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Abstract

Wimon Pothiwong1* Phiwipha Kamonrat2 Pawana Uthaichotiwan1 Pakorn Prachammuang1

Sumolya Kanchanapangka1

A MORPHOLOGICAL STUDY AND DIAGNOTIC ULTRASONOGRAPHY OF

ASIAN ELEPHANT KIDNEY

Kidneys from a forty year old, female, Asian elephant (Elephas maximus) were subjected to a gross

anatomical study (measurements, dissection, parasagittal sections and photography), histological examination,

and ultrasonographic images. The kidney had an elliptical to ovoid shape with a size of 32x21x12 centimeters

(length, width, and thickness). It was of multilobar or multipyramidal type, composed of 8 lobes, closely placed and

separated by interlobar septae, some of which were perforated by minor interruptions. Each lobe had one calyx,

connected to its secondary infundibulum which converged into two primary infundibula, one each on end of the

renal sinus. The 2 primary infundibula were joined at the hilus to become the ureter which tranversed caudally to

the urinary bladder. A major branch of the renal artery penetrated the renal capsule and coursed along the

corticomedullary junction along side to the interlobar artery that supplied blood to that particular lobe.

Histologically, the renal capsule consisted of two layers; the outer a thin connective tissue layer that was densely

and irregularly arranged, the inner was thick and composed of 2-3 layers of multidirectional small smooth muscle

bundles. The renal cortex was easily identified by the presence of renal corpuscles. The medullary rays were

noticeable and structural differences between the proximal and distal convoluted tubules were observed. The area

cribosa is formed not only from the outlets of the terminal collecting ducts, but also conjoined to the tubus maximus

which was at the center of the papilla. Structural differences in the epithelium of the walls of the calyx and the

secondary and primary infundibula were also observed. Ultrasonographic images revealed the renal capsule,

interlobar septum, calyx, and secondary infundibulum as hyperechoic lines. The renal cortex appeared more

echogenic than the medulla, which appeared as a hypoechoic triangular area.
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∫∑§—¥¬àÕ

«‘¡≈ ‚æ∏‘«ß»å1*  ‰æ«‘¿“ °¡≈√—µπå2  ¿“«π“ Õÿ∑—¬‚™µ‘«√√≥1  ª°√≥å ª√–®”‡¡◊Õß1   ÿ¡≈¬“ °“≠®π–æ—ß§–1

≈—°…≥–∑“ß¡À°“¬«‘¿“§ ®ÿ≈°“¬«‘¿“§ ·≈–¿“æÕ—≈µ√â“´“«¥å ¢Õß‰µ™â“ß‡Õ‡™’¬

™”·À≈–·¬°‰µ™â“ßÕÕ°®“°´“°™â“ß‡Õ‡™’¬ (Elephas maximus) ‡æ»‡¡’¬ Õ“¬ÿ 40ªï π”¡“™—π Ÿµ√∑“ß¡À°“¬«‘¿“§ («—¥

¢π“¥ ™”·À≈– µ—¥Ω“π™‘Èπ‡π◊ÈÕ¢π“π·°π≈”µ—« (parasagittal sectioning) ·≈–∫—π∑÷°¿“æ) ∑“ß®ÿ≈°“¬«‘¿“§ (‡°Á∫µ—«Õ¬à“ßºà“π

°√–∫«π°“√‡µ√’¬¡™‘Èπ‡π◊ÈÕ µ√«®¥Ÿ¥â«¬°≈âÕß®ÿ≈∑√√»πå· ß «à“ß ·≈–∫—π∑÷°¿“æ) √«¡∑—Èßµ√«®¥â«¬«‘∏’Õ—≈µ√â“´“«¥å (µ√«®¥â«¬

°“√ºà“π§≈◊Ëπ‡ ’¬ß§«“¡∂’Ë Ÿß ·≈–∫—π∑÷°¿“æ)

æ∫«à“‰µ™â“ß¡’√Ÿª√à“ß¬“«√’ ¢π“¥¬“« 32 ´¡. °«â“ß 21 ´¡. ·≈–Àπ“ 12 ´¡. ≈—°…≥–‡ªìπ·∫∫¡’À≈“¬æŸÀ√◊ÕÀ≈“¬ªî√“¡‘¥

(multilobar À√◊Õ multipyramidal kidney) ª√–°Õ∫¥â«¬ æŸ‰µ (lobe) 8 æŸ Õ¬ŸàÕ—¥°—π·πàπ ·≈–¡’√àÕßµ◊ÈπÊ ª√“°Ø∑’Ëæ◊Èπº‘«‰µ

¿“¬πÕ°·¬°·µà≈–æŸ‰¥â ·µà≈–æŸ‰µ°—Èπ·∫àß¥â«¬ºπ—ß°—ÈπæŸ‰µ (interlobar septum) ∑’Ë∫“ß·Ààß‡«âπ‡ªìπ™àÕß‰¡àµàÕ‡π◊ËÕß°—πÀ≈“¬™àÕß (minor

interruptions) ∑”„Àâ‡π◊ÈÕ‰µ™—ÈππÕ°¢Õßµà“ßæŸ‡™◊ËÕ¡µ‘¥°—π ·µà≈–æŸ®–¡’ 1 calyx  «¡√—∫πÈ”ªí  “«–®“° renal papilla secondary

infundibulum ®–√—∫πÈ”ªí  “«–®“°À≈“¬Ê papilla ·≈â« secondary infundibula √«¡°—π‡ªìπ primary infundibula 2

 à«π√—∫πÈ”ªí  “«–®“° à«πÀ—«·≈–∑â“¬¢Õß‰µ ´÷Ëß∑—Èß Õß à«π®–√«¡°—π‡ªìπ∑àÕ‰µ (ureter) Õ¬Ÿà∑’Ë¢—È«‰µ (hilus) ·≈–æ∫ “¢“À≈Õ¥

‡≈◊Õ¥·¥ß®“° renal artery ∑’Ë·∑ß∑–≈ÿ‡ª≈◊Õ°Àÿâ¡‰µ·≈â«‡¢â“‡≈’È¬ß‡π◊ÈÕ‰µ‚¥¬∑Õ¥‰ªµ“¡ corticomedullary junction „π∫“ßæŸ‡æ‘Ë¡

‡µ‘¡®“°∑’ËÀ≈Õ¥‡≈◊Õ¥√–À«à“ßæŸ‰µ (interlobular artery) ́ ÷Ëß‡¢â“‡≈’È¬ß∑ÿ°æŸ‰µÕ¬Ÿà·≈â« ∑“ß®ÿ≈°“¬«‘¿“§æ∫«à“ ‡ª≈◊Õ°Àÿâ¡‰µ (renal capsule)

ª√–°Õ∫¥â«¬ 2 ™—Èπ ™—ÈππÕ°∫“ß ‡ªìπ‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π™π‘¥Àπ“·πàπ ®—¥µ—«‰¡à‡ªìπ√–‡∫’¬∫ „π¢≥–∑’Ë™—Èπ„πÀπ“°«à“ª√–°Õ∫¢÷Èπ®“°

2-3 ™—Èπ¢Õß°≈ÿà¡‡ âπ„¬°≈â“¡‡π◊ÈÕ‡√’¬∫∑’Ë‡√’¬ß´âÕπ°—πÀ≈“¬∑‘»∑“ß æ∫ renal corpuscles °√–®“¬Õ¬Ÿà∑—Ë«‰ª ∫√‘‡«≥‡π◊ÈÕ‰µ™—ÈππÕ°

(renal cortex) ‡ÀÁπ≈—°…≥– medullary ray √«¡∑—Èßæ∫§«“¡µà“ß°—π¢Õß‡´≈≈å‡¬◊ËÕ∫ÿ proximal °—∫ distal tubules ∫√‘‡«≥√–∫“¬

πÈ”ªí  “«–®“°‡π◊ÈÕ‰µ (area cribosa) ®“°·µà≈–æŸ‰µ‡°‘¥®“°ª≈“¬‡ªî¥¢Õß∑àÕ√«¡πÈ”ªí  “«– (collecting ducts) ·≈–„π∫“ß

papilla ®–¡’∑àÕ¢π“¥„À≠à (tubus maximus) ∑’ËÕ¬Ÿàª√–¡“≥°≈“ß papilla ‡ªî¥‡¢â“√à«¡¥â«¬ Õß§åª√–°Õ∫¢Õß‚§√ß √â“ßºπ—ß∑àÕ

calyx, secondary infundibulum ·≈– primary infundibulum ¡’§«“¡·µ°µà“ß°—π

®“°°“√µ√«®‰µ¥â«¬«‘∏’Õ—≈µ√â“´“«¥å æ∫«à“ ‡ª≈◊Õ°Àÿâ¡‰µ calyx ·≈– secondary infundibulum ª√“°Ø‡ªìπ‡ âπ ’¢“«

(hyperechoic lines) ‡π◊ÈÕ‰µ™—Èπ„π´÷Ëß¡’≈—°…≥–§≈â“¬√Ÿª “¡‡À≈’Ë¬¡∑’Ë¡’ ’‡∑“ (hypoechoic area)  à«π‡π◊ÈÕ‰µ™—ÈππÕ° ª√“°Ø‡ªìπ

 ’¢“«¡“°°«à“ (hyperechoic)

§” ”§—≠ :  ‰µ ™â“ß‡Õ‡™’¬ ¡À°“¬«‘¿“§ ®ÿ≈°“¬«‘¿“§ Õ—≈µ√â“´“«¥å

∫∑π”

‰µ‡ªìπÕ«—¬«–∑’Ë¡’Àπâ“∑’Ë ”§—≠¡“°„π√–∫∫¢—∫∂à“¬

ªí  “«– „π°“√»÷°…“∑“ß°“¬«‘¿“§¢Õß‰µ„π —µ«å∑—Ë«Ê ‰ª

®–¡’√Ÿª√à“ß·µ°µà“ß°—πÕÕ°‰ª ‚¥¬‰µ¡’√Ÿª√à“ß§≈â“¬‡¡Á¥∂—Ë«

(bean-shaped) ·≈–æ◊Èπº‘«‡√’¬∫ æ∫‰¥â„πæ«° —µ«å°‘π‡π◊ÈÕ

 —µ«å‡§’È¬«‡Õ◊ÈÕß¢π“¥‡≈Á°  ÿ°√ ·≈– ‰µ¢â“ß ấ“¬¢Õß¡â“ ‰µ¡’√Ÿª

√à“ß§≈â“¬√ŸªÀ—«„® (heart-shaped) ·≈–æ◊Èπº‘«‡√’¬∫ æ∫„π‰µ

¢â“ß¢«“¢Õß¡â“ ‰µ‡ªìπÀ≈“¬æŸ (lobulated) æ∫‰¥â„π —µ«å‡§’È¬«

‡Õ◊ÈÕß¢π“¥„À≠à (Pasquini et al., 1996)  “¡“√∂·∫àß‡π◊ÈÕ‰µ

ÕÕ°‰¥â‡ªìπ 2 ∫√‘‡«≥ §◊Õ ∫√‘‡«≥ ’‡¢â¡∑’ËÕ¬Ÿà∑“ß¥â“ππÕ°‡ªìπ

‡π◊ÈÕ‰µ™—ÈππÕ° (cortex) ·≈–∫√‘‡«≥ ’®“ß∑’Ë‡À≈◊ÕÕ¬Ÿà∂—¥‡¢â“¡“

∑“ß¥â“π„π‡ªìπ‡π◊ÈÕ‰µ™—Èπ„π (medulla) ́ ÷Ëß¡’√Ÿª√à“ß§≈â“¬ªî√“¡‘¥

(renal pyramid) À≈“¬Õ—π ‚¥¬∞“πÕ¬Ÿà™‘¥°—∫¢Õ∫„π ÿ¥¢Õß

cortex ¬Õ¥¢Õßªî√“¡‘¥ (renal papilla) ‡ªî¥‡¢â“ Ÿà°√«¬‰µ

(renal pelvis) „π —µ«å∑—Ë«‰ªπ—Èπ®–æ∫°“√√«¡°—π¢Õß à«π cortex

·≈– medulla À≈“¬≈—°…≥– ‚¥¬„π —µ«å°‘π‡π◊ÈÕ  —µ«å‡§’È¬«‡Õ◊ÈÕß

¢π“¥‡≈Á°·≈–¡â“ ́ ÷Ëß¡’‰µ‡ªìπ™π‘¥ unilobar À√◊Õ unipyramidal

type §◊Õ ¿“¬„πæŸ  à«π renal papilla ®–¡’°“√‡™◊ËÕ¡√«¡
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°—π‡°◊Õ∫®– ¡∫Ÿ√≥å‡ªìπ —π‡√’¬° renal crest ¬◊Ëπ‡¢â“ Ÿà renal

pelvis „π —µ«å‡§’È¬«‡Õ◊ÈÕß¢π“¥„À≠à·≈– ÿ°√¡’‰µ‡ªìπ™π‘¥

multilobar À√◊Õ multipyramidal type ÷́Ëß®–¡’ à«π minor

calyces  «¡·π∫ π‘∑°—∫ renal papilla ‡æ◊ËÕ àßπÈ”ªí  “«–

µàÕ‰ª¬—ß major calyces ‡¢â“ Ÿà renal pelvis (Dellmann and

Brown, 1976) ‚¥¬„π —µ«å‡§’È¬«‡Õ◊ÈÕß¢π“¥„À≠à  à«π¢Õß cortex

·≈– medulla „π·µà≈–æŸ‰µπ—Èπ®–·¬°ÕÕ°®“°°—πÕ¬à“ß™—¥‡®π

‰¡à‡™◊ËÕ¡√«¡°—π „π¢≥–∑’Ë„π‰µ¢Õß ÿ°√ à«π cortex ‡™◊ËÕ¡

µàÕ°—πÕ¬à“ß ¡∫Ÿ√≥å ·µà à«π medullary papilla ·¬°®“°°—π

(Dellmann and Brown, 1976; Pasquini et al., 1996)

™â“ß‡Õ‡™’¬ (asian elephant) ‡ªìπ —µ«å„πµ√–°Ÿ≈

Proboscidea ´÷Ëß®—¥‡ªìπ —µ«å‡≈’È¬ß≈Ÿ°¥â«¬πÈ”π¡∑’Ë¡’§«“¡

 ”§—≠°—∫«—≤π∏√√¡‰∑¬¡“¬“«π“ππ—Èππ—∫«—π¡’πâÕ¬≈ß ®÷ß§«√

§à“·°à°“√Õπÿ√—°…å‰«â ¥â«¬‡Àµÿº≈¥—ß°≈à“«∑“ßºŸâ«‘®—¬®÷ß¡’

«—µ∂ÿª√– ß§å‡æ◊ËÕ∑”°“√»÷°…“≈—°…≥–∑“ß¡À°“¬«‘¿“§ ·≈–

®ÿ≈°“¬«‘¿“§¢Õß‰µ™â“ß‡Õ‡™’¬ ‡æ◊ËÕ„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π„π

°“√»÷°…“™â“ß‡Õ‡™’¬„πª√–‡∑»‰∑¬ Mariappa (1986) √“¬ß“π

«à“ ‰µ™â“ß‡ªìπ™π‘¥À≈“¬æŸ Õ¬Ÿà∫π retroperitoneal fat

„πµ”·Àπàß∑“ß¥â “πÀπâ“¢Õß —π¢Õß°√–¥Ÿ° ‡™‘ ß°√“π

·≈–¥â“π≈à“ß¢Õß°√–¥Ÿ°´’Ë‚§√ß¥â“π∑’Ëµ‘¥°—∫°√–¥Ÿ° —πÀ≈—ß

 “¡∂÷ß ’Ë´’Ë ÿ¥∑â“¬ ‚¥¬‰µ¢â“ß¢«“¡’¢π“¥„À≠à·≈–Õ¬Ÿà Ÿß°«à“

‰µ¢â“ß´â“¬ (Mariappa, 1986) Maluf (1995) ‰¥â∑”°“√

»÷°…“≈—°…≥–√Ÿª√à“ß¢Õß‰µ™â“ß∑“ß¡À°“¬«‘¿“§ ®ÿ≈°“¬«‘¿“§

·≈–®ÿ≈∑√√»πåÕ‘‡≈°µ√Õπ ‚¥¬„™â‡∑§π‘§°“√©’¥ “√∑÷∫· ß

‡¢â“À≈Õ¥‡≈◊Õ¥√à«¡°—∫°“√∂à“¬√—ß ’‡Õ°´‡√¬å (pyelogram)

Hildebrandt et al. (1998) »÷°…“√–∫∫ ◊∫æ—π∏ÿå¢Õß™â“ß

·Õø√‘°“‡æ»ºŸâ‚¥¬„™â«‘∏’Õ—≈µ√â“´“«¥å (ultrasonology) ·≈–

Endo et al. (2002) »÷°…“‚§√ß √â“ß¢Õß‰µ™â“ß‡Õ‡™’¬‡æ»‡¡’¬

∑“ß¡À°“¬«‘¿“§·≈–®ÿ≈°“¬«‘¿“§ ®“°∑’Ëºà“π¡“∑—ÈßÀ¡¥®–

‡ÀÁπ‰¥â«à“ ¬—ß¢“¥¢âÕ¡Ÿ≈‡°’Ë¬«°—∫‚§√ß √â“ß √Ÿª√à“ß·≈–

≈—°…≥–∑—Èß¿“¬πÕ°·≈–¿“¬„π¢Õß‰µ™â“ß‡Õ‡™’¬ª°µ‘„π

ª√–‡∑»‰∑¬∑’Ë —¡æ—π∏å°—∫¿“æÕ—≈µ√â“´“«¥å ‡æ◊ËÕπ”¢âÕ¡Ÿ≈∑’Ë‰¥â

®“°°“√»÷°…“„π§√—Èßπ’È¡“æ—≤π“«‘∏’°“√µ√«®«‘π‘®©—¬§«“¡

º‘¥ª°µ‘¢Õß‰µ™â“ß∑’Ë¬—ß¡’™’«‘µÕ¬Ÿà‰¥â ‚¥¬‰¡àµâÕß‡ ’Ë¬ßµàÕ°“√

«“ß¬“ºà“µ—¥

«— ¥ÿ·≈–«‘∏’°“√

‡°Á∫µ—«Õ¬à“ß‰µ™â“ß‡Õ‡™’¬ ‚¥¬™”·À≈–·¬°‰µÕÕ°®“°

´“°™â“ß‡Õ‡™’¬ (Elephas maximus) ∑’Ë‡æ‘Ëß‡ ’¬™’«‘µ Õ“¬ÿ 40 ªï

‡æ»‡¡’¬ ‚¥¬‡≈“–ÕÕ°®“°‰¢¡—π∫√‘‡«≥ retroperitoneum µ—¥∑’Ë

À≈Õ¥‡≈◊Õ¥¢—È«‰µ (renal vessels) ‡≈“–‡Õ“‰¢¡—π∑’Ë¢—È«‰µÕÕ°

°àÕππ”¡“‡°Á∫„ππÈ”¬“øÕ√å¡“≈‘π‡¢â¡¢âπ 10% ‡æ◊ËÕ√—°…“ ¿“æ

·≈â«π”¡“»÷°…“≈—°…≥–‚§√ß √â“ß¢Õß‰µ¿“¬πÕ°‚¥¬ºà“π

°√–∫«π°“√∑“ß¡À°“¬«‘¿“§ ∫—π∑÷°¢π“¥·≈–∫—π∑÷°

¿“æ ®“°π—Èπ∑”°“√»÷°…“‰µ¥â«¬«‘∏’Õ—≈µ√â“´“«¥å‚¥¬„™âÀ—«

µ√«® (transducer) ™π‘¥ microconvex phased array ¢π“¥

§«“¡∂’Ë 5.0 ‡¡°°–‡Œ‘√å∑´å æ√âÕ¡∑—Èß∫—π∑÷°¿“æ ®“°π—Èπ∑”

°“√™”·À≈–‡æ‘Ë¡‡µ‘¡‡æ◊ËÕ»÷°…“∂÷ß≈—°…≥–‚§√ß √â“ß¿“¬„π

‰µ™â“ß µ—¥‰µ¢π“π·°π≈”µ—« (parasagittal sectioning) „π

·π«µ“¡¬“«À—«∑â“¬ÕÕ°‡ªìπ™‘ÈπÊ ·µà≈–™‘ÈπÀπ“ª√–¡“≥ ´¡.

·≈–∫—π∑÷°¿“æ‰«â ·≈–‡°Á∫µ—«Õ¬à“ß™‘Èπ‡π◊ÈÕ¢Õß‰µ¡“ºà“π

°√–∫«π°“√‡µ√’¬¡‡π◊ÈÕ‡¬◊ËÕ‡æ◊ËÕ»÷°…“∑“ß®ÿ≈°“¬«‘¿“§ ‚¥¬

¬âÕ¡ ’ Hematoxylin ·≈– Eosin ·≈â«µ√«®¥Ÿ¥â«¬°≈âÕß

®ÿ≈∑√√»πå· ß «à“ß·≈–∫—π∑÷°¿“æ

º≈

°“√»÷°…“‰µ™â“ß∑“ß¡À°“¬«‘¿“§ æ∫«à“ ‰µ™â“ß¡’√Ÿª

√à“ß¬“«√’ ¥â“π∑â“¬ (caudal end) ¢Õß‰µ°«â“ß°«à“¥â“πÀπâ“

(cranial end) ¥â“π≈à“ß (ventral aspect) πŸπ°«à“¥â“π∫π

(dorsal aspect) ¥â“ππÕ° (lateral aspect) ‚§âßπŸπ¡“° „π

¢≥–∑’Ë¥â“π„π (medial aspect) ‡√’¬∫·∫π ·≈–‰¡à ¡¡“µ√°—π

(√Ÿª∑’Ë 1A, 1B) ∫√‘‡«≥¢—È«‰µ (renal hilum) ´÷Ëß¡’‰¢¡—π∫√√®ÿ

Õ¬Ÿà ®–·ºà¢¬“¬°≈¡°≈◊π‰ª°—∫ perirenal fascia «“ßµ—«µ“¡·π«

À—«∑â“¬ (cranio-caudally) ¢Õß‰µ ∫πº‘«¥â“π≈à“ß§àÕπ¡“∑“ß¥â“π

„π ‰µ¡’¢π“¥¬“«ª√–¡“≥ 32 ´¡. °«â“ß 21 ´¡. ·≈–Àπ“

12 ´¡. æ◊Èπº‘«πÕ°¢Õß‰µ‰¡à‡√’¬∫‡ÀÁπ‡ªìπÀ≈“¬æŸ À√◊ÕÀ≈“¬

ªî√“¡‘¥ (multilobar À√◊Õ multipyramidal kidney) ¡’®”π«π 8

æŸÕ¬ŸàÕ—¥°—π·πàπ ‚¥¬æ∫√àÕßµ◊ÈπÊ ª√“°Ø∑’Ëæ◊Èπº‘«¿“¬πÕ°‰µ

·¬°·µà≈–æŸ¢Õß‰µÕÕ°®“°°—π‰¥â™—¥‡®π (√Ÿª∑’Ë 1A, 1B) ´÷Ëß

¿“¬„π·µà≈–æŸ‰µ°—Èπ·∫àßÕÕ°®“°°—π¥â«¬ºπ—ß°—ÈπæŸ‰µ ∑’Ë·∑√°

≈÷°®“° cortex ≈ß‰ª∂÷ß medulla ·≈–æ∫«à“∫“ß∫√‘‡«≥¢Õß

interlobar septum ∑’Ë ‰¡à‡ªìπ·ºàπµàÕ‡π◊ËÕß°—πµ≈Õ¥π—Èπ ∂Ÿ°·∑√°

Õ¬Ÿà¥â«¬ à«π¢Õß‡π◊ÈÕ‰µ™—ÈππÕ° ‡√’¬° minor interruptions

(√Ÿª ∑’Ë 2A, 2B) ∑”„Àâ‡π◊ÈÕ‰µ à«π cortex ®“°æŸ∑’ËÕ¬Ÿà„°≈â°—π

µ‘¥µàÕ°—π‰¥â

‡¡◊ËÕºà“‰µµ“¡¬“«¢π“π·°π≈”µ—« æ∫«à“ ∫√‘‡«≥‡π◊ÈÕ

‰µ„π·µà≈–æŸª√–°Õ∫¥â«¬ 2  à«π™—¥‡®π (√Ÿª∑’Ë 3) §◊Õ (∫√‘‡«≥

‡π◊ÈÕ‰µ™—ÈππÕ°) ·≈–‡π◊ÈÕ‰µ™—Èπ„π  à«π cortex ®–Õ¬Ÿà∫√‘‡«≥

™—ÈππÕ°¢Õß‡π◊ÈÕ‰µµ‘¥°—∫‡ª≈◊Õ°Àÿâ¡‰µ ¡’ ’®“ß°«à“  à«π

medulla ‡ªìπ à«π‡π◊ÈÕ‰µ™—Èπ„π∑’Ë‡À≈◊ÕÕ¬Ÿà ¡’ ’‡¢â¡ √Ÿª√à“ß§≈â“¬
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ªî√“¡‘¥ ∑’Ë¡’¬Õ¥™’È‡¢â“À“°—π ‚¥¬∞“πÀ√◊Õ¥â“π∑’Ë°«â“ß∑’Ë ÿ¥®–™‘¥

°—∫¢Õ∫„π ÿ¥¢Õß cortex  à«π¬Õ¥¢Õßªî√“¡‘¥ ®–Õ¬Ÿà∫√‘‡«≥

„®°≈“ß¢ÕßæŸ‰µ ·µà≈–æŸ®–¡’ 1 calyx  «¡√—∫πÈ”ªí  “«–®“°

papilla ®“°π—Èπ à«π¢Õß secondary infundibulum ®–√—∫πÈ”

ªí  “«–®“°À≈“¬Ê papillae ·≈â« secondary infundibula

√«¡°—π‡ªìπ primary infundibulum ÷́Ëß¡’ 2 ∑àÕ√—∫πÈ”ªí  “«–

®“° à«πÀ—«·≈– à«π∑â“¬¢Õß‰µ primary infundibulum √«¡

°—π‡ªìπ∑àÕ‰µ Õ¬Ÿà∑’Ë¢—È«‰µ ∑Õ¥¬“«‰ª∑“ß∑â“¬‡©’¬ß‡¢â“¥â“π„π

¢Õß‰µ (√Ÿª∑’Ë 1A, 1B, 3) µ√ß∫√‘‡«≥¢—È«‰µ∂Ÿ°≈âÕ¡√Õ∫¥â«¬

‰¢¡—π ‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π ‡ âπª√– “∑ ·≈–À≈Õ¥‡≈◊Õ¥ renal

artery ·∑ß∑–≈ÿ‡ª≈◊Õ°Àÿâ¡‰µ ∫√‘‡«≥¢—È«‰µ‡¢â“‡≈’È¬ß‡π◊ÈÕ‰µ‚¥¬

∑Õ¥‰ªµ“¡ interlobar septa ·≈â««‘Ëß‡¢â“¡“¬—ß√Õ¬µàÕ¢Õß

cortex °—∫ medulla ‡≈’È¬ß·µà≈–æŸ‰µ ‡ªìπ interlobar artery ´÷Ëß

®–·µ°·¢πß¬àÕ¬ÕÕ°‰¥âÕ’°¿“¬„π·µà≈–æŸ‰µ (√Ÿª∑’Ë 2A, 2B,

3) ¢Õ∫‡¢µ¢Õß·µà≈– lobule  “¡“√∂ —ß‡°µ‰¥â®“°·¢πß¢Õß

À≈Õ¥‡≈◊Õ¥ interlobular arteries ́ ÷Ëßæ“¥®“° corticomedullary

junction ‡¢â“‰ª¬—ß à«π¢Õß cortex

®“°°“√»÷°…“‰µ™â“ß¥â«¬«‘∏’Õ—≈µ√â“´“«¥å„π·π«

transverse, sagittal, dorsal ·≈– oblique planes æ∫ à«π¢Õß

‡ª≈◊Õ°Àÿâ¡‰µ‡ªìπ‡ âπ ’¢“« (hyperechoic) ª°§≈ÿ¡ à«πº‘«πÕ°

¢Õß·µà≈–æŸ‰µ ∂—¥‡¢â“¡“„π‡π◊ÈÕ‰µ‡ªìπ à«π¢Õß cortex ÷́Ëß¡’ ’

‡∑“§àÕπ¢â“ß¢“« (hyperechoic) Õ¬Ÿà‚¥¬√Õ∫ à«π¢Õß medulla

∫√‘‡«≥¢Õß·µà≈–æŸ‰µ ‚¥¬¡’·∂∫ ’¢“« (hyperechoic) ¢Õß

interlobar septum ·∫àß°—Èπ cortex ¢Õß·µà≈–æŸ  à«π¢Õß

medulla ¡’ ’‡∑“ (hypoechoic) ≈—°…≥–§≈â“¬√Ÿª “¡‡À≈’Ë¬¡

∑’Ë¡’∞“π™‘¥°—∫ à«π¢Õß cortex  à«πºπ—ß¢Õß calyx ‡ªìπ‡ âπ

 ’¢“« (hyperechoic) ™‘¥°—∫ à«π¢Õß papilla µ√ß¬Õ¥

 “¡‡À≈’Ë¬¡¢Õß à«π medulla ·µà≈– calyx ®–√«¡‡¢â“ Ÿà

infundibulum ́ ÷Ëß‡ÀÁπ‡ªìπ‡ âπ§Ÿà ’¢“« (hyperechoic) (√Ÿª∑’Ë 4A,

4B, 5A, 5B, 6A, 6B, 7A, 7 B)

‡¡◊ËÕ»÷°…“∑“ß®ÿ≈°“¬«‘¿“§æ∫«à“ ‡ª≈◊Õ°Àÿâ¡‰µ

ª√–°Õ∫¥â«¬‡π◊ÈÕ‡¬◊ËÕ 2 ™—Èπ ™—ÈππÕ°∫“ß ‡ªìπ‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π

™π‘¥Àπ“·πàπ ´÷Ëßª√–°Õ∫¥â«¬‡ âπ„¬§Õ≈≈“‡®π (collagen

fibers) ·≈–‡ âπ„¬Õ’≈“ µ‘° (elastic fibers) ¡“°¡“¬æ—π “π

°—π·≈–®—¥µ—«Õ¬ŸàÕ¬à“ß‰¡à‡ªìπ√–‡∫’¬∫ „π¢≥–∑’Ë™—Èπ„πÀπ“°«à“¡“°

ª√–°Õ∫¥â«¬‡ âπ„¬°≈â“¡‡π◊ÈÕ‡√’¬∫ 2-3 ™—Èπ‡√’¬ß∑—∫´âÕπ°—π

À≈“¬∑‘»∑“ß (√Ÿª∑’Ë 8)  à«πºπ—ß°—ÈπæŸ‰µ ª√–°Õ∫¥â«¬‡ âπ„¬

§Õ≈≈“‡®π‡ªìπ à«π„À≠à·≈–¡’‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫·∑√°ªπ

Õ¬Ÿà∫â“ß (√Ÿª∑’Ë 9)

 à«π cortex ®–∂Ÿ°·∑√°‡ªìπ™à«ßÊ ¥â«¬ medullary ray

´÷Ëß‡ªìπ‡π◊ÈÕ‡¬◊ËÕ à«π medulla ∑’Ë¬âÕ¡µ‘¥ ’®“ß¬◊Ëπ‡¢â“‰ª æ∫ thick

segment ¢Õß tubule, collecting duct ∑’Ë·µ°·¢πß√à«¡°—∫

descending limbs ·≈– ascending limbs ¢Õß thin segment

(nephron loop)  à«π¢Õß cortex ∑’ËÕ¬Ÿà√Õ∫·µà≈– medullary

ray §◊Õ cortical labyrinth ´÷Ëß¿“¬„π®–æ∫°√–®ÿ°¢Õß¢¥

À≈Õ¥‡≈◊Õ¥ΩÕ¬ (glomerulus) °√–®“¬Õ¬Ÿà¡“°¡“¬ ·≈–æ∫

macula densa ‡ªìπ simple columnar epithelium ∑’Ë∫√‘‡«≥

juxtaglomerulus complex (√Ÿª∑’Ë 10, 11) πÕ°®“°π’È¬—ß¡’∑àÕ

(tubules) ∑’Ë¡’§«“¡·µ°µà“ß°—π¢Õß‡¬◊ËÕ∫ÿ proximal ·≈– distal

tubules ™—¥‡®π §◊Õ  à«π‡¬◊ËÕ∫ÿ¢Õß proximal tubules µ‘¥ ’

acidophilic ‡¢â¡°«à“ distal tubules (√Ÿª∑’Ë 11) ·≈–æ∫°“√

·µ°·¢πß¢Õß perforating artery ‡¢â“ Ÿà cortical laryrinth  à«π

medulla ª√–°Õ∫¥â«¬∑àÕ¡“°¡“¬ æ∫∑àÕ collecting duct

ª–ªπ°—∫ nephron loop ·≈–À≈Õ¥‡≈◊Õ¥¢π“¥‡≈Á° §◊Õ vasa

recta ¡“°¡“¬ (√Ÿª∑’Ë 12) ∫√‘‡«≥µ√ß°≈“ß renal papilla ¡’

∑àÕ¢π“¥„À≠à (tubus maximus) √«∫√«¡ªí  “«–®“°∑—Èß

papillary duct ·≈– collecting duct °àÕπ‡ªî¥ÕÕ° Ÿà∫√‘‡«≥

area cribosa ÷́ËßÕ¬Ÿà„π·Õàß¢Õß calyx (√Ÿª∑’Ë 13, 14)

‡¬◊ËÕ∫ÿ¢Õß papillary duct, tubus maximus, º‘«πÕ°¢Õß

renal papilla ·≈– calyx ‡ªìπ·∫∫ transitional epithelium ·µà

calyx ¬—ßª√–°Õ∫¥â«¬°≈ÿà¡¢Õß°≈â“¡‡π◊ÈÕ‡√’¬∫™—Èπ‡¥’¬«°√–®“¬

µ—«Õ¬à“ßÀ≈«¡Ê „µâ‡¬◊ËÕ∫ÿÕ’°¥â«¬ (√Ÿª∑’Ë 15)  à«π‡¬◊ËÕ∫ÿ¢Õß

secondary infundibulum ´÷Ëß¡’ºπ—ßÀπ“·≈–√—∫πÈ”ªí  “«–®“°

calyx À√◊Õ calices π—Èπ ®–§àÕπ¢â“ß‡√’¬∫ ∫ÿ¥â«¬ transitional

epithelium ·≈– tunica muscularis ª√–°Õ∫¥â«¬°≈â“¡‡π◊ÈÕ‡√’¬∫

2 ™—Èπ (√Ÿª∑’Ë 16) primary infundibulum ´÷Ëß√—∫πÈ”ªí  “«–

µàÕ®“° secondary infundibula „π·π«À—«∑â“¬¢Õß‰µ ºπ—ß‰¡à

‡√’¬∫ ¬°‡ªìπ —ππŸπµ“¡¬“« ∫ÿ¥â«¬ transitional epithelium ·≈–

tunica muscularis  ¡’™—Èπ°≈â“¡‡π◊ÈÕ‡√’¬∫ 3 ™—Èπ (√Ÿª∑’Ë 17)

«‘®“√≥å

®“°°“√»÷°…“§√—Èßπ’È æ∫«à“ ‰µ™â“ß‡Õ‡™’¬Õ¬Ÿà∫π

retroperitoneal fat ¡’º‘«‰¡à‡√’¬∫√Ÿª√à“ß§≈â“¬‰¢à ∂Ÿ°·∫àß‡ªìπÀ≈“¬

æŸ (Miall and greenwood, 1879; Forbes, 1879; Paterson,

1898) ®÷ß®—¥‡ªìπ™π‘¥ multilobar À√◊Õ multipyramidal type

‡™àπ‡¥’¬«°—∫ ÿ°√ ·≈– —µ«å‡§’È¬«‡Õ◊ÈÕß¢π“¥„À≠à (Dellmann and

Brown, 1976) ‚¥¬‰µ™â“ß¡’≈—°…≥–§≈â“¬°—∫‰µ —µ«å‡§’È¬«

‡Õ◊ÈÕß¢π“¥„À≠àµ√ß∑’Ëæ◊Èπº‘«¿“¬πÕ°¢Õß‰µ‰¡à‡√’¬∫  “¡“√∂

 —ß‡°µ‡ÀÁπ√àÕß·∫àß·µà≈–æŸ¢Õß‰µÕÕ°®“°°—π‰¥âÕ¬à“ß™—¥‡®π

´÷Ëß·µ°µà“ß®“°‰µ¢Õß ÿ°√∑’Ë¡’æ◊Èπº‘«¿“¬πÕ°‡√’¬∫ ∑”„Àâ‰¡à
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√Ÿª∑’Ë 1 A · ¥ßæ◊Èπº‘«¥â“π≈à“ß¢Õß‰µ¢â“ß ấ“¬ (ventral view), Bar = 8 cm

√Ÿª∑’Ë 1 B Diagram ª√–°Õ∫√Ÿª∑’Ë 1A, Bar = 8 cm

√Ÿª∑’Ë 2 A · ¥ß‚§√ß √â“ß¿“¬„πæŸ‰µ (renal lobe) ‡¡◊ËÕºà“µ“¡·π«À—«∑â“¬ (parasagittal section) ·≈–™”·À≈– à«π cortex

·≈– medulla ÕÕ°∫“ß à«π, Bar = 4 cm

√Ÿª∑’Ë 2 B Diagram ª√–°Õ∫√Ÿª∑’Ë 2A, Bar = 4 cm

√Ÿª∑’Ë 3 · ¥ß‚§√ß √â“ß¿“¬„πæŸ‰µ (renal lobe) ‡¡◊ËÕºà“µ“¡·π«À—«∑â“¬ (parasagittal section) ‚¥¬æŸµ√ß°≈“ßπ—Èπ‰¥â

∑”°“√™”·À≈–‡Õ“‡π◊ÈÕ‰µ (parenchyma)  à«π cortex ·≈– medulla ÕÕ°∫“ß à«π, Bar = 4 cm

Aa §◊Õ arcuate artery

C §◊Õ cortex

Ia §◊Õ interlobular artery

P §◊Õ renal papilla

AC §◊Õ area cribosa

F §◊Õ primary infundibulum

IS §◊Õ interlobar septum

RA §◊Õ renal artery

Cal §◊Õ calyx

F
2

§◊Õ secondary infundibulum

M §◊Õ medulla

RV §◊Õ renal vein

Cap§◊Õ renal capsule

IA §◊Õ interlobar artery

Mi §◊Õ minor interruption

* §◊Õ interlobar septum
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C §◊Õ renal cortex

M §◊Õ renal medulla

Cl §◊Õ calyx

IS §◊Õ interlobar septum

√Ÿª∑’Ë 4A-7B ¿“æÕ—≈µ√â“´“«¥å (A) æ√âÕ¡√Ÿª≈“¬‡ âπ (B) · ¥ß∂÷ß‡π◊ÈÕ‰µ„π·π«µ“¡¢«“ß (4A ·≈– 4B) ·≈–µ“¡¬“« (5A

·≈– 5B) calyx „π·π«µ“¡¬“« (6A ·≈– 6B) ·≈– secondary infundibulum „π·π«µ“¡¬“« (7A ·≈– 7B)
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√Ÿª∑’Ë 8 · ¥ß renal capsule ·≈– cortex, Bar = 20 um

√Ÿª∑’Ë 9 · ¥ß à«π¢Õß interlobar septum ∑’Ëª√–°Õ∫¥â«¬ nucleus ¢Õß smooth muscle cell (µ“¡≈Ÿ°»√™’È), Bar = 40 um

√Ÿª∑’Ë 10 · ¥ß à«π¢Õß interlobar septum ·≈– minor interruption, Bar = 20 um

√Ÿª∑’Ë 11 · ¥ß à«π¢Õß renal cortex, Bar = 20 um

√Ÿª∑’Ë 12 · ¥ß à«π¢Õß renal medulla, Bar = 20 um

√Ÿª∑’Ë 13 · ¥ß à«π¢Õß medulla, renal papilla, tubus maximus ·≈– calyx, Bar = 2 mm

Cal §◊Õ calyx

G §◊Õ glomerulus

IS §◊Õ interlobar septum

MD §◊Õ macula densa

P §◊Õ renal papilla

SL §◊Õ inner layer ¢Õß renal capsule ‡ªìπ smooth muscle layer

VR §◊Õ vasa recta

CD §◊Õ collecting duct

PT, DT §◊Õ proximal, distal convoluted tubule

Mi §◊Õ minor interruption

NL §◊Õ nephron loop

TM §◊Õ tubus maximus
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√Ÿª∑’Ë 14 · ¥ß à«π¢Õß renal papilla ∑’Ë¡’ tubus maximus

(TM), papillary ducts (PD), Bar = 400 um

√Ÿª∑’Ë 15 · ¥ß à«π¢Õß calyx (Cal), Bar = 400 um

√Ÿª∑’Ë 16 ¿“æµ—¥¢«“ß¢Õß secondary infundibulum ¡’‡¬◊ËÕ∫ÿ

§àÕπ¢â“ß‡√’¬∫·∫∫ transitional epithelium (Epi)

·≈–°≈â“¡‡π◊ÈÕ‡√’¬∫ (M) 2 ™—Èπ, Bar = 400 um

√Ÿª∑’Ë 17 ¿“æµ—¥¢«“ß à«π¢Õß primary infundibulum ¡’

ºπ—ß‡ªìπ —ππŸπ¬°µ—«∫ÿ¥â«¬ transitional epithelium

(Epi) ·≈–°≈â“¡‡π◊ÈÕ‡√’¬∫ (M) 3 ™—Èπ, Bar = 200

um
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 “¡“√∂·∫àß·µà≈–æŸ‰µÕÕ°®“°°—π‰¥â∂â“ —ß‡°µ®“°¿“¬πÕ°

(Dellmann and Brown, 1976)

„π·µà≈–æŸ‰µ®–·¬°ÕÕ°®“°°—π¥â«¬ interlobar septum

Õ¬à“ß™—¥‡®π ‡™àπ‡¥’¬«°—∫‰µ —µ«å‡§’È¬«‡Õ◊ÈÕß¢π“¥„À≠à ¬°‡«âπ

µ√ß∫√‘‡«≥ minor interruption ´÷Ëß‡ªìπ à«π∑’Ë‰¡àµàÕ‡π◊ËÕß¢Õß

interlobar septum π—Èπ ®–æ∫ à«π¢Õß‡π◊ÈÕ‰µ à«π cortex

ª–ªπ°—π√–À«à“ßæŸ‰µ‰¥â ·≈–·µ°µà“ß®“°‰µ ÿ°√µ√ß∑’Ë

‰µ ÿ°√¡’ à«π cortex ‡™◊ËÕ¡µàÕ°—πÕ¬à“ß ¡∫Ÿ√≥å „π¢≥–∑’Ë à«π

papilla ¢Õß medulla ·¬°®“°°—π (Dellmann and Brown, 1976)

´÷Ëß®“°°“√»÷°…“§√—Èßπ’È ®–‡ÀÁπ‰¥â«à“‰µ™â“ßπ—Èπ¡’≈—°…≥–°È”°÷Ëß

√–À«à“ß‰µ —µ«å‡§’È¬«‡Õ◊ÈÕß¢π“¥„À≠à ·≈– ÿ°√ ‚¥¬¡’≈—°…≥–

√Ÿª√à“ß¿“¬πÕ°¢Õß‰µ∑’Ë¡’À≈“¬æŸ™—¥‡®π§≈â“¬§≈÷ß —µ«å‡§’È¬«

‡Õ◊ÈÕß¢π“¥„À≠à ·≈– à«π renal papillae ¢Õß‰µ™â“ß®–∂Ÿ°

 «¡√Õ∫¥â«¬ calyx ‡™àπ‡¥’¬«°—∫„π —µ«å‡§’È¬«‡Õ◊ÈÕß¢π“¥„À≠à

·µà®–·µ°µà“ß°—πµ√ß∑’Ë„π‰µ™â“ß à«πµ√ß°≈“ß¢Õß renal papilla

¡’∑àÕ∑’Ë‡√’¬°«à“ tubus maximus Õ¬Ÿà‡æ◊ËÕ√«¡√—∫πÈ”ªí  “«–®“°

collecting duct, papillary duct °àÕπ‡ªî¥ÕÕ° Ÿà area cribosa

°àÕπ «¡√—∫¥â«¬ à«π¢Õß calyx

‡¬◊ËÕ∫ÿ¢Õß papillary duct, º‘«πÕ°¢Õß renal papilla,

tubus maximus ·≈– calyx ‡ªìπ·∫∫ transitional epithelium

‡™àπ‡¥’¬«°—π ·µà∑’Ë calyx ®–æ∫™—Èπ°≈â“¡‡π◊ÈÕ‡√’¬∫°√–®“¬

µ—«À≈«¡Ê Õ¬Ÿà 1 ™—Èπ„µâ‡¬◊ËÕ∫ÿ primary ·≈– secondary

infundibulum ¡’‡¬◊ËÕ∫ÿ‡ªìπ·∫∫ transitional epithelium ‡™àπ

‡¥’¬«°—π ·µà secondary infundibulum ¡’ºπ—ß§àÕπ¢â“ß‡√’¬∫

·≈–¡’™—Èπ°≈â“¡‡π◊ÈÕ 2 ™—Èπ  à«π primary infundibulum ¡’ºπ—ß

‰¡à‡√’¬∫ ¬°‡ªìπ —ππŸπµ“¡¬“«·≈–¡’™—Èπ°≈â“¡‡π◊ÈÕ 3 ™—Èπ

„π ÿ°√ à«π minor calices ®–·π∫æÕ¥’°—∫¬Õ¥¢Õß papilla

·µà≈–Õ—π·≈– à«π major calices ‡™◊ËÕ¡°—∫ renal pelvis ·µà

„π‰µ«—« à«π major calices µàÕ‚¥¬µ√ß°—∫∑àÕ‰µ·≈–‰¡à¡’

renal pelvis (Dellmann and Brown, 1976)

µ√ß¢—È«‰µ ®–æ∫‡ âπ‡≈◊Õ¥∑’Ë‡≈’È¬ß‰µ §◊Õ renal artery

°—∫∑àÕ‰µ ‡™àπ‡¥’¬«°—∫„π —µ«å∑—Ë«‰ª À≈Õ¥‡≈◊Õ¥ renal artery

„Àâ·¢πß interlobar artery ‡¢â“‰ª‡≈’È¬ß·µà≈–æŸ‰µ «‘Ëß§Ÿà°—∫

secondary infundibulum (Miall and Greenwood, 1879;

Paterson, 1898; Sculte, 1937; Sikes, 1971; Mariappa,

1986)

‡ª≈◊Õ°Àÿâ¡‰µ¢Õß™â“ß ª√–°Õ∫¥â«¬ ™—ÈππÕ°‡ªìπ

‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π™π‘¥Àπ“·πàπ¥â«¬‡ âπ„¬§Õ≈≈“‡®π ·≈–‡ âπ

„¬Õ’≈“ µ‘° æ—π “π°—πÕ¬Ÿà ·≈–™—Èπ„π‡ªìπ™—Èπ°≈â“¡‡π◊ÈÕ‡√’¬∫

2-3 ™—Èπ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‰µ ÿ°√·≈–‚§®–§≈â“¬§≈÷ß°—π µà“ß

°—πµ√ß∑’Ë™—ÈππÕ°¢Õß‡ª≈◊Õ°Àÿâ¡‰µ´÷Ëßª√–°Õ∫¥â«¬‡π◊ÈÕ‡¬◊ËÕ

‡°’Ë¬«æ—π™π‘¥Àπ“·πàππ—Èπ¡’§«“¡Àπ“·πàππâÕ¬°«à“„π‰µ ÿ°√

¡“° πÕ°®“°π’È∫√‘‡«≥™—ÈππÕ°¢Õß‡ª≈◊Õ°Àÿâ¡‰µ ÿ°√¡’

‡ âπ„¬°≈â“¡‡π◊ÈÕ‡√’¬∫·∑√°°√–®“¬°—πÕ¬Ÿà  à«π„π‚§®–¡’™—Èπ

°≈â“¡‡π◊ÈÕ‡√’¬∫·¬°‡ÀÁπ™—¥‡®π (Dellmann and Brown,

1976)

‡¡◊ËÕ·ª≈º≈¿“æÕ—≈µ√â“´“«¥å¢Õß‰µ™â“ß “¡“√∂

«‘‡§√“–Àå·¬°™—Èπ cortex ·≈– medulla ‰¥â ‚¥¬‚§√ß √â“ß

≈—°…≥–¢Õß‡π◊ÈÕ‰µ Õ¥§≈âÕß°—∫‚§√ß √â“ß∑’Ëª√“°Ø®“°«‘∏’

∑“ß¡À°“¬«‘¿“§ ·≈–®ÿ≈°“¬«‘¿“§ §«“¡¢“«¥”¢Õß¿“æ∑’Ë

‰¥â™’È„Àâ‡ÀÁπ∂÷ß‚§√ß √â“ß¿“¬„π¢Õß‰µ §◊Õ  à«π¢Õß‡ª≈◊Õ°

Àÿâ¡‰µ ºπ—ß°—ÈπæŸ‰µ ∑àÕ‰µ ª√“°Ø‡ªìπ‡ âπ ’¢“« ‡π◊ËÕß®“°

‡π◊ÈÕ‡¬◊ËÕ à«π„À≠à‡ªìπ‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π ·≈–æ∫§«“¡·µ°µà“ß

™—¥‡®π√–À«à“ß à«π cortex ·≈– medulla ‚¥¬‡π◊ÈÕ‰µ à«π

cortex ª√“°Ø‡ªìπ ’§àÕπ¢â“ß¢“«¡“°°«à“ à«π medulla ‡™àπ

‡¥’¬«°—∫∑’Ëæ∫„π¡â“ (Kiper et. al., 1990) ·≈–„π ÿπ—¢∑’Ë¡’

™’«‘µÕ¬Ÿà (Nyland et al., 2002) Õ“®‡π◊ËÕß¡“®“° à«π¢Õß

cortex ¡’§«“¡Àπ“·πàπ¢Õß°√–®ÿ°¢¥À≈Õ¥‡≈◊Õ¥ΩÕ¬·≈–

∑àÕ¿“¬„π‰µ∑’Ë¡’¡“°°«à“„π à«π medulla ¥—ßπ—Èπ‡∑§π‘§

Õ—≈µ√â“´“«¥åπ’È®÷ßπà“®–π”‰ª„™â„π°“√»÷°…“ —ß‡°µ‚§√ß √â“ß

¢Õß‰µ‰¥â æ√âÕ¡∑—Èß “¡“√∂π”‡∑§π‘§π’È‰ª¥—¥·ª≈ß„™â°—∫

™â“ß∑’Ë¬—ß¡’™’«‘µÕ¬Ÿà‰¥â ‡æ◊ËÕª√–‚¬™πå„π°“√«‘π‘®©—¬‚√§‰µ

¥â«¬Õ—≈µ√â“´“«¥å‰¥âÕ¬à“ß∑—π∑à«ß∑’ ‚¥¬¥Ÿ®“°§«“¡·µ°µà“ß

¢Õß§«“¡¢“«¥”¢Õß¿“æ∑’Ë‰¥â ·≈–Õ“®»÷°…“‚¥¬°“√ Õ¥

À—«µ√«®‡¢â“∑“ß∑«“√Àπ—°¢Õß™â“ß∑’Ë¡’™’«‘µ‰¥â (Balke et. al.,

1988; Hildebrandt et al., 1998)
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