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Abstract
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CHROMOSOMAL STUDIES ON A BULL WITH A CONGENITALLY

ABNORMAL URETHRA

A six-year old bull (Bos indicus) was found to have hypospadia (congenital rupture of the ventral

aspect of the penile urethra). The testes were a normal size and the penis slightly hypoplastic. Karyotype

obtained from the conventional staining of chromosomes and GTG- and RBA- bandings revealed a

normal make-up, of 60 XY male chromosomes. The levels of serum testoterone, estradiol and

progesterone were all within the normal range. Based on the phenotypic abnormality and the

karyotypic findings, this bull can be classified as a male, pseudohermaphrodite.
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∫∑§—¥¬àÕ

¥«ß ¡√  ÿ«—±≤π*  «’√–æß»å ‚°¬°ÿ≈**  «‘«—≤πå ™«π–π‘°ÿ≈*

°“√»÷°…“‚§√‚¡‚´¡„π‚§∑’Ë¡’∑àÕªí  “«–º‘¥ª°µ‘·µà°”‡π‘¥

‚§‡æ»ºŸâæ—π∏ÿåº ¡∫√“Àå¡—πÕ“¬ÿ 6 ªï æ∫§«“¡º‘¥ª°µ‘¢Õß∑àÕªí  “«–·µà°”‡π‘¥ ∑”„Àâªí  “«–‰À≈ÕÕ°

∑“ß¥â“π≈à“ß¢Õß∑àÕªí  “«– ®“°°“√µ√«®æ∫«à“§«“¡º‘¥ª°µ‘¢Õß∑àÕªí  “«–‡ªìπ™π‘¥ hypospadia ·≈–≈÷ß§å¡’

¢π“¥‡≈Á° ·≈– —Èπ°«à“ª°µ‘ (penile hypoplasia) °“√µ√«®«‘‡§√“–Àå‚§√‚¡‚´¡¥â«¬«‘∏’∏√√¡¥“ ·≈–°“√¬âÕ¡ ’æ‘‡»…

(GTG - ·≈– RBA - banding) æ∫«à“§“√‘‚Õ‰∑ªá‡ªìπ·∫∫ 60; XY ‡™àπ‚§‡æ»ºŸâª°µ‘∑—Ë«‰ª √–¥—∫ŒÕ√å‚¡π

‡∑ ‚∑ ‡µÕ‚√π ‡Õ µ√“‰¥ÕÕ≈ ·≈–‚ª√‡® ‡∑Õ‚√πÕ¬Ÿà„π√–¥—∫ª°µ‘ ®“°≈—°…≥–∑“ß°“¬«‘¿“§·≈–æ—π∏ÿ°√√¡

∑”„Àâ “¡“√∂®”·π°‚§µ—«π’È‰¥â«à“Õ¬Ÿà„π¿“«–°–‡∑¬‡∑’¬¡‡æ»ºŸâ (male pseudohermaphroditism)

§” ”§—≠ :  ∑àÕªí  “«– ‰Œ‚ª ª“‡¥’¬ ¿“«–°–‡∑¬‡∑’¬¡‡æ»ºŸâ ‚§‡æ»ºŸâ

∫∑π”

§«“¡º‘¥ª°µ‘·µà°”‡π‘¥¢Õß∑àÕªí  “«– (urethra)

æ∫‰¥â„π —µ«åÀ≈“¬™π‘¥·≈–„π¡πÿ…¬å ∑àÕªí  “«–∑’Ë

‡®√‘≠º‘¥ª°µ‘‡°‘¥‰¥â„π∑—Èß Õß‡æ» ·≈–Õ“®‡ªìπ à«π

Àπ÷Ëß¢Õß√Õ¬‚√§∑’Ë‡°’Ë¬«¢âÕß°—∫¿“«–°–‡∑¬ (herma-

phroditism) „π¡πÿ…¬å¡’√“¬ß“π§«“¡º‘¥ª°µ‘¢Õß∑àÕ

ªí  “«–¡“°°«à“ 150 √“¬ ‚¥¬æ∫„π‡æ»™“¬¡“°°«à“

‡æ»À≠‘ß (Wagner et al., 1996) §«“¡º‘¥ª°µ‘¢Õß

∑àÕªí  “«–∑’Ëæ∫√à«¡°—∫√Õ¬‚√§Õ◊ËπÊ ¢Õß√–∫∫ ◊∫æ—π∏ÿå

¡’√“¬ß“π„π‡¥Á°·√°§≈Õ¥ ¡—°ª√–°Õ∫¥â«¬≈—°…≥–

‡¥àπ§◊Õ °“√¡’∑àÕªí  “«– 2 Õ—π (urethral duplication)

(Ciftci et al., 1995; Goh et al., 1995; Walther and

Woodard, 1996; Elmassalme et al., 1997)

„π —µ«å§«“¡º‘¥ª°µ‘¢Õß∑àÕªí  “«–¡—°‡°’Ë¬«

¢âÕß°—∫§«“¡º‘¥ª°µ‘¢Õß√–∫∫ ◊∫æ—π∏ÿå‡ ¡Õ ¿“«–

°–‡∑¬ §◊Õ ¡’≈—°…≥–¿“¬πÕ°¢ÕßÕ«—¬«–‡æ» (external

genitalia) ·≈–/À√◊ÕµàÕ¡‡æ» (gonad) ‡ªìπ¢Õß∑—Èß Õß

‡æ» ·≈–∑”„Àâ∑àÕªí  “«–¡’§«“¡º‘¥ª°µ‘‰ª¥â«¬

≈—°…≥–¥—ß°≈à“«æ∫‰¥â„π —µ«å‡≈’È¬ß∑ÿ°™π‘¥·≈–æ∫¡“°

„π·æ– (Basrur and Yusoff, 1997; Otiangûa-Owiti

et al., 1997) ·≈– ÿ°√ (Pailhoux et al., 1994) °“√¡’

√Õ¬·¬°¢Õß∑àÕªí  “«–∑“ß¥â“π≈à“ß∑’Ë‡√’¬°«à“ hypospadia

‡ªìπ≈—°…≥– ”§—≠„π —µ«å∑’Ë¡’¿“«–°–‡∑¬ (Basrur, 1999)

¡’√“¬ß“π«à“æ—π∏ÿ°√√¡¡’Õ‘∑∏‘æ≈ ”§—≠µàÕ°“√

‡®√‘≠¢Õß∑àÕªí  “«–·≈–Õ«—¬«–¢Õß√–∫∫ ◊∫æ—π∏ÿå §«“¡

º‘¥ª°µ‘∑’Ë√–¥—∫¬’π·≈–‚§√‚¡‚´¡µà“ß¡’º≈∑”„Àâ‡°‘¥

§«“¡º‘¥ª°µ‘¢ÕßÕ«—¬«–‡À≈à“π’È „π·æ–æ∫«à“¬’π∑’Ë§«∫§ÿ¡

°“√‰¡à¡’‡¢“ (polled trait) ¡’ à«π‡°’Ë¬«¢âÕß°—∫¿“«–°–‡∑¬

(Basrur and Yusoff, 1997)  à«π„π ÿ°√§«“¡º‘¥

æ≈“¥„π°√–∫«π°“√Õ—π —́∫´âÕπ¢Õß°“√∑”ß“π¢Õß¬’π

SRY(Sex-determination Region on the Y chromosome)

·≈–¬’πÕ◊ËπÊ (autosomal genes) µà“ß¡’º≈„Àâ‡°‘¥¿“«–

°–‡∑¬‰¥â (Pailhoux et al., 1994; Hunter, 1996) ‚§

∑’Ë¡’≈—°…≥–¢Õß hypospadia æ∫‰¥â‰¡à∫àÕ¬‡∑à“°—∫·æ–
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·≈– ÿ°√ „π√“¬ß“π‡À≈à“π’È¡—°æ∫¿“«–§«“¡º‘¥ª°µ‘

¢Õß∑àÕªí  “«–√à«¡°—∫‰ â‡≈◊ËÕπ∑’Ë –¥◊Õ (umbilical

hernia) (Singh et al., 1988) ·≈–√à«¡°—∫¿“«–≈’∫‡≈Á°

¢Õß≈÷ß§å (Rieck, 1972). Sysa et al. (1997) æ∫«à“

«—«∑’Ë¡’ hypospadia ¡’§«“¡º‘¥ª°µ‘¢Õß°“√‡®√‘≠¢Õß

Õ—≥±– ≈÷ß§å ·≈–‡ªìπÀ¡—π ®“°°“√µ√«®«‘‡§√“–Àå§“√‘

‚Õ‰∑ªáæ∫«à“ª°µ‘ πÕ°®“°π’È¬—ß¡’√“¬ß“π§«“¡º‘¥ª°µ‘

·µà°”‡π‘¥¢Õß∑àÕªí  “«–™π‘¥ urethral duplication

„π‚§‡æ»‡¡’¬ ·≈–°“√»÷°…“≈—°…≥–¢Õß‚§√‚¡‚´¡

æ∫«à“¡’ balanced translocation ∑’Ë à«πª≈“¬¢Õß

‚§√‚¡‚´¡√à“ß°“¬ (autosomes) ¢π“¥‡≈Á° 2 §Ÿà ·µà‰¡à

æ∫≈—°…≥–º‘¥ª°µ‘¢Õß‚§√‚¡‚´¡‡æ» (Braun et al.,

2000)

„πª√–‡∑»‰∑¬§«“¡º‘¥ª°µ‘·µà°”‡π‘¥„π —µ«å

™π‘¥µà“ßÊ æ∫‰¥âπâÕ¬¡“° ·≈–¡—°‰¡àæ∫„π —µ«å∑’Ë‚µ

‡µÁ¡∑’Ë·≈â« ‡π◊ËÕß®“° —µ«å‡À≈à“π—Èπ¡—°µ“¬µ—Èß·µà·√°§≈Õ¥

À√◊Õ∂Ÿ°°”®—¥‰ª°àÕπ∑’Ë®–‰¥â¡’ºŸâ»÷°…“§«“¡º‘¥ª°µ‘

À√◊Õ∑”°“√µ√«®«‘‡§√“–Àå∑“ßæ—π∏ÿ°√√¡ ß“π«‘®—¬π’È‰¥â

√“¬ß“π≈—°…≥–§«“¡º‘¥ª°µ‘¢Õß∑àÕªí  “«–„π‚§‡æ»ºŸâ

·≈–º≈°“√»÷°…“‚§√‚¡‚´¡√«¡∂÷ß√–¥—∫ŒÕ√å‚¡π‡æ»

„π°√–· ‡≈◊Õ¥ ‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈‡∫◊ÈÕßµâπ„π°“√»÷°…“

√–¥—∫Õ≥Ÿæ—π∏ÿ»“ µ√å¢Õß —µ«å∑’Ëæ∫§«“¡º‘¥ª°µ‘„π

≈—°…≥–‡¥’¬«°—ππ’ÈµàÕ‰ª

«— ¥ÿ·≈–«‘∏’°“√

1. ‚§·≈–°“√‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥ ‚§‡æ»ºŸâæ—π∏ÿå

º ¡∫√“Àå¡—π (Bos indicus) Õ“¬ÿ 6 ªï Õ¬Ÿà∑’Ë µ”∫≈

µ–§√È”‡Õπ Õ”‡¿Õ∑à“¡–°“ ®—ßÀ«—¥°“≠®π∫ÿ√’ ∑”°“√

µ√«®≈—°…≥–¿“¬πÕ°¢Õß‚§ ·≈–‰¥â∑”°“√‡°Á∫µ—«

Õ¬à“ß‡≈◊Õ¥ 3 §√—Èß ®“°‡ âπ‡≈◊Õ¥ external jugular vein

·≈–‡°Á∫‡≈◊Õ¥„πÀ≈Õ¥‡°Á∫‡≈◊Õ¥ Ÿ≠≠“°“» (Vacutainer®,

Becton Dickinson Comp., U.S.A.) ™π‘¥‡§≈◊Õ∫¥â«¬ “√

heparin  ”À√—∫°“√‡æ“–‡≈’È¬ß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«‡æ◊ËÕ

°“√µ√«®«‘‡§√“–Àå‚§√‚¡‚´¡ ·≈–‡°Á∫´’√—Ë¡‡æ◊ËÕµ√«®

√–¥—∫ŒÕ√å‚¡π‡æ»

2. °“√‡æ“–‡≈’È¬ß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“« (lym-

phocyte culture) π”µ—«Õ¬à“ß‡≈◊Õ¥¡“ªíòπ∑’Ë 1,200 √Õ∫

µàÕπ“∑’ π“π 10 π“∑’ ¥Ÿ¥‡Õ“ à«π‡¡Á¥‡≈◊Õ¥¢“« (buffy

coat) ª√–¡“≥ 0.5-1 ¡≈. ·≈–À¬¥≈ß„π¢«¥‡≈’È¬ß

‡´≈≈å∑’Ë¡’Õ“À“√‡≈’È¬ß‡´≈≈å ́ ÷Ëßª√–°Õ∫¥â«¬ RPMI-1640

8-10 ¡≈. fetal calf serum (FCS) 1.5 ¡≈., L-glutamine

100 ‰¡‚§√≈‘µ√ ·≈– “√°√–µÿâπ°“√·∫àßµ—« (Pokeweed)

100-120 ‰¡‚§√≈‘µ√ À≈—ß®“°π—Èππ”‰ª∫à¡Õ∫∑’ËÕÿ≥À¿Ÿ¡‘

370´. 5.0% CO
2
 ·≈–§«“¡™◊Èπ 95% ‡ªìπ‡«≈“ 72

™¡. ‚¥¬‡¢¬à“¢«¥‡≈’È¬ß‡´≈≈å‡æ◊ËÕ„Àâ‡´≈≈å °√–®“¬µ—« ∑ÿ°

12 ™¡. °àÕπ∑”°“√‡°Á∫‡°’Ë¬«‡´≈≈å (cellular harvesting)

45 π“∑’ ∑”°“√‡µ‘¡ “√≈–≈“¬ colchicine 200

‰¡‚§√≈‘µ√„πÕ“À“√‡≈’È¬ß‡´≈≈å‡æ◊ËÕÀ¬ÿ¥°“√·∫àßµ—«

¢Õß‡´≈≈å∑’Ë√–¬–‡¡µ“‡ø  À≈—ß®“°π—Èπ‡µ‘¡ “√≈–≈“¬

‚ªµ— ‡´’¬¡§≈Õ‰√¥å (0.075M KCl) ‡æ◊ËÕ∑”„Àâ‡´≈≈å

æÕßµ—« (swollen)

∑”°“√µ√÷ß‡´≈≈å¥â«¬ “√≈–≈“¬ fixative ∑’Ë¡’

 à«πº ¡¢Õß methanol: glacial acetic acid = 3 : 1

‚¥¬„™â “√≈–≈“¬ fixative ¥—ß°≈à“« ™”√–≈â“ß‡´≈≈åÀ≈“¬Ê

§√—Èß ®π°√–∑—Ëß‡»…‡À≈◊Õ (debris) À¡¥‰ª®“°À≈Õ¥

∑¥≈Õß À¬¥ “√≈–≈“¬ fixative ∑’Ë¡’‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«

≈ß∫π ‰≈¥å°√–®° ‡°Á∫„π¿“™π–ªî¥∑’Ë∫√√®ÿ “√¥Ÿ¥

§«“¡™◊Èπ∑’ËÕÿ≥À¿Ÿ¡‘ -200´. ®π°«à“®–¥”‡π‘π°“√¢—ÈπµÕπ

µàÕ‰ª (¢âÕ 3.1 ·≈– 3.2) ‡´≈≈å‡æ“–‡≈’È¬ß à«πÀπ÷Ëß‡µ‘¡

 “√≈–≈“¬ 0.5% 5-bromo-2 deoxy-Uridine (BrdU)

200 ‰¡‚§√≈‘µ√ °àÕπ‡°Á∫ ‡°’Ë¬«‡´≈≈å‡ªìπ‡«≈“ 6 ™¡.

‡æ◊ËÕ„™â„π°“√¬âÕ¡ ’æ‘‡»…¥â«¬«‘∏’ RBA-banding (¢âÕ 3.3)

3. ° “ √ ®— ¥ ∑” § “ √‘ ‚ Õ ‰ ∑ ªá ‚ ¥ ¬ ° “ √ ¬â Õ ¡

‚§√‚¡‚´¡¥â«¬ ’∏√√¡¥“ ·≈–°“√¬âÕ¡ ’æ‘‡»…

3.1 °“√¬âÕ¡ ’ Giemsa π” ‰≈¥å∑’Ë¡’

‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“« ®“°¢—ÈπµÕπ∑’Ë 2 ®ÿà¡≈ß„π “√≈–≈“¬
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°—∫¢Õß‚§ª°µ‘ (Bos indicus) (Halnan et al., 1981)

5. °“√µ√«®«—¥√–¥—∫ŒÕ√å‚¡π‡æ» π”´’√—Ë¡‰ª

µ√«®«‘‡§√“–Àå√–¥—∫ŒÕ√å‚¡π‡æ» 3 ™π‘¥ §◊Õ estradiol,

progesterone ·≈– testosterone ‚¥¬«‘∏’ chemiluminescent

assay (CMA) ´÷Ëß¡’À≈—°°“√„π°“√„™â·Õπµ‘∫Õ¥’µàÕ

ŒÕ√å‚¡π¥—ß°≈à“«‚¥¬∑’Ë·Õπµ‘∫Õ¥’‡À≈à“π’È∂Ÿ°µ‘¥¥â«¬ “√

‡√◊Õß· ß (fluorescent materials) (Lee et al., 1990)

º≈

≈—°…≥–¿“¬πÕ° ‚§∑’Ë∑”°“√»÷°…“‡ªìπ‚§‡æ»ºŸâ

æ—π∏ÿåº ¡∫√“Àå¡—π (Bos indicus) Õ“¬ÿ 6 ªï ≈—°…≥–

¿“¬πÕ°‡ªìπ‚§‡æ»ºŸâ∑’Ë¡’‡¢“ ‚Àπ° ·≈–‡Àπ’¬ß§Õ

™—¥‡®π (√Ÿª∑’Ë 1) °“√‡®√‘≠‡µ‘∫‚µ¢Õß≈Ÿ°Õ—≥±–·≈–

°≈â“¡‡π◊ÈÕ ¡∫Ÿ√≥å °‘πÕ“À“√·≈–¢—∫∂à“¬ª°µ‘ §«“¡º‘¥

ª°µ‘Õ¬Ÿà∑’Ë°“√∂à“¬ªí  “«–∑’ËπÈ”ªí  “«–‰¡àÕÕ°∑“ß√Ÿ

‡ªî¥¢Õßª≈Õ°Àÿâ¡≈÷ß§å¥—ß‡™àπ‚§ª°µ‘ „π‚§µ—«π’È¡’√Õ¬

·¬°∫√‘‡«≥Ωï‡¬Á∫ (perineum) (√Ÿª∑’Ë 2) ·≈–¬“«µàÕ‰ª

¬—ß à«π≈à“ß¢Õß≈÷ß§å ·≈–ª≈Õ°Àÿâ¡≈÷ß§å (√Ÿª∑’Ë 3) ∑”

„Àâªí  “«– à«π¡“°‰À≈ÕÕ°∑“ß√Õ¬·¬° ·≈– à«ππâÕ¬

‰À≈ÕÕ°®“°∑àÕªí  “«–∑’Ëª≈“¬≈÷ß§å (√Ÿª∑’Ë 4)

°“√µ√«®«‘‡§√“–Àå§“√‘‚Õ‰∑ªá §“√‘‚Õ‰∑ªá¢Õß™ÿ¥

‚§√‚¡‚´¡¢Õß‚§∑’Ë∑”°“√»÷°…“‚¥¬°“√¬âÕ¡ ’ Giemsa

æ∫«à“¡’®”π«π‚§√‚¡‚´¡ 30 §Ÿà ‚§√‚¡‚´¡§Ÿà∑’Ë 1-29

‡ªìπ‚§√‚¡‚´¡√à“ß°“¬ (autosomal chromosomes) ∑’Ë¡’

≈—°…≥–‡ªìπ·∫∫ acrocentric chromosomes §◊Õ ¡’

·¢π¢Õß‚§√‚¡‚´¡¢â“ß‡¥’¬«  à«π‚§√‚¡‚´¡‡æ» (sex

chromosomes) ¡’≈—°…≥–∑’Ë∫àß∂÷ß —µ«å‡æ»ºŸâÕ¬à“ß™—¥‡®π §◊Õ

¡’‚§√‚¡‚´¡‡ÕÁ°´å (X) ·≈–‚§√‚¡‚´¡«“¬ (Y)

‚§√‚¡‚´¡‡ÕÁ°´å¡’≈—°…≥–‡ªìπ metacentric chromosome

§◊Õ ¡’·¢π Õß¢â“ß·≈–·¢π¥â“π∑’ËÕ¬Ÿà‡Àπ◊Õ centromere

 —Èπ°«à“¥â“πµ√ß¢â“¡  à«π‚§√‚¡‚´¡«“¬¡’≈—°…≥–‡ªìπ

acrocentric chromosome ∑’Ë¡’¢π“¥‡≈Á°¡“° ‰¡àæ∫

§«“¡º‘¥ª°µ‘„π√Ÿª√à“ß≈—°…≥–·≈–®”π«π·≈–¡’§«“¡

5.0% Giemsa ∑’Ë≈–≈“¬Õ¬Ÿà„π Sorensen buffer, pH

6.8-7.0 π“π 12 π“∑’ ≈â“ß¥â«¬πÈ”°≈—Ëπ π”‰ªµ√«®À“

‚§√‚¡‚´¡¿“¬„µâ°≈âÕß®ÿ≈∑√√»πå™π‘¥· ß «à“ß π—∫

®”π«π‚§√‚¡‚´¡„π·µà≈–‡´≈≈åÕ¬à“ßπâÕ¬ 100-150

‡´≈≈å ®¥∫—π∑÷°®”π«π‚§√‚¡‚´¡∑’Ë·¬°‰¥â æ√âÕ¡∑—Èß

∂à“¬√Ÿª™ÿ¥‚§√‚¡‚´¡∑’Ë¡’§«“¡¬“«‡À¡“– ¡·≈–

°√–®“¬µ—«¥’®”π«π 30 ‡´≈≈å ‡æ◊ËÕπ”¡“®—¥∑”§“√‘‚Õ‰∑ªá

3.2 °“√¬âÕ¡ ’æ‘ ‡»…™π‘¥ Trypsin

G- banding (GTG-banding) ¥—¥·ª≈ß®“°«‘∏’¢Õß

Seabright (1971) ®ÿà¡ ‰≈¥å∑’Ë¡’‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«∑’Ë

‡µ√’¬¡‰¥â®“°¢âÕ 2 ≈ß„π “√≈–≈“¬ 0.025% trypsin-

EDTA ‡ªìπ‡«≈“ 3 π“∑’ ·≈–®ÿà¡≈ß„π “√≈–≈“¬ 10%

FCS π“π 4 π“∑’ ≈â“ß¥â«¬πÈ” –Õ“¥ À≈—ß®“°π—Èπ®ÿà¡

 ‰≈¥å≈ß„π 50% methanol 3 π“∑’ ·≈–¬âÕ¡

‚§√‚¡‚´¡¥â«¬ “√≈–≈“¬ 2.0-2.5% Giemsa ‡ªìπ‡«≈“

1 ™¡. ≈â“ß¥â«¬πÈ”°≈—Ëπ π” ‰≈¥å∑’Ë‰¥â‰ªµ√«®À“

‚§√‚¡‚´¡¿“¬„µâ°≈âÕß®ÿ≈∑√√»πå· ß «à“ß ∂à“¬√Ÿª™ÿ¥

‚§√‚¡‚´¡∑’Ë¡’§«“¡¬“«‡À¡“– ¡·≈–°√–®“¬µ—«¥’

®”π«π 15-30 ‡´≈≈å ‡æ◊ËÕπ”¡“®—¥§Ÿà‚§√‚¡‚´¡·≈–∑”

§“√‘‚Õ‰∑ªá

3.3 °“√¬âÕ¡ ’æ‘‡»…™π‘¥ RBA-banding

¥—¥·ª≈ß®“°«‘∏’¢Õß Dutrillaux et al. (1973) ®ÿà¡

 ‰≈¥å∑’Ë¡’‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‡µ√’¬¡‰¥â®“°¢âÕ 2 (BrdU

treatment) „π “√≈–≈“¬ 0.05% Acridine Orange

‡ªìπ‡«≈“ 3-10 π“∑’ ·≈–≈â“ß¥â«¬πÈ” –Õ“¥ π” ‰≈¥å

∑’Ë‰¥â‰ªµ√«®À“‚§√‚¡‚´¡¥â«¬°≈âÕß®ÿ≈∑√√»πå

ø≈ŸÕÕ‡√ ‡´πµå ∂à“¬√Ÿª™ÿ¥‚§√‚¡‚´¡∑’Ë¡’§«“¡¬“«

‡À¡“– ¡·≈–°√–®“¬µ—«¥’ ®”π«π 15-30 ‡´≈≈å ‡æ◊ËÕ

π”¡“®—¥§Ÿà‚§√‚¡‚´¡·≈–∑”§“√‘‚Õ‰∑ªá

4. °“√«‘‡§√“–Àå≈—°…≥–‚§√‚¡‚´¡ «‘‡§√“–Àå

≈—°…≥–¢Õß‚§√‚¡‚´¡„π¥â“π√Ÿª√à“ß (morphology)

·≈–√Ÿª·∫∫°“√µ‘¥ ’‡©æ“– (banding patterns) ‡æ◊ËÕ

µ√«®À“‚§√‚¡‚´¡∑’Ë¡’§«“¡º‘¥ª°µ‘ ‚¥¬‡ª√’¬∫‡∑’¬∫
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√Ÿª∑’Ë 1 ≈—°…≥–¿“¬πÕ°¢Õß‚§∑’Ë∑”°“√»÷°…“  —ß‡°µ°“√‡®√‘≠¢Õß‡¢“ ‚Àπ° ‡Àπ’¬ß§Õ ·≈–

°≈â“¡‡π◊ÈÕ¢Õß√à“ß°“¬∑’Ë ¡∫Ÿ√≥å

√Ÿª∑’Ë 2 ¿“æ¡Õß®“°¥â“πÀ≈—ß· ¥ß∂ÿßÕ—≥±– ·≈–√Õ¬·¬°∫√‘‡«≥Ωï‡¬Á∫ (perineum) (≈Ÿ°»√™’È)

 —ß‡°µ≈Ÿ°Õ—≥±–¢π“¥ª°µ‘
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√Ÿª∑’Ë 3 ¿“æ∂à“¬®“°¥â“π¢â“ß· ¥ß√Õ¬·¬°¢Õßª≈Õ°Àÿâ¡≈÷ß§å∑“ß¥â“π≈à“ß (ventral aspect)

(≈Ÿ°»√™’È)

√Ÿª∑’Ë 4 ¿“æ∂à“¬®“°¥â“π¢â“ß·≈–ª≈“¬¢Õß≈÷ß§å (glans penis) ∑’ËÀ¥ —Èπ(≈Ÿ°»√™’È)

ªí  “«–‰À≈ÕÕ°∫√‘‡«≥π’È
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√Ÿª∑’Ë 5 §“√‘‚Õ‰∑ªá 60; XY ¬âÕ¡ ’æ‘‡»…¥â«¬«‘∏’ GTG-
banding „Àâ —ß‡°µ°“√µ‘¥ ’‡¢â¡- «à“ß (banding
patterns) ¢Õß‚§√‚¡‚´¡·µà≈–§Ÿà ·≈–§Ÿà
‚§√‚¡‚´¡‡æ»∑’Ë¡’ ‚§√‚¡‚´¡«“¬‡ªìπ·∫∫
acrocentric ¢π“¥‡≈Á° X 600

√Ÿª∑’Ë 6 §“√‘‚Õ‰∑ªá 60; XY ¬âÕ¡ ’æ‘‡»…¥â«¬«‘∏’
RBA-banding „Àâ —ß‡°µ°“√µ‘¥ ’‡¢â¡- «à“ß
¢Õß‚§√‚¡‚´¡ ÷́Ëß¡’≈—°…≥– µ√ß¢â“¡°—∫
‚§√‚¡‚´¡∑’Ë¬âÕ¡¥â«¬«‘∏’ GTG-banding (√Ÿª
∑’Ë 5) X 600

®“°°“√µ√«®«‘‡§√“–Àå≈—°…≥–°“√µ‘¥ ’¢Õß

‚§√‚¡‚´¡∑’Ë‰¥â®“°°“√¬âÕ¡ ’æ‘‡»…∑—Èß Õß·∫∫‰¡àæ∫

≈—°…≥–§«“¡º‘¥ª°µ‘„¥Ê ∑’ËÕ“®‡°‘¥®“°°“√¢“¥À“¬‰ª

(deletion) À√◊Õ °“√¡’ à«π‡°‘π (duplication) ¢Õß à«π

¬àÕ¬ (segment) ¢Õß‚§√‚¡‚´¡·µà≈–µ—« ·≈–≈—°…≥–

°“√µ‘¥ ’¡’§«“¡§≈â“¬§≈÷ß°—∫§“√‘‚Õ‰∑ªá¡“µ√∞“π¢Õß

‚§

°“√µ√«®«‘‡§√“–Àå√–¥—∫ŒÕ√å‚¡π √–¥—∫¢Õß

ŒÕ√å‚¡π‡Õ µ√“‰¥ÕÕ≈ 25.5 pg/ml ŒÕ√å‚¡π‚ª√‡® -

‡µÕ‚√π 0.06 ng/ml ·≈–ŒÕ√å‚¡π‡∑ ‚∑ ‡µÕ‚√π 5.00

ng/ml

§≈â“¬§≈÷ß°—∫§“√‘‚Õ‰∑ªá«—«æ—π∏ÿå∫√“Àå¡—π (Bos indicus)

ª°µ‘

°“√¬âÕ¡ ’æ‘‡»…™π‘¥ GTG-banding ·≈– RBA-

banding ¢Õß‚§√‚¡‚´¡∑’Ë®—¥∑”§“√‘‚Õ‰∑ªá · ¥ß‰«â

„π√Ÿª∑’Ë 5 ·≈– 6 µ“¡≈”¥—∫ ·∂∫ ’‡¢â¡ (¡◊¥) ·≈–·∂∫

 ’®“ß ( «à“ß) ∫π‚§√‚¡‚´¡·µà≈–µ—«∑”„Àâ “¡“√∂∫àß

™’È ·≈–®—∫§Ÿà‚§√‚¡‚´¡‰¥âÕ¬à“ß∂Ÿ°µâÕßµ“¡¡“µ√∞“π∑’Ë

°”Àπ¥‰«â §«“¡‡¢â¡·≈–§«“¡ «à“ß¢Õß·∂∫ ’ ®–¡’

≈—°…≥–µ√ß¢â“¡°—π‡¡◊ËÕ¬âÕ¡‚§√‚¡‚´¡¥â«¬«‘∏’ GTG-

banding ·≈– RBA-banding (√Ÿª∑’Ë 5 ·≈– 6)
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«‘®“√≥å

∑àÕªí  “«–„π —µ«å‡æ»ºŸâ‡®√‘≠¡“®“° urogenital

sinus ∑’Ë„π√–¬–µ—«ÕàÕπ‡®√‘≠·¬°ÕÕ°¡“®“° cloaca

´÷Ëß‡ªìπ™àÕß‡ªî¥√«¡¢Õß∑àÕ√–∫∫°“√¬àÕ¬Õ“À“√ √–∫∫

¢—∫∂à“¬ªí  “«– ·≈–√–∫∫ ◊∫æ—π∏ÿå √–¬–µàÕ¡“¡’°“√

‡®√‘≠¬◊Ëπ¬“«¢Õß genital tubercle ‡ªìπ≈÷ß§å ‚¥¬¡’°“√

‡™◊ËÕ¡ªî¥¢Õß urogenital (urethral) folds ∑—Èß Õß¢â“ß∑”„Àâ

urethral groove ∑’ËÕ¬Ÿà à«π≈à“ß¢Õß≈÷ß§å°≈“¬‡ªìπ∑àÕ

ªí  “«–Õ¬à“ß ¡∫Ÿ√≥å (Noden and de Lahunta, 1985)

Hypospadia ‡°‘¥®“°§«“¡≈â¡‡À≈«„π°“√‡™◊ËÕ¡ªî¥¢Õß

urethral fold ‡°‘¥‡ªìπ√Õ¬·¬°¢Õß∑àÕªí  “«–¥â“π≈à“ß

‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π·≈–º‘«Àπ—ß∑”„ÀâπÈ”ªí  “«–√—Ë«ÕÕ°

°àÕπ∑’Ë®–‡¥‘π∑“ß‰ª∂÷ß√Ÿ‡ªî¥∑’Ëª≈“¬≈÷ß§å √Õ¬‚√§™π‘¥π’È

æ∫‰¥â„π —µ«å∑ÿ°™π‘¥√«¡∑—Èß¡πÿ…¬å ·≈–¡—°æ∫√à«¡°—∫

§«“¡º‘¥ª°µ‘¢ÕßÕ«—¬«–„π√–∫∫ ◊∫æ—π∏ÿå ‚¥¬‡©æ“–

Õ¬à“ß¬‘Ëß„π¿“«–°–‡∑¬ ‡π◊ËÕß®“°°“√‡®√‘≠¢Õß∑àÕ

ªí  “«–„π —µ«å‡æ»‡¡’¬‰¡à¡’°“√‡™◊ËÕ¡ªî¥¢Õß urethral fold

¥—ß‡™àπ„π‡æ»ºŸâ (Sweeney, 1998)

≈—°…≥–¢Õß hypospadia ·≈–≈÷ß§å‡®√‘≠‰¡à‡µÁ¡∑’Ë

∑’Ëæ∫„π‚§∑’Ë∑”°“√»÷°…“¡’≈—°…≥–§≈â“¬°—∫∑’Ë ‡§¬¡’

√“¬ß“π„π‚§µ“¡∑’Ëµà“ßÊ ∑—Ë«‚≈° Sysa et al. (1997)

æ∫‚§‡æ»ºŸâ∑’Ë¡’ hypospadia ‚¥¬¡’√Õ¬·¬°¬“«µ≈Õ¥

µ—Èß·µà∂ÿßÕ—≥±–‰ª®π∂÷ßª≈Õ°Àÿâ¡≈÷ß§å ·≈–æ∫«à“

§“√‘‚Õ‰∑ªá¢Õß‚§µ—«π—Èπª°µ‘  ”À√—∫„π√“¬ß“πÕ◊ËπÊ

¡—°‰¡à¡’°“√µ√«®∑“ßæ—π∏ÿ°√√¡ ‡™àπ‚§∑’Ëæ∫¿“«–

hypospadia √à«¡°—∫¿“«–π‘È«µ‘¥ (syndactyly) (Rieck,

1972) ·≈–√à«¡°—∫¿“«–‰ â‡≈◊ËÕπ∑’Ë –¥◊Õ (Singh et al.,

1988) §«“¡º‘¥ª°µ‘∑’Ë‡°‘¥¢÷Èπ„π‚§∑’Ë∑”°“√»÷°…“· ¥ß

∂÷ß¿“«–°–‡∑¬ §◊Õ¡’§«“¡º‘¥ª°µ‘¢ÕßÕ«—¬«– ◊∫æ—π∏ÿå

¿“¬πÕ°·µà§«“¡√ÿπ·√ß‰¡à¡“°π—° ‡π◊ËÕß®“°≈—°…≥–

¢Õß√à“ß°“¬ °“√‡®√‘≠¢ÕßÕ—≥±–Õ¬Ÿà„π‡°≥±åª°µ‘ ´÷Ëß

 Õ¥§≈âÕß°—∫¢âÕ¡Ÿ≈∑’Ë«à“ ¿“«–°–‡∑¬¡’‰¥âÀ≈“¬√–¥—∫

(Basrur, 1999) ‡ªìπ∑’Ëπà“ π„®«à“Õ—≥±–¢Õß‚§µ—«π’È¡’

°√–∫«π°“√ √â“ßÕ ÿ®‘ª°µ‘À√◊Õ‰¡à ·≈–„πÕ—≥±–¡’

‡π◊ÈÕ‡¬◊ËÕ√—ß‰¢àªπÕ¬ŸàÀ√◊Õ‰¡à Õ¬à“ß‰√°Áµ“¡°“√º ¡æ—π∏ÿå

µ“¡∏√√¡™“µ‘§ß‡°‘¥¢÷Èπ‰¥â¬“° ‡π◊ËÕß®“°≈÷ß§å¡’¢π“¥

‡≈Á°°«à“ª°µ‘ ·≈–πÈ”Õ ÿ®‘®–√—Ë«ÕÕ°∑“ß√Õ¬·¬° ‡™àπ

‡¥’¬«°—∫πÈ”ªí  “«– Hypospadia ¡—°æ∫„π§«“¡º‘¥

ª°µ‘¢Õß√–∫∫ ◊∫æ—π∏ÿåÀ≈“¬·∫∫√«¡∂÷ß testicular

feminization §◊Õ ¡’°“√‡®√‘≠¢ÕßÕ—≥±– ·≈–¡’°“√À≈—Ëß

testosterone √–À«à“ß°“√‡®√‘≠·µàÕ«—¬«– ◊∫æ—π∏ÿå‰¡à

µÕ∫ πÕßµàÕŒÕ√å‚¡π (androgen insensitivity)

‡π◊ËÕß®“°‡°‘¥ mutation ¢Õß androgen receptor gene

∑”„ÀâÕ«—¬«– ◊∫æ—π∏ÿå¿“¬πÕ°¡’≈—°…≥–‡ªìπ‡æ»‡¡’¬ „π

 —µ«åæ«°π’È¡—°‡ªìπÀ¡—π ‡π◊ËÕß®“°Õ—≥±–¡—°Õ¬Ÿà∫√‘‡«≥

‡™‘ß°√“π ·µà¡’√–¥—∫ testosterone §àÕπ¢â“ßª°µ‘ (Nora

et al., 1994). Testicular feminization ®—¥‰¥â«à“‡ªìπ

√Ÿª·∫∫Àπ÷Ëß¢Õß male pseudohermaphroditism „π

‚§∑’Ë∑”°“√»÷°…“æ∫«à“√–¥—∫ŒÕ√å‚¡π‡∑ ‚∑ ‡µÕ‚√π

ŒÕ√å‚¡π‚ª√‡® ‡µÕ‚√π ·≈–ŒÕ√å‚¡π‡Õ µ√“‰¥ÕÕ≈

Õ¬Ÿà√–¥—∫ª°µ‘ (OûKelly, 1985; Lee et al., 1990) ´÷Ëß

· ¥ß„Àâ‡ÀÁπ«à“¡’√–∫∫∑’Ë§«∫§ÿ¡·≈–°“√ √â“ßŒÕ√å‚¡π

‡æ»∑’Ëª°µ‘¥—ß‡™àπ‚§‡æ»ºŸâÕ◊ËπÊ ∂÷ß·¡â«à“®–¡’≈—°…≥–º‘¥

ª°µ‘¢ÕßÕ«—¬«– ◊∫æ—π∏ÿå¿“¬πÕ°

°“√µ√«®«‘‡§√“–Àåæ∫§“√‘‚Õ‰∑ªá¢Õß‚§‡æ»ºŸâ

‚¥¬‰¡à¡’≈—°…≥–º‘¥ª°µ‘¢Õß®”π«π ·≈–≈—°…≥–¢Õß

‚§√‚¡‚´¡‰¡à«à“‡ªìπ‚§√‚¡‚´¡∑’Ë¬âÕ¡¥â«¬«‘∏’∏√√¡¥“

À√◊Õ¬âÕ¡ ’æ‘‡»…∑—Èß Õß™π‘¥ º≈°“√»÷°…“π’È Õ¥§≈âÕß

°—∫√“¬ß“π¢Õß Sysa et al. (1997) ·≈–„π —µ«å™π‘¥

Õ◊ËπÊ ∑’Ëæ∫¿“«–°–‡∑¬‡∑’¬¡‡æ»ºŸâ (male pseudoherma-

phroditism) ·µà¡’§“√‘‚Õ‰∑ªáª°µ‘¢Õß‡æ»ºŸâ À√◊Õ‡æ»

‡¡’¬‡æ’¬ß‡æ»‡¥’¬« ‡™àπ„π ÿ°√ (Pailhoux et al., 1994)

·≈–„π·æ– (Basrur and Yusoff, 1997) §«“¡º‘¥ª°µ‘

¢Õß∑àÕªí  “«–„π‚§∑’Ë»÷°…“Õ“®‡°‘¥®“° “‡Àµÿ 2

ª√–°“√ §◊Õ ª√–°“√·√°‡ªìπ§«“¡º‘¥ª°µ‘‡°‘¥¢÷Èπ∑’Ë

√–¥—∫¬’π∑’Ë§«∫§ÿ¡°“√ √â“ßÕ«—¬«–¢Õß√–∫∫¢—∫∂à“¬
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ªí  “«–·≈–√–∫∫ ◊∫æ—π∏ÿå ´÷Ëß¬’π∑’Ë§«∫§ÿ¡°“√‡®√‘≠

¢Õß√–∫∫¥—ß°≈à“«ª√–°Õ∫¥â«¬¬’π∑’ËÕ¬Ÿà∫π‚§√‚¡‚´¡

‡æ» ·≈–‚§√‚¡‚´¡√à“ß°“¬∑’Ë∑”ß“π°—πÕ¬à“ß´—∫´âÕπ

(Werner et al., 1996) §«“¡º‘¥ª°µ‘∑’Ë‡°‘¥¢÷Èπ·∫∫ point

(single gene) mutation ‰¡à “¡“√∂µ√«®æ∫‰¥â„π°“√

µ√«®«‘‡§√“–Àå‚§√‚¡‚´¡ Õ’°ª√–°“√Àπ÷Ëß§◊Õ §«“¡

º‘¥ª°µ‘∑’Ë√–¥—∫‚§√‚¡‚´¡·µà§«“¡‡ ’¬À“¬∑’Ë‡°‘¥¢÷Èπ¡’

¢π“¥‡≈Á°¡“° ‡™àπ¡’°“√‡æ‘Ë¡¢÷Èπ À√◊Õ¢“¥À“¬‰ª¢Õß

 à«π¬àÕ¬∑’Ë‡≈Á°¡“°®π°√–∑—Ëß°“√¬âÕ¡ ’æ‘‡»…‡æ◊ËÕ¥Ÿ°“√

µ‘¥ ’‡¢â¡- «à“ß ¬—ß‰¡à “¡“√∂∫àß™’È‰¥â  ”À√—∫§«“¡º‘¥

ª°µ‘∑—Èß 2 ·∫∫π’È§«√µâÕß„™â‡∑§π‘§∑“ßÕ≥Ÿæ—π∏ÿ»“ µ√å

‡æ◊ËÕµ√«® Õ∫ ‡™àπ°“√µ√«®«‘‡§√“–Àå«à“‚§∑’Ë»÷°…“π’È¡’

¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡®√‘≠¢Õß√–∫∫¢—∫∂à“¬ªí  “«–

·≈–√–∫∫ ◊∫æ—π∏ÿå¢“¥À“¬‰ªÀ√◊Õ‰¡à ‡™àπ°“√µ√«®À“

SRY gene ÷́Ëß‡ªìπ¬’π∑’Ë ”§—≠¢Õß°“√æ—≤π“¢Õß

Õ—≥±–·≈–√–∫∫ ◊∫æ—π∏ÿå‡æ»ºŸâ (Sinclair et al., 1990;

Yang et al., 1993) ·≈–°“√µ√«®«‘‡§√“–Àå«à“ à«πª≈“¬

¢Õß‚§√‚¡‚´¡ (telomeres) ‰¥â¢“¥À“¬‰ªÀ√◊Õ‰¡à ‚¥¬

„™â‡∑§π‘§ FISH (Fluorescent in situ hybridization)

º≈®“°°“√µ√«®«‘‡§√“–Àå∑—Èß Õß·∫∫®–∑”„Àâ∫àß™’È‰¥â«à“

¿“«–°√–‡∑¬‡∑’¬¡‡æ»ºŸâ„π‚§∑’Ë»÷°…“‡°‘¥®“°§«“¡
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