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∫∑§—¥¬àÕ

∫ÿÀ√’Ë¡’ “√‡§¡’À≈“¬™π‘¥∑’Ë àßº≈‡ ’¬µàÕ ÿ¢¿“æ¢ÕßºŸâ Ÿ∫∫ÿÀ√’Ë ‰¥â·°à ‚√§À—«„® ·≈–¡–‡√ÁßªÕ¥ „π “√

‡§¡’‡À≈à“π—Èπ¡’ “√°àÕ°≈“¬√«¡Õ¬Ÿà¥â«¬ °“√»÷°…“„π§√—Èßπ’È∑”°“√»÷°…“®”π«π‚§√‚¡‚´¡‡æ»„πÕ ÿ®‘ „π™“¬Õ“¬ÿ

18-26 ªï ®”π«π 21 §π ·∫àß‡ªìπ°≈ÿà¡™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë®”π«π 14 §π ·≈–°≈ÿà¡™“¬∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë´÷Ëß‡ªìπ°≈ÿà¡

§«∫§ÿ¡®”π«π 7 §π ‚¥¬»÷°…“‚§√‚¡‚´¡ X ·≈– Y ¥â«¬‡∑§π‘§ fluorescence in situ hybridization (FISH)

º≈∑’Ë‰¥âæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘¢Õß —¥ à«π¢Õß‚§√‚¡‚´¡‡æ»∑’Ëº‘¥ª°µ‘∑—ÈßÀ¡¥ (P<0.05)

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë‡ªìπ 13.07±10.194 (§à“‡©≈’Ë¬‡≈¢§≥‘µ± à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π) ·≈–

°≈ÿà¡™“¬∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë‡ªìπ 5.29±1.890 ®“°º≈°“√»÷°…“Õ“®°≈à“«‰¥â«à“°“√ Ÿ∫∫ÿÀ√’Ë‡ªìπ “‡ÀµÿÀπ÷Ëß∑’Ë∑”„Àâ‡°‘¥

§«“¡º‘¥ª°µ‘¢Õß®”π«π‚§√‚¡‚´¡‡æ»„πÕ ÿ®‘‰¥â

ABSTRACT

There are many chemical compounds in cigarette. They can cause several diseases on smokers such
as heart disease and lung cancer. Mutagen is also found in cigarette. In this experiment, sex chromosomes
of 21 spermûs donors from 18 to 26 years old were studied (seven non-smokers as the control group and
fourteen smokers as the experiment group). X and Y chromosome were detected with DNA probes by
fluorescence in situ hybridization (FISH). The results showed the significant difference in total sex
chromosomes abnormality between experiment group and control group (13.07±10.194 and 5.29±1.890,
respectively) (P<0.05) (mean±SD). Our study indicates that smoking cigarette causes numerical of sex
chromosome aberration in sperm.

§” ”§—≠: ∫ÿÀ√’Ë, §«“¡º‘¥ª°µ‘¢Õß‚§√‚¡‚´¡, fluorescence in situ hybridization (FISH)
Keywords: cigarette, chromosome aberration, fluorescence in situ hybridization (FISH)
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∫∑π”

¡’ªí®®—¬À≈“¬ª√–°“√∑’Ë°àÕ„Àâ‡°‘¥§«“¡º‘¥ª°µ‘

„π°“√ √â“ß‡´≈≈å ◊∫æ—π∏ÿå ‡™àπ §«“¡º‘¥ª°µ‘∑“ß

æ—π∏ÿ°√√¡ °“√µ‘¥‡™◊ÈÕ ·≈–°“√‰¥â√—∫ “√®“°¿“¬πÕ°

‡™àπ ¬“¶à“·¡≈ß (Rogelio et al., 2001; Xia et al.,

2004) °“√‰¥â√—∫‡§¡’∫”∫—¥ (Martin et al., 1999) °“√

√—°…“∑“ß¬“ (Baumgartner et al., 2001) √«¡∑—Èß°“√

¥”√ß™’«‘µ ‡™àπ °“√∫√‘‚¿§‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å §“‡øÕ’π

·≈–°“√ Ÿ∫∫ÿÀ√’Ë (Robbins et al., 1997; Rubes et al.,

1998) ‡ªìπµâπ ÷́Ëß∂â“‡´≈≈å ◊∫æ—π∏ÿåº‘¥ª°µ‘ ∑“√°∑’Ë

§≈Õ¥ÕÕ°¡“®–¡’§«“¡‡ ’Ë¬ß„π°“√‡°‘¥ aneuploidy

syndrome ¡“°¢÷Èπ¥â«¬ ®“° ∂‘µ‘ªï æ.». 2547 ¢Õß

 ”π—°ß“π ∂‘µ‘·Ààß™“µ‘ æ∫«à“„π‡æ»™“¬®–‡√‘Ë¡ Ÿ∫

∫ÿÀ√’Ë‡¡◊ËÕ¡’Õ“¬ÿ‡æ’¬ß 15-24 ªï §‘¥‡ªìπ√âÕ¬≈– 85.5

¢Õß®”π«πºŸâ Ÿ∫∫ÿÀ√’Ë∑—ÈßÀ¡¥ ·≈–§π‰∑¬‡ ’¬™’«‘µ

®“°‚√§∑’Ë‡°‘¥®“°°“√ Ÿ∫∫ÿÀ√’Ëªï≈– 52,000 §π À√◊Õ

«—π≈– 142 §π À√◊Õ™—Ë«‚¡ß≈– 6 §π ¢≥–∑’Ë∑—Ë«‚≈°

¡’ºŸâ‡ ’¬™’«‘µªï≈– 5 ≈â“π§π À√◊Õ«—π≈– 13,700 §π

( ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√ √â“ß‡ √‘¡ ÿ¢¿“æ,

2549) ‚¥¬∫ÿÀ√’Ë°àÕ„Àâ‡°‘¥‚√§ ‡™àπ ¡–‡√ÁßªÕ¥

¡–‡√Áß°≈àÕß‡ ’¬ß ‚√§À—«„® ·≈–‚√§∑“ß√–∫∫ª√– “∑

πÕ°®“°π’È¬—ß¡’º≈µàÕÕ—µ√“°“√ªØ‘ π∏‘ ·≈–¿“«–¡’

∫ÿµ√¬“°Õ’°¥â«¬ (Taszarek et al., 2005; Viloria et al.,

2005)

°“√»÷°…“§«“¡º‘¥ª°µ‘∑“ßæ—π∏ÿ°√√¡¡’À≈“¬

«‘∏’ µ—Èß·µà°“√»÷°…“≈—°…≥–√Ÿª√à“ß¢ÕßÕ ÿ®‘ °“√

»÷°…“∑“ß™’«‡§¡’ sperm chromatin structure assay

(SCSA), terminal deoxynucleotidyl transferase assay

(TdTA) (Potts et al., 1999) ·≈–Õ’°«‘∏’Àπ÷Ëß §◊Õ‡∑§π‘§

FISH (fluorescence in situ hybridization) ´÷Ëß‡ªìπ

‡∑§π‘§∑’Ë„Àâº≈∂Ÿ°µâÕß ·¡àπ¬” ·≈–√«¥‡√Á« ‡À¡“–

°—∫°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¢Õß‚§√‚¡‚´¡„πÕ ÿ®‘

„π°“√»÷°…“§√—Èßπ’È‡ªìπ°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¢Õß

‚§√‚¡‚´¡‡æ»„πÕ ÿ®‘¢Õß™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë ‚¥¬»÷°…“

‡©æ“–‚§√‚¡‚´¡ X ·≈– Y „πÕ ÿ®‘¢Õß™“¬∑’Ë Ÿ∫

∫ÿÀ√’Ë ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡™“¬∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë ¥â«¬‡∑§π‘§

FISH ‚¥¬¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“À“§«“¡ —¡æ—π∏å

¢Õß°“√‡ª≈’Ë¬π·ª≈ß‚§√‚¡‚´¡‡æ»„πÕ ÿ®‘¢Õß™“¬

‰∑¬∑’Ë Ÿ∫∫ÿÀ√’Ë·≈–‰¡à Ÿ∫∫ÿÀ√’Ë √«¡∑—Èß‡ªìπ°“√√≥√ß§å

‰¡à„Àâ Ÿ∫∫ÿÀ√’Ë ‚¥¬„Àâ∑√“∫∂÷ßº≈°√–∑∫®“°°“√ Ÿ∫

∫ÿÀ√’Ë¥â«¬

Õÿª°√≥å·≈–«‘∏’°“√

µ—«Õ¬à“ß∑’Ë„™â„π°“√∑¥≈Õß

‡°Á∫µ—«Õ¬à“ßÕ ÿ®‘¥â«¬«‘∏’ masturbation ®“°™“¬

 ÿ¢¿“æ¥’∑’Ë‰¡à¡’ª√–«—µ‘°“√√—°…“¥â«¬‡§¡’∫”∫—¥ À√◊Õ

√—ß ’√—°…“ ‚¥¬·∫àß‡ªìπ™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë‡ªìπª√–®”∑ÿ°«—π

‚¥¬ Ÿ∫µ‘¥µàÕ°—π¡“‡ªìπ‡«≈“‰¡àπâÕ¬°«à“ 2 ªï ®”π«π

14 §π ·≈–™“¬∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë®”π«π 7 §π ÷́Ëß¡’Õ“¬ÿ

√–À«à“ß 18-26 ªï ‚¥¬®–‡°Á∫√—°…“µ—«Õ¬à“ßÕ ÿ®‘‰«â∑’Ë

-80 Õß»“‡´≈‡´’¬ ®π°«à“®–π”¡“∑”°“√∑¥≈Õß

°“√‡µ√’¬¡ ‰≈¥å

π”Õ ÿ®‘µ—Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 30 π“∑’

≈â“ßÕ ÿ®‘„π “√≈–≈“¬ 0.01M Tris-HCl (pH 4.5),

0.9% NaCl ‚¥¬°“√ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«√Õ∫ 1,500

√Õ∫µàÕπ“∑’ ‡ªìπ‡«≈“ 4 π“∑’ Õ¬à“ßπâÕ¬ 2-3 §√—Èß

µ“¡¥â«¬ “√≈–≈“¬§ß ¿“æ∑’Ë‡µ√’¬¡„À¡à (fixative:

methanol:glacial acetic acid Õ—µ√“ à«π 3:1) ́ È”Õ’° 2

§√—Èß °√–®“¬‡´≈≈å·≈–À¬¥ “√≈–≈“¬Õ ÿ®‘∑’Ë‰¥â∫π

 ‰≈¥å∑’Ë –Õ“¥ 1-2 À¬¥ ∑‘Èß ‰≈¥å„Àâ·Àâß∑’ËÕÿ≥À¿Ÿ¡‘

ÀâÕß π”¡“»÷°…“µ”·Àπàß·≈–°“√°√–®“¬„µâ

°≈âÕß®ÿ≈∑√√»πå phase contrast µ“¡¥â«¬°“√∑”„Àâ

∫√‘‡«≥π‘«‡§≈’¬ ¢ÕßÕ ÿ®‘∫«¡ (sperm nuclear

decondensation) ‚¥¬°“√π” ‰≈¥å∫à¡„π 0.1M DTT/

0.1M Tris-HCl (pH 4.5) ·≈– 0.01M DTT/0.1M Tris-

HCl (pH 4.5) Õ¬à“ß≈– 10 π“∑’ µ“¡≈”¥—∫ ∑’ËÕÿ≥À¿Ÿ¡‘

37 Õß»“‡´≈‡ ’́¬  ≈â“ß ‰≈¥å„π 2xSSC (pH 7.0) ∑’Ë

Õÿ≥À¿Ÿ¡‘ 73 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 2 π“∑’ ∑”

pretreatment slide ¥â«¬‡Õπ‰´¡å RNase/2xSSC ∑’Ë
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Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 10 π“∑’ ≈â“ß

 ‰≈¥å¥â«¬ 2xSSC ®”π«π 3 §√—ÈßÊ ≈– 5 π“∑’ ∑’Ë

Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ·≈–°”®—¥‚ª√µ’π∑’Ë‰¡à

µâÕß°“√ÕÕ°‚¥¬„™â‡Õπ‰´¡å pepsin ∑’ËÕÿ≥À¿Ÿ¡‘ 37

Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 10 π“∑’ ≈â“ß ‰≈¥å¥â«¬ PBS

∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 5 π“∑’ ·≈â«µ√÷ß‡´≈≈å‚¥¬„™â

37% formaldehyde/1M MgCl2 „π “√≈–≈“¬ PBS

‡ªìπ‡«≈“ 12 π“∑’ ≈â“ß “√≈–≈“¬∑’Ë„™âµ√÷ß‡´≈≈åÕÕ°

‚¥¬·™à„π “√≈–≈“¬ PBS ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 5

π“∑’ ∑”„Àâ·Àâß¥â«¬‡Õ∏‘≈·Õ≈°ÕŒÕ≈å§«“¡‡¢â¡¢âπ 70,

85 ·≈– 100% §«“¡‡¢â¡¢âπ≈– 3 π“∑’ µ“¡≈”¥—∫

·≈–ª≈àÕ¬„Àâ·Àâß

°“√‡µ√’¬¡µ—«µ‘¥µ“¡

µ—«µ‘¥µ“¡∑’Ë„™â¡’ 2 ™π‘¥ §◊Õ ™ÿ¥ ”‡√Á®√Ÿª™ÿ¥

FISH (CEP X, CEP Y) DNA probe kit ¢Õß Vysis

·≈–µ—«µ‘¥µ“¡∑’Ë¡’µ”·Àπàß∫√‘‡«≥ Xp11.1 ·≈– Yp11.1

∑’Ë¡“®“° BAC clones √À—  RP13-971O21 ·≈– RP11-

1126J10 µ“¡≈”¥—∫ (‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°π“¬

·æ∑¬å«’√¬ÿ∑∏å ª√–æ—π∏åæ®πå) ‚¥¬‡≈’È¬ß‚§‚≈π’‡¥’Ë¬«

¢Õß‡™◊ÈÕ E. coli „πÕ“À“√∑’Ëª√–°Õ∫¥â«¬¬“ªØ‘™’«π–

§≈Õ·√¡‡øπ‘§Õ≈ π”‰ª °—¥¥’‡ÕÁπ‡Õ¥â«¬™ÿ¥ °—¥

æ≈“ ¡‘¥¥’‡ÕÁπ‡Õ ”‡√Á®√Ÿª¢Õß Nucleospin π”

æ≈“ ¡‘¥§«“¡‡¢â¡¢âπ 1000 ng µ‘¥©≈“°¥â«¬«‘∏’ nick

translation ‚¥¬„™â™ÿ¥Õÿª°√≥å ”‡√Á®√Ÿª¢Õß Vysis

‚¥¬µ”·Àπàß¢Õß‚§√‚¡‚´¡ X µ‘¥¥â«¬ spectrum

orange-dUTP ( —≠≠“≥ ’·¥ß) ·≈–µ”·Àπàß

‚§√‚¡‚´¡ Y µ‘¥¥â«¬ spectrum green-dUTP

( —≠≠“≥ ’‡¢’¬«) ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 15 Õß»“‡´≈‡ ’́¬ 

‡ªìπ‡«≈“ 8-16 ™—Ë«‚¡ß „Àâ‰¥â¢π“¥¢Õßµ—«µ‘¥µ“¡„π

™à«ß 300-500 bp µ°µ–°Õπµ—«µ‘¥µ“¡∑’Ë‰¥â‡¢â¡¢âπ

300-500 ng √à«¡°—∫ salmon sperm DNA 1 µg ·≈–

human Cot›1 DNA 1 µg ¥â«¬‡Õ∑“πÕ≈ 100% ∑’Ë¡’

3M sodium acetate ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ -20 Õß»“‡´≈‡ ’́¬ 

‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß À√◊Õ¢â“¡§◊π π”‰ªªíòπ‡À«’Ë¬ß∑’Ë

Õÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  §«“¡‡√Á«√Õ∫ 12,000 √Õ∫/

π“∑’ ‡ªìπ‡«≈“ 30 π“∑’ ≈–≈“¬µ–°Õπ¥â«¬ hybridization

buffer (10% dextran sulphate, 2xSSC) ‡°Á∫µ—«

µ‘¥µ“¡∑’Ë‰¥â‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -20 Õß»“‡´≈‡ ’́¬ 

‡∑§π‘§ fluorescence in situ hybridization (FISH)

π”µ—«µ‘¥µ“¡∑’Ë‰¥â®“°°“√µ°µ–°Õπº ¡°—∫

deionized formamide „πÕ—µ√“ à«π 1:1 ∫à¡‰«â∑’Ë

Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 30 π“∑’

∑”„Àâ∑—Èßµ—«µ‘¥µ“¡·≈–¥’‡ÕÁπ‡Õ∑’ËÕ¬Ÿà∫π ‰≈¥å‡ ’¬ ¿“æ

‚¥¬∫à¡ ‰≈¥å„π 70% formamide/2xSSC, pH 7.0

∑’ËÕÿ≥À¿Ÿ¡‘ 73 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 8 π“∑’ ·≈–

∑”„Àâ·Àâß¥â«¬‡Õ∏‘≈·Õ≈°ÕŒÕ≈å∑’Ë‡¬Áπ§«“¡‡¢â¡¢âπ 70,

85 ·≈– 100% §«“¡‡¢â¡¢âπ≈– 1 π“∑’ µ“¡≈”¥—∫

«“ß ‰≈¥å∫π‡§√◊ËÕßÕÿàπ ‰≈¥å∑’ËÕÿ≥À¿Ÿ¡‘ 45 Õß»“

‡´≈‡´’¬  ‰¡à‡°‘π 2 π“∑’ µ“¡¥â«¬°“√À¬¥µ—«µ‘¥µ“¡

∑’Ëºà“π°“√∑”„Àâ‡ ’¬ ¿“æ‡ªìπ¥’‡ÕÁπ‡Õ “¬‡¥’Ë¬«·≈â«∑’Ë

Õÿ≥À¿Ÿ¡‘ 75 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 8 π“∑’ π”

 ‰≈¥å∫à¡„π moisture chamber ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“

‡´≈‡´’¬  ‡ªìπ‡«≈“ 16-24 ™—Ë«‚¡ß ‡¡◊ËÕ§√∫‡«≈“≈â“ß

 ‰≈¥å„π 0.4xSSC ∑’ËÕÿ≥À¿Ÿ¡‘ 68 Õß»“‡´≈‡´’¬ 

‡ªìπ‡«≈“ 1 π“∑’ µ“¡¥â«¬ 2xSSC ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

‡ªìπ‡«≈“ 2 π“∑’ „π°√≥’∑’Ë‡ªìπµ—«µ‘¥µ“¡ ”‡√Á®√Ÿª

À¬¥µ—«µ‘¥µ“¡≈ß∫π ‰≈¥å∑’Ë∂Ÿ°∑”„Àâ‡ ’¬ ¿“æ·≈â«

ªî¥¥â«¬ cover slip ·≈â«∫à¡„π moisture chamber ∑’Ë

Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 16-24 ™—Ë«‚¡ß

·≈â«≈â“ß ‰≈¥å„π 0.4xSSC ∑’ËÕÿ≥À¿Ÿ¡‘ 73 Õß»“‡´≈‡ ’́¬ 

‡ªìπ‡«≈“ 2 π“∑’ µ“¡¥â«¬ 2xSSC/0.1% NP-40 ∑’Ë

Õÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 1 π“∑’ µ“° ‰≈¥å„Àâ·Àâß„π

∑’Ë¡◊¥ √–«—ßÕ¬à“„Àâ ‰≈¥å‚¥π· ß À¬¥ DAPI II ªî¥

¥â«¬ cover slip √Õª√–¡“≥ 1-2 ™—Ë«‚¡ß °àÕππ”

 ‰≈¥å‰ªµ√«® Õ∫ —≠≠“≥ ’¥â«¬°≈âÕß®ÿ≈∑√√»πå

ø≈ŸÕÕ‡√ ‡ Á́πµå π—∫Õ ÿ®‘∑’Ë‰¡à́ âÕπ∑—∫°—πÕ¬à“ßπâÕ¬ 200

µ—«„π·µà≈–µ—«Õ¬à“ß «‘‡§√“–Àå¢âÕ¡Ÿ≈¥â«¬ T-test „π

‚ª√·°√¡ SPSS 13.0
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º≈°“√∑¥≈Õß·≈–«‘®“√≥å

„π°“√»÷°…“§«“¡º‘¥ª°µ‘¢Õß‚§√‚¡‚´¡‡æ»

„π™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë‚¥¬‡∑§π‘§ FISH ¡’µ—«Õ¬à“ß∑—ÈßÀ¡¥

21 µ—«Õ¬à“ß ·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡ §◊Õ ™“¬∑’Ë‰¡à Ÿ∫

∫ÿÀ√’Ë®”π«π 7 §π (Õ“¬ÿ‡©≈’Ë¬ 21.14±1.952) ·≈–™“¬

∑’Ë Ÿ∫∫ÿÀ√’Ë®”π«π 14 §π (Õ“¬ÿ‡©≈’Ë¬ 20.93±2.464) ‚¥¬

 Ÿ∫∫ÿÀ√’Ë√–À«à“ß 2-30 ¡«π/«—π (‡©≈’Ë¬ 14.71±8.090)

‡ªìπ√–¬–‡«≈“√–À«à“ß 2-11 ªï (‡©≈’Ë¬ 5±3.088) ‚¥¬§à“

‡©≈’Ë¬Õ“¬ÿ¢Õß°≈ÿà¡∑’Ë Ÿ∫∫ÿÀ√’Ë·≈–°≈ÿà¡∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë‰¡à

·µ°µà“ß°—π (P<0.05) ÷́Ëß “¡“√∂µ—¥ªí®®—¬¥â“πÕ“¬ÿ∑’Ë

°àÕ„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß‚§√‚¡‚´¡„π·µà≈–

∫ÿ§§≈‰¥â ‡π◊ËÕß®“°Õ“¬ÿ¡’§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥

aneuploidy „πÕ ÿ®‘ (Naccarati et al., 2003; Robbins

et al., 1997)

°“√»÷°…“„π√–¬–·√°‰¥â∑”°“√»÷°…“¥â«¬µ—«

µ‘¥µ“¡∑—Èß Õß™π‘¥„π·µà≈–µ—«Õ¬à“ß ‚¥¬°“√µ√«®

π—∫®”π«π‚§√‚¡‚´¡‡æ»„πÕ ÿ®‘ ‚¥¬°”Àπ¥„Àâµ—«

µ‘¥µ“¡∑’Ëµ‘¥ —≠≠“≥ ’·¥ß§◊Õ‚§√‚¡‚´¡ X ·≈–µ—«

µ‘¥µ“¡∑’Ëµ‘¥ —≠≠“≥ ’‡¢’¬«§◊Õ‚§√‚¡‚´¡ Y ·¡â«à“

µ—«µ‘¥µ“¡ ”‡√Á®√Ÿª¡’§«“¡ –¥«°„π°“√∑¥≈Õß „™â

√–¬–‡«≈“ —Èπ ·≈–„Àâ —≠≠“≥∑’Ë™—¥‡®π°«à“ (¿“æ∑’Ë 1A

·≈– 1B) ·µà‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§«“¡º‘¥ª°µ‘∑’Ë‡°‘¥

¢÷Èπ‰¡à¡’§«“¡·µ°µà“ß°—π√–À«à“ßµ—«µ‘¥µ“¡ ”‡√Á®√Ÿª

¿“æ∑’Ë 1  —≠≠“≥ ’∑’Ëª√“°Ø¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåø≈ŸÕÕ‡√ ‡´πµå ∑’Ë°”≈—ß¢¬“¬ 1,000 ‡∑à“ °”Àπ¥„Àâ ’·¥ß§◊Õ

‚§√‚¡‚´¡ X ·≈– ’‡¢’¬«§◊Õ‚§√‚¡‚´¡ Y ‚¥¬ (A) ‡ªìπµ—«µ‘¥µ“¡ ”‡√Á®√Ÿª ·≈– (B) ‡ªìπµ—«

µ‘¥µ“¡∑’Ë √â“ß¢÷Èπ®“° BAC clones
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·≈–∑’Ë‡µ√’¬¡¢÷Èπ‡Õß (¢âÕ¡Ÿ≈‰¡à‰¥â· ¥ß, P<0.05)

º≈®“°°“√π—∫ —≠≠“≥ ’¿“¬„µâ°≈âÕß®ÿ≈∑√√»πå

ø≈ŸÕÕ‡√ ‡´πµå æ∫«à“„π·µà≈–µ—«Õ¬à“ß¡’Õ ÿ®‘ª°µ‘∑’Ë

¡’‚§√‚¡‚´¡ X À√◊Õ Y „°≈â‡§’¬ß°—π ·≈–æ∫§«“¡

º‘¥ª°µ‘¢Õß®”π«π‚§√‚¡‚´¡‡æ»„πÕ ÿ®‘À≈“¬™π‘¥

‰¥â·°à XX, YY, XY, XXY, XYY ·≈–‰¡à¡’ —≠≠“≥ ’

¥—ß¿“æ∑’Ë 2 ÷́Ëß¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠¢Õß

 —¥ à«π¢Õß®”π«π‚§√‚¡‚´¡∑’Ëº‘¥ª°µ‘√–À«à“ß

°≈ÿà¡™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë (13.07±10.194) ·≈–°≈ÿà¡™“¬∑’Ë‰¡à

 Ÿ∫∫ÿÀ√’Ë (5.29±1.890), P<0.05 ·µà‡¡◊ËÕæ‘®“√≥“§«“¡

º‘¥ª°µ‘·µà≈–™π‘¥æ∫«à“¡’‡æ’¬ß§«“¡º‘¥ª°µ‘™π‘¥ XX

¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠„π°≈ÿà¡™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë

(2.57±2.472) ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë

(0.71±0.756), P<0.05

®“°º≈°“√∑¥≈ÕßÀ“§«“¡º‘¥ª°µ‘¢Õß

‚§√‚¡‚´¡‡æ»„πÕ ÿ®‘¢ÕßºŸâ∑’Ë Ÿ∫∫ÿÀ√’Ëæ∫«à“º≈∑’Ë‰¥â

¡’§«“¡ Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Rubes et al. (1998)

∑’Ë»÷°…“º≈°√–∑∫¢Õß°“√ Ÿ∫∫ÿÀ√’Ë·≈–¥◊Ë¡‡§√◊ËÕß¥◊Ë¡

·Õ≈°ÕŒÕ≈å„π«—¬√ÿàπ™“¬Õ“¬ÿ 18 ªï ®”π«π 10 §π (20

¡«πµàÕ«—π ·≈– Ÿ∫∫ÿÀ√’Ë¡“Õ¬à“ßπâÕ¬‡ªìπ‡«≈“ 2 ªï)

´÷Ëßæ∫«à“«—¬√ÿàπ™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë¡’Õ—µ√“°“√‡°‘¥ disomic

„πÕ ÿ®‘‡æ‘Ë¡¢÷Èπ ·≈–¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§ÿ≥¿“æ

¢ÕßπÈ”Õ ÿ®‘ Õ¬à“ß‰√°Áµ“¡ Shi et al. (2001) æ∫§«“¡

 —¡æ—π∏å¢Õß°“√ Ÿ∫∫ÿÀ√’Ë°—∫°“√‡°‘¥ aneuploidy ¢Õß

‚§√‚¡‚´¡∫“ß·∑àß„πÕ ÿ®‘ ‚¥¬»÷°…“„π™“¬®’π®”π«π

31 §π∑’Ë¡’°“√¥”√ß™’«‘µ§≈â“¬§≈÷ß°—π ·≈–‰¡à¥◊Ë¡

‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å ·µà¡’°“√ Ÿ∫∫ÿÀ√’Ë∑’Ë·µ°µà“ß°—π

‚¥¬∑”°“√»÷°…“∑—Èß‚§√‚¡‚´¡·∑àß∑’Ë 13, 21, X ·≈–

Y æ∫«à“¡’‡æ’¬ß‚§√‚¡‚´¡·∑àß∑’Ë 13 ¡’Õ—µ√“°“√‡°‘¥

disomy ¡“°¢÷Èπ„πºŸâ∑’Ë Ÿ∫∫ÿÀ√’Ë „π¢≥–∑’Ë§«“¡∂’Ë°“√

‡°‘¥ disomy ¢Õß‚§√‚¡‚´¡·∑àß∑’Ë 21, X À√◊Õ Y

‰¡à¡’§«“¡·µ°µà“ß°—π„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë Ÿ∫∫ÿÀ√’Ë ·≈–

°≈ÿà¡µ—«Õ¬à“ß∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë √«¡∑—Èß Robbins et al.

(1997) æ∫§«“¡ —¡æ—π∏å¢Õß°“√‡°‘¥ aneuploidy

¢ÕßÕ ÿ®‘‡©æ“–„π°≈ÿà¡∑’Ë¥◊Ë¡‡§√◊ËÕß¥◊Ë¡§“‡øÕ’π·≈–

°≈ÿà¡∑’Ë¥◊Ë¡‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å ·µà‰¡àæ∫§«“¡

 —¡æ—π∏å¢Õß°“√‡°‘¥ aneuploidy „π°≈ÿà¡™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë

®“°°“√∑’Ëæ∫«à“®”π«πÕ ÿ®‘∑’Ë¡’§«“¡º‘¥ª°µ‘

¢Õß®”π«π‚§√‚¡‚´¡‡æ»·µ°µà“ß°—π‰ªπ—Èπ Õ“®

‡π◊ËÕß¡“®“°ª√‘¡“≥°“√„™â∫ÿÀ√’Ë„π·µà≈–«—π √–¬–

‡«≈“„π°“√ Ÿ∫ ·≈–§«“¡√ÿπ·√ß¢Õß∫ÿÀ√’Ë∑’Ë Ÿ∫ √«¡

∑—Èßªí®®—¬¿“¬πÕ°∑’Ë‰¡à “¡“√∂§«∫§ÿ¡‰¥â„π·µà≈–

µ—«Õ¬à“ß ‡æ√“–πÕ°®“°°“√ Ÿ∫∫ÿÀ√’Ë·≈â«¬—ß¡’ªí®®—¬

Õ◊Ëπ∑’Ë àßº≈µàÕ§«“¡º‘¥ª°µ‘¢Õß “√æ—π∏ÿ°√√¡„π

‡´≈≈å ◊∫æ—π∏ÿå Õ¬à“ß‰√°Áµ“¡°“√ Ÿ∫∫ÿÀ√’Ë àßº≈„Àâ¡’

§«“¡º‘¥ª°µ‘¢Õß‚§√‚¡‚´¡„πÕ ÿ®‘¡“°°«à“ºŸâ∑’Ë‰¡à

 Ÿ∫∫ÿÀ√’Ë Õ“®‡π◊ËÕß®“°°“√∑’Ë∫ÿÀ√’Ë¡’º≈µàÕ°“√∑”≈“¬

‚§√ß √â“ß¢Õß‚§√¡“µ‘π ·≈–∑”„Àâ‡°‘¥°“√·µ°À—°

¿“æ∑’Ë 2 · ¥ß —≠≠“≥ ’¢ÕßÕ ÿ®‘∑’Ë¡’‚§√‚¡‚´¡‡æ»º‘¥ª°µ‘ (A) Õ ÿ®‘∑’Ë¡’‚§√‚¡‚´¡‡æ»‡ªìπ YY ·≈– (B)

Õ ÿ®‘∑’Ë¡’‚§√‚¡‚´¡‡æ»‡ªìπ XY
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¢Õß “¬¥’‡ÕÁπ‡Õ (Potts et al., 1999)  “√∑’Ë¡’Õ¬Ÿà„π∫ÿÀ√’Ë

À√◊Õ∑’Ë‡°‘¥®“°°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡¢Õß “√π’È

™—°π”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß¥’‡ÕÁπ‡Õ„π™à«ß°“√

 √â“ßÕ ÿ®‘ ®÷ß°≈à“«‰¥â«à“ºŸâ∑’Ë Ÿ∫∫ÿÀ√’Ë®–¡’§«“¡‡ ’Ë¬ßµàÕ

°“√°≈“¬æ—π∏ÿå¢Õß¥’‡ÕÁπ‡Õ„πÕ ÿ®‘‰¥â¡“°¢÷Èπ

®“°¢âÕ¡Ÿ≈¢ÕßÕß§å°“√Õπ“¡—¬‚≈° √“¬ß“π∂÷ß

®”π«πºŸâ‡ ’¬™’«‘µ®“°°“√ Ÿ∫∫ÿÀ√’Ëæ∫«à“¡’·π«‚πâ¡

‡æ‘Ë¡¢÷Èπ∑ÿ°ªï·≈–‡ªìπ “‡Àµÿ¢Õß°“√‡ ’¬™’«‘µ¢Õß§π

∑—Ë«‚≈°¡“°°«à“°“√‡ ’¬™’«‘µ®“°‚√§‡Õ¥ å «—≥‚√§

Õÿ∫—µ‘‡Àµÿ °“√¶à“µ—«µ“¬ ·≈–°“√‡ ’¬™’«‘µ√–À«à“ß

§≈Õ¥√«¡°—π∑—ÈßÀ¡¥ ·≈–®“°°“√«‘®—¬∑“ß°“√·æ∑¬å

æ∫«à“Õ—µ√“‡ ’Ë¬ßµàÕ°“√ªÉ«¬·≈–‡ ’¬™’«‘µ®“°°“√ Ÿ∫

∫ÿÀ√’Ëπ—Èπ Ÿß°«à“∑’Ë‡§¬§“¥‰«â ( ”π—°ß“π°Õß∑ÿπ

 π—∫ πÿπ°“√ √â“ß‡ √‘¡ ÿ¢¿“æ, 2549) ÷́ËßπÕ°®“°

®– àßº≈‡ ’¬µàÕ ÿ¢¿“æ¢ÕßºŸâ∫ÿÀ√’Ë‡Õß·≈â« º≈°√–∑∫

∑’Ë‡°‘¥¢÷Èπ¬—ß àßº≈µàÕ “√æ—π∏ÿ°√√¡„π‡´≈≈å ◊∫æ—π∏ÿå

´÷Ëß¡’‚Õ°“  àßµàÕ§«“¡º‘¥ª°µ‘π—Èπ‰ª¬—ß≈Ÿ°À≈“π‰¥â

 √ÿªº≈°“√∑¥≈Õß

®“°°“√»÷°…“®”π«π‚§√‚¡‚´¡‡æ»„πÕ ÿ®‘

¢Õß™“¬∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë®”π«π 7 §π ·≈–™“¬∑’Ë Ÿ∫

∫ÿÀ√’Ë®”π«π 14 §π ∑’Ë¡’Õ“¬ÿ√–À«à“ß 18-26 ªï (Õ“¬ÿ

‡©≈’Ë¬ 20.93±2.464) ‚¥¬ Ÿ∫∫ÿÀ√’Ë√–À«à“ß 2-30 ¡«π/

«—π (‡©≈’Ë¬ 14.71±8.090) ‡ªìπ√–¬–‡«≈“‰¡àπâÕ¬°«à“ 2

ªï æ∫«à“°≈ÿà¡™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë¡’§«“¡º‘¥ª°µ‘¢Õß

®”π«π‚§√‚¡‚´¡‡æ»·µ°µà“ß®“°°≈ÿà¡™“¬∑’Ë‰¡à Ÿ∫

∫ÿÀ√’ËÕ¬à“ß¡’π—¬ ”§—≠ (P<0.05) ´÷Ëß‡¡◊ËÕÕ ÿ®‘∑’Ë¡’§«“¡

º‘¥ª°µ‘¢Õß‚§√‚¡‚´¡‡¢â“º ¡°—∫‰¢à ‚Õ°“ ∑’Ë®–

‡°‘¥∑“√°∑’Ë¡’§«“¡º‘¥ª°µ‘∑“ß‚§√‚¡‚´¡ ‡™àπ

Klinefelterûs syndrome ·≈– Turnerûs syndrome

¬àÕ¡ Ÿß¢÷Èπ¥â«¬ ¥—ßπ—ÈπºŸâ∑’ËÕ¬Ÿà„π«—¬‡®√‘≠æ—π∏ÿå§«√ß¥

°“√ Ÿ∫∫ÿÀ√’Ë‡æ◊ËÕÀ≈’°‡≈’Ë¬ß‚√§∑“ßæ—π∏ÿ°√√¡¢Õß∫ÿµ√

‡Õ° “√Õâ“ßÕ‘ß

 ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√ √â“ß‡ √‘¡ ÿ¢¿“æ
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