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Abstract
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HISTOCHEMISTRY  AND HISTOENZYMATIC STUDIES OF LIVER
AFTER A SINGLE ORAL DOSE OF AFLATOXIN B1 IN BROILER
CHICKS

Two hundred and forty, 5 day-old broiler chicks (Shaver starbo) were divided into three groups
of 80 birds. Birds in group 3 were orally intubated and given a single dose of sterile water, olive oil and
5 mg/kg of aflatoxin B1. Clinical signs, gross pathology, histochemistry and histoenzymatic studies of
liver  were observed for 10 days. Eight birds from each group were randomly selected, sacrificed and
necropsied everyday. The aflatoxin B1 group (group 3) showed depression and a decrease in feed
consumption and body weight, in comparison with  groups 1 and 2. Fatty degeneration of the liver
was clearly demonstrated with Oil Red O, histochemical staining after 24-168 hours. The degenerative
changes of the liver was confirmed by a decrease in enzyme, cytochrome oxidase activity, after labelling
with cytochrome C histoenzymatic staining at 24-144 hours. Some recovery of the hepatic cells was
recognized after 192 hours. Groups 1 and 2 showed no significant pathological lesions. The structure
of the hepatic lobules in group 3 remained distorted showing an evidence of hepatic cell swelling

until the end of the observation period.
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∫∑§—¥¬àÕ

¡π°“πµå  Õ‘π∑√°”·Àß* æ‘¿æ  ¥ ’** ‰æ»“≈ À¡◊Ëπ‡¥™** ∏’√–¬ÿ∑∏ ·°â«Õ¡µ«ß»å***

®‘‚√® »»‘ª√’¬®—π∑√å**** Õπß§å ∫‘≥±«‘À§***** Õ—®©√‘¬“ ‰»≈– Ÿµ***

°“√»÷°…“∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’ ·≈–®ÿ≈æ¬“∏‘«‘∑¬“‡Õπ‰´¡å¢Õßµ—∫ ¿“¬À≈—ß

°“√°‘πÕ–ø≈“∑ÁÕ°´‘π∫’ 1 §√—Èß‡¥’¬«„π≈Ÿ°‰°à°√–∑ß

≈Ÿ°‰°à®”π«π 240 µ—«æ—π∏ÿå Shaver starbo Õ“¬ÿ 5 «—π §≈–‡æ» ·∫àß‡ªìπ 3 °≈ÿà¡ °≈ÿà¡≈– 80 µ—« ·µà≈–°≈ÿà¡

ªÑÕππÈ”°≈—Ëπ πÈ”¡—π¡–°Õ° ·≈–Õ–ø≈“∑ÁÕ°´‘π∫’ 1 ¢π“¥ 5 ¡°.µàÕπÈ”Àπ—° 1 °°. §√—Èß‡¥’¬« µ“¡≈”¥—∫ »÷°…“

Õ“°“√∑“ß§≈‘π‘°µ‘¥µàÕ°—π ‡ªìπ‡«≈“ 10 «—π  ∑ÿ° 24 ™—Ë«‚¡ß ÿà¡µ—«Õ¬à“ß≈Ÿ°‰°à 8 µ—«®“°·µà≈–°≈ÿà¡ π”¡“™—π Ÿµ√´“°

‡°Á∫µ—«Õ¬à“ßµ—∫µ√«®∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’ ·≈–®ÿ≈æ¬“∏‘«‘∑¬“‡Õπ‰´¡å º≈°“√∑¥≈Õßæ∫«à“≈Ÿ°‰°à°≈ÿà¡∑’Ë 3 (°≈ÿà¡

ªÑÕπÕ–ø≈“∑ÁÕ°´‘π∫’ 1)  à«π„À≠à¡’Õ“°“√´÷¡ °‘πÕ“À“√≈¥≈ß ¡’°“√‡ ◊ËÕ¡·∫∫¡’‰¢¡—π·∑√°¢Õßµ—∫´÷Ëßæ∫‰¥â

™—¥‡®π‚¥¬«‘∏’®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’¬âÕ¡¥â«¬ ’æ‘‡»… Oil red O „π√–À«à“ß™—Ë«‚¡ß∑’Ë 24-168 ®ÿ≈æ¬“∏‘«‘∑¬“‡Õπ‰´¡å

µ√«®°“√∑”ß“π¢Õß‡Õπ‰´¡å‰´‚µ‚§√¡ÕÕ°´‘‡¥ „π‡´≈≈åµ—∫ æ∫«à“‡´≈≈åµ—∫∑’Ë‡ ◊ËÕ¡¡’°“√∑”ß“π¢Õß‡Õπ‰´¡å≈¥≈ß

™—¥‡®π„π√–À«à“ß™—Ë«‚¡ß∑’Ë 24-144 ‡´≈≈åµ—∫°≈—∫ Ÿà ¿“æ„°≈â‡§’¬ß°—∫°≈ÿà¡§«∫§ÿ¡‡√‘Ë¡®“°™—Ë«‚¡ß∑’Ë 192 ¢Õß°“√∑¥≈Õß

·µà°“√‡√’¬ßµ—«¢Õß‡´≈≈åµ—∫‰¥â‡ ’¬√Ÿª‰ª ·≈–§ß¡’√àÕß√Õ¬°“√∫«¡¢Õß‡´≈≈åµ—∫®π°√–∑—Ëß ‘Èπ ÿ¥°“√∑¥≈Õß

§” ”§—≠ :  Õ–ø≈“∑ÁÕ° ‘́π∫’ 1 ≈Ÿ°‰°à°√–∑ß °“√ªÑÕπ§√—Èß‡¥’¬« ®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’ ®ÿ≈æ¬“∏‘«‘∑¬“‡Õπ‰´¡å

∫∑π”

Õ–ø≈“∑ÁÕ° ‘́π (Aflatoxin) ‡ªìπ°≈ÿà¡¢Õß “√‡§¡’

æ«°‰∫ å-øŸ√“‚π§‘«¡“√‘π (bis-furanocumarin)  √â“ß®“°

‡™◊ÈÕ√“ ·Õ ‡ªÕ√å®‘≈≈—  ø≈“«—  (Aspergillus flavus)

·≈–·Õ ‡ªÕ√å®‘≈≈—  æ“√“ ‘́µ‘§—  (Aspergillus parasiticus)

(Osweiler et al., 1985) ́ ÷Ëß‡ªìπ°≈ÿà¡‡™◊ÈÕ√“∑’Ëæ∫¡“°∑’Ë ÿ¥

„πÕ“À“√ (¿—∑π’¬å, 1997) Õ–ø≈“∑ÁÕ° ‘́π∑’Ëæ∫∑—Ë«‰ª

„π∏√√¡™“µ‘ ‰¥â·°à Õ–ø≈“∑ÁÕ° ‘́π∫’1 ∫’2 ®’1 ·≈–®’2

Õ–ø≈“∑ÁÕ°´‘π∫’1 ‡ªìπ™π‘¥∑’Ë¡’æ‘…√â“¬·√ß¡“°°«à“™π‘¥

Õ◊ËπÊ (Õπß§å, 1997) Õ“°“√·≈–√Õ¬‚√§∑’Ëæ∫®–· ¥ß

ÕÕ°„π√–¥—∫∑’Ë·µ°µà“ß°—π¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥ “√æ‘…

√–¬–‡«≈“ ™π‘¥¢Õß —µ«å æ—π∏ÿå Õ“¬ÿ ‡æ» √«¡∑—Èß

 à«πª√–°Õ∫¢Õß‚ª√µ’π„πÕ“À“√ (Bryden and

Cumming, 1980)

√–¥—∫¢ÕßÕ–ø≈“∑ÁÕ°´‘π∑’Ë∑”„Àâ≈Ÿ°‰°à°√–∑ß

µ“¬§√÷ËßÀπ÷Ëß (LD
50
 dose) ®“°°“√°‘π “√æ‘…‡æ’¬ß§√—Èß

‡¥’¬«„π√–¥—∫ 5 ¡°.µàÕ°°.πÈ”Àπ—°µ—« (Smith and

Hamillton, 1970) „π√–¥—∫π’È®– “¡“√∂∑”„Àâ‡°‘¥æ‘…

‡©’¬∫æ≈—π‰¥â Bintvihok et al. (1997) »÷°…“§«“¡‡ªìπ

æ‘…‡©’¬∫æ≈—π„π≈Ÿ°‰°à ≈Ÿ°‡ªì¥ ·≈–≈Ÿ°π°°√–∑“ ‚¥¬

º ¡Õ–ø≈“∑ÁÕ° ‘́π∫’ 1 „πÕ“À“√„Àâ°‘π„π√–¥—∫ 3 ppm

‡ªìπ‡«≈“ 7 «—π ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß„πµ—∫ æ∫°“√‡ ◊ËÕ¡

·∫∫¡’‰¢¡—π·∑√° (fatty degeneration)„π‡´≈≈åµ—∫

·≈–°“√‡ª≈’Ë¬π·ª≈ß„π≈Ÿ°‡ªì¥√ÿπ·√ß¡“°∑’Ë ÿ¥„π
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™—Ë«‚¡ß∑’Ë 120 °“√‡ª≈’Ë¬π·ª≈ß∑“ß‡ ◊ËÕ¡¢Õß‡´≈≈å∑”

„Àâ°“√∑”ß“π‡ª≈’Ë¬π‰ª‚¥¬‡´≈≈å¬—ß‰¡à¡’°“√‡ª≈’Ë¬π

·ª≈ß√Ÿª√à“ß´÷Ëß®–‡ÀÁπ‰¥â‰¡à™—¥‡®π¥â«¬«‘∏’∑“ß®ÿ≈æ¬“∏‘

«‘∑¬“∑—Ë«‰ª °“√µ√«®∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’ (histo-

chemistry) ·≈–‡∑§π‘§∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡Õπ‰´¡å

(histoenzyme) ¢Õß‡π◊ÈÕ‡¬◊ËÕ®–‡ªìπ«‘∏’∑’Ëπ”¡“™à«¬µ√«®

°“√‡ª≈’Ë¬π·ª≈ß¿“¬„π‡´≈≈å‰¥â™—¥‡®π¡“°¢÷Èπ (Theron

et al., 1965) ‚¥¬„™â°“√µ—¥™‘Èπ‡π◊ÈÕ‡¬◊Õ°·¢Áß (Bancroft,

1975)

‡∑§π‘§∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’°“√„™â ’¬âÕ¡

æ‘‡»… (special stain) ‡æ◊ËÕ»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å

‰¥â·°à Oil red O method ´÷Ëß¬âÕ¡‰¢¡—π∑—Ë«‰ª„π‡´≈≈å

(simple lipid, neutral fat, triglyceride) ®–µ‘¥ ’·¥ß„π

∫√‘‡«≥‰¢¡—π∑’Ë‡ªìπ cholesterol ·≈– triglyceride (Filipes

and Lake, 1990)  à«π phospholipid ∫“ßµ—«µ‘¥ ’™¡æŸ

ÕàÕπ (Bancroft, 1975)

 à«π®ÿ≈æ¬“∏‘«‘∑¬“‡Õπ‰´¡å¥â«¬°“√»÷°…“°“√

∑”ß“π¢Õß‡Õπ‰´¡å‰´‚µ‚§√¡ÕÕ° ‘́‡¥  (cytochrome

oxidase) ´÷Ëß‡ªìπ mitochondrial marker enzyme ™π‘¥

Àπ÷Ëß °“√‡°‘¥æ‘…Õ¬à“ß‡©’¬∫æ≈—π®–æ∫°“√∫«¡¢Õß

‡´≈≈å·≈–¡’°“√∑”≈“¬¢Õß cellular organelles ‰¡‚µ-

§Õπ‡¥√’¬„π‡´≈≈åµ—∫®–‰«µàÕ “√æ‘…∑’Ë¡’º≈µàÕ¢∫«π°“√

metabolism ¢Õß‡´≈≈åµ—∫ ‚¥¬‡¡◊ËÕ¡’°“√∑”≈“¬‡´≈≈åµ—∫

°“√∑”ß“π¢Õß‡Õπ‰´¡å®–πâÕ¬≈ß (Cheville, 1994)

‚¥¬„Àâ 3,3' diaminobenzidine tetrahydrochloride (DAB)

∑”ªØ‘°‘√‘¬“°—∫ oxidized form ¢Õß cytochrome C ∑”

„Àâ‡°‘¥ ’ °“√µ√«®À“µ”·Àπàß°“√∑”ß“π¢Õß cytochrome

oxidase ®–· ¥ß„Àâ‡ÀÁπ«à“¡’°“√∑”≈“¬‡´≈≈åµ—∫¡“°

πâÕ¬‡æ’¬ß„¥ ´÷ËßÕ“»—¬ oxidative polymerization ¢Õß

DAB ∑”„Àâ‡°‘¥º≈®“°ªØ‘°‘√‘¬“ osmophilic reaction º≈

®“°ªØ‘°‘√‘¬“®–· ¥ßµ”·Àπàß¢Õß cytochrome C ´÷Ëß

· ¥ß∂÷ß∫√‘‡«≥∑’Ë¡’°“√∑”ß“π¢Õß cytochrome oxidase

„Àâº≈‡ªìπ ’πÈ”µ“≈ (Seligman et al., 1968; Filipes

and Lake, 1990)

°“√»÷°…“§√—Èßπ’È ‡ªìπ°“√»÷°…“∂÷ßº≈®“°°“√

°‘πÕ–ø≈“∑ÁÕ° ‘́π∫’1 „π≈Ÿ°‰°à°√–∑ß ‚¥¬°“√ªÑÕπ

Õ–ø≈“∑ÁÕ°´‘π∫’1 §√—Èß‡¥’¬« 5 ¡°.µàÕ1°°. (Smith and

Hamilton, 1970) ‚¥¬µ√«®°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å

µ—∫¥â«¬«‘∏’ ®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’ ·≈–®ÿ≈æ¬“∏‘«‘∑¬“

‡Õπ‰´¡å¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫

«— ¥ÿ·≈–«‘∏’°“√

≈Ÿ°‰°à°√–∑ßæ—π∏ÿå‡™ø‡«Õ√å  µ“√å‚∫ (Shaver

starbo) Õ“¬ÿ 1 «—π §≈–‡æ» ®”π«π 240 µ—« ·∫àß

ÕÕ°‡ªìπ 3 °≈ÿà¡ °≈ÿà¡≈– 80 µ—« π”¡“·¬°‡≈’È¬ß∫π

°√ß≈«¥∂—°æ◊Èπ∑’Ë 0.6 µ“√“ß‡¡µ√ ®”π«π°≈ÿà¡≈– 4 °√ß

°√ß≈– 20 µ—« „ÀâÕ“À“√ ”‡√Á®√Ÿª´÷Ëßµ√«®æ∫«à“¡’

√–¥—∫Õ–ø≈“∑ÁÕ°´‘π 25.8 ppb ¥â«¬«‘∏’ Enzyme-linked

Immunosorbent Assay (ELISA) „ÀâÕ“À“√·≈–πÈ”·∫∫

‡µÁ¡∑’Ë„π∑ÿ°°≈ÿà¡‡æ◊ËÕª√—∫ ¿“æ√à“ß°“¬ ‡¡◊ËÕ≈Ÿ°‰°àÕ“¬ÿ

5 «—π·≈–¡’πÈ”Àπ—°‡©≈’Ë¬ 99 °√—¡ ®÷ß‡√‘Ë¡°“√∑¥≈Õß

(§≥“√—µπå·≈–§≥–, 2000)

°≈ÿà¡∑’Ë 1 ‡ªìπ°≈ÿà¡§«∫§ÿ¡‰¥â√—∫°“√ªÑÕππÈ”

°≈—Ëπ„πª√‘¡“≥ 50 ‰¡‚§√≈‘µ√µàÕπÈ”Àπ—°µ—« 100 °√—¡

°≈ÿà¡∑’Ë 2 ‡ªìπ°≈ÿà¡§«∫§ÿ¡‰¥â√—∫°“√ªÑÕππÈ”¡—π¡–°Õ°

(Olive oil) ÷́Ëß„™â‡ªìπµ—«∑”≈–≈“¬Õ–ø≈“∑ÁÕ°´‘π ∫’1

„π°“√∑¥≈Õßπ’È π”¡“ªÑÕπ„πª√‘¡“≥ 50 ‰¡‚§√≈‘µ√

µàÕπÈ”Àπ—°µ—« 100 °√—¡

°≈ÿà¡∑’Ë 3 ‡ªìπ°≈ÿà¡∑’Ë‰¥â√—∫°“√ªÑÕπÕ–ø≈“∑ÁÕ°

´‘π∫’1 (Sigma®, USA) „π¢π“¥ 5 ¡°.µàÕπÈ”Àπ—°µ—«

1 °°. (LD
50
dose) (Smith and Hamilton, 1970) ‚¥¬„™â

Õ–ø≈“∑ÁÕ° ‘́π ∫’1 ª√‘¡“≥ 50 ¡°.≈–≈“¬„ππÈ”¡—π

(olive oil) ª√‘¡“≥ 5 ¡≈. π”¡“ªÑÕπ≈Ÿ°‰°à„πª√‘¡“≥

50 ‰¡‚§√≈‘µ√µàÕπÈ”Àπ—°µ—« 100 °√—¡

∑”°“√∑¥≈Õß‡ªìπ‡«≈“ 10 «—π ‚¥¬∑ÿ° 24

™—Ë«‚¡ß  —ß‡°µÕ“°“√∑“ß§≈‘π‘°  ÿà¡µ—«Õ¬à“ß≈Ÿ°‰°à°≈ÿà¡

∑¥≈Õß≈– 8 µ—« ºà“´“°‡°Á∫µ—«Õ¬à“ßµ—∫ ‡æ◊ËÕµ√«®¥Ÿ§«“¡

º‘¥ª°µ‘¢Õß‡´≈≈å∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’·≈–®ÿ≈æ¬“∏‘
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«‘∑¬“‡Õπ‰´¡å µ—¥™‘Èπ‡π◊ÈÕ‡¬◊ËÕµ—∫¥â«¬‡§√◊ËÕßµ—¥™‘Èπ‡π◊ÈÕ

‡¬◊Õ°·¢ÁßÀπ“ 10 µm µ√«®À“‰≈ªî¥¥â«¬ oil red O

method (æ‘ ÿ∑∏‘Ï, 1995) ‚¥¬°“√·™à‡π◊ÈÕ‡¬◊ËÕµ—∫„π “√

≈–≈“¬ oil red O ‡ªìπ‡«≈“ 15-30 π“∑’ ≈â“ß„π 85%

propylene glycol ·≈– πÈ”°≈—Ëπ ¬âÕ¡ ’∑—∫¥â«¬ Harris

hematoxylin ≈â“ßÕÕ°¥â«¬πÈ” ªî¥™‘Èπ‡π◊ÈÕ‡¬◊ËÕ¥â«¬ glycerine

jelly ‚¥¬ cholesteryl ester ·≈– triglyceride „Àâ ’·¥ß

·≈–µ√«®°“√∑”ß“π¢Õß‡Õπ‰´¡å‰´‚µ‚§√¡ÕÕ° ‘́‡¥ 

(Filipes and Lake, 1990) ‚¥¬°“√·™à‡π◊ÈÕ‡¬◊ËÕµ—∫„π “√

≈–≈“¬ ª√–°Õ∫¥â«¬ DAB catalase ‡¢â¡¢âπ 20 µg/ml

cytochrome C (type 2), sucrose ·≈– 0.1 mol/ml ¢Õß

phosphate buffer pH 7.4 ∫à¡∑’Ë 22o´. ‡ªìπ‡«≈“Õ¬à“ß

πâÕ¬ 1 ™—Ë«‚¡ß ≈â“ßÕÕ°¥â«¬πÈ”°≈—Ëπ µ√÷ß‡π◊ÈÕ‡¬◊ËÕÕ’°§√—Èß

„π formal calcium ‡ªìπ‡«≈“ 15 π“∑’ ¥÷ßπÈ”ÕÕ°¥â«¬

·Õ≈°ÕŒÕ≈å ·≈– xylene  µ√«®º≈¥â«¬°≈âÕß®ÿ≈∑√√»πå

∫√‘‡«≥∑’Ëæ∫ªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å‰´‚µ‚§√¡ÕÕ° ‘́‡¥ 

®–„Àâ ’πÈ”µ“≈

º≈

Õ“°“√∑“ß§≈‘π‘° ™—Ë«‚¡ß∑’Ë 24 À≈—ßªÑÕπ

Õ–ø≈“∑ÁÕ°´‘π æ∫«à“≈Ÿ°‰°à∑—Èß 3 °≈ÿà¡‰¡à· ¥ßÕ“°“√

º‘¥ª°µ‘„¥Ê  ™—Ë«‚¡ß∑’Ë 48 æ∫«à“„π°≈ÿà¡∑’Ë 3  ¡’≈Ÿ°‰°à

µ“¬ 1 µ—«·≈– 2 µ—«πÕπ´÷¡  à«π≈Ÿ°‰°à∑’Ë‡À≈◊Õ à«π

„À≠à· ¥ßÕ“°“√´÷¡ ‡§≈◊ËÕπ‰À«™â“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

°—∫°≈ÿà¡∑’Ë 1 ·≈– 2 „π™—Ë«‚¡ß∑’Ë 72 ≈Ÿ°‰°à∑’Ë· ¥ßÕ“°“√

´÷¡ °≈—∫¡“¡’Õ“°“√‡ªìπª°µ‘ §≈â“¬°—∫°≈ÿà¡∑’Ë 1 ·≈– 2

º≈∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’ ®“°°“√¬âÕ¡¥â«¬ ’ Oil

red O „π 24 ™—Ë«‚¡ßÀ≈—ßªÑÕπÕ–ø≈“∑ÁÕ°´‘πæ∫«à“

∑—Èß 3 °≈ÿà¡ „Àâ√–¥—∫º≈∫«°µàÕ ’ Oil red O „π√–¥—∫

∑’Ë„°≈â‡§’¬ß°—π æ∫«à“¡’‡´≈≈åµ—∫∑’Ëæ∫∂ÿß‰¢¡—π∫â“ß·µà¡’

®”π«π‰¡à¡“° °“√µ‘¥ ’¢Õß‡¡Á¥‰¢¡—π¡’≈—°…≥–°≈¡ ’

·¥ß‡ªìπ∂ÿß¢π“¥‡≈Á°®”π«πÀ≈“¬∂ÿßÕ¬Ÿà¿“¬„π‰´‚µ

æ≈“ ¡¢Õß‡´≈≈å„π√–¥—∫ ++ (√Ÿª∑’Ë 1B) „π48

™—Ë«‚¡ß„π°≈ÿà¡∑’Ë1 ·≈– 2 ‰¡à‡ª≈’Ë¬π·ª≈ß  à«π„π°≈ÿà¡∑’Ë

3 ®–·µ°µà“ß‚¥¬æ∫«à“‡´≈≈åµ—∫¡’≈—°…≥–°“√µ‘¥ ’¢Õß

‰¢¡—π„π‡´≈≈å„Àâ ’·¥ß ≈—°…≥–‡ªìπ∂ÿß°≈¡¢π“¥„À≠à

„π‰´‚µæ≈“ ¡Õ¬à“ß™—¥‡®π ¥—ππ‘«‡§≈’¬ ¢Õß‡´≈≈åµ—∫

‰ªÕ¬Ÿà™‘¥°—∫¢Õ∫¢Õß‡´≈≈å √Õ¬‚√§π’È°√–®“¬∑—Ë«‰ª‚¥¬

‡´≈≈å∑’Ë„Àâº≈∫«°®–™—¥‡®π∫√‘‡«≥√Õ∫ central vein

(centrilobular area) (√Ÿª∑’Ë 1C) „π™—Ë«‚¡ß∑’Ë 72 „π

°≈ÿà¡∑’Ë 3 °“√µ‘¥ ’∂ÿß‰¢¡—π™—¥‡®π·≈–°√–®“¬∑—Ë«‰ª

(panlobular area) (√Ÿª∑’Ë 1D) „π™—Ë«‚¡ß∑’Ë 96-240 ¢Õß

°“√∑¥≈Õßæ∫«à“ „π°≈ÿà¡∑’Ë 1 √–¥—∫º≈∫«°µàÕ ’ Oil

red O ®–‡√‘Ë¡≈¥≈ß‰ª‡√◊ËÕ¬Ê ·≈–¡’§à“πâÕ¬„π™—Ë«‚¡ß∑’Ë

120 ™—Ë«‚¡ß∑’Ë 144-240 æ∫‡´≈≈å∑’Ë„Àâº≈∫«°πâÕ¬¡“°

‡´≈≈åµ—∫ à«π„À≠à®–‰¡à„Àâº≈∫«°µàÕ ’ Oil red O

„π°≈ÿà¡∑’Ë 2 π—Èπ„Àâº≈°“√°“√∑¥ Õ∫„°≈â‡§’¬ß°—∫°≈ÿà¡

∑’Ë 1  à«π„π°≈ÿà¡∑’Ë 3 √–¥—∫‡´≈≈å∑’Ë„Àâº≈∫«°®–§ßÕ¬Ÿà

·≈–æ∫∂ÿß‰¢¡—π¡’≈—°…≥–‡ªìπ∂ÿß°≈¡¢π“¥„À≠à„π

‰´‚µæ≈“ ¡ º≈∫«°®“°°“√∑¥ Õ∫π“πµ‘¥µàÕ°—π„π

√–¥—∫ Ÿß®π∂÷ß™—Ë«‚¡ß∑’Ë 96 ¢Õß°“√∑¥≈Õß ·≈–‡√‘Ë¡

≈¥≈ß„π™—Ë«‚¡ß∑’Ë 120 ‚¥¬¡’¢π“¥¢Õß∂ÿß‰¢¡—π„π‡´≈≈å

≈¥≈ß·µà®”π«π‡´≈≈å∑’Ë„Àâº≈∫«°¬—ß¡’¡“° ·≈–‡√‘Ë¡≈¥

≈ßÕ¬à“ß™—¥‡®π„π™—Ë«‚¡ß∑’Ë 168 ·≈–„π™—Ë«‚¡ß∑’Ë 192

‡´≈≈å∑’Ë¡’∂ÿß‰¢¡—π¢π“¥„À≠à¡’®”π«π≈¥≈ß¡“° ·µà¬—ß

æ∫‡´≈≈å∑’Ë„Àâº≈∫«°µàÕ ’ Oil red O Õ¬Ÿà∫â“ß   „π™—Ë«‚¡ß∑’Ë

216-240 ‡´≈≈åµ—∫„Àâº≈∫«°πâÕ¬¡“° (√Ÿª∑’Ë 1A)

≈—°…≥–∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’¡’§«“¡§≈â“¬§≈÷ß°—∫„π

™—Ë«‚¡ß∑’Ë 144 °≈ÿà¡∑’Ë¢Õß°≈ÿà¡∑’Ë 1 ·≈– 2 (µ“√“ß∑’Ë 1)

º≈°“√»÷°…“∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡Õπ‰´¡å °“√µ√«®°“√

∑”ß“π¢Õß cytochrome oxidase ¥â«¬ cytochrome C

µ‘¥ ’ DAB ‡¡◊ËÕµ√«®¥â«¬°≈âÕß®ÿ≈∑√√»πå®–„Àâº≈‡ªìπ

 ’πÈ”µ“≈ „π∫√‘‡«≥∑’Ë¡’°“√∑”ß“π¢Õß cytochrome

oxidase °≈ÿà¡∑’Ë1·≈–°≈ÿà¡∑’Ë 2 æ∫«à“‡´≈≈åµ—∫µ‘¥ ’πÈ”µ“≈

‡¢â¡¿“¬„π‰´‚µæ≈“ ¡ ¬°‡«âπ à«π∑’Ë‡ªìπ∂ÿß‰¢¡—π´÷Ëß

‰¡àµ‘¥ ’ ¡’∑—Èß‡´≈≈å∑’Ëµ‘¥ ’πÈ”µ“≈‡¢â¡·≈–‡´≈≈å∑’Ëµ‘¥ ’

πÈ”µ“≈ÕàÕπ (√Ÿª∑’Ë 2A) °≈ÿà¡∑’Ë 3 æ∫«à“‰´‚µæ≈“ ¡

¢Õß‡´≈≈åµ—∫µ‘¥ ’πÈ”µ“≈ÕàÕπ®π∂÷ß‰¡àµ‘¥ ’ (√Ÿª∑’Ë 2B)
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‚¥¬®–æ∫‰¥â„π‡´≈≈å∫√‘‡«≥√Õ∫Ê central vein ´÷Ëß

™—¥‡®π„π™—Ë«‚¡ß∑’Ë 24 ·≈– 48 ¿“¬À≈—ß°“√ªÑÕπ

Õ–ø≈“∑ÁÕ°´‘π  ¿“¬„π‰´‚µæ≈“ ¡‡µÁ¡‰ª¥â«¬‡¡Á¥‰¢

¡—π¢π“¥„À≠à  ∑”„Àâ‡À≈◊Õ à«π∑’Ë‡ªìπ‰´‚µæ≈“ ¡

πâÕ¬≈ß  „π™—Ë«‚¡ß∑’Ë 72 ∂÷ß 144 æ∫«à“¡’‡´≈≈å∑’Ëµ‘¥ ’

πÈ”µ“≈ÕàÕπ·≈–‡´≈≈å∑’Ë‰¡àµ‘¥ ’®”π«π¡“° (√Ÿª∑’Ë 2C)

À≈—ß®“°™—Ë«‚¡ß∑’Ë 144 æ∫«à“‡´≈≈å¡’°“√µ‘¥ ’πÈ”µ“≈

¡“°¢÷Èπ °√–®“¬∑—Ë« (panlobular area) (√Ÿª∑’Ë 2D) º≈

¢Õß°“√»÷°…“¥—ß· ¥ß‰«â„πµ“√“ß∑’Ë 2

«‘®“√≥å

°“√‡ ◊ËÕ¡·∫∫¡’‰¢¡—π·∑√°æ∫‰¥â™—¥‡®π‚¥¬

„™â«‘∏’®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’¬âÕ¡¥â«¬ ’ Oil red O ´÷Ëß‡ªìπ

‡∑§π‘§„π°“√¬âÕ¡‰¢¡—π∑—Ë«‰ª„π‡´≈≈å (simple lipid ·≈–

triglyceride) (Filipes and Lake,1990) Merkley et al.

(1986) √“¬ß“π™π‘¥¢Õß‰¢¡—π∑’Ëæ∫„πµ—∫¿“¬À≈—ß

√Ÿª∑’Ë 1 ¿“æ· ¥ßº≈∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’ ·∫àß√–¥—∫§«“¡‡¢â¡¢Õß°“√µ‘¥ ’ ¢π“¥¢Õß∂ÿß‰¢¡—π ·≈–°“√

°√–®“¬„π‡π◊ÈÕ‡¬◊ËÕµ—∫¬âÕ¡ ’æ‘‡»… Oil red O ‚¥¬„™â‡§√◊ËÕßÀ¡“¬ + ´÷Ëß·∫àß‡°≥±å‡ªìπ 4 √–¥—∫ §◊Õ +

À¡“¬∂÷ß√Õ¬‚√§„Àâº≈∫«°¢Õß∂ÿß‰¢¡—π¢π“¥‡≈Á°¡“° < 25% „π·µà≈–∫√‘‡«≥¢Õß hepatic lobule

(°≈ÿà¡§«∫§ÿ¡∑’Ë1, ™—Ë«‚¡ß∑’Ë 240 : √Ÿª∑’Ë 1A), ++ À¡“¬∂÷ß√Õ¬‚√§„Àâº≈∫«°¢Õß∂ÿß‰¢¡—π¢π“¥‡≈Á°

‡ªìπ∫√‘‡«≥  25-50% „π·µà≈–∫√‘‡«≥¢Õß hepatic lobule (°≈ÿà¡∑’Ë 3, ™—Ë«‚¡ß∑’Ë 24 : √Ÿª∑’Ë 1B), +++

À¡“¬∂÷ß√Õ¬‚√§„Àâº≈∫«°¢Õß∂ÿß‰¢¡—π¢π“¥°≈“ß  50-75% „π·µà≈–∫√‘‡«≥¢Õß hepatic lobule(°≈ÿà¡

∑’Ë 3, ™—Ë«‚¡ß∑’Ë 48 : √Ÿª∑’Ë 1C), ++++ À¡“¬∂÷ß√Õ¬‚√§„Àâº≈∫«°¢Õß∂ÿß‰¢¡—π¢π“¥„À≠à 75-100%

„π·µà≈–∫√‘‡«≥¢Õß hepatic lobule (°≈ÿà¡∑’Ë 3, ™—Ë«‚¡ß∑’Ë 72 : √Ÿª∑’Ë 1D) Bar= 20 µm
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√Ÿª∑’Ë 2 ¿“æ· ¥ßº≈∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡Õπ‰´¡å ·∫àß√–¥—∫§«“¡‡¢â¡¢Õß°“√µ‘¥ ’·≈–°“√°√–®“¬„π‡π◊ÈÕ‡¬◊ËÕµ—∫

¬âÕ¡‰´‚µ‚§√¡ ’́ (Cytochrome C) ¥â«¬ ’ DAB (3,-3' Diaminobenzidine tetrahydrochloride)

µ√«®°“√∑”ß“π¢Õß‡Õπ‰´¡å‰´‚µ‚§√¡ ÕÕ°´‘‡¥  (Cytochrome oxidase)„π‡´≈≈åµ—∫´÷Ëß·∫àß‡°≥±å‡ªìπ

3 √–¥—∫ §◊Õ ++++ À¡“¬∂÷ß√Õ¬‚√§„Àâº≈∫«°§«“¡‡¢â¡¢Õß ’‡ªìπ 75-100 % „π·µà≈–∫√‘‡«≥¢Õß

hepatic lobule (°≈ÿà¡§«∫§ÿ¡°≈ÿà¡∑’Ë 1, ™—Ë«‚¡ß∑’Ë 48 : √Ÿª∑’Ë 2A) +++ À¡“¬∂÷ß√Õ¬‚√§„Àâº≈∫«°§«“¡

‡¢â¡¢Õß ’‡ªìπ 50-75% „π·µà≈–∫√‘‡«≥¢Õß hepatic lobule(°≈ÿà¡∑’Ë 3, ™—Ë«‚¡ß∑’Ë 48 : √Ÿª∑’Ë 2B ·≈–

™—Ë«‚¡ß∑’Ë 144 : √Ÿª∑’Ë 2D) ++ À¡“¬∂÷ß√Õ¬‚√§„Àâº≈∫«°§«“¡‡¢â¡¢Õß ’‡ªìπ 25-50% „π·µà≈–∫√‘‡«≥

¢Õß hepatic lobule (°≈ÿà¡∑’Ë 3, ™—Ë«‚¡ß∑’Ë 72 : √Ÿª∑’Ë 2C) Bar= 10 µm

°“√‰¥â√—∫Õ–ø≈“∑ÁÕ°´‘π æ∫«à“¡’‰¢¡—π‡æ‘Ë¡¡“°¢÷Èπ

µ“¡ª√‘¡“≥ “√æ‘…Õ–ø≈“∑ÁÕ°´‘π∫’ 1 ∑’Ëº ¡„πÕ“À“√

´÷Ëß —¡æ—π∏å°—∫¿“«–°“√‡ ◊ËÕ¡·∫∫¡’‰¢¡—π·∑√° ́ ÷Ëß ’¬âÕ¡

oil red O ≈–≈“¬‰¥â¥’„Àâ ’·¥ßÕ¬à“ß™—¥‡®π„π∂ÿß‰¢¡—π

„π‡´≈≈å à«π„À≠à∑’Ë‡ªìπ neutral lipid

‰´‚µ‚§√¡ÕÕ°´‘‡¥ ‡ªìπ‡Õπ‰´¡å∑’Ë¡’Õ¬Ÿà„π

‰¡‚µ§Õπ‡¥√’¬¢Õß‡´≈≈åµ—∫ °“√µ√«®°“√∑”ß“π¢Õß

‡Õπ‰´¡å‰´‚µ‚§√¡ÕÕ°´‘‡¥  ¥â«¬ ’ DAB µ“¡«‘∏’°“√

¢Õß Filipes and Lake (1990) æ∫«à“‡´≈≈åµ—∫¢Õß°≈ÿà¡

§«∫§ÿ¡∑—Èß Õß°≈ÿà¡„Àâº≈ ’πÈ”µ“≈¿“¬„π‰´‚µæ≈“ ¡

· ¥ß∂÷ß∫√‘‡«≥∑’Ë¡’°“√∑”ß“π¢Õß‰´‚µ‚§√¡ÕÕ° ‘́‡¥ 

‰¥â¥’ º≈∑“ß®ÿ≈æ¬“∏‘«‘∑¬“æ∫«à“ °“√‡°‘¥æ‘…Õ¬à“ß‡©’¬∫

æ≈—π®“°Õ–ø≈“∑ÁÕ°´‘π∑”„Àâ‡°‘¥°“√‡ ◊ËÕ¡ ¿“æ¢Õß

‡´≈≈å ‡´≈≈å∑’Ë¡’°“√‡ ◊ËÕ¡®–æ∫°“√‡ª≈’Ë¬π·ª≈ß‰¥â

™—¥‡®π∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡Õπ‰´¡å ‡π◊ËÕß®“°‰¡‚µ§Õπ-

‡¥√’¬‰«µàÕ “√æ‘…¡’º≈µàÕ°√–∫«π°“√‡¡µ“‚∫≈‘ ¡
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µ“√“ß∑’Ë 1 · ¥ßº≈°“√»÷°…“∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’¢Õß‡´≈≈åµ—∫„π≈Ÿ°‰°à°√–∑ß ‚¥¬°“√¬âÕ¡ ’æ‘‡»… Oil red O

«—π (™—Ë«‚¡ß) °≈ÿà¡∑¥≈Õß º≈∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’¢Õßµ—∫/∫√‘‡«≥

Centrilobular Panlobular Perilobular

1 1 ++ ++ ++
(24 ™—Ë«‚¡ß) 2 ++ ++ ++

3 ++ ++ ++
2 1 ++ ++ ++

(48 ™—Ë«‚¡ß) 2 ++ ++ ++
3 ++++ +++ +++

3 1 ++ ++ ++
(72 ™—Ë«‚¡ß) 2 ++ ++ ++

3 ++++ ++++ ++++
4 1 ++ ++ ++

(96 ™—Ë«‚¡ß) 2 ++ ++ ++
3 ++++ ++++ ++++

5 1 + + +
(120 ™—Ë«‚¡ß) 2 + + +

3 +++ +++ +++
6 1 + + +

(144 ™—Ë«‚¡ß) 2 + + +
3 +++ +++ +++

7 1 + + +
(168 ™—Ë«‚¡ß) 2 + + +

3 + ++ ++
8 1 + + +

(192 ™—Ë«‚¡ß) 2 + + +
3 + + +

9 1 + + +
(216 ™—Ë«‚¡ß) 2 + + +

3 + + +
10 1 + + +

(240 ™—Ë«‚¡ß) 2 + + +
3 + + +

‚¥¬·∫àß√–¥—∫§«“¡‡¢â¡¢Õß°“√µ‘¥ ’ ¢π“¥ ≈—°…≥–∂ÿß‰¢¡—π ·≈– °“√°√–®“¬„π‡π◊ÈÕµ—∫„π 3 ∫√‘‡«≥¢Õß
µ—∫ (centrilobular, panlobular, perilobular) ‚¥¬„™â‡§√◊ËÕßÀ¡“¬ + ÷́Ëß·∫àß‡°≥±å‡ªìπ 4 √–¥—∫§◊Õ

+ √Õ¬‚√§„Àâº≈∫«°¢Õß∂ÿß‰¢¡—π¢π“¥‡≈Á°¡“° ‡ªìπ∫√‘‡«≥ < 25% ¢Õß hepatic lobule
++ √Õ¬‚√§„Àâº≈∫«°¢Õß∂ÿß‰¢¡—π¢π“¥‡≈Á° ‡ªìπ∫√‘‡«≥ 25-50% ¢Õß hepatic lobule
+++ √Õ¬‚√§„Àâº≈∫«°¢Õß∂ÿß‰¢¡—π¢π“¥°≈“ß ‡ªìπ∫√‘‡«≥ 50-75% ¢Õß hepatic lobule
++++ √Õ¬‚√§„Àâº≈∫«°¢Õß∂ÿß‰¢¡—π¢π“¥„À≠à ‡ªìπ∫√‘‡«≥ 75-100% ¢Õß hepatic lobule
*‡°≥±å°“√®”·π°√–¥—∫°“√‡ª≈’Ë¬π·ª≈ß„πµ—∫ (Watabiki et al.,1997)
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µ“√“ß∑’Ë 2 · ¥ß°“√»÷°…“∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡Õπ‰´¡å¢Õß‡´≈≈åµ—∫„π≈Ÿ°‰°à°√–∑ß ‡æ◊ËÕµ√«®°“√∑”ß“π¢Õß

‡Õπ‰´¡å‰´‚µ‚§√¡ ÕÕ° ‘́‡¥  ‚¥¬µ√«®°“√µ‘¥ ’¢Õß‰´‚µ‚§√¡ ́ ’ ·≈– DAB (3-3', diaminobenzidine

tetrahydrochloride)

«—π/™—Ë«‚¡ß °≈ÿà¡∑¥≈Õß º≈∑“ß®ÿ≈æ¬“∏‘«‘∑¬“‡§¡’¢Õßµ—∫/∫√‘‡«≥

Centrilobular Panlobular Perilobular

1 1 ++++ ++++ ++++
(24 ™—Ë«‚¡ß) 2 ++++ ++++ ++++

3 +++ ++++ ++++
2 1 ++++ +++ +++

(48 ™—Ë«‚¡ß) 2 ++++ ++++ ++++
3 ++ +++ +++

3 1 ++++ ++++ ++++
(72 ™—Ë«‚¡ß) 2 +++ +++ +++

3 ++ ++ ++
4 1 ++++ ++++ ++++

(96 ™—Ë«‚¡ß) 2 ++++ ++++ ++++
3 ++ ++ ++

5 1 ++++ ++++ ++++
(120 ™—Ë«‚¡ß) 2 ++++ ++++ ++++

3 ++ ++ ++
6 1 ++++ ++++ ++++

(144 ™—Ë«‚¡ß) 2 ++++ ++++ ++++
3 +++ +++ +++

7 1 ++++ ++++ ++++
(168 ™—Ë«‚¡ß) 2 ++++ ++++ ++++

3 ++++ ++++ ++++
8 1 ++++ ++++ ++++

(192 ™—Ë«‚¡ß) 2 ++++ ++++ ++++
3 ++++ ++++ ++++

9 1 ++++ ++++ ++++
(216 ™—Ë«‚¡ß) 2 ++++ ++++ ++++

3 ++++ ++++ ++++
10 1 ++++ ++++ ++++

(240 ™—Ë«‚¡ß) 2 ++++ ++++ ++++
3 ++++ ++++ ++++

‚¥¬·∫àß√–¥—∫§«“¡‡¢â¡¢Õß°“√µ‘¥ ’ ¢π“¥ ≈—°…≥–∂ÿß‰¢¡—π ·≈– °“√°√–®“¬„π‡π◊ÈÕµ—∫„π 3 ∫√‘‡«≥¢Õß
µ—∫ (centrilobular, panlobular, perilobular) ‚¥¬„™â‡§√◊ËÕßÀ¡“¬ + ÷́Ëß·∫àß‡°≥±å‡ªìπ 4 √–¥—∫§◊Õ

++ √Õ¬‚√§„Àâº≈∫«°§«“¡‡¢â¡¢Õß cytochrome C ‡ªìπ∫√‘‡«≥ 25-50% ¢Õß hepatic lobule
+++ √Õ¬‚√§„Àâº≈∫«°§«“¡‡¢â¡¢Õß cytochrome C ‡ªìπ∫√‘‡«≥ 50-75% ¢Õß hepatic lobule
++++ √Õ¬‚√§„Àâº≈∫«°§«“¡‡¢â¡¢Õß cytochrome C ‡ªìπ∫√‘‡«≥ 75-100% ¢Õß hepatic lobule
* ‡°≥±å°“√®”·π°√–¥—∫°“√‡ª≈’Ë¬π·ª≈ß„πµ—∫ (Watabiki et al.,1997)
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