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Abstract

Adisorn Adirekthaworn1*  Kriengyot Sajjarengpong1  Siripen Vethchagarun3

Wimon Pothiwong1  Mongkol Techakumphu2

ULTRASTRUCTURAL CHANGES IN PORCINE OOCYTES AFTER

ULTRARAPID FREEZING

The objective of the present study was to investigate the ultrastructural changes seen in frozen porcine

oocytes at the germinal vesicle and during in vitro maturation when using an ultrarapid freezing technique.

The morphological changes were assessed by transmission electron microscopy (TEM). Immature oocytes were

collected from pig ovaries at a local slaughter house in Nakorn Prathom province. Some oocytes were matured in

vitro for 44 hours at 39oC, 5% CO
2
 with high humidity. All oocytes were divided into four groups; immature

(control group), the in vitro maturation  group (control group), frozen immature and frozen mature oocytes.

Electron microscopy was used to examine the fine structure of the frozen oocytes (group 3 and 4). The freezing

technique induced ultrastructural changes when compared to the unfrozen oocytes inducing; less electron-lucent

in the zona pellucida, degeneration of microvilli, extensive vacuolization, changes in the matrix density of the

mitochondria and disruption of lipid droplets and the cytoplasmic vesicles membrane. In conclusion, the study

showed that the ultrarapid freezing technique demonstrates similar morphological features for the porcine

oocytes at both the germinal vesicle and the maturation stage.

Keywords : pig, oocyte,  ultrarapid freezing,  transmission electron microscopy
1Department of Anatomy,  2Department of Obstetrics Gynaecology  and Reproduction, Faculty of Veterinary  Science, Chulalongkorn

University, Bangkok, 10330
3Scientific and Technological Research Equipment Centre, Chulalongkorn University, Bangkok, 10330
*Corresponding author
1
¿“§«‘™“°“¬«‘¿“§»“ µ√å  

2
¿“§«‘™“ Ÿµ‘»“ µ√å ‡∏πÿ‡«™«‘∑¬“·≈–«‘∑¬“°“√ ◊∫æ—π∏ÿå §≥– —µ«·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ °√ÿß‡∑æœ 10330

3
»Ÿπ¬å‡§√◊ËÕß¡◊Õ«‘®—¬«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’ ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ °√ÿß‡∑æœ 10330

*
ºŸâ√—∫º‘¥™Õ∫∫∑§«“¡



62 Thai J. Vet. Med. Vol. 34 No. 4, 31 December 2004

∫∑§—¥¬àÕ

Õ¥‘»√ Õ¥‘‡√°∂“«√1*  ‡°√’¬ß¬»  —®®‡®√‘≠æß…å1  »‘√‘‡æÁ≠ ‡«™™°“√—≥¬å3  «‘¡≈ ‚æ∏‘«ß»å1  ¡ß§≈ ‡µ™–°”æÿ2

°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß¢Õß‚Õ‚Õ‰´µå ÿ°√¿“¬À≈—ß°“√·™à·¢Áß¥â«¬«‘∏’ ultrarapid freezing

°“√»÷°…“„π§√—Èßπ’È‡ªìπ°“√»÷°…“√Ÿª√à“ß≈—°…≥–¢ÕßÕÕ√å°“‡π≈ ¿“¬„π‰´‚µæ≈“ ¡¢Õß‚Õ‚Õ‰´µå ÿ°√™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘

·≈–æ√âÕ¡ªØ‘ π∏‘‡¡◊ËÕºà“π°“√·™à·¢Áß¥â«¬‡∑§π‘§ ultrarapid freezing ·≈–»÷°…“°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èπ‚¥¬„™â°≈âÕß®ÿ≈∑√√»πå

Õ‘‡≈Á°µ√Õπ™π‘¥≈”· ßºà“π ∑”°“√‡®“–‡°Á∫‚Õ‚Õ‰´µå®“°√—ß‰¢à ÿ°√∑’Ë‰¥â®“°‚√ß¶à“ —µ«å·ÀàßÀπ÷Ëß „π®—ßÀ«—¥π§√ª∞¡ π”‚Õ‚Õ‰´µå∑’Ë

‰¥â§√÷ËßÀπ÷Ëß¢Õß∑—ÈßÀ¡¥‰ª‡≈’È¬ß„πÀ≈Õ¥∑¥≈Õß‡ªìπ‡«≈“ 44 ™—Ë«‚¡ß„ππÈ”¬“‡≈’È¬ß®πÕ¬Ÿà„π ¿“«–æ√âÕ¡ªÆ‘ π∏‘∑’ËÕÿ≥À¿Ÿ¡‘ 39
o
´.

§“√å∫Õπ‰¥ÕÕ°‰´µå  5% ·≈–§«“¡™◊Èπ 100% ‚Õ‚Õ‰´µå∑’Ë‰¥â∑—ÈßÀ¡¥·∫àßÕÕ°‡ªìπ 4 °≈ÿà¡  ‰¥â·°à‚Õ‚Õ‰´µå™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘

(°≈ÿà¡§«∫§ÿ¡) ‚Õ‚Õ‰´µå™π‘¥æ√âÕ¡ªØ‘ π∏‘ (°≈ÿà¡§«∫§ÿ¡) ‚Õ‚Õ‰´µå™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘·≈–ºà“π°“√·™à·¢Áß (°≈ÿà¡∑¥≈Õß) ·≈–

°≈ÿà¡ ÿ¥∑â“¬‡ªìπ‚Õ‚Õ‰´µå™π‘¥æ√âÕ¡ªØ‘ π∏‘·≈–ºà“π°“√·™à·¢Áß (°≈ÿà¡∑¥≈Õß) À≈—ß®“°°“√»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ

æ∫°“√‡ª≈’Ë¬π·ª≈ß∑’Ë§≈â“¬§≈÷ß°—π„π‚Õ‚Õ‰´µå∑’Ëºà“π°“√·™à·¢Áß∑—Èß Õß™π‘¥ (°≈ÿà¡∑’Ë 3 ·≈– 4) ‰¥â·°à zona pellucida µ‘¥ ’®“ß≈ß

¡’°“√‡ ◊ËÕ¡ ≈“¬¢Õß‰¡‚§√«‘≈‰≈æ∫≈—°…≥–§≈â“¬™àÕß«à“ß¿“¬„π‰¡‚µ§Õπ‡¥√’¬ ·≈–°“√µ‘¥ ’µà“ß‰ª®“°‡¥‘¡ ºπ—ßÀÿâ¡√Õ∫πÕ°¢Õß

‡¡Á¥‰¢¡—π·≈– vesicle‰¡à‡√’¬∫¡’√Õ¬À¬—°‰ª¡“ ®“°°“√»÷°…“„π§√—Èßπ’È √ÿª‰¥â«à“°“√·™à·¢Áß¥â«¬‡∑§π‘§π’È ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß

‚§√ß √â“ß¢ÕßÕÕ√å°“‡π≈¿“¬„π‰´‚µæ≈“ ¡¢Õß‚Õ‚Õ‰´µå ÿ°√∑—Èß™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘ ·≈–æ√âÕ¡ªØ‘ π∏‘„π≈—°…≥–‡¥’¬«°—π

§” ”§—≠ :   ÿ°√ ‚Õ‚Õ‰´µå ultrarapid freezing °≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ

∫∑π”

„πªí®®ÿ∫—π°“√·™à·¢Áßµ—«ÕàÕπ πÈ”‡™◊ÈÕ·≈–‚Õ‚Õ‰´µå„π

 —µ«å‡≈’È¬ß≈Ÿ°¥â«¬πÈ”π¡‡ªìπ«‘∏’°“√‡°Á∫√—°…“ “√æ—π∏ÿ°√√¡¢Õß

 —µ«å∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ‡¡◊ËÕ„™â‡∑§π‘§π’È√à«¡°—∫°“√¬â“¬Ω“°µ—«

ÕàÕπ√«¡∂÷ß°“√¬â“¬Ω“°π‘«‡§≈’¬ ®–™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π

°“√ª√—∫ª√ÿßæ—π∏ÿå —µ«å‰¥â‡ªìπÕ¬à“ß¥’ ∑’Ëºà“π¡“‰¥â¡’°“√æ—≤π“

‡∑§π‘§°“√‡°Á∫√—°…“‚Õ‚Õ‰´µå¡πÿ…¬å ·≈– —µ«å ‚¥¬°“√·™à

·¢Áß‚¥¬„™â‡∑§π‘§∑’Ë·µ°µà“ß°—π (Parks and Ruffing, 1992;

Vajta et al., 1998; Kong et al., 2000; Matsumoto et al.,

2001; Hochi et al., 2004) æ∫«à“‚Õ‚Õ‰´µå¢Õß —µ«å‡≈’È¬ß

≈Ÿ°¥â«¬πÈ”π¡ à«π„À≠à “¡“√∂·™à·¢Áß ·≈–π”°≈—∫‰ª„™â„π

°“√ªØ‘ π∏‘ ·≈–¬â“¬Ω“°„π —µ«åµ—«√—∫‰¥â ·µàº≈∑’Ë‰¥â¬—ß¡’

§«“¡·µ°µà“ß°—π ‡π◊ËÕß®“°‚Õ‚Õ‰´µå¢Õß —µ«åµà“ß™π‘¥°—π®–¡’

§«“¡‰«µàÕ§«“¡‡¬Áπ ·≈–‡∑§π‘§„π°“√·™à·¢Áß·µ°µà“ß°—π

(Shaw et al., 2000; Vajta, 2000; Ledda et al., 2001 )

°“√·™à·¢Áß‚Õ‚Õ‰´µå„π —µ«å¡’À≈“¬«‘∏’ ‚¥¬«‘∏’Àπ÷Ëß§◊Õ

°“√·™à·¢Áß‚¥¬„™â‡∑§π‘§ ultrarapid freezing «‘∏’π’È„™â„π°“√

≈¥Õÿ≥À¿Ÿ¡‘≈ß„π√–¬–‡«≈“Õ—π —Èπ ‚¥¬‚Õ‚Õ‰´µå®–∂Ÿ°«“ß≈ß

∫π·ºàπµ–·°√ß∑Õß·¥ß (electron microscopic copper grid)

°àÕπ∑’Ë®– —¡º— °—∫ “√ªÑÕß°—π°“√·™à·¢Áß‚¥¬µ√ß (Martino

et al., 1996; Park et al., 1999) ‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘°“√¥÷ß

πÈ”ÕÕ°®“°‡´≈≈å°àÕπ·™à·¢Áß «‘∏’π’È®–æ∫‡°≈Á¥πÈ”·¢Áß‡°‘¥¢÷Èπ∑—Èß

¿“¬„π ·≈–¿“¬πÕ°‡´≈≈å (Niemann, 1991) Wu ·≈–§≥–

(2001) ‰¥â„™â‡∑§π‘§π’È„π°“√µ√«® Õ∫§«“¡ “¡“√∂„π°“√

‡®√‘≠ °“√ªØ‘ π∏‘ √«¡∂÷ß°“√æ—≤π“¢Õßµ—«ÕàÕπ„π¡πÿ…¬å

æ∫«à“‚Õ‚Õ‰´µå “¡“√∂‡®√‘≠∂÷ß√–¬–æ√âÕ¡ªØ‘ π∏‘ 59%

‚¥¬®”π«π 64% ¢Õß‚Õ‚Õ‰´µå∑’Ë‡®√‘≠‡µÁ¡∑’Ë “¡“√∂‡°‘¥°“√

ªØ‘ π∏‘®“°µ—«Õ ÿ®‘ ·≈–‡°‘¥°“√·∫àßµ—«¢Õßµ—«ÕàÕπ‰¥â 70%

‡™àπ‡¥’¬«°—∫∑’Ë Martino ·≈–§≥– (1996) ‰¥â∑”°“√·™à·¢Áß

‚Õ‚Õ‰´µå‚§™π‘¥æ√âÕ¡ªØ‘ π∏‘¥â«¬«‘∏’°“√‡¥’¬«°—π ·≈–µ√«®

 Õ∫Õ—µ√“°“√√Õ¥¥â«¬°“√ªØ‘ π∏‘¿“¬πÕ°√à“ß°“¬ æ∫«à“

Õ—µ√“°“√·∫àßµ—«¢Õßµ—«ÕàÕπÕ¬Ÿà∑’Ë√–¥—∫ 30% ·≈–§√÷ËßÀπ÷Ëß¢Õß

µ—«ÕàÕπ “¡“√∂‡®√‘≠‰ª®π∂÷ß√–¬–∫≈“ ‚µ ’́ ‰¥â πÕ°®“°π’È

Õπÿ™“ ·≈–§≥– (2002) ‰¥â„™â‡∑§π‘§π’È„π°“√·™à·¢Áß‚Õ‚Õ‰´µå

 ÿ°√∑’Ë‰¡àæ√âÕ¡ªØ‘ π∏‘ æ∫«à“‚Õ‚Õ‰´µå ÿ°√¡’Õ—µ√“°“√‡®√‘≠‡¢â“

 Ÿà√–¬– metaphase II 23-30% „π¢≥–∑’ËÕ¥‘»√ ·≈–§≥–
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(2001)  “¡“√∂π”‚Õ‚Õ‰´µå ÿ°√∑’Ë‰¡àæ√âÕ¡ªØ‘ π∏‘ ·≈–

æ√âÕ¡ªØ‘ π∏‘∑’Ëºà“π°“√·™à·¢Áß¥â«¬‡∑§π‘§π’È¡“µ√«® Õ∫§«“¡

 “¡“√∂„π°“√‡®“–ºà“π¢Õßµ—«Õ ÿ®‘ ÿ°√ Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫Õ—µ√“°“√‡®√‘≠‡¢â“ Ÿà√–¬– metaphase II À√◊Õ

§«“¡ “¡“√∂„π°“√‡®“–ºà“πæ∫«à“¡’‡ªÕ√å‡ Á́πµå∑’Ë‰¡à Ÿß¡“°

π—°‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â ‚Õ‚Õ‰´µå ¥ ∑—Èßπ’ÈÕ“®‡ªìπº≈‡π◊ËÕß¡“

®“°¡’°“√‡ª≈’Ë¬π·ª≈ßÀ√◊Õ‡°‘¥§«“¡‡ ’¬À“¬¢÷Èπ°—∫ÕÕ√å°“‡π≈

¿“¬„π‰´‚µæ≈“ ¡¢Õß‚Õ‚Õ‰´µå∑’Ëºà“π°“√·™à·¢Áß (Shaw

et al., 2000; Ledda et al., 2001) ‰¥â·°à ¡’°“√Àπ“µ—«¢Õß

ºπ—ß zona pellucida ‡æ‘Ë¡¢÷Èπ (Carroll et al., 1990; Vincent

et al., 1990) spindle fiber ‡°‘¥§«“¡‡ ’¬À“¬ (Aigner et al.,

1992) ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß‰¡‚§√«‘≈‰≈ (microvilli) ∑’Ë

Õ¬Ÿà√Õ∫‡¬◊ËÕÀÿâ¡‡´≈≈å ‡°‘¥°“√∫«¡ ·≈–¡’™àÕß«à“ß‡°‘¥¢÷Èπ¿“¬„π

‰¡‚µ§Õπ‡¥√’¬ √«¡∂÷ß§Õ√åµ‘§Õ≈ ·°√πŸ≈ (cortical granules)

‡®√‘≠‰¥â‰¡à‡µÁ¡∑’Ë  (Vincent  et al., 1990; Fuku et al., 1995a,b)

πÕ°®“°π’ÈÕ“®æ∫°“√°√–®“¬µ—«¢Õß§Õ√åµ‘§Õ≈ ·°√πŸ≈∑’Ëº‘¥

ª°µ‘‰ª®“°‡¥‘¡ (Hyttel et al., 2000) ®“°°“√‡ª≈’Ë¬π·ª≈ß

¢ÕßÕÕ√å°“‡π≈¥—ß°≈à“«¢â“ßµâπ‡ªìπº≈‡π◊ËÕß¡“®“°‡∑§π‘§∑’Ë„™â

„π°“√·™à·¢Áß‚Õ‚Õ‰´µå¡’§«“¡·µ°µà“ß°—π Õ¬à“ß‰√°Áµ“¡¢âÕ¡Ÿ≈

‡∫◊ÈÕßµâπ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕÕ√å°“‡π≈„π

‚Õ‚Õ‰´µå‡¡◊ËÕ·™à·¢Áß¥â«¬«‘∏’ ultrarapid freezing ¬—ß¡’Õ¬ŸàπâÕ¬

¡“°‚¥¬‡©æ“–„π ÿ°√ ́ ÷Ëßº≈∑’Ë‰¥âπ’È®–∑”„Àâ∑√“∫∂÷ß°“√‡ª≈’Ë¬π

·ª≈ß∑’ËÕ“®‡°‘¥¢÷Èπ°—∫ÕÕ√å°“‡π≈Õ—π‡π◊ËÕß¡“®“°°“√„™â‡∑§π‘§

π’È„π°“√·™à·¢Áß‚Õ‚Õ‰´µå ´÷Ëß®–‡ªìπª√–‚¬™πåµàÕ‰ª„π°“√

æ—≤π“‡∑§π‘§°“√·™à·¢Áß„π°“√‡°Á∫√—°…“æ—π∏ÿ°√√¡¢Õß —µ«å

À“¬“°√«¡∂÷ß —µ«å∑’Ë„°≈â Ÿ≠æ—π∏ÿåµàÕ‰ª ¥—ßπ—Èπ°“√»÷°…“„π

§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“∂÷ß°“√‡ª≈’Ë¬π·ª≈ß¢Õß

‚Õ‚Õ‰´µå ÿ°√™π‘¥‰¡àæ√âÕ¡ªÆ‘ π∏‘ ·≈–™π‘¥æ√âÕ¡ªØ‘ π∏‘

‡¡◊ËÕ·™à·¢Áß‚Õ‚Õ‰´µå ¥â«¬«‘∏’ ultrarapid freezing

Õÿª°√≥å·≈–«‘∏’°“√

°“√‡°Á∫‚Õ‚Õ‰´µå

∑”°“√‡°Á∫√—ß‰¢à¢Õß ÿ°√®“°‚√ß¶à“ —µ«å„π‡¢µÕ”‡¿Õ

‡¡◊Õß ®—ßÀ«—¥π§√ª∞¡ ‚¥¬‡°Á∫√—ß‰¢à≈ß„ππÈ”‡°≈◊Õ 0.9%

Õÿ≥À¿Ÿ¡‘ 37o´. ®“°π—Èππ”°≈—∫¡“¬—ßÀâÕßªØ‘∫—µ‘°“√¿“¬„π 30

π“∑’  ∑”°“√≈â“ßÕ’°§√—Èß¥â«¬πÈ”‡°≈◊Õ 0.9% „™â‡¢Á¡æ≈“ µ‘°‡∫Õ√å

19 µàÕ°—∫‰´√‘ß§åæ≈“ µ‘°¢π“¥ 5 ¡≈. ‡®“–¥Ÿ¥¢Õß‡À≈«®“°

øÕ≈≈‘‡§‘≈∑’Ë¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 3-5 ¡¡. ·≈â«‡∑¢Õß‡À≈«

∑’Ë‰¥â≈ß„π®“πæ≈“ µ‘°∑’Ë∫√√®ÿπÈ”¬“‡≈’È¬ß‚Õ‚Õ‰´µå™π‘¥ TCM

199 Hepes ®“°π—Èπ‡≈◊Õ°‚Õ‚Õ‰´µå™π‘¥∑’Ë¡’‡´≈≈å§‘«¡Ÿ≈— Àÿâ¡

≈âÕ¡√Õ∫ (compact cumulus oocyte) ¡“≈â“ß„ππÈ”¬“ TCM

199 Hepes  Õ’° 3 §√—Èß °àÕπ∑’Ë®–π”‚Õ‚Õ‰´µå∑’Ë‰¥â¡“·¬°

‡´≈≈å§‘«¡Ÿ≈— ÕÕ°®“°‡ª≈◊Õ° (decoronization) À≈—ß®“°‡°Á∫‰«â

„π 1% hyarulonidase ∑’ËÕÿ≥À¿Ÿ¡‘ 39o´. π“π 30 π“∑’ ¥â«¬

°“√„™â‰ª‡ªµ∑’Ë¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß„°≈â‡§’¬ß°—∫¢π“¥

‚Õ‚Õ‰´µå¥Ÿ¥‡¢â“ÕÕ°À≈“¬Ê §√—Èß®π‡´≈≈å§‘«¡Ÿ≈— ∑’ËÕ¬Ÿà≈âÕ¡

√Õ∫À≈ÿ¥ÕÕ°¡“®πÀ¡¥ ‚Õ‚Õ‰´µå¥—ß°≈à“«®—¥‡ªìπ‚Õ‚Õ‰´µå

™π‘¥∑’Ë¬—ß‰¡àæ√âÕ¡ªØ‘ π∏‘

°“√‡≈’È¬ß‚Õ‚Õ‰´µå„Àâæ√âÕ¡ªÆ‘ π∏‘

π”‚Õ‚Õ‰´µå™π‘¥∑’Ë¡’‡´≈≈å§‘«¡Ÿ≈— Àÿâ¡≈âÕ¡√Õ∫∑’Ë‰¥â®“°

√—ß‰¢à ÿ°√¥—ß«‘∏’¢â“ßµâπ ¡“‡≈’È¬ß„Àâ‡°‘¥ ¿“«–æ√âÕ¡ªÆ‘ π∏‘

„πµŸâÕ∫„ππÈ”¬“∑’Ë¡’ à«πª√–°Õ∫¢Õß TCM 199 NaHCO
3
 +

FSH/LH 10 ‰¡‚§√°√—¡/¡≈. + estradiol 17-β10 ‰¡‚§√°√—¡/

¡≈. + 10% fetal calf serum  π“π 44 ™—Ë«‚¡ß ∑’ËÕÿ≥À¿Ÿ¡‘

39o´ ¿“¬„µâ∫√√¬“°“» 5% CO
2
 ·≈–§«“¡™◊Èπ‡µÁ¡∑’Ë ‡¡◊ËÕ

§√∫°”Àπ¥‡«≈“„π°“√‡≈’È¬ß·≈â«π”‚Õ‚Õ‰´µå∑’Ë‰¥â‰ª·¬°

‡´≈≈å§‘«¡Ÿ≈— ÕÕ°®“°‡ª≈◊Õ°¥—ß«‘∏’‡¥’¬«°—π°—∫‚Õ‚Õ‰´µå™π‘¥

‰¡àæ√âÕ¡ªØ‘ π∏‘ ´÷Ëß‚Õ‚Õ‰´µå∑’Ë‰¥â®—¥‡ªìπ‚Õ‚Õ‰´µå™π‘¥∑’Ë

æ√âÕ¡ªØ‘ π∏‘ (¡ß§≈ ·≈–§≥–, 1993)

°“√·™à·¢Áß‚Õ‚Õ‰´µå

π”‚Õ‚Õ‰´µå ÿ°√∑’Ë‰¡àæ√âÕ¡ªØ‘ π∏‘ ·≈–æ√âÕ¡

ªØ‘ π∏‘°≈ÿà¡≈– 15-20 ‚Õ‚Õ‰´µå¡“·™à·¢Áß¥â«¬«‘∏’ ultrarapid

freezing ∫π·ºàπµ–·°√ß∑Õß·¥ßµ“¡«‘∏’¢Õß Martino ·≈–§≥–

(1996) ‚¥¬π”‚Õ‚Õ‰´µå∑—Èß Õß™π‘¥¡“≈â“ß„ππÈ”¬“ PBS ∑’Ë¡’

10% fetal calf serum ‡ªìπ‡«≈“ 5 π“∑’Àπ÷Ëß§√—Èß °àÕπ∑’Ë®–

„ à≈ß„π “√ªÑÕß°—π°“√·™à·¢Áß™π‘¥ ethylene glycol §«“¡

‡¢â¡¢âπ 5 M π“π 30 «‘π“∑’ À≈—ß®“°π—Èππ”‚Õ‚Õ‰´µå«“ß

≈ß∫π·ºàπµ–·°√ß∑Õß·¥ß (√Ÿª∑’Ë 1a) ·≈–„™âª“°§’∫

(watchmakerûs forceps) §’∫·ºàπµ–·°√ß∑Õß·¥ßπ’È®ÿà¡≈ß„π

‰π‚µ√‡®π‡À≈«π“π 1 π“∑’ ‡¡◊ËÕ§√∫°”Àπ¥·≈â«π”¡“∑”„Àâ

≈–≈“¬„π “√≈–≈“¬´Ÿ‚§√ §«“¡‡¢â¡¢âπ 0.5 M, 0.25 M,

0.125 M ·≈–πÈ”¬“ PBS + 10% fetal calf serum µ“¡

≈”¥—∫π“π¢—ÈπµÕπ≈– 1 π“∑’ ‚Õ‚Õ‰´µå∑’Ëºà“π¢—ÈπµÕππ’È®—¥‡ªìπ

‚Õ‚Õ‰´µå·™à·¢Áß

°“√‡µ√’¬¡µ—«Õ¬à“ß‚Õ‚Õ‰´µå ”À√—∫°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ

™π‘¥≈”· ßºà“π (Transmission electron microscopy; TEM)

π”µ—«Õ¬à“ß‚Õ‚Õ‰´µå∑’Ë‰¥â®“°·µà≈–°≈ÿà¡¡“§ß ¿“æ

§√—Èß·√°∑—π∑’¥â«¬ 2.5% glutaraldehyde „π “√≈–≈“¬ 0.1 M

phosphate buffer ∑’Ë pH 7.4 Õÿ≥À¿Ÿ¡‘ 4o´ ∑‘Èß‰«â¢â“¡§◊π

®“°π—Èππ”µ—«Õ¬à“ß ‚Õ‚Õ‰´µå¡“≈â“ß¥â«¬ 0.1 M phosphate buffer



64 Thai J. Vet. Med. Vol. 34 No. 4, 31 December 2004

Õ’° 3 §√—Èß Ê ≈– 15 π“∑’°àÕπ®–§ß ¿“æ´È” (post-fix) ¥â«¬

1% osmium tetroxide „π “√≈–≈“¬ 0.1 M phosphate buffer

π“π 1 ™—Ë«‚¡ß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡¡◊ËÕ§√∫°”Àπ¥·≈â«π”¡“≈â“ß

¥â«¬πÈ”°≈—ËπÕ’° 3 §√—Èß°àÕππ”‰ªºà“π°√–∫«π°“√¥÷ßπÈ”ÕÕ°

(dehydration) ¥â«¬‡Õ∏“πÕ≈∑’Ë§«“¡‡¢â¡¢âπ 35%, 50%, 70%,

95% µ“¡≈”¥—∫π“π¢—ÈπµÕπ≈– 15 π“∑’ ·≈– ÿ¥∑â“¬¥â«¬

‡Õ∏“πÕ≈‡¢â¡¢âπ (absolute ethanol) Õ’° 3 §√—ÈßÊ ≈– 15 π“∑’

µàÕ®“°π—Èππ”‰ª·∑π∑’ËπÈ” (infiltration)¥â«¬ à«πº ¡√–À«à“ß

absolute ethanol °—∫ spurrûs resin „πÕ—µ√“ à«π 3:1 1:1 1:3

µ“¡≈”¥—∫π“π¢—ÈπµÕπ≈– 3 ™—Ë«‚¡ß·≈– spurrûs resin  Õ’° 3

§√—ÈßÊ ≈– 3 ™—Ë«‚¡ß À≈—ß®“°π—Èππ”‰ª«“ß≈ß∫π·¡àæ‘¡æå·≈–

Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 70o´ π“π 8 ™—Ë«‚¡ß µ—«Õ¬à“ß∑’Ë‰¥â®–π”‰ªµ—¥

„Àâ‡ªìπ·ºàπ∑’Ë§«“¡Àπ“ 60-90 π“‚π‡¡µ√ ‡¡◊ËÕµ—¥‡√’¬∫√âÕ¬

¥’·≈â««“ß≈ß∫π·ºàπµ–·°√ß∑Õß·¥ß ¬âÕ¡¥â«¬ 2% uranyl

acetate „π “√≈–≈“¬¢Õß 50% ethanol π“π 10-15 π“∑’

·≈– lead citrate π“π 5-10 π“∑’µ“¡≈”¥—∫

°“√·∫àß°≈ÿà¡°“√»÷°…“

°“√»÷°…“„π§√—Èßπ’È·∫àßÕÕ°‡ªìπ 4 °≈ÿà¡‰¥â·°à

°≈ÿà¡∑’Ë 1 ‚Õ‚Õ‰´µå™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘ ‰¡à‰¥âºà“π

°“√·™à·¢Áß (°≈ÿà¡§«∫§ÿ¡) (n = 9)

°≈ÿà¡∑’Ë 2 ‚Õ‚Õ‰´µå™π‘¥æ√âÕ¡ªØ‘ π∏‘ ‰¡à‰¥âºà“π°“√

·™à·¢Áß (°≈ÿà¡§«∫§ÿ¡) (n  = 8)

°≈ÿà¡∑’Ë 3 ‚Õ‚Õ‰´µå™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘ ºà“π°“√

·™à·¢Áß (°≈ÿà¡∑¥≈Õß) (n = 8)

°≈ÿà¡∑’Ë 4 ‚Õ‚Õ‰´µå™π‘¥æ√âÕ¡ªØ‘ π∏‘ ºà“π°“√·™à

·¢Áß (°≈ÿà¡∑¥≈Õß) (n = 6)

µ—«Õ¬à“ß‚Õ‚Õ‰´µå ÿ°√„π·µà≈–°≈ÿà¡°“√∑¥≈Õß ∑’Ëºà“π

¢∫«π°“√‡µ√’¬¡µ—«Õ¬à“ß‡√’¬∫√âÕ¬·≈â« ®–π”¡“»÷°…“°“√

‡ª≈’Ë¬π·ª≈ß¥â«¬°≈âÕß®ÿ≈∑√√»πå· ß «à“ß ·≈–¿“¬„µâ°≈âÕß

TEM §«“¡µà“ß»—°¬å 100 °‘‚≈‚«≈µå (JEM-200CX, JEOL,

Japan)

º≈

≈—°…≥–‚¥¬∑—Ë«‰ª¢Õß‚Õ‚Õ‰´µå ÿ°√∑—Èß™π‘¥‰¡àæ√âÕ¡

ªØ‘ π∏‘ ·≈–æ√âÕ¡ªØ‘ π∏‘¿“¬À≈—ß°“√·™à·¢Áß¥â«¬«‘∏’ ultrarapid

freezing ‡¡◊ËÕµ√«® Õ∫‡∫◊ÈÕßµâπ‚¥¬„™â°≈âÕß®ÿ≈∑√√»πå· ß

 «à“ß‰¡àæ∫§«“¡º‘¥ª°µ‘„¥Ê °—∫ºπ—ß zona pellucida ·≈–

‡¬◊ËÕÀÿâ¡‡´≈≈å √«¡∂÷ß¿“¬„π‰´‚µæ≈“ ¡¢Õß‚Õ‚Õ‰´µå (√Ÿª

∑’Ë 1b)

„π°≈ÿà¡‚Õ‚Õ‰´µå ÿ°√™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘∑’Ë‰¡à‰¥â

ºà“π°“√·™à·¢Áß (°≈ÿà¡§«∫§ÿ¡) ‡¡◊ËÕ»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πå

Õ‘‡≈Á°µ√Õπ™π‘¥≈”· ßºà“π æ∫«à“ºπ—ß‡´≈≈å¢Õß‚Õ‚Õ‰´µå

¡’≈—°…≥–‡√’¬∫¡’ à«π¢Õß‰¡‚§√«‘≈‰≈¬◊ËπÕÕ°‰ª‚¥¬√Õ∫

‚Õ‚Õ‰´µåÕ¬Ÿà¿“¬„π perivitelline space zona pellucida µ‘¥ ’

®“ß (electron-lucent) ¡’§«“¡°«â“ß ¡Ë”‡ ¡Õ‚¥¬√Õ∫ (√Ÿª∑’Ë 2)

æ∫‰¡‚µ§Õπ‡¥√’¬¡’≈—°…≥–°≈¡À√◊Õ√’µ‘¥ ’∑÷∫ (electron-dense)

¿“¬„πæ∫·∂∫ ’¢“«¢Õß cristae (√Ÿª∑’Ë 3) ‚¥¬‰¡‚µ§Õπ

‡¥√’¬π’È®–°√–®“¬Õ¬Ÿà∑—Ë«‰ª„π‰´‚µæ≈“ ¡ (√Ÿª∑’Ë 2 ·≈– 3)

æ∫‡¡Á¥‰¢¡—π (lipid droplets) ¡’≈—°…≥–·µ°µà“ß°—π Õß™π‘¥

™π‘¥·√°√Ÿª√à“ß°≈¡ µ‘¥ ’∑÷∫‡ªìπ‡π◊ÈÕ‡¥’¬«°—πÕ¬à“ß ¡Ë”‡ ¡Õ

(dark and homogenous vesicles) Õ’°™π‘¥¡’≈—°…≥–°≈¡¢π“¥

„°≈â‡§’¬ß°—πµ‘¥ ’‡∑“ ·≈–¡’‡ âπ„¬ ’®“ßªπÕ¬Ÿà·πàπ (fibril-

contained lipid droplet) (√Ÿª∑’Ë 3) ·≈–æ∫ vesicle ´÷Ëß¡’

≈—°…≥–§≈â“¬™àÕß«à“ßÕ¬Ÿà¿“¬„π‰´‚µæ≈“ ¡ √Ÿª√à“ß°≈¡À√◊Õ√’

¡’¢π“¥·µ°µà“ß°—π‰ª ‚¥¬æ∫‡¡Á¥‰¢¡—π∑—Èß Õß≈—°…≥–·≈–

vesicle °√–®“¬∑—Ë«‰ª„π‰´‚µæ≈“ ¡ (√Ÿª∑’Ë 2 ·≈– 3)

πÕ°®“°π’Èæ∫§Õ√åµ‘§Õ≈ ·°√πŸ≈√Ÿª√à“ß°≈¡¢π“¥µ‘¥ ’‡¢â¡‰¥â

„π∫“ß∫√‘‡«≥¢Õß‰´‚µæ≈“ ¡ (√Ÿª∑’Ë 3)

„π°≈ÿà¡‚Õ‚Õ‰´µå ÿ°√™π‘¥æ√âÕ¡ªØ‘ π∏‘∑’Ë‰¡à‰¥â

ºà“π°“√·™à·¢Áß (°≈ÿà¡§«∫§ÿ¡) ‡¡◊ËÕ»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πå

Õ‘‡≈Á°µ√Õπ™π‘¥≈”· ßºà“π æ∫«à“ºπ—ß‡´≈≈å¢Õß‚Õ‚Õ‰´µå¡’

≈—°…≥–‡√’¬∫ ¥â“ππÕ°¢Õßºπ—ß‡´≈≈åæ∫‚æ≈“√å∫Õ¥’∑’ËÀπ÷Ëß (the

first polar body) ¿“¬„π perivitelline space (√Ÿª∑’Ë 4) zona

pellucida µ‘¥ ’®“ß¡’§«“¡°«â“ß ¡Ë”‡ ¡Õ ·≈–æ∫‰¡‚§√«‘≈‰≈

®”π«π‡≈Á°πâÕ¬Õ¬Ÿà√Õ∫‚Õ‚Õ‰´µå ‰¡‚µ§Õπ‡¥√’¬¡’≈—°…≥–°≈¡

À√◊Õ√’µ‘¥ ’∑÷∫À√◊Õ ’®“ß¢π“¥·µ°µà“ß°—π‰ª®—¥‡√’¬ßµ—«‡ªìπ

°≈ÿà¡„π∫√‘‡«≥„°≈â°—∫ºπ—ß‡´≈≈å (√Ÿª∑’Ë 5 ·≈– 6) πÕ°®“°π’È

æ∫§Õ√åµ‘§Õ≈ ·°√πŸ≈ ¡’≈—°…≥–°≈¡µ‘¥ ’∑÷∫¢π“¥‡≈Á°‡ªìπ

®”π«π¡“° ‚¥¬§Õ√åµ‘§Õ≈ ·°√πŸ≈π’È¡’°“√‡√’¬ßµ—«°—πµ“¡·π«

¢Õß‡¬◊ËÕÀÿâ¡‡´≈≈å∑“ß¥â“π„π (√Ÿª∑’Ë 5) πÕ°®“°π’È„π‚Õ‚Õ‰´µå

°≈ÿà¡π’È “¡“√∂æ∫≈—°…≥–¢Õß‡¡Á¥‰¢¡—π∑’Ë·µ°µà“ß°—π Õß

™π‘¥‰¥â‡™àπ‡¥’¬«°—π°—∫‚Õ‚Õ‰´µå™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘∑’Ë‰¡à

‰¥âºà“π°“√·™à·¢Áß (√Ÿª∑’Ë 6)

„π°≈ÿà¡‚Õ‚Õ‰´µå ÿ°√™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘¿“¬À≈—ß

ºà“π°“√·™à·¢Áß (°≈ÿà¡∑¥≈Õß) ‡¡◊ËÕ»÷°…“æ∫«à“ºπ—ß‡´≈≈å

¢Õß‚Õ‚Õ‰´µå‰¡à‡√’¬∫ ‰¡àæ∫‰¡‚§√«‘≈‰≈„π∫√‘‡«≥ perivitelline

space  à«π zona pellucida µ‘¥ ’®“ßºπ—ß¥â“π„π¢Õ∫‡¢µ

‰¡à™—¥‡®π ·≈–¡’§«“¡Àπ“·πàππâÕ¬≈ß°«à“‡¥‘¡ (√Ÿª∑’Ë 7)

‰¡‚µ§Õπ‡¥√’¬°≈¡µ‘¥ ’‡¢â¡ ‰¡‚µ§Õπ‡¥√’¬®”π«πÀπ÷Ëß¡’
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≈—°…≥–º‘¥‰ª®“°‡¥‘¡ §◊Õ æ∫≈—°…≥–§≈â“¬™àÕß«à“ß

(vacuolization) ¿“¬„π  ·≈–°“√µ‘¥ ’∑’Ëµà“ß‰ª®“°‡¥‘¡ (√Ÿª∑’Ë 8

·≈– 9) πÕ°®“°π’Èºπ—ß vesicle ∑’ËÕ¬Ÿà¿“¬„π‡´≈≈å‚Õ‚Õ‰´µå°≈ÿà¡

π’È¡’√Ÿª√à“ßº‘¥‰ª®“°‡¥‘¡ §◊Õ ≈—°…≥–¢Õßºπ—ß vesicle ‰¡à‡√’¬∫

¡’√Õ¬À¬—°‰ª¡“

√Ÿª∑’Ë 2 ‚Õ‚Õ‰´µå ÿ°√™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘ ÿ°√∑’Ë‰¡à‰¥âºà“π°“√·™à·¢Áß; π‘«‡§≈’¬  (N); ‡¬◊ËÕÀÿâ¡π‘«‡§≈’¬  (NM); zona pellucida

(ZP); perivitelline space (PVS); ‰¡‚µ§Õπ‡¥√’¬ (M); ‰¡‚§√«‘≈‰≈ (Mi); ‡¡Á¥‰¢¡—π™π‘¥∑÷∫≈—°…≥–‡ªìπ‡π◊ÈÕ‡¥’¬«°—π

(HL); ‡¡Á¥‰¢¡—π™π‘¥µ‘¥ ’‰¡à ¡Ë”‡ ¡Õ (L); vesicle (V) (Bar = 2 µm)

a b

√Ÿª∑’Ë 1 (a) ¿“æ· ¥ß‚Õ‚Õ‰´µå ÿ°√∫π·ºàπµ–·°√ß∑Õß·¥ß°àÕπ°“√·™à·¢Áß (X 100)

(b) ¿“æ®“°°≈âÕß®ÿ≈∑√√»πå· ß «à“ß· ¥ß‚Õ‚Õ‰´µå ÿ°√∑’Ëºà“π°“√·™à·¢Áß ·≈–≈–≈“¬ ‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß∑“ß‚§√ß √â“ß

(X 200)
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√Ÿª∑’Ë 3 ‚Õ‚Õ‰´µå ÿ°√™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘∑’Ë‰¡à‰¥âºà“π°“√·™à·¢Áß; ‡¡Á¥‰¢¡—π™π‘¥∑÷∫≈—°…≥–‡ªìπ‡π◊ÈÕ‡¥’¬«°—π (HL);

‡¡Á¥‰¢¡—π™π‘¥‡∑“µ‘¥ ’‰¡à ¡Ë”‡ ¡Õ (L); vesicle (V); §Õ√åµ‘§Õ≈ ·°√πŸ≈ (CG); ‰¡‚µ§Õπ‡¥√’¬ (≈Ÿ°»√) (Bar = 2 µm)

√Ÿª∑’Ë 4 ‚Õ‚Õ‰´µå ÿ°√™π‘¥æ√âÕ¡ªØ‘ π∏‘∑’Ë‰¡à‰¥âºà“π°“√·™à·¢Áß; zona pellucida (ZP); ‚æ≈“√å∫Õ¥’∑’ËÀπ÷Ëß (PB);

‰¡‚µ§Õπ‡¥√’¬ (M); §Õ√åµ‘§Õ≈ ·°√πŸ≈ (≈Ÿ°»√) (Bar = 1 µm)
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√Ÿª∑’Ë 5 ‚Õ‚Õ‰´µå ÿ°√™π‘¥æ√âÕ¡ªØ‘ π∏‘∑’Ë‰¡à‰¥âºà“π°“√·™à·¢Áß;  zona pellucida (ZP); ‡¡Á¥‰¢¡—π™π‘¥‡∑“µ‘¥ ’‰¡à ¡Ë”‡ ¡Õ (L);

‰¡‚µ§Õπ‡¥√’¬ (M); §Õ√åµ‘§Õ≈ ·°√πŸ≈ (≈Ÿ°»√) (Bar = 1 µm)

√Ÿª∑’Ë 6 ‚Õ‚Õ‰´µå ÿ°√™π‘¥æ√âÕ¡ªØ‘ π∏‘∑’Ë‰¡à‰¥âºà“π°“√·™à·¢Áß; ‡¡Á¥‰¢¡—π™π‘¥∑÷∫≈—°…≥–‡ªìπ‡π◊ÈÕ‡¥’¬«°—π (HL); ‡¡Á¥‰¢¡—π

™π‘¥‡∑“µ‘¥ ’‰¡à ¡Ë”‡ ¡Õ (L) ‰¡‚µ§Õπ‡¥√’¬ (M); §Õ√åµ‘§Õ≈ ·°√πŸ≈ (≈Ÿ°»√) (Bar = 2 µm)
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√Ÿª∑’Ë 7 ‚Õ‚Õ‰´µå ÿ°√™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘À≈—ßºà“π°“√·™à·¢Áß æ∫«à“∫“ßÕÕ√å°“‡π≈¡’√Ÿª√à“ßº‘¥ª°µ‘‰ª; zona pellucida (ZP);

vesicle (V); ‰¡‚µ§Õπ‡¥√’¬ (M); §Õ√åµ‘§Õ≈ ·°√πŸ≈ (≈Ÿ°»√) (Bar = 2 µm)

√Ÿª∑’Ë 8 ‚Õ‚Õ‰´µå ÿ°√™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘À≈—ßºà“π°“√·™à·¢Áß; ‰¡‚µ§Õπ‡¥√’¬∑’Ëª°µ‘ (M); ‰¡‚µ§Õπ‡¥√’¬∑’Ëº‘¥ª°µ‘

æ∫≈—°…≥–§≈â“¬™àÕß«à“ßÕ¬ÿà¿“¬„π (≈Ÿ°»√); ºπ—ß vesicle ¡’≈—°…≥–∫‘¥‡∫’È¬«‰ª®“°‡¥‘¡ (V); ‡¡Á¥‰¢¡—π™π‘¥∑÷∫≈—°…≥–

‡ªìπ‡π◊ÈÕ‡¥’¬«°—π (HL); (Bar = 1 µm)
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√Ÿª∑’Ë 9 ‚Õ‚Õ‰´µå ÿ°√™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘À≈—ßºà“π°“√·™à·¢Áß; ‰¡‚µ§Õπ‡¥√’¬∑’Ëº‘¥ª°µ‘ (M) ≈Ÿ°»√™’È∑’Ëµ”·Àπàß™àÕß«à“ß¿“¬„π

(Bar = 0.5 µm)

√Ÿª∑’Ë 10 ‚Õ‚Õ‰´µå ÿ°√™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘À≈—ßºà“π°“√·™à·¢Áß; ‰¡‚µ§Õπ‡¥√’¬∑’Ëº‘¥ª°µ‘ (M); ·≈–æ∫≈—°…≥–§≈â“¬™àÕß«à“ß

Õ¬Ÿà¿“¬„π (≈Ÿ°»√); ºπ—ß vesicle ¡’≈—°…≥–∫‘¥‡∫’È¬«‰ª (V); ‡¡Á¥‰¢¡—π™π‘¥‡∑“µ‘¥ ’‰¡à ¡Ë”‡ ¡Õ ‡°‘¥°“√≈Õ°À≈ÿ¥¢Õß

‰¢¡—π∫“ß à«π (L); (Bar = 1 µm)
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√Ÿª∑’Ë 12 ‚Õ‚Õ‰´µå ÿ°√™π‘¥æ√âÕ¡ªØ‘ π∏‘À≈—ßºà“π°“√·™à·¢Áß ‡¡Á¥‰¢¡—π™π‘¥‡∑“µ‘¥ ’‰¡à ¡Ë”‡ ¡Õ (L); ‰¡‚µ§Õπ‡¥√’¬∑’Ëª°µ‘ (M);

‰¡‚µ§Õπ‡¥√’¬∑’Ëº‘¥ª°µ‘æ∫≈—°…≥–§≈â“¬™àÕß«à“ßÕ¬Ÿà¿“¬„π (≈Ÿ°»√¥”); §Õ√åµ‘§Õ≈ ·°√πŸ≈ (≈Ÿ°»√¢“«) (Bar = 1 µm)

√Ÿª∑’Ë 11 ‚Õ‚Õ‰´µå ÿ°√™π‘¥æ√âÕ¡ªØ‘ π∏‘À≈—ßºà“π°“√·™à·¢Áß; zona pellucida (ZP); ‰¡‚µ§Õπ‡¥√’¬∑’Ëª°µ‘ (M); ‰¡‚µ§Õπ

‡¥√’¬∑’Ëº‘¥ª°µ‘æ∫ ≈—°…≥–§≈â“¬™àÕß«à“ßÕ¬Ÿà¿“¬„π (≈Ÿ°»√¥”); ºπ—ß vesicle (V) ¡’≈—°…≥–∫‘¥‡∫’È¬«‰ª®“°‡¥‘¡; §Õ√åµ‘§Õ≈

·°√πŸ≈ª°µ‘(≈Ÿ°»√¢“«) (Bar = 2 µm)
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«‘®“√≥å

°“√·™à·¢Áß¥â«¬‡∑§π‘§ ultrarapid freezing ‡ªìπ

Àπ÷Ëß„πÀ≈“¬Ê «‘∏’∑’Ë‡À¡“– ¡ ”À√—∫°“√·™à·¢Áß ‚Õ‚Õ‰´µå ‚¥¬

‚Õ‚Õ‰´µå∑’Ë·™à·¢Áß¥â«¬‡∑§π‘§π’È®–¡’Õ—µ√“°“√‡¢â“ Ÿà ¿“«–æ√âÕ¡

ªÆ‘ π∏‘ §«“¡ “¡“√∂„π°“√ªØ‘ π∏‘ ·≈–Õ—µ√“°“√·∫àß µ—«

∂÷ß√–¬–∫≈“ ‚µ ’́ ‰¥â Ÿß°«à“°“√·™à·¢Áß·∫∫≈¥Õÿ≥À¿Ÿ¡‘

Õ¬à“ß™â“Ê √«¡∂÷ß§«“¡‡ ’¬À“¬∑’Ë‡°‘¥¢÷Èπ°—∫ÕÕ√å°“‡π≈¿“¬„π

‡´≈≈å≈¥πâÕ¬≈ß ∑—Èßπ’ÈÕ“®‡ªìπº≈‡π◊ËÕß®“°ª√‘¡“µ√ ·≈–√–¬–

‡«≈“„π°“√ —¡º— °—∫ “√ªÑÕß°—π°“√·™à·¢Áß∑’Ë„™â≈¥≈ß®“°

‡¥‘¡ (Martino et al., 1996) πÕ°®“°π’È¬—ß¡’ªí®®—¬Õ◊Ëπ∑’Ë¡’º≈

µàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß‚Õ‚Õ‰´µå πÕ°‡Àπ◊Õ®“°¢â“ßµâπÕ—π

‰¥â·°à §«“¡‡ªìπæ‘…¢Õß “√ªÑÕß°—π°“√·™à·¢Áß §«“¡‡ ’¬À“¬

∑’Ë‡°‘¥®“°§«“¡‡¬Áπ °“√∫«¡∑’Ë‡°‘¥®“°§«“¡¥—πÕÕ ‚¡µ‘§

·≈–§«“¡‡À’Ë¬«¬àπ¢Õß‡´≈≈å°Á¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥

¢÷Èπ¥â«¬ ´÷Ëß‡∑§π‘§ ultrarapid freezing π’È “¡“√∂∑”‰¥â

ßà“¬  –¥«°√«¥‡√Á« ‰¡àµâÕß„™âÕÿª°√≥å¡“°π—° √«¡∂÷ß‰¥â

ª√– ‘∑∏‘¿“æ„π°“√‡°Á∫√—°…“‚Õ‚Õ‰´µå ·≈–µ—«ÕàÕπÕ¬Ÿà„π

√–¥—∫ Ÿß (Park et al., 1999; Vajta, 2000)

√Ÿª∑’Ë 13 ‚Õ‚Õ‰´µå™π‘¥ ÿ°√æ√âÕ¡ªØ‘ π∏‘À≈—ßºà“π°“√·™à·¢Áß ;‡¡Á¥‰¢¡—π™π‘¥‡∑“µ‘¥ ’‰¡à ¡Ë”‡ ¡Õ (L); ‰¡‚µ§Õπ‡¥√’¬∑’Ëº‘¥

ª°µ‘æ∫≈—°…≥–§≈â“¬™àÕß«à“ßÕ¬Ÿà¿“¬„π (M); ºπ—ß vesicle (V) ¡’≈—°…≥–∫‘¥‡∫’È¬«‰ª®“°‡¥‘¡; §Õ√åµ‘§Õ≈ ·°√πŸ≈ (≈Ÿ°»√)

(Bar = 1 µm)

‚¥¬√Õ∫ (√Ÿª∑’Ë 8 ·≈– 10) „π¢≥–∑’Ë‡¡Á¥‰¢¡—π™π‘¥‡∑“¡’

°“√≈Õ°À≈ÿ¥¢Õß‡ âπ„¬∫“ß à«π (√Ÿª∑’Ë 8 ·≈– 10) √«¡ ∂÷ß

§Õ√åµ‘§Õ≈ ·°√πŸ≈¡’√Ÿª√à“ß°≈¡µ‘¥ ’‡¢â¡‰¡à·µ°µà“ß‰ª®“°‡¥‘¡

(√Ÿª∑’Ë 7) ‡¡◊ËÕ‡∑’¬∫°—∫‚Õ‚Õ‰´µå™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘∑’Ë‰¡à‰¥â

ºà“π°“√·™à·¢Áß

°≈ÿà¡ ÿ¥∑â“¬§◊Õ‚Õ‚Õ‰´µå ÿ°√™π‘¥æ√âÕ¡ªØ‘ π∏‘¿“¬

À≈—ßºà“π°“√·™à·¢Áß¥â«¬«‘∏’ ultrarapid freezing æ∫«à“ºπ—ß

‡´≈≈å¢Õß‚Õ‚Õ‰´µå§àÕπ¢â“ß ¡Ë”‡ ¡Õ ‰¡àæ∫‰¡‚§√«‘≈‰≈„π

∫√‘‡«≥ perivitelline space  à«π zona pellucida µ‘¥ ’®“ß‰¡à

æ∫°“√‡ª≈’Ë¬π·ª≈ß„¥Ê ·µ°µà“ß‰ª®“°‡¥‘¡ (√Ÿª∑’Ë 11) æ∫

°≈ÿà¡¢Õß‰¡‚µ§Õπ‡¥√’¬¡’≈—°…≥–°≈¡µ‘¥ ’‡¢â¡ ·≈–æ∫™àÕß

«à“ß¿“¬„π‰¡‚µ§Õπ‡¥√’¬∫“ß à«π ·≈–¡’°“√µ‘¥ ’®“ß≈ß°«à“

‡¥‘¡ (√Ÿª∑’Ë 11 ·≈– 12) ºπ—ß¢Õß‡¡Á¥‰¢¡—π·≈– vesicle ¡’

≈—°…≥–À¬—°‰ª¡“‡™àπ‡¥’¬«°—∫‚Õ‚Õ‰´µå™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘

∑’Ëºà“π°“√·™à·¢Áß (√Ÿª∑’Ë 12 ·≈– 13 πÕ°®“°π’È “¡“√∂æ∫

§Õ√åµ‘§Õ≈ ·°√πŸ≈µ“¡·π«¢Õßºπ—ßÀÿâ¡‡´≈≈å¥â“π„π‡™àπ‡¥‘¡

·µà¡’¢π“¥‡≈Á°≈ß°«à“‰ª®“°‡¥‘¡‡¡◊ËÕ‡∑’¬∫°—∫‚Õ‚Õ‰´µå™π‘¥

æ√âÕ¡ªØ‘ π∏‘∑’Ë‰¡à‰¥âºà“π°“√·™à·¢Áß (√Ÿª∑’Ë 11 ·≈– 12)
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®“°º≈°“√»÷°…“∑’Ëºà“π¡“∂÷ß°“√‡ª≈’Ë¬π·ª≈ß„π√–¥—∫

‚§√ß √â“ß¢ÕßÕÕ√å°“‡π≈¿“¬„π‚Õ‚Õ‰´µå ‡¡◊ËÕ„™â‡∑§π‘§°“√

·™à·¢Áß‚Õ‚Õ‰´µå∑’Ë·µ°µà“ß°—π‰ª º≈∑’Ë‰¥â®–¡’§«“¡·µ°µà“ß

°—πÕÕ°‰ª¥â«¬‡™àπ°—π ‚¥¬ Schmidt ·≈–§≥– (1995) ‰¥â„™â

‡∑§π‘§°“√·™à·¢Áß‚¥¬≈¥Õÿ≥À¿Ÿ¡‘≈ß™â“Ê (slow freezing) À√◊Õ

Hyttel ·≈–§≥– (2000) „™â‡∑§π‘§∑’Ë‡√’¬°«à“ çopen pulled

strawé „π°“√·™à·¢Áß‚Õ‚Õ‰´µå‚§ º≈∑’Ë‰¥âæ∫«à“¡’°“√‡æ‘Ë¡¢÷Èπ

¢Õß vesicle ¢π“¥‡≈Á° ‡°‘¥§«“¡‡ ’¬À“¬¢Õß‡¬◊ËÕÀÿâ¡‡´≈≈å

·≈–§Õ√åµ‘§Õ≈ ·°√πŸ≈¿“¬„π¡’°“√®—¥‡√’¬ßµ—«‡ªìπ°≈ÿà¡√«¡∂÷ß

¡’°“√‡ ◊ËÕ¡ ≈“¬‡°‘¥¢÷Èπ „π¢≥–∑’Ë∫“ß√“¬ß“π‰¥â°≈à“«∂÷ß§«“¡

‡ ’¬À“¬∑’Ë‡°‘¥¢÷Èπ¢Õß‰¡‚§√«‘≈‰≈ ‰¡‚µ§Õπ‡¥√’¬ vesicle

·≈–ºπ—ßÀÿâ¡‡´≈≈å (Fuku et al., 1995a,b) ®“°√“¬ß“π∑’Ëºà“π

¡“π—Èπ Õ¥§≈âÕß°—∫º≈°“√»÷°…“„π§√—Èßπ’È §◊Õ ¡’°“√‡ª≈’Ë¬π

·ª≈ß‡°‘¥¢÷Èπ°—∫ÕÕ√å°“‡π≈¿“¬„π‚Õ‚Õ‰´µå∑—Èß Õß√–¬– ·≈–

°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕÕ√å°“‡π≈„π‚Õ‚Õ‰´µå∑—Èß Õß√–¬–‡ªìπ

‰ª„π≈—°…≥–„°≈â‡§’¬ß°—π æ√âÕ¡∑—Èß¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß zona

pellucida ¥â«¬ °“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß¢Õß‰¡‚µ§Õπ‡¥√’¬

vesicle ‰¡‚§√«‘≈‰≈ √«¡∂÷ßºπ—ßÀÿâ¡‡´≈≈å‚Õ‚Õ‰´µåÕ“®‡ªìπº≈

¡“®“°§«“¡‡ ’¬À“¬∑’Ë‡°‘¥¢÷Èπ‡π◊ËÕß®“°§«“¡‡¬Áπ (chilling injury)

„π¢≥–≈¥Õÿ≥À¿Ÿ¡‘≈ß (Shaw et al., 2000; Ledda et al.,

2001)

‡¡◊ËÕ —ß‡°µ°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èπ°—∫‰¡‚µ§Õπ‡¥√’¬

¿“¬„π‚Õ‚Õ‰´µå·™à·¢Áß∑—Èß Õß√–¬–π—Èπ æ∫«à“‰¡‚µ§Õπ‡¥√’¬

¡’≈—°…≥–∫«¡¢÷Èπ √«¡∂÷ß°“√‡°‘¥≈—°…≥–¢Õß™àÕß«à“ß¿“¬„π

‰¡‚µ§Õπ‡¥√’¬ (Fuku et al., 1995a,b; Schmidt et al., 1995;

Hochi et al., 1996) ‡ªìπµ—«∫àß™’È‰¥â«à“‰¡‚µ§Õπ‡¥√’¬‡ªìπ

ÕÕ√å°“‡π≈∑’Ë¡’§«“¡‰« ŸßµàÕ°“√‡ª≈’Ë¬π·ª≈ß‡¡◊ËÕºà“π°“√·™à

·¢Áß ‡π◊ËÕß®“°ºπ—ßÀÿâ¡¥â“ππÕ°¢Õß‰¡‚µ§Õπ‡¥√’¬¬Õ¡„Àâ¡’

°“√ºà“π‡¢â“ÕÕ°¢ÕßπÈ”∑’ËÕ¬Ÿà¿“¬„π‡´≈≈å„π√–À«à“ß°“√≈–≈“¬

·≈–°“√‡®◊Õ®“ß (Hochi et al., 1996)

§Õ√åµ‘§Õ≈ ·°√πŸ≈‡ªìπÕÕ√å°“‡π≈∑’Ë∑”Àπâ“∑’Ë„π°“√

ªÑÕß°—π°“√ªØ‘ π∏‘´âÕπ¢Õßµ—«Õ ÿ®‘„π¢≥–‡°‘¥°“√ªØ‘ π∏‘

°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èπ∑—Èß„π¥â“π®”π«π À√◊Õ√Ÿª√à“ß

≈—°…≥–∑’Ë‡°‘¥¢÷Èπ°—∫§Õ√åµ‘§Õ≈ ·°√πŸ≈π—Èπ®–‰ª¡’º≈µàÕ°“√

‡ª≈’Ë¬π·ª≈ßµàÕ zona pellucida ‚¥¬®–‰ª¡’º≈∑”„Àâºπ—ß zona

pellucida ¡’§«“¡Àπ“¢÷Èπ·≈–∑”„ÀâÕ—µ√“°“√ªØ‘ π∏‘≈¥≈ß

(Carroll et al., 1990; Vincent et al., 1990; Fuku et al.,

1995a) °“√‡ª≈’Ë¬π·ª≈ß¢Õß§Õ√åµ‘§Õ≈ ·°√πŸ≈π—ÈππÕ°®“°

°“√≈¥Õÿ≥À¿Ÿ¡‘®–¡’º≈·≈â«  “√ªÑÕß°—π°“√·™à·¢Áß°Á “¡“√∂

‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß‰¥â‡™àπ‡¥’¬«°—π æ∫«à“‚Õ‚Õ‰´µå

¢Õß‚§∑’Ë —¡º— °—∫ “√ªÑÕß°—π°“√·™à·¢Áß™π‘¥∑’Ë·µ°µà“ß°—π

ÕÕ°‰ª ®–‡Àπ’Ë¬«π”„Àâ§Õ√åµ‘§Õ≈·°√πŸ≈‡°‘¥°“√‡®√‘≠∑’Ë‰¡à

 ¡∫Ÿ√≥å ∑”„Àâ§«“¡ “¡“√∂„π°“√ªØ‘ π∏‘¢Õßµ—«Õ ÿ®‘ ·≈–

Õ—µ√“°“√æ—≤π“‰ª‡ªìπµ—«ÕàÕπ≈¥≈ß (Vincent et al., 1990;

Fuku et al, 1995b) ·µà®“°°“√»÷°…“„π§√—Èßπ’È‰¡àæ∫°“√

‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß¢Õß§Õ√åµ‘§Õ≈ ·°√πŸ≈·µàÕ¬à“ß„¥

‡¡Á¥‰¢¡—π¿“¬„π‚Õ‚Õ‰´µå ÿ°√ “¡“√∂æ∫‰¥â 2 ™π‘¥

‰¥â·°à ™π‘¥·√°√Ÿª√à“ß°≈¡ µ‘¥ ’∑÷∫‡ªìπ‡π◊ÈÕ‡¥’¬«°—πÕ¬à“ß

 ¡Ë”‡ ¡Õ ·≈–Õ’°™π‘¥¡’≈—°…≥–°≈¡¢π“¥„°≈â‡§’¬ß°—πµ‘¥ ’‡∑“

·≈–¡’‡ âπ„¬ ’®“ßªπÕ¬Ÿà·πàπ ´÷Ëß‡¡Á¥‰¢¡—π∑—Èß Õßπ’È„™â ”À√—∫

‡ªìπ·À≈àßæ≈—ßß“π√«¡∂÷ß‡ªìπ à«πª√–°Õ∫∑’Ë ”§—≠ ”À√—∫

°“√ √â“ß·≈–‡®√‘≠¢Õß‡¬◊ËÕÀÿâ¡‡´≈≈å¿“¬À≈—ß®“°¡’°“√ªÆ‘ π∏‘

√«¡∂÷ß°“√æ—≤π“¢Õßµ—«ÕàÕπµàÕ‰ª (Isachenko et al., 1998)

´÷Ëß„π°“√»÷°…“§√—Èßπ’È “¡“√∂æ∫≈—°…≥–¢Õß‡¡Á¥‰¢¡—π‰¥â

 Õß™π‘¥‡™àπ‡¥’¬«°—π ‚¥¬æ∫«à“‡¡Á¥‰¢¡—π™π‘¥‡∑“¡’°“√À≈ÿ¥

≈Õ°¢Õß‡ âπ„¬∑’ËÕ¬Ÿà¿“¬„π∫“ß∫√‘‡«≥ „π¢≥–∑’Ë‡¡Á¥‰¢¡—π

Õ’°™π‘¥‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß„¥‡°‘¥¢÷Èπ ÷́Ëßº≈∑’Ë‰¥âπ’È§≈â“¬§≈÷ß

°—∫√“¬ß“π¢Õß Isachenko ·≈–§≥– (2001) ∑’Ë‰¥â»÷°…“„π

‚Õ‚Õ‰´µå ÿ°√∑’Ëæ∫«à“‡¡Á¥‰¢¡—π™π‘¥‡∑“‡ª≈’Ë¬π‡ªìπ≈—°…≥–√’

·≈–≈—°…≥–°“√µ‘¥ ’¢Õß‡ âπ„¬∑’ËÕ¬Ÿà¿“¬„π®“ß≈ß¿“¬À≈—ß°“√

·™à·¢Áß¥â«¬«‘∏’ vitrification

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

¡’ à«π™à«¬„Àâ‚Õ‚Õ‰´µå‡°‘¥°“√‡®√‘≠æ√âÕ¡ªØ‘ π∏‘·≈–™à«¬

‡æ‘Ë¡§«“¡ “¡“√∂„π°“√ªØ‘ π∏‘¢Õßµ—«Õ ÿ®‘ (Chian et al.,

1995; Tanghe et al., 2003) „π°“√·™à·¢Áß‚Õ‚Õ‰´µå∂â“‡≈◊Õ°

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

æ∫«à“Õ—µ√“°“√√Õ¥¢Õß‚Õ‚Õ‰´µå¿“¬À≈—ß°“√≈–≈“¬®– Ÿß°«à“

‚Õ‚Õ‰´µå∑’Ë‰¡à¡’‡´≈≈å§‘«¡Ÿ≈— ≈âÕ¡√Õ∫ (Pellicer et al., 1988)

´÷Ëß‡´≈≈å§‘«¡Ÿ≈— ‡À≈à“π’È®–≈¥§«“¡‡√Á«„π°“√ºà“π‡¢â“ÕÕ°¢Õß

 “√ªÑÕß°—π°“√·™à·¢Áß∑—Èß„π™à«ß°àÕπ°“√·™à·¢Áß ·≈–°“√≈–≈“¬

(Hyttel et al., 2000) ÷́Ëß°“√»÷°…“„π§√—Èßπ’È‰¥â∑”°“√≈Õ°

‡´≈≈å§‘«¡Ÿ≈— ∑’ËÕ¬Ÿà√Õ∫πÕ°ÕÕ°‰ª ‡æ◊ËÕ„Àâ “√ªÑÕß°—π°“√·™à

·¢Áß¡’§«“¡ “¡“√∂„π°“√ºà“π‡¢â“ÕÕ°®“°‡´≈≈å∑—Èß„π™à«ß°àÕπ

°“√·™à·¢Áß ·≈–°“√≈–≈“¬‰¥â‡√Á«¢÷Èπ´÷Ëß¡’º≈∑”„Àâ§«“¡‡ªìπ

æ‘…¢Õß “√ªÑÕß°—π°“√·™à·¢Áß¡’Õ—πµ√“¬µàÕ‡´≈≈åπâÕ¬≈ß

(Hyttel et al., 2000) Õ¬à“ß‰√°Áµ“¡„π∑“ßªØ‘∫—µ‘ “¡“√∂

‡µ√’¬¡‚Õ‚Õ‰´µå∑—Èß™π‘¥∑’Ë¡’ ‡´≈≈å§‘«¡Ÿ≈— À√◊Õ‰¡à¡’ ‡´≈≈å

§‘«¡Ÿ≈— °Á‰¥â¢÷ÈπÕ¬Ÿà°—∫«—µ∂ÿª√– ß§å¢Õß°“√»÷°…“
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 “√ªÑÕß°—π°“√·™à·¢Áß‡ªìπ “√∑’Ë™à«¬ªÑÕß°—π°“√

∑”≈“¬¢Õß‡´≈≈å‚Õ‚Õ‰´µå À√◊Õµ—«ÕàÕπ ¢≥–≈¥Õÿ≥À¿Ÿ¡‘≈ß

√«¡‰ª∂÷ß¢≥–∑’Ë‡°Á∫≈ß„π‰π‚µ√‡®π‡À≈«  “√ªÑÕß°—π°“√·™à

·¢Áß¡’¡“°¡“¬À≈“¬™π‘¥‡™àπ ethylene glycol, propylene

glycol, glycerol ·≈– dimethyl sulphoxide (DMSO) ´÷Ëß°“√

»÷°…“„π§√—Èßπ’È‰¥â‡≈◊Õ°„™â ethylene glycol §«“¡‡¢â¡¢âπ 5 M

‡ªìπ “√ªÑÕß°—π°“√·™à·¢Áß‚Õ‚Õ‰´µå ÿ°√ ´÷Ëß¡’√“¬ß“π∂÷ßº≈

∑’Ë‰¥â®“°°“√„™â “√ªÑÕß°—π°“√·™à·¢Áß™π‘¥π’È‡¡◊ËÕ»÷°…“„π

‡∫◊ÈÕßµâπ∂÷ßÕ—µ√“°“√‡®√‘≠‰ª‡ªìπ√–¬–æ√âÕ¡ªØ‘ π∏‘∑’Ë√–¬–

metaphase II ‰¥â¡“°∑’Ë ÿ¥∑’Ë§«“¡‡¢â¡¢âπ√–¥—∫π’È (Õπÿ™“ ·≈–

§≥–, 2002) πÕ°®“°π’Èethylene glycol ‡ªìπ “√ªÑÕß°—π°“√

·™à·¢Áß∑’Ë¡’§«“¡‡ªìπæ‘…πâÕ¬°«à“ “√ªÑÕß°—π°“√·™à·¢Áßµ—«Õ◊Ëπ

‡¡◊ËÕ„™â∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ Ÿß (Bautista and Kanagawa, 1998)

·µà¡’∫“ß√“¬ß“π∑’Ë‰¥â°≈à“«∂÷ß§«“¡‡ªìπæ‘…¢Õß ethylene glycol

(Hotamisligil et al., 1996) ∑’Ë∑”„Àâ‡°‘¥§«“¡‡ ’¬À“¬µàÕ zona

pellucida ·≈–∑”„Àâ‡°‘¥°“√√—Ë«‰À≈¢Õß‰´‚µæ≈“ ¡Õ¬à“ß‰√

°Áµ“¡°“√·™à·¢Áß¥â«¬‡∑§π‘§ ultrarapid freezing π’È‚Õ‚Õ‰´µå

¡’°“√ —¡º— °—∫ “√ªÑÕß°—π°“√·™à·¢Áß„πª√‘¡“≥∑’ËπâÕ¬ ·≈–

„™â‡«≈“„π°“√ —¡º— °—∫ “√ªÑÕß°—π°“√·™à·¢Áß —Èπ¡“° (Martino

et al., 1996) ethylene glycol ®÷ß‰¡àπà“®–¡’º≈µàÕ‚Õ‚Õ‰´µå

¡“°π—°

 √ÿª

®“°°“√»÷°…“„π§√—Èßπ’È √ÿª‰¥â«à“°“√·™à·¢Áß¥â«¬

‡∑§π‘§ ultrarapid freezing π’È¡’º≈°√–∑∫µàÕ°“√‡ª≈’Ë¬π·ª≈ß

„π√–¥—∫‚§√ß √â“ß¢ÕßÕÕ√å°“‡π≈¿“¬„π‰´‚µæ≈“ ¡¢Õß

‚Õ‚Õ‰´µå ÿ°√∑—Èß™π‘¥‰¡àæ√âÕ¡ªØ‘ π∏‘ ·≈–æ√âÕ¡ªØ‘ π∏‘„π

≈—°…≥–‡¥’¬«°—π ·≈–°“√‡ª≈’Ë¬π·ª≈ßµà“ßÊ ∑’Ë‡°‘¥¢÷Èπ‰¡à¡’

§«“¡·µ°µà“ß®“°°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¿“¬À≈—ß°“√·™à

·¢Áß¥â«¬‡∑§π‘§Õ◊ËπÊ Õ¬à“ß‰√°Áµ“¡‡∑§π‘§ ultrarapid freezing

‡ªìπ‡∑§π‘§∑’Ë “¡“√∂∑”‰¥âßà“¬  –¥«°√«¥‡√Á« ‰¡àµâÕß„™âÕÿª°√≥å

·≈–§«“¡™”π“≠¡“° √«¡∂÷ß¡’ª√– ‘∑∏‘¿“æ„π°“√‡°Á∫√—°…“

‚Õ‚Õ‰´µå‰¥â ́ ÷Ëß®–‡ªìπª√–‚¬™πå„π°“√‡°Á∫√—°…“æ—π∏ÿ°√√¡ —µ«å

‚¥¬‡©æ“– —µ«åÀ“¬“°À√◊Õ„°≈â Ÿ≠æ—π∏ÿåµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

°“√»÷°…“„π§√—Èßπ’È‰¥â√—∫∑ÿπ π—∫ πÿπ°“√«‘®—¬œ ®“°

§≥– —µ«·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ª√–®”ªï
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