∑’¬∫°—∫ 6.5 ·≈– 7.0 ‚¡≈“√å µ“¡≈”¥—∫ (p <0.01)

‚¥¬„π·µà≈–√–¥—∫§«“¡‡¢â¡¢âπ„π™à«ß 4 ∂÷ß 6 ‚¡≈“√å

‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘  à«π§«“¡‡¢â¡¢âπ∑’Ë√–¥—∫

6.5 ‚¡≈“√å®–¡’§«“¡ª°µ‘¡“°°«à“‡¡◊ËÕ‡∑’¬∫°—∫ 7.0

‚¡≈“√å (p <0.05) (µ“√“ß∑’Ë 1)

µ“√“ß∑’Ë 1   Õ—µ√“¢Õß‚Õ‚Õ‰´µåª°µ‘¿“¬À≈—ß®“°°“√·™à·¢Áß·≈–°“√≈–≈“¬

     §«“¡‡¢â¡¢âπ                                                           ‡ªÕ√å‡´Áπµå¢Õß‚Õ‚Õ‰´µå

  ‡Õ∑’≈’π ‰°≈§Õ≈            ®”π«π

       (‚¡≈“√å)               ‚Õ‚Õ‰´µå             ‡°√¥ A             ‡°√¥ B            ‡°√¥ C            ‡°√¥ D

4.0 436 91.7a 6.2 1.6 0.5
(400) (27) (7) (2)

4.5 335 91.6a 5.1 0.1 2.7
(307) (17) (2) (9)

5.0 421 92.2a 5.7 1.2 1.0
(388) (24) (5) (4)

5.5 301 93.1a 5.3 0.7 0.3
(282) (16) (2) (1)

6.0 426 93.9a 4.7 0.5 0.9
(400) (20) (2) (4)

6.5 354 85.6b 11.0 1.7 1.7
(303) (39) (6) (6)

7.0 343 78.7c 17.5 1.2 2.6
(270) (60) (4) (9)

( ) ®”π«π‚Õ‚Õ‰´µå
a, b; a, c ¡’§à“ p <0.01   b, c ¡’§à“ p <0.05
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º≈°“√ª√–‡¡‘π§ÿ≥¿“æ¢Õß‚Õ‚Õ‰´µå¿“¬À≈—ß

‡≈’È¬ß„Àâ‡®√‘≠æ√âÕ¡ªØ‘ π∏‘ A B C D æ∫«à“°“√·ºà¢¬“¬

¢Õß‡´≈≈å§‘«¡Ÿ≈— ¢Õß‚Õ‚Õ‰´µå∑’Ëºà“π°“√‡≈’È¬ß‡æ◊ËÕ„Àâ

‡°‘¥ ¿“ææ√âÕ¡ªØ‘ π∏‘ ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 5.5

‚¡≈“√å ¡’§à“ Ÿß ÿ¥·≈–¡“°°«à“°≈ÿà¡‚Õ‚Õ‰´µå∑’Ë√–¥—∫

§«“¡‡¢â¡¢âπ 4.5, 6.5, ·≈– 7.0 ‚¡≈“√å (p <0.05)

·≈–√–¥—∫§«“¡‡¢â¡¢âπ 4.0, 5.0 ·≈– 6.0 ‚¡≈“√å (p <

0.001) ÷́Ëß‰¡à¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘¿“¬„π·µà≈–

°≈ÿà¡‚Õ‚Õ‰´µå ‚¥¬∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 4.5, 6.5 ·≈–

7.0 ‚¡≈“√å ¡’°“√·ºà¢¬“¬‡´≈≈å§‘«¡Ÿ≈— ¡“°°«à“°≈ÿà¡

‚Õ‚Õ‰´µå∑’Ë√–¥—∫ 4.0, 5.0 ·≈– 6.0 ‚¡≈“√å (p <0.001)

¥—ß· ¥ß„πµ“√“ß∑’Ë 2

µ“√“ß∑’Ë 2 Õ—µ√“°“√·ºà¢¬“¬‡´≈≈å§‘«¡Ÿ≈— ¢Õß‚Õ‚Õ‰´µå·≈–≈—°…≥–¢Õß‚Õ‚Õ‰´µå¿“¬À≈—ß®“°‡°‘¥ ¿“ææ√âÕ¡

ªØ‘ π∏‘ (IVM)

     §«“¡‡¢â¡¢âπ                                      ≈—°…≥–¢Õß‚Õ‚Õ‰´µåÀ≈—ß‡°‘¥ ¿“ææ√âÕ¡ªØ‘ π∏‘ (%)

  ‡Õ∑’≈’π ‰°≈§Õ≈            ®”π«π

       (‚¡≈“√å)               ‚Õ‚Õ‰´µå             ‡°√¥ A             ‡°√¥ B            ‡°√¥ C            ‡°√¥ D

4.0 436 60.1a 23.2 9.2 7.6

(262) (101) (40) (33)

4.5 335 86.0b 2.7 3.6 7.8

(288) (9) (12) (26)

5.0 421 64.1a 15.4 11.6 8.8

(270) (65) (49) (37)

5.5 301 91.0c 0 3.7 5.3

(274) (0) (11) (16)

6.0 426 65.3a 22.1 6.8 5.9

(278) (94) (29) (25)

6.5 354 85.3b 1.4 5.4 7.9

(302) (5) (19) (28)

7.0 343 82.8b 4.1 5.3 7.9

(284) (14) (18) (27)

( ) ®”π«π‚Õ‚Õ‰´µå

a, b; a, c ¡’§à“ p <0.001   b, c ¡’§à“ p <0.05
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®“°°“√ª√–‡¡‘π ¿“ææ√âÕ¡ªØ‘ π∏‘‚Õ‚Õ‰´µå

‚¥¬°“√¬âÕ¡¥â«¬ ’ 1% aceto-orcein æ∫«à“‚Õ‚Õ‰´µå∑’Ë

√–¥—∫§«“¡‡¢â¡¢âπ 4.5 ·≈– 5.0 ‚¡≈“√å ¡’§à“ Ÿß∑’Ë ÿ¥

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‚Õ‚Õ‰´µå„π°≈ÿà¡Õ◊ËπÊ ‚¥¬‚Õ‚Õ‰´µå

„π™à«ß√–¥—∫§«“¡‡¢â¡¢âπ 4.0 ∂÷ß 6.0 ‚¡≈“√å ¡’§à“¡“°

°«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‚Õ‚Õ‰´µå∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 7.0

‚¡≈“√å (p <0.05) ÷́Ëß§«“¡‡¢â¡¢âπ„π·µà≈–√–¥—∫µ—Èß·µà

4.0 ∂÷ß 6.0 ‚¡≈“√å π—Èπ‰¡à¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘ ·µà

‚Õ‚Õ‰´µå∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 6.5 ‚¡≈“√å ¡’§à“πâÕ¬°«à“

‡¡◊ËÕ‡∑’¬∫°—∫‚Õ‚Õ‰´µå„π™à«ß 4.5 ·≈– 5.0 ‚¡≈“√å

(p <0.05) ·µà‰¡à¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘°—∫‚Õ‚Õ‰´µå

∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 7.0 ‚¡≈“√å ·≈–‚Õ‚Õ‰´µå„π°≈ÿà¡

§«∫§ÿ¡¡’Õ—µ√“°“√‡°‘¥ ¿“ææ√âÕ¡ªØ‘ π∏‘ 65.1%

(µ“√“ß∑’Ë 3)

µ“√“ß∑’Ë 3 Õ—µ√“°“√‡°‘¥ ¿“ææ√âÕ¡ªØ‘ π∏‘„πÀ≈Õ¥∑¥≈Õß

     §«“¡‡¢â¡¢âπ                                              ‡ªÕ√å‡´Áπµå‚Õ‚Õ‰´µå·¬°µ“¡≈—°…≥–‚§√‚¡‚´¡

  ‡Õ∑’≈’π ‰°≈§Õ≈            ®”π«π

       (‚¡≈“√å)               ‚Õ‚Õ‰´µå             GV      GVBD      MI       TI       MII       Deg       Un

4.0 217 0.5 2.3 6.0 1.4 21.7a 45.6 22.6

(1) (5) (13) (3) (47) (99) (49)

4.5 200 0 1.5 8.5 0.5 24.5a 52.5 12.5

(0) (3) (17) (1) (49) (105) (25)

5.0 213 0.9 0.9 3.3 1.4 24.4a 53.5 15.5

(2) (2) (7) (3) (52) (114) (33)

5.5 201 0 4.5 4.5 1.5 20.9a 56.7 11.9

(0) (9) (9) (3) (42) (114) (24)

6.0 238 0.4 1.7 4.6 1.7 19.3a 58.0 14.3

(1) (4) (11) (4) (46) (138) (34)

6.5 206 1.0 5.3 6.3 1.0 16.0b 58.7 11.7

(2) (11) (13) (2) (33) (121) (24)

7.0 211 0 4.3 5.2 0 11.4b 67.8 11.4

(0) (9) (11) (0) (24) (143) (24)

Control 355 1.4 2.3 7.3 0.9 65.1 3.4 19.7

(5) (8) (26) (3) (231) (12) (70)

( ) ®”π«π‚Õ‚Õ‰´µå

a, b ¡’§à“ p <0.05
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«‘®“√≥å

º≈¢Õß°“√„™â‡Õ∑’≈’π ‰°≈§Õ≈ „π°“√·™à·¢Áß

‚Õ‚Õ‰´µå ÿ°√ æ∫«à“Õ—µ√“°“√‡°Á∫§◊π‚Õ‚Õ‰´µåÀ≈—ß

°“√·™à·¢Áß·≈–°“√∑”≈–≈“¬Õ¬Ÿà„π‡°≥±å Ÿß · ¥ß„Àâ

‡ÀÁπ«à“¡’§«“¡‡ ’¬À“¬‡°‘¥¢÷Èπ√–À«à“ß°√–∫«π°“√·™à

·¢ÁßπâÕ¬ ‡™àπ‡¥’¬«°—∫Õ—µ√“§«“¡ª°µ‘¢Õß‚Õ‚Õ‰´µå´÷Ëß

¡’§à“ Ÿß‡™àπ°—π‚¥¬Õ¬Ÿà„π™à«ß 60-90% §«“¡‡¢â¡¢âπ¢Õß

‡Õ∑’≈’π ‰°≈§Õ≈„π√–¥—∫ 6.5 ·≈– 7.0 ‚¡≈“√å ∑”„Àâ

‡°‘¥≈—°…≥–º‘¥ª°µ‘¢Õß‚Õ‚Õ‰´µå Ÿß´÷ËßÕ“®¡’ “‡Àµÿ

®“°§«“¡‡ªìπæ‘…¢Õß‡Õ∑’≈’π ‰°≈§Õ≈ ∑’Ë¡’§«“¡‡¢â¡¢âπ

 Ÿß Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß Hotamisligil et al.

(1996) ´÷Ëß„™â‡Õ∑’≈’π ‰°≈§Õ≈∑’Ë 4.0 ∂÷ß 6.0 ‚¡≈“√å

‡«≈“‰¡à‡°‘π 5 π“∑’ „Àâº≈°“√·∫àßµ—«¢Õß‚Õ‚Õ‰´µåÀπŸ

‡¡“ ǻÀ≈—ßªØ‘ π∏‘®π∂÷ß√–¬–∫≈“ ‚µ ‘́ ¥’°«à“ 8.0

‚¡≈“√å ‚¥¬§«“¡‡¢â¡¢âπ Ÿß∑”„Àâ‡°‘¥§«“¡º‘¥ª°µ‘¢Õß

‡¬◊ËÕÀÿâ¡‡´≈≈å ‰¡‚§√øî≈“‡¡πµå·≈–‡°‘¥§«“¡‡ªìπæ‘…µàÕ

‡´≈≈å (Arav et al., 1993) „π à«π¢Õßº≈µàÕ°“√‡°‘¥

 ¿“ææ√âÕ¡ªØ‘ π∏‘æ∫«à“ ‡Õ∑’≈’π ‰°≈§Õ≈∑’Ë√–¥—∫

§«“¡‡¢â¡¢âπ 4.0 ∂÷ß 6.0 ‚¡≈“√å ‰¡à·µ°µà“ß°—π∑“ß

 ∂‘µ‘ ·µà¡’·π«‚πâ¡«à“∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 4.5 ·≈– 5.0

‚¡≈“√å ‡°‘¥ ¿“ææ√âÕ¡ªØ‘ π∏‘¥’∑’Ë ÿ¥ (24.5%)

‡´≈≈å§‘«¡Ÿ≈— ·≈–‡´≈≈å‚§‚√πà“∑’ËÕ¬Ÿà√Õ∫Ê

‚Õ‚Õ‰´µå®–‡ªìπ à«πª√–°Õ∫ ”§—≠„π°“√‡®√‘≠æ√âÕ¡

ªØ‘ π∏‘·≈–°“√ªØ‘ π∏‘ (Familiari et al., 1998) °“√

·™à·¢Áß‚Õ‚Õ‰´µå ÿ°√™π‘¥∑’Ë¡’‡´≈≈å§‘«¡Ÿ≈— ≈âÕ¡√Õ∫

À≈“¬™—Èπ®–¡’Õ—µ√“°“√√Õ¥À≈—ß°“√≈–≈“¬ Ÿß°«à“‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫‚Õ‚Õ‰´µå∑’Ë‰¡à¡’‡´≈≈å§‘«¡Ÿ≈— ≈âÕ¡√Õ∫

(Pellicer et al., 1998) πÕ°®“°π’È¬—ß¡’°“√„™â≈—°…≥–

°“√·ºà¢¬“¬¢Õß‡´≈≈å§‘«¡Ÿ≈— ‡ªìπªí®®—¬Àπ÷Ëß„π°“√

√–∫ÿ√–¬–°“√‡®√‘≠æ√âÕ¡ªØ‘ π∏‘¢Õß‚Õ‚Õ‰´µå ·≈–

‚Õ‚Õ‰´µå∑’Ë‰¡à¡’‡´≈≈å§‘«¡Ÿ≈— °àÕπ°“√‡°‘¥ ¿“ææ√âÕ¡

ªØ‘ π∏‘πÕ°√à“ß°“¬®–¡’»—°¬¿“æ„π°“√‡®√‘≠æ√âÕ¡

ªØ‘ π∏‘µË”°«à“∑’Ëª°§≈ÿ¡¥â«¬‡´≈≈å§‘«¡Ÿ≈—  (Schroeder

et al., 1990) ·µà®“°°“√»÷°…“§√—Èßπ’È‰¡àæ∫§«“¡

 —¡æ—π∏å∑“ß ∂‘µ‘√–À«à“ß°“√·ºà¢¬“¬‡´≈≈å§‘«¡Ÿ≈— °—∫

 ¿“ææ√âÕ¡ªØ‘ π∏‘ ‚¥¬æ‘®“√≥“‡ªÕ√å‡´πµå°“√·ºà

¢¬“¬‡´≈≈å§‘«¡Ÿ≈— ‡ª√’¬∫‡∑’¬∫°—∫Õ—µ√“°“√‡°‘¥ ¿“æ

æ√âÕ¡ªØ‘ π∏‘„π·µà≈–§«“¡‡¢â¡¢âπ®– Õ¥§≈âÕß°—∫

°“√»÷°…“¢Õß Recowsky (1985) ́ ÷Ëßæ∫«à“°“√‡®√‘≠¢Õß

‚Õ‚Õ‰´µå®π∂÷ß√–¬–æ√âÕ¡ªØ‘ π∏‘‰¡à¡’§«“¡ —¡æ—π∏å

°—∫°“√·ºà¢¬“¬¢Õß‡´≈≈å§‘«¡Ÿ≈—  ·µà®–‡°‘¥®“°ŒÕ√å‚¡π

FSH ∑’Ë‡®◊Õªπ≈ß‰ª„ππÈ”¬“‡≈’È¬ß‡æ◊ËÕ„Àâ‡°‘¥ ¿“æ

æ√âÕ¡ªØ‘ π∏‘ (Schroeder et al., 1990; Silva et al.,

1994)

°“√·™à·¢Áß¥â«¬«‘∏’ ultra-rapid freezing ‡ªìπ«‘∏’

∑’Ë‡À¡“– ”À√—∫°“√·™à·¢Áß‚Õ‚Õ‰´µå‡æ√“–„ÀâÕ—µ√“°“√

‡°‘¥ ¿“ææ√âÕ¡ªØ‘ π∏‘·≈–°“√·∫àßµ—«∂÷ß√–¬–

∫≈“ ‚µ´‘  Ÿß°«à“°“√·™à·¢Áß·∫∫≈¥Õÿ≥À¿Ÿ¡‘™â“

(Martino, 1996) ¬—ß™à«¬≈¥°“√∑”≈“¬®“°§«“¡‡¬Áπ‡π◊ËÕß

®“°„™âª√‘¡“≥¢Õß “√ªÑÕß°—π°“√·™à·¢Áß≈¥≈ß·≈–

‡«≈“ —Èπ≈ß ´÷Ëß°“√‡æ‘Ë¡Õ—µ√“‡√Á«¢Õß°“√·™à·¢Áß¡’ à«π

™à«¬≈¥°“√‡°‘¥‡°≈Á¥πÈ”·¢Áß (Shaw et al., 2000; Vajta,

2000)  à«π°“√·™à·¢Áß·∫∫≈¥Õÿ≥À¿Ÿ¡‘™â“®–∑”„Àâ‡°‘¥

§«“¡º‘¥ª°µ‘°—∫ “√ª√–°Õ∫¿“¬„π‚Õ‚Õ‰´µå·∫∫

°≈—∫§◊π‰¡à‰¥â ·≈–‰¡à “¡“√∂§«∫§ÿ¡ªí®®—¬∑’Ë∑”„Àâ‡°‘¥

§«“¡‡ ’¬À“¬µàÕ‡´≈≈å ‡™àπ °“√‡°‘¥‡°≈Á¥πÈ”·¢Áß §«“¡

‡ ’¬À“¬®“°§«“¡·µ°µà“ß¢Õß√–¥—∫·√ß¥—πÕÕ ‚¡´‘ 

À√◊Õ°“√·µ°À—°¢Õß‡ª≈◊Õ°Àÿâ¡ (Saunders and Park,

1999) πÕ°®“°π’È°“√„™â copper grid „π°“√·™à·¢Áß

®–™à«¬≈¥°“√‡°‘¥‡°≈Á¥πÈ”·¢Áß‡π◊ËÕß®“°®–‡°‘¥°“√≈¥

Õÿ≥À¿Ÿ¡‘Õ¬à“ß√«¥‡√Á«®π¢â“¡™à«ß§«“¡·µ°µà“ß¢Õß

Õÿ≥À¿Ÿ¡‘´÷Ëß®–∑”≈“¬‚Õ‚Õ‰´µå (Shaw et al., 2000)

·≈–„Àâº≈¥’°«à“°“√·™à·¢Áß„πÀ≈Õ¥ straw (Martino et

al., 1996) ®“°°“√»÷°…“¢Õß Arav et al. (1993) æ∫

«à“°“√„™â‡∑§π‘§ minimum drop size (MDS) ¡’ à«π

™à«¬≈¥°“√‡°‘¥‡°≈Á¥πÈ”·¢Áß¿“¬„π‡´≈≈å‰¥â‚¥¬°“√≈¥

ª√‘¡“≥ “√ªÑÕß°—π°“√·™à·¢Áß≈ß ·≈–„Àâº≈¥’°«à“°“√‡æ‘Ë¡

§«“¡‡¢â¡¢âπ¢Õß “√ ‚¥¬¬‘Ëß∑”„Àâ‡°‘¥§«“¡‡ ’¬À“¬·°à
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‚Õ‚Õ‰´µå

„π°“√·™à·¢Áß‚Õ‚Õ‰´µå∑”‰¥â¬“°°«à“°“√·™à·¢Áß

µ—«ÕàÕπ¥—ß°“√∑¥≈Õß¢Õß Santhananthan et al. (1988)

æ∫«à“‚Õ‚Õ‰´µå®–∑πµàÕ°“√≈¥Õÿ≥À¿Ÿ¡‘µË”‰¥âπâÕ¬°«à“

µ—«ÕàÕπ ·≈–°“√ºà“π‡¢â“ÕÕ°¢Õß “√ªÑÕß°—π‡´≈≈å¢≥–

·™à·¢Áß®–™â“°«à“µ—«ÕàÕπ ∑”„Àâ‡°‘¥§«“¡‡ ’¬À“¬®“°

§«“¡¥—πÕÕ ‚¡´‘  (osmotic injury) ‰¥â (Miyake et

al., 1993) „π°“√·™à·¢Áß‚Õ‚Õ‰´µåæ∫«à“‚Õ‚Õ‰´µå„π

√–¬–æ√âÕ¡ªØ‘ π∏‘π—Èπ∑”‰¥â¬“°‡π◊ËÕß®“°À≈“¬ªí®®—¬

‡™àπ ª√‘¡“µ√¢Õß‚Õ‚Õ‰´µå ‡¬◊ËÕÀÿâ¡‡´≈≈å™—Èπ‡¥’¬« §«“¡

‰«µàÕ°“√≈¥Õÿ≥À¿Ÿ¡‘¡“° ‰¡‚§√øî≈“‡¡π∑å·≈–‰¡‚§√-

∑‘«∫Ÿ≈¢Õß‚§√‚¡‚´¡√–¬–‡¡∑“‡ø  ∑Ÿ ·≈–‡ª≈◊Õ°Àÿâ¡

∂Ÿ°∑”≈“¬¢≥–·™à·¢Áß‰¥â¡“° (Shaw et al., 2000) ®÷ß

Õ“®ª√—∫¡“·™à·¢Áß‚Õ‚Õ‰´µå„π√–¬–‰¡àæ√âÕ¡ªØ‘ π∏‘

‡æ√“–‰¡‚§√∑Ÿ∫Ÿ≈®–‰¡à∂Ÿ°∑”≈“¬ ‡π◊ËÕß®“°¬—ß‰¡à¡’°“√

®—¥‡√’¬ß·≈– “¬‚§√¡“µ‘π¬—ß‰¡àÀ¥ —Èπ Õ’°∑—Èß¬—ß¡’‡¬◊ËÕ

Àÿâ¡π‘«‡§≈’¬ Õ¬Ÿà¥â«¬ (Jewgenow et al., 1998) Isachenko

et al. (1998) ‡ πÕ·π–«à“°“√‡≈◊Õ°„™â™π‘¥·≈–§«“¡

‡¢â¡¢âπ¢Õß “√ªÑÕß°—π°“√·™à·¢Áß √«¡∂÷ß°“√∑”≈–≈“¬

∑’Ë‡À¡“– ¡¡’ à«π ”§—≠µàÕ§«“¡ ”‡√Á®„π°“√·™à·¢Áß

‚Õ‚Õ‰´µå ÿ°√

®“°°“√»÷°…“π’È √ÿª‰¥â«à“ °“√·™à·¢Áß‚Õ‚Õ‰´µå

 ÿ°√„π√–¬–‰¡àæ√âÕ¡ªØ‘ π∏‘¥â«¬«‘∏’ ultra-rapid freezing

„™â§«“¡‡¢â¡¢âπ¢Õß‡Õ∑’≈’π ‰°≈§Õ≈ 4.0 ∂÷ß 6.0

‚¡≈“√å ¡’§«“¡‡À¡“– ¡∑’Ë∑”„Àâ‚Õ‚Õ‰´µå¿“¬À≈—ß°“√

·™à·¢Áß¡’§ÿ≥¿“æ¥’ ¡’Õ—µ√“°“√‡°‘¥ ¿“ææ√âÕ¡ªØ‘ π∏‘

„π√–¥—∫∑’Ë¬Õ¡√—∫‰¥â ·≈–¡’·π«‚πâ¡«à“ §«“¡‡¢â¡¢âπ

¢Õß‡Õ∑’≈’π ‰°≈§Õ≈∑’Ë 4.5 ·≈– 5.0 ‚¡≈“√å ∑”„Àâ‡°‘¥

 ¿“ææ√âÕ¡ªØ‘ π∏‘∑’Ë¥’∑’Ë ÿ¥  à«π°“√„™â‡Õ∑’≈’π ‰°≈°Õ≈

∑’Ë§«“¡‡¢â¡¢âπ¡“°°«à“ 6.0 ‚¡≈“√å ∑”„Àâ‡°‘¥º≈‡ ’¬µàÕ

‚Õ‚Õ‰´µåÀ≈—ß°“√·™à·¢Áß∑—Èß„π¥â“π≈—°…≥–·≈–§«“¡

 “¡“√∂„π°“√æ—≤π“µàÕ‰ª ·≈–‡ªìπæ◊Èπ∞“π ”À√—∫

°“√æ—≤π“°“√‡°Á∫√—°…“‚Õ‚Õ‰´µå ÿ°√‡æ◊ËÕ„™â ”À√—∫

°“√º≈‘µ ÿ°√®“°°“√ªØ‘ π∏‘¿“¬πÕ°√à“ß°“¬ ·π«∑“ß

°“√«‘®—¬µàÕ‰ª §◊Õ °“√π”‡Õ“‚Õ‚Õ‰´µå∑’Ë·™à·¢Áß‰ª

ªØ‘ π∏‘·≈â«¥Ÿ§«“¡ª°µ‘¢Õß‰´‚µæ≈“ ¡µàÕ‰ª
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