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º≈¢Õß “√ °—¥√”¢â“«µàÕ°√–∫«π°“√·ª√√ŸªÕ≥Ÿæ≈—ßß“π

„πÀπŸ∑’Ë‡Àπ’Ë¬«π”„ÀâÕâ«π¥â«¬Õ“À“√‰¢¡—π Ÿß

™àÕ∑‘æ¬å ™“§√ªí≠≠“*,  ’«∫Ÿ√≥å  ‘√’√—∞«ß»å**,  ÿ√—µπå ‚§¡‘π∑√å***, πÿ™ ‘√‘ ‡≈‘»«ÿ≤‘‚ ¿≥****

∫∑§—¥¬àÕ

ºŸâ¡’°≈ÿà¡Õ“°“√‡¡∑“∫Õ≈‘°À√◊ÕºŸâ‡ªìπ‚√§Õâ«π¥â«¬Õ“À“√‰¢¡—π Ÿß ¡’¿“«–¥◊ÈÕµàÕÕ‘π´Ÿ≈‘π ·≈–æ—≤π“‡ªìπ‚√§
‡√◊ÈÕ√—ß‰¡àµ‘¥µàÕ ¢âÕ¡Ÿ≈∑“ß«‘∑¬“°“√√–∫“¥ æ∫«à“ °“√∫√‘‚¿§∏—≠æ◊™∑—Èß‡¡≈Á¥  —¡æ—π∏åº°º—π°—∫¿“«–Õâ«π ·≈–°≈ÿà¡
Õ“°“√‡¡∑“∫Õ≈‘° ®÷ß∑”°“√»÷°…“„πÀπŸ¢“« “¬æ—π∏ÿå Sparague-Dawley ∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß‡∑’¬∫°—∫‡¡◊ËÕ‰¥â√—∫
 “√ °—¥√”¢â“«„π¢π“¥ ÚÚ.ı, ÚÚı, ÙÙÒ ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡πÈ”Àπ—°µ—«ÀπŸÀ√◊Õ metformin æ√âÕ¡°—π‰ª
¥â«¬ ‡¡◊ËÕ‡≈’È¬ßÀπŸ§√∫ Ù  —ª¥“Àå ∑”°“√µ√«®«—¥√–¥—∫πÈ”µ“≈ ∑¥ Õ∫°“√¢®—¥πÈ”µ“≈„π‡≈◊Õ¥ ·≈–«—¥√–¥—∫‰¢¡—π
„π‡≈◊Õ¥ ®“°π—Èπ¶à“ÀπŸ™—ËßπÈ”Àπ—°Õ«—¬«–«‘‡§√“–Àå√–¥—∫‰¢¡—π·≈–√–¥—∫‡Õπ‰´¡å„πµ—∫ ·≈–«—¥¢π“¥‡´≈≈å‰¢¡—π
º≈°“√»÷°…“æ∫«à“Õ“À“√‰¢¡—π Ÿß “¡“√∂‡æ‘Ë¡πÈ”Àπ—°‰¢¡—π„π™àÕß∑âÕß (Ù.˜Û ±  .Û˘ ‡∑’¬∫°—∫ ̃ .ˆı ± .Ú˘) ¢π“¥
‡´≈≈å‰¢¡—π (Ú¯Ûı.ÚÛ ± ÚÙ˘.Òı ‡∑’¬∫°—∫ Ù˘Ò˘.˜ˆ ± ÙıÛ.ı˘) √–¥—∫‰µ√°≈’‡´Õ‰√¥å„πµ—∫ (Ò.Ù¯ ± .¯
‡∑’¬∫°—∫ Ú.ı ± .Úˆ) ·µà≈¥√–¥—∫ HDL-cholesterol (˜˜.Ú ± Ú.¯Ú ‡∑’¬∫°—∫ ˆ˜.ÒÙ ± Ò.ˆÚ) Õ¬à“ß
¡’π—¬ ”§—≠∑“ß ∂‘µ‘  “√ °—¥®“°√”¢â“«∑’Ë§«“¡‡¢â¡¢âπÕ¬à“ßπâÕ¬ ÚÚı ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡πÈ”Àπ—°µ—«À√◊Õ metformin
Õ¬à“ßπâÕ¬ Ò˘.Ò ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡πÈ”Àπ—°µ—«  “¡“√∂≈¥πÈ”Àπ—°‰¢¡—π„π™àÕß∑âÕß (ˆ.ı˜ ± .Úı, ˆ.Úˆ ±

.Û˘) ≈¥¢π“¥‡´≈≈å‰¢¡—π (ÛıÙı.˘˜ ± ÒÙˆ.ˆ, ÛıÚÛ.ˆ ± ˘.Òˆ) ·≈–≈¥√–¥—∫‰µ√°≈’‡´Õ‰√¥å„πµ—∫
(Ò.˘¯ ± .ÒÒ, Ò.ˆ˘ ± .Ò) ‡∑’¬∫°—∫ÀπŸ∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß‡æ’¬ßÕ¬à“ß‡¥’¬« ·≈–¬—ßæ∫«à“‡Õπ‰´¡å§«∫§ÿ¡ªØ‘°‘√‘¬“
 —ß‡§√“–Àå‰¢¡—π„πµ—∫ÀπŸ∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß¡’·π«‚πâ¡∑”ªØ‘°‘√‘¬“„πÕ—µ√“‡√Á«°«à“ÀπŸª√°µ‘À√◊ÕÀπŸ∑’Ë‰¥â√—∫ “√ °—¥
®“°√”¢â“«¥â«¬·¡â®–‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ®÷ßÕ“® √ÿª‰¥â«à“¿“«–Õâ«π®“°°“√∫√‘‚¿§Õ“À“√‰¢¡—π Ÿß ‡ªìπ¿“«–Õâ«π∑’Ë¡’
°“√ – ¡‰¢¡—π„π™àÕß∑âÕß·≈–„πµ—∫ Ÿß ´÷ËßÕ“®‡°‘¥®“°Õ—µ√“°“√ —ß‡§√“–Àå‰¢¡—π‡æ◊ËÕ – ¡æ≈—ßß“π¡“°°«à“‡º“º≈“≠
·≈– “√ °—¥√”¢â“« “¡“√∂ª√—∫°≈‰°°“√‡ ’¬ ¡¥ÿ≈π’È°≈—∫ Ÿà¿“«–„°≈âª√°µ‘‰¥â

§” ”§—≠: °“√ – ¡‰¢¡—π, °“√ —ß‡§√“–Àå°√¥‰¢¡—π,  “√ °—¥®“°√”¢â“«

π‘æπ∏åµâπ©∫—∫

* π—°»÷°…“ª√‘≠≠“‚∑ À≈—° Ÿµ√«‘∑¬“»“ µ√å¡À“∫—≥±‘µ  “¢“«‘™“™’«‡§¡’·≈–™’««‘∑¬“‚¡‡≈°ÿ≈ §≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬∏√√¡»“ µ√å
**  “¢“‡¿ —™«‘∑¬“  ∂“π«‘∑¬“»“ µ√åæ√’§≈‘π‘° §≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬∏√√¡»“ µ√å

*** ¿“§«‘™“Õ“¬ÿ√»“ µ√å §≥–·æ∑¬»“ µ√å‚√ßæ¬“∫“≈√“¡“∏‘∫¥’ ¡À“«‘∑¬“≈—¬¡À‘¥≈
****  “¢“™’«‡§¡’  ∂“π«‘∑¬“»“ µ√åæ√’§≈‘π‘° §≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬∏√√¡»“ µ√å
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∫∑π”

ªí®®ÿ∫—π‚√§Õâ«π‡ªìπªí≠À“µàÕ ÿ¢¿“æ∑’Ë‡æ‘Ë¡¡“°
¢÷Èπ„πª√–‡∑»·∂∫‡Õ‡™’¬Ò ‚¥¬‡©æ“–‚√§Õâ«π≈ßæÿß À√◊Õ
°≈ÿà¡Õ“°“√‡¡·∑∫Õ≈‘° ´÷Ëß¡—°®–¡’¿“«–¥◊ÈÕµàÕÕ‘π Ÿ́≈‘π ‰¢¡—π
„π‡≈◊Õ¥ Ÿß §«“¡¥—π‚≈À‘µ Ÿß·≈–‚√§À≈Õ¥‡≈◊Õ¥À—«„®
Õÿ¥µ—π (cardiovascular disease)Ò-Û ‚√§Õâ«π¡’ “‡Àµÿ
¡“®“°æƒµ‘°√√¡°“√°‘πÕ“À“√‡ªìπ à«π„À≠à  °≈à“«§◊Õ  ‰¥â
√—∫æ≈—ßß“π®“°Õ“À“√¡“°‡°‘π§«“¡µâÕß°“√¢Õß√à“ß°“¬„π
·µà≈–«—π æ∫«à“ºŸâ∑’Ëπ‘¬¡∫√‘‚¿§Õ“À“√®“π¥à«π (fast food)
´÷Ëß¡’§à“¥—™π’πÈ”µ“≈ (glycemic index)  Ÿß ·≈–¡’ à«πª√–°Õ∫
¢Õß‰¢¡—π Ÿß π”‰ª Ÿà‚√§Õâ«π·≈–¿“«–¥◊ÈÕµàÕÕ‘π´Ÿ≈‘πÙ

π—°«‘®—¬À≈“¬§π‰¥â„™âÕ“À“√‰¢¡—π Ÿß„π°“√‡Àπ’Ë¬«π”„ÀâÀπŸ
‡°‘¥‚√§Õâ«π ·≈–°≈à“««à“ °“√‡Àπ’Ë¬«π”„ÀâÀπŸÕâ«π¥â«¬
Õ“À“√‰¢¡—π Ÿß‡ªìπ‚¡‡¥≈∑’Ë¥’„π°“√»÷°…“æ¬“∏‘ ¿“æ ·≈–
°“√√—°…“‚√§Õâ«πı ‡¡◊ËÕ —µ«å∑¥≈Õß∂Ÿ°‡Àπ’Ë¬«π”„ÀâÕâ«π¥â«¬
Õ“À“√‰¢¡—π Ÿß ®–¡’√–¥—∫‰¢¡—π·≈–√–¥—∫πÈ”µ“≈„π‡≈◊Õ¥
º‘¥ª√°µ‘ ·≈–¡’¿“«–¥◊ÈÕµàÕÕ‘π Ÿ́≈‘πÚ,ˆ,˜ ªí®®ÿ∫—πæ∫«à“
diacylglycerol ®–√∫°«π°√–∫«π°“√π”πÈ”µ“≈‡¢â“‡´≈≈å
 àßº≈„Àâ‡°‘¥¿“«–¥◊ÈÕµàÕÕ‘π´Ÿ≈‘π„π°≈â“¡‡π◊ÈÕ ·≈–°“√ – ¡
‰¢¡—π„πµ—∫¯ æ∫«à“°“√ – ¡‰¢¡—π„πµ—∫®–‡°‘¥‡¡◊ËÕ¡’
°√–∫«π°“√ √â“ß°√¥‰¢¡—π (de novo fatty acid
synthesis) ¡“°°«à“°√–∫«π°“√ ≈“¬‰¢¡—π (fatty acid
oxidation)˘ ‚¥¬Àπ÷Ëß„π®”π«π‡Õπ‰´¡å∑’Ë¡’§«“¡ ”§—≠
§◊Õ acetyl CoA carboxylase (ACC) ´÷Ëß‡ªìπ‡Õπ‰´¡å„π
°√–∫«π§«∫§ÿ¡°“√ √â“ß°√¥‰¢¡—π·≈–°√–∫«π°“√ ≈“¬
‰¢¡—π¥â«¬Ò-ÒÚ ¥—ßπ—Èπ °“√¬—∫¬—Èß ACC ®÷ßπà“®– “¡“√∂
§«∫§ÿ¡°“√„™â·≈–°“√‡°Á∫‰¢¡—π‰¥â „πªí®®ÿ∫—π ·¡â¬—ß‰¡à¡’¢âÕ
æ‘ Ÿ®πå‡°’Ë¬«°—∫∫∑∫“∑¢Õß ACC µàÕ¿“«–Õâ«π≈ßæÿß¡“°π—°
·µà°Á¡’ºŸâæ¬“¬“¡§âπÀ“ “√∑’Ë “¡“√∂¬—∫¬—Èß ACCÒÛ,ÒÙ ·≈–
 “¡“√∂π”¡“ ÷́Ëß§”Õ∏‘∫“¬∂÷ß∫∑∫“∑¢Õß ACC µàÕ°“√
æÕ°‰¢¡—π„π™àÕß∑âÕß‰¥â ®“°¢âÕ¡Ÿ≈∑“ß√–∫“¥«‘∑¬“æ∫«à“
°“√∫√‘‚¿§∏—≠æ◊™∑—Èß‡¡≈Á¥ ·≈– “√ °—¥®“°√”¢â“«  “¡“√∂
≈¥√–¥—∫πÈ”µ“≈ §Õ‡≈ ‡µÕ√Õ≈ ·≈–‰µ√°≈’‡´Õ‰√¥å„π‡≈◊Õ¥
·≈–™à«¬ª√—∫ª√ÿß√–¥—∫¢ÕßÕ‘π´Ÿ≈‘π‰¥âÒı ·≈–æ∫«à“πÈ”¡—π
√”¢â“« “¡“√∂≈¥√–¥—∫§Õ‡≈ ‡µÕ√Õ≈ ·≈–‰µ√°≈’‡´Õ‰√¥å
„πºŸâªÉ«¬∑’Ë¡’¿“«–‰¢¡—π Ÿß‰¥âÒˆ

Metformin ‡ªìπ¬“∑’Ë„™â„π°“√√—°…“‚√§‡∫“À«“π
™π‘¥∑’Ë Ú ·≈–ªí®®ÿ∫—π·æ∑¬å„Àâ metformin ·°àºŸâªÉ«¬∑’Ë¡’
¿“«–Õâ«π≈ßæÿß ‚¥¬À«—ßª√—∫¿“«–¥◊ÈÕµàÕÕ‘π´Ÿ≈‘π ·≈–ªÑÕß°—π
°“√‡°‘¥‡∫“À«“π„πºŸâªÉ«¬‡À≈à“π’È °≈‰°¢Õß metformin
§◊Õ°“√ àß‡ √‘¡°√–∫«π°“√π”°≈Ÿ‚§ ‡¢â“‡´≈≈å ·≈–¬—ß

 “¡“√∂¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å ACC  àßº≈„Àâ
¬—∫¬—Èß°“√ √â“ß°√¥‰¢¡—π·≈–°√–µÿâπ°√–∫«π°“√ ≈“¬
‰¢¡—π¥â«¬Ò˜

«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬§√—Èßπ’È ®÷ßµâÕß°“√«‘‡§√“–Àå
°“√‡°Á∫ – ¡·≈–‡º“º≈“≠ “√Õ“À“√„Àâæ≈—ßß“π¢ÕßÀπŸ
∑’Ë‡Àπ’Ë¬«π”„ÀâÕâ«π¥â«¬Õ“À“√‰¢¡—π Ÿß ·≈–ÀπŸ∑’Ë‡Àπ’Ë¬«π”
¥â«¬Õ“À“√‰¢¡—π Ÿß∑’Ë‰¥â√—∫ “√ °—¥√”¢â“«À√◊Õ¬“ metformin
√à«¡¥â«¬ ‡∑’¬∫°—∫ÀπŸ∑’Ë‰¥â√—∫Õ“À“√ª√°µ‘ ‚¥¬ —ß‡°µ¡«≈
‰¢¡—π„π™àÕß∑âÕß √–¥—∫‰¢¡—π„π‡≈◊Õ¥·≈–µ—∫ «—¥¢π“¥
‡´≈≈å‰¢¡—π ·≈–«‘‡§√“–ÀåÕ—µ√“‡√Á«¢Õß‡Õπ‰´¡å ACC

«‘∏’°“√∑¥≈Õß

Ò. °“√‡µ√’¬¡ÀπŸ∑¥≈Õß

°“√»÷°…“„π —µ«å∑¥≈Õß‰¥â√—∫Õπÿ≠“µ®“°§≥–
°√√¡°“√®√√¬“∫√√≥°“√„™â —µ«å∑¥≈Õß (AE ı/
ÚııÛ) §≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬∏√√¡»“ µ√å
 —µ«å∑¥≈Õß∑’Ë„™â‡ªìπÀπŸ·√∑ “¬æ—π∏ÿå Sprague Dawley
‡æ»ºŸâ Õ“¬ÿ Ù-ˆ  —ª¥“Àå πÈ”Àπ—° Òı-Ú °√—¡
®“° ”π—° —µ«å∑¥≈Õß·Ààß™“µ‘ ¡À“«‘∑¬“≈—¬¡À‘¥≈ ®—ßÀ«—¥
π§√ª∞¡ ‡≈’È¬ß —µ«å∑¥≈Õß„πÀâÕß∑’Ë§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘
ÚÙ ± Ò Õß»“‡´≈‡ ’́¬  §«“¡™◊Èπ —¡æ—π∏å√âÕ¬≈– ˆ ∑’Ë¡’
· ß «à“ß‡ªìπ‡«≈“ ÒÚ ™—Ë«‚¡ß ·≈–„π∑’Ë¡◊¥ ÒÚ ™—Ë«‚¡ß

Ú. °“√‡µ√’¬¡ “√ °—¥√”¢â“«

π”√”¢Õß¢â“«¢“«¥Õ°¡–≈‘ Òı ∑’Ë‰¥â¡“®“°°“√
º≈‘µ·∫∫‡°…µ√Õ‘π∑√’¬å ®—ßÀ«—¥¬‚ ∏√¢Õßª√–‡∑»‰∑¬ ¡“
∑”„Àâ§ß ¿“æ ‚¥¬Õ∫„πµŸâÕ∫≈¡√âÕπ (hot air oven) ∑’Ë
ÒÛ-ÒÙ Õß»“‡´≈‡´’¬  π“π Û π“∑’ ®“°π—Èπ∑”°“√
 °—¥µ“¡«‘∏’¢Õß Kandee ·≈–§≥–Ò¯ ‰¥â “√ °—¥√”¢â“«
(rice bran extract; RBE) ∑’Ë‡ªìπºß ’¢“«π«≈ ª√‘¡“≥
º≈º≈‘µ√âÕ¬≈– ÒÚ.ÚÙ ≈–≈“¬πÈ”°≈—Ëπµ“¡§«“¡‡¢â¡¢âπ
∑’ËµâÕß°“√ ”À√—∫°“√ªÑÕπ„Àâ —µ«å∑¥≈Õß ∑¥ Õ∫ƒ∑∏‘Ï
antioxidant ¢Õß “√ °—¥√”¢â“«¥â«¬«‘∏’°“√∑¥ Õ∫§«“¡
 “¡“√∂„π°“√°”®—¥ “√Õπÿ¡Ÿ≈Õ‘ √– 2,2-diphenyl-l-
picryhydrazyl radical (DPPH�) µ“¡«‘∏’¢Õß Yu ·≈–
§≥–Ò˘ §”π«≥À“§à“ half effect concentration (EC50)
‚¥¬ prism program ‚¥¬ “√ °—¥∑’Ë„™â„π°“√»÷°…“π’È¡’§à“
EC50 = .Òˆ˜ ± .Ù ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√ ·≈–
π”‰ª„™â„π°“√∑¥≈Õß∑—π∑’À√◊ÕÕ¬à“ß™â“‰¡à‡°‘π Ò ‡¥◊Õπ
¢≥–‡°Á∫„πµŸâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ -Ù Õß»“‡´≈‡´’¬ 
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Û. °“√‡µ√’¬¡Õ“À“√ÀπŸ∑¥≈Õß

Õ“À“√ª√°µ‘ (standard chow) ®“°∫√‘…—∑´’æ’
 ¡ÿ∑√ª√“°“√ ª√–‡∑»‰∑¬ ´÷Ë ß„Àâæ≈—ßß“π®“°‰¢¡—π
§“√å‚∫‰Œ‡¥√µ ·≈–‚ª√µ’π√âÕ¬≈– ÒÛ, ıı ·≈– ÛÒ µ“¡
≈”¥—∫  à«πÕ“À“√‰¢¡—π Ÿß‡µ√’¬¡µ“¡«‘∏’¢Õß Kandee
·≈–§≥–Ò¯ ´÷Ëß„Àâæ≈—ßß“π®“°‰¢¡—π §“√å‚∫‰Œ‡¥√µ ·≈–
‚ª√µ’π√âÕ¬≈– ˆı, ÚÛ ·≈– ÒÒ µ“¡≈”¥—∫ ‚¥¬‡µ√’¬¡
®“°ÀâÕß§√—«ΩÉ“¬‚¿™π“°“√ ‚√ßæ¬“∫“≈∏√√¡»“ µ√å-
‡©≈‘¡æ√–‡°’¬√µ‘ ¡À“«‘∑¬“≈—¬∏√√¡»“ µ√å

Ù. ·∫∫°“√∑¥≈Õß

‡≈’È¬ßÀπŸ∑—Èß ıˆ µ—« „π°√ß∑’Ë‡µ√’¬¡‰«âπ“π ˜ «—π
°àÕπ∑”°“√∑¥≈Õß®√‘ß‡æ◊ËÕ„ÀâÀπŸ¡’°“√ª√—∫µ—« ·∫àßÀπŸ‚¥¬
°“√ ÿà¡ÕÕ°‡ªìπ°≈ÿà¡ °≈ÿà¡≈– ¯ µ—« ˜ °≈ÿà¡ °≈ÿà¡·√°‡ªìπ
°≈ÿà¡§«∫§ÿ¡ ‰¥â√—∫Õ“À“√ª√°µ‘ ÀπŸ°≈ÿà¡∑’Ë Ú ‰¥â√—∫Õ“À“√
‰¢¡—π Ÿß (high fat diet; HFD) ÀπŸ°≈ÿà¡∑’Ë Û, Ù, ı ‰¥â
√—∫Õ“À“√‰¢¡—π Ÿß·≈– “√ °—¥√”¢â“« (rice bran extract;
RBE) ∑’Ë§«“¡‡¢â¡¢âπ ÚÚ.ı, ÚÚı, ÙÙÒ ¡‘≈≈‘°√—¡
µàÕ°‘‚≈°√—¡πÈ”Àπ—°µ—«ÀπŸ µ“¡≈”¥—∫ «—π≈–§√—Èß∑ÿ°«—π
µ≈Õ¥°“√∑¥≈Õß ·≈–ÀπŸ°≈ÿà¡∑’Ë ˆ ·≈– ˜ ®–‰¥â√—∫Õ“À“√
‰¢¡—π Ÿß·≈– metformin ∑’Ë§«“¡‡¢â¡¢âπ ˘.ıı ·≈–
Ò˘.Ò ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡πÈ”Àπ—°µ—«ÀπŸ µ“¡≈”¥—∫
«—π≈–§√—Èß‡ªìπ‡«≈“ ı «—π„πµÕπ‡™â“ π—∫®“°π—Èπ«—π∑’Ë Û
¢Õß —ª¥“Àå∑’Ë Ú ®–„Àâ«—π≈– Ú §√—Èß „πµÕπ‡™â“·≈–‡¬Áπ
®π§√∫ Ù  —ª¥“Àå ‡ªìπ‡«≈“ ÒÙ «—π «‘∏’„Àâ “√ °—¥®“°
√”¢â“« ·≈– metformin ‚¥¬°“√ªÑÕπ¥â«¬À≈Õ¥©’¥ª≈“¬
‚≈À–¡π ÀπŸ∑ÿ°µ—«‰¥â√—∫Õ“À“√·≈–πÈ” –Õ“¥Õ¬à“ß‰¡à®”°—¥
ª√‘¡“≥

ı. °“√‡°Á∫·≈–«‘‡§√“–Àåº≈‡≈◊Õ¥·≈–‡π◊ÈÕ‡¬◊ËÕ

‡≈’È¬ßÀπŸ„π·µà≈–°≈ÿà¡π“π Ù  —ª¥“Àå «—π ÿ¥∑â“¬
¢Õß —ª¥“Àå∑’Ë Ù ∑”°“√∑¥ Õ∫ √–¥—∫πÈ”µ“≈„π‡≈◊Õ¥
(fasting blood glucose; FBG), ·≈–∑¥ Õ∫°“√µÕ∫ πÕß
¢ÕßŒÕ√å‚¡πÕ‘π´Ÿ≈‘πµàÕ√–¥—∫πÈ”µ“≈„π‡≈◊Õ¥ (oral glucose
tolerance test; OGTT) ‚¥¬∑”°“√Õ¥Õ“À“√ÀπŸ Òˆ ™—Ë«‚¡ß
°àÕπ∑”°“√∑¥ Õ∫ ®“°π—Èπ ∑”°“√‡°Á∫‡≈◊Õ¥®“° à«πÀ“ß
∑’Ë‡«≈“ Û, ˆ, ˘, ÒÚ, ·≈– Òı π“∑’ À≈—ß®“°
∑’Ë„Àâ°≈Ÿ‚§ ∑“ßª“° (Ú °√—¡µàÕ°‘‚≈°√—¡πÈ”Àπ—°µ—«) «‘∏’
«‘‡§√“–Àå√–¥—∫πÈ”µ“≈„π‡≈◊Õ¥„™â‡§√◊ËÕß Glucosemeter
Accu-Check monitors (Roche, Thailand) §à“∑’Ë‰¥â
®–π”¡“§”π«≥À“æ◊Èπ„µâ°√“ø (area under curve of

glucose; AUC-G) ®“°π—Èπ∑”°“√¶à“ÀπŸ¥â«¬¬“ ≈∫¢π“¥
 Ÿß ‡ªî¥Àπâ“∑âÕß·≈–‡°Á∫‡≈◊Õ¥®“°À—«„® π”‰ª«‘‡§√“–ÀåÀ“
ª√‘¡“≥‰¢¡—π„π‡≈◊Õ¥ ‰¥â·°à total-cholesterol, total-
triglyceride (TG), high-density lipoprotein-
cholesterol (HDL-C) ·≈– low-density lipoprotein-
cholesterol (LDL-C) «‘‡§√“–Àå‚¥¬„™âÀ≈—°ªØ‘°‘√‘¬“
‡Õπ‰´¡å¥â«¬‡§√◊ËÕßÕ—µ‚π¡—µ‘ (COBAS INTEGRA
Automate) π”µ—∫‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥ TG ‡Õπ‰´¡å
·≈–™—ËßπÈ”Àπ—° À—«„® ‰µ µ—∫ ‰¢¡—π ·≈–≈”‰ â ‡°Á∫¥Õß
epididymal fat pads „π formalin (√âÕ¬≈– Ò)

ˆ. °“√«—¥ª√‘¡“≥‰µ√°≈’‡´Õ‰√¥å„π‡π◊ÈÕµ—∫

„™â™ÿ¥µ√«®«—¥ª√‘¡“≥‰µ√°≈’‡´Õ‰√¥å„π‡π◊ÈÕµ—∫
(F6428, Sigma Chemical Co., St. Louis, MO) ‚¥¬
‰µ√°≈’‡´Õ‰√¥å®–∂Ÿ° ≈“¬‰¥â glycerol ·≈– free fatty
acid ·≈–«—¥ª√‘¡“≥ glycerol ‚¥¬«‘∏’∑“ßªØ‘°‘√‘¬“‡Õπ‰´¡å
«—¥§à“°“√¥Ÿ¥°≈◊π· ß ∑’Ë§«“¡¬“«§≈◊Ëπ ıÙ π“‚π‡¡µ√

˜. °“√«—¥¢π“¥¢Õß‡´≈≈å‰¢¡—π

Ωíß‡π◊ÈÕ‡¬◊ËÕ epididymal fat pads ∑’Ë¥Õß‰«â
≈ß paraffin µ—¥™‘Èπ‡π◊ÈÕ∑’Ë‡µ√’¬¡‰¥â „Àâ¡’§«“¡Àπ“ª√–¡“≥
Û-ı µm ·≈–π”¡“¬âÕ¡¥â«¬ ’ hematoxylin ·≈– eosin
π” ‰≈¥å‰ª¥Ÿ„µâ°≈âÕß®ÿ≈∑√√»πå «—¥¢π“¥‡´≈≈å‰¢¡—π¥â«¬
°“√«‘‡§√“–Àåæ◊Èπ∑’Ë¢Õß‡´≈≈å‰¢¡—π¥â«¬ AxioVision AC
program

¯. °“√ °—¥ ·≈–°“√«—¥ªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å Acetyl coA

carboxylase

 °—¥‡Õπ‰´¡å ACC ®“°µ—∫ÀπŸ¥â«¬«‘∏’¢Õß
Harwood ·≈–§≥–ÒÙ ´÷Ëß¡’«‘∏’‚¥¬¬àÕ§◊Õ π”µ—∫∑’Ë‰¥â¡“
ªíòπ∫¥„Àâ≈–‡Õ’¬¥„π∫—ø‡øÕ√å µ°µ–°Õπ‚ª√µ’π¥â«¬‡°≈◊Õ
ammonium sulfate ·≈–≈¥ª√‘¡“≥‡°≈◊Õ ¥â«¬°“√°√Õß
ºà“π column chromatography π” à«π‚ª√µ’π∑’Ë‰¥â ¡“
∑”°“√«—¥ ACC activity ‚¥¬«‘∏’¢Õß Willis ·≈–§≥–Ò

´÷Ëß¡’À≈—°°“√ ‚¥¬«—¥ª√‘¡“≥ acetyl-coA ∑’Ë‡À≈◊Õ®“°
ªØ‘°‘√‘¬“¢Õß ACC ‰ª∑”ªØ‘°‘√‘¬“°—∫ oxaloacetate ¡’ citrate
synthase ‡ªìπµ—«‡√àß º≈¢ÕßªØ‘°‘√‘¬“„Àâ CoASH ÷́Ëß
 “¡“√∂∑”ªØ‘°‘√‘¬“°—∫ Ellmanûs reagent ‰¥â “√ª√–°Õ∫
‡™‘ß´âÕπ ∑’Ë “¡“√∂¥Ÿ¥°≈◊π· ß∑’Ë ÙÒÚ nm ·≈–«—¥§à“°“√
¥Ÿ¥°≈◊π· ß¥â«¬ spectrophotometry π”§à“∑’Ë ‰¥â¡“
§”π«≥Õ—µ√“‡√Á«¢Õß acetyl-coA ∑’ËÀ“¬‰ª
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˘. °“√«‘‡§√“–Àå∑“ß ∂‘µ‘

„™â‚ª√·°√¡ ”‡√Á®√Ÿª SPSS „π°“√§”π«≥
§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“‡©≈’Ë¬ (S.E.M) «‘‡§√“–Àå
§«“¡·ª√ª√«π¢Õß¢âÕ¡Ÿ≈ ANOVA ·≈–∑¥ Õ∫ least
significant difference (LSD) ¥Ÿ§«“¡·µ°µà“ß·∫∫
multiple comparisons

º≈°“√∑¥≈Õß

ÀπŸ∑¥≈Õß∑ÿ°µ—«‰¡à¡’Õ“°“√º‘¥ª√°µ‘ ´÷¡À√◊Õ
∑âÕß‡ ’¬ µ≈Õ¥°“√‡≈’È¬ß∑¥≈Õß ‡ªìπ‡«≈“ Ù  —ª¥“Àå æ∫«à“
ÀπŸ°≈ÿà¡∑’Ë‰¥â√—∫ HFD ®–‰¥â√—∫æ≈—ßß“π®“°Õ“À“√ ¡“°°«à“
ÀπŸ∑’Ë‰¥â√—∫Õ“À“√ª√°µ‘ (standard chow) Õ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘ (§à“æ’ < .Ò) πÕ°®“°π’Èæ∫«à“ πÈ”Àπ—°µ—«
ÀπŸ‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‰¥â√—∫ HFD ·≈–≈¥≈ß‡¡◊ËÕ‰¥â√—∫ “√ °—¥√”¢â“«
À√◊Õ metformin ‰¥âÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ‡¡◊ËÕ‡∑’¬∫

°—∫°≈ÿà¡∑’Ë‰¥â√—∫ HFD Õ¬à“ß‡¥’¬« ¥—ßµ“√“ß∑’Ë Ò ·≈–‰¡à‡ÀÁπ
§«“¡º‘¥ª√°µ‘„¥Ê ¢Õß¢π“¥  ’ ·≈–√Ÿª√à“ßÕ«—¬«–

ÀπŸ°≈ÿà¡∑’Ë‰¥â√—∫ HFD ¡’·π«‚πâ¡‡æ‘Ë¡§à“√–¥—∫
πÈ”µ“≈„π‡≈◊Õ¥ÀπŸÀ≈—ß®“°Õ¥Õ“À“√ ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡
§«∫§ÿ¡ ·≈–≈¥≈ß‡¡◊ËÕ‰¥â√—∫ “√ °—¥√”¢â“«À√◊Õ metformin
√à«¡¥â«¬ ·µà‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
‚¥¬‰¡àæ∫§«“¡·µ°µà“ß¢Õßæ◊Èπ∑’Ë„µâ°√“ø ¥—ßµ“√“ß∑’Ë Ú

º≈°“√µ√«®«—¥√–¥—∫‰¢¡—π„π‡≈◊Õ¥ æ∫«à“ Õ“À“√
‰¢¡—π Ÿß¡’º≈≈¥√–¥—∫ cholesterol, HDL-c ·≈–‡æ‘Ë¡√–¥—∫
TG „πµ—∫Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ πÕ°®“°π’È·π«‚πâ¡
‡æ‘Ë¡√–¥—∫ TG „π‡≈◊Õ¥ ·¡â‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘µ‘ ‚¥¬ RBE ·≈– metfomin  “¡“√∂≈¥
√–¥—∫ TG „π‡≈◊Õ¥ ·¡â‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘ ·µà “√∑—Èß Õßπ’È  “¡“√∂‡æ‘Ë¡√–¥—∫ HDL-c ·≈–
≈¥√–¥—∫ TG „πµ—∫‰¥âÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ¥—ßµ“√“ß∑’Ë Û

Standard chow Ò¯ˆ.ÛÛ±Ù.Úı ÛˆÙ.¯±ı.˘ Ò˜Ú.±Ù.Ù¯ ı¯.˘¯±Ò.ˆ ˜Ù.ıı±Ú.Û˘
High-fat diet (HFD) Ò˘ı.ı±Ò.¯ˆ Û¯˜.±Ù.¯* Ò¯˜.ˆ˜±˜.ÚÚ ˆÙ.ˆ±Ú.ÚÛ ˘¯.¯Ù±Ú.Òˆ*
HFD+RBE ÚÚ.ı ¡°./°°. Ò˘Ò.±Ù.ÛÒ Û¯Ú.±ˆ.Ú˜ Ò¯Û.Úı±Ò.Û˜ ˆˆ.˜Ò±Ò.Ú¯ ÒÚ.˜ˆ±Û.Ú˜
HFD+RBE ÚÚı ¡°./°°. Ò˘Ò.ˆ˜±Ú.ˆ Ûı˘.ÛÛ±Ù.¯Ò† Ò˜Ú.ı˜±Ù.˘ı ˆÚ.Ùı±Ú.¯Û ˘¯.ÒÛ±Ú.ÚÛ
HFD+RBE ÙÙÒ ¡°./°°. Ò˘Ú.Ú˘±Ò.¯Ú Û˜˜.ˆ±ı.¯Ò Ò˜˘.ÛÛ±˘.Û ˆı.˘˜±.˘Ù Ò˘.¯˜±Û.ÚÙ
HFD+Metformin Ò˘.Ò ¡°./°°. Ò¯ı.±Ù.ÒÛ ÛıÚ.ÛÛ±Ù.ıÙ† Òˆˆ.ı±ı.ˆÙ† ˆ.ı±Ò.˘Ù ˘˘.Ò±Ú.ıÙ
HFD+Metformin Û¯.Ú ¡°./°°. ÚÒ.±Ù.¯ˆ Û˜Ò.ÛÛ±ˆ.¯† Ò˜˘.Ú±ı.˜ı ˆ¯.Úı±Ò.ı¯ Ò.±Ù.Ù¯

· ¥ß§à“‡©≈’Ë¬ ± §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“‡©≈’Ë¬ (Mean ± S.E.M)
* · ¥ß§«“¡·µ°µà“ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ª√°µ‘ (§à“æ’ < .ı)
† · ¥ß§«“¡·µ°µà“ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß (§à“æ’ < .ı)

µ“√“ß∑’Ë Ò · ¥ßº≈¢Õß “√ °—¥√”¢â“« (RBE) µàÕπÈ”Àπ—°µ—« —µ«å∑¥≈Õß·≈–ª√‘¡“≥Õ“À“√∑’Ë°‘π

πÈ”Àπ—°µ—«ÀπŸ (°√—¡) æ≈—ßß“π∑’Ë‰¥â√—∫ (°‘‚≈·§≈Õ√’)

°àÕπ À≈—ß ∑’Ë‡æ‘Ë¡¢÷Èπ °àÕπ À≈—ß

µ“√“ß∑’Ë Ú · ¥ßº≈¢Õß “√ °—¥√”¢â“« (RBE) µàÕ√–¥—∫πÈ”µ“≈„π‡≈◊Õ¥À≈—ß®“°Õ¥Õ“À“√ (FBG) ·≈–µàÕ°“√µÕ∫ πÕß
¢ÕßÕ‘π´Ÿ≈‘πµàÕ√–¥—∫πÈ”µ“≈„π‡≈◊Õ¥ (AUC-G)

FBG (¡°./¥≈.) AUC-G (¡°./¥≈./π“∑’)

Standard chow ÒÚ.±Ú.Ò ÙÚÙı.ˆ±ÙˆÙ.Ûˆ
High-fat diet (HFD) ÒÒÙ.Ò˜±Ù.¯ı Û¯ı¯.±Ò˘ı.Û˜
HFD+RBE ÚÚ.ı ¡°./°°. ÒÙ.ı±Ú.˜¯ ÙıÛˆ.ÛÛ±ÛÚ˘.ÒÒ
HFD+RBE ÚÚı ¡°./°°. Ò˘.±Ú.˜Ú Û˜Ò˜.ı±Òı.ÚÙ
HFD+RBE ÙÙÒ ¡°./°°. ÒÒÚ.ÒÙ±Ú.Ò˘ ÛÚ˘˜.¯ˆ±Úı˘.Û¯
HFD+Metformin Ò˘.Ò ¡°./°°. ÒÛ.ı±Û.ÙÒ Û˜Û.Ò˜±Ú¯Ù.ÛÙ
HFD+Metformin Û¯.Ú ¡°./°°. Ò.ˆ˜±Ú.Ùˆ Ûˆ¯ı.±ÚÙÙ.Ú

· ¥ß§à“‡©≈’Ë¬ ± §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“‡©≈’Ë¬ (Mean ± S.E.M)
* · ¥ß§«“¡·µ°µà“ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ª√°µ‘ (§à“æ’ < .ı)
† · ¥ß§«“¡·µ°µà“ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß (§à“æ’ < .ı)
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Standard chow ˜˜.Ú±Ú.¯Ú Ûı.±Ú.Ú Úı.±Ò.˜Ò Òˆ.ˆ±Ò.Ûˆ Ò.Ù¯±.¯
High-fat diet (HFD) ˆ˜.ÒÙ±Ò.ˆÚ* ÙÒ.˜Ò±Û.˜Ù Ú.¯Û±.˜ı* ÒÙ.ıÛ±.˜Ú Ú.ı±.Úˆ*
HFD+RBE ÚÚ.ı ¡°./°°. ˆ¯.¯ˆ±Ù.˜¯ ÛÛ.ˆ˜±Ú.Ò ÙÛ.Ú±Ú.ˆı† ÒÙ.ˆ±.¯ˆ Ú.ÒÙ±.ÒÛ
HFD+RBE ÚÚı ¡°./°°. ˜Ù.Ò˜±Ú.¯˘† ıÚ.Ú±Ù.ı˘ ÚÛ.¯Û±Ò.ÒÒ Ò¯.Ò¯±Ò.Ûı Ò.˘¯±.ÒÒ†

HFD+RBE ÙÙÒ ¡°./°°. ˆ˜.ı±Ù.ˆÙ ÙÛ.¯ˆ±˜.ı Ù.ÙÛ±Û.Ù† ÒÛ.ÚÚ±Ò.¯¯ Ò.˜Û±.ÒÛ†

HFD+Metformin Ò˘.Ò ¡°./°°. ˜.ˆ˜±Ú.ÚÛ ÛÚ.Ù±˜.ÛÛ Ú˘.ı±Û.ˆ˘ Òı.¯±.ıÚ Ò.˜Ù±.†

HFD+MetforminÛ¯.Ú ¡°./°°. ˆ¯.±Ù.Ù¯ Ú˘.ÒÙ±Ú.Úˆ† ÛÚ.Òˆ±Ù.ı˘† ÒÚ.Ûˆ±.˘ Ò.ˆ˘±.Ò†

· ¥ß§à“‡©≈’Ë¬ ± §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“‡©≈’Ë¬ (Mean ± S.E.M)
* · ¥ß§«“¡·µ°µà“ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ª√°µ‘ (§à“æ’  < .ı)
† · ¥ß§«“¡·µ°µà“ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß (§à“æ’ < .ı)

µ“√“ß∑’Ë Û · ¥ßº≈¢Õß “√ °—¥√”¢â“«µàÕ√–¥—∫‰¢¡—π„π

Plasma lipid (¡°./¥≈.)

Total-Cholesterol Total-Triglyceride HDL- Cholesterol LDL-Cholesterol

Triglyceride

in liver

(¡°./¥≈.)

º≈¢Õß°“√™—ËßπÈ”Àπ—°Õ«—¬«– æ∫«à“ πÈ”Àπ—°¢Õß
µ—∫ ‰µ À—«„® abdominal fat ·≈– epididymal fat ‡æ‘Ë¡
¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ‚¥¬πÈ”Àπ—°¢Õß µ—∫ ·≈–‰¢¡—π

„π à«π abdominal fat °≈—∫≈¥≈ß‡¡◊ËÕ‰¥â√—∫ “√ °—¥
®“°√”¢â“« À√◊Õ metformin Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ¥—ß
µ“√“ß∑’Ë Ù

µ“√“ß∑’Ë Ù  ¥ßº≈¢Õß “√ °—¥√”¢â“«µàÕπÈ”Àπ—°Õ«—¬«–„πÀπŸ∑¥≈Õß

Liver Kidney Pancreas Heart Abdominal fat Epididymal fat Intestinal

Standard chow

High-fat diet (HFD)

HFD+RBE

ÚÚ.ı ¡°./°°.
HFD+RBE

ÚÚı ¡°./°°.
HFD+RBE

ÙÙÒ ¡°./°°.
HFD+Metformin

Ò˘.Ò ¡°./°°.
HFD+Metformin

Û¯.Ú ¡°./°°.

ÒÚ.¯ı±.¯Û

Òˆ.˜˘±.Ùı*

Òˆ.ÚÙ±.¯Ò

ÒÙ.˜±.ıÒ†

Ò˜.±.ÛÛ

ÒÙ.˜Ò±.ı

Ò˜.ˆ˜±.ıÙ

Ú.¯ˆ±.ÒÚ

Ú.˜Ò±.Û*

Ú.¯Ò±.˜

Ú.ı˘±.¯

Ú.¯±.¯

Ú.˜Ò±.Ò

Ú.˘ı±.¯

Ò.˜Û±.ÒÒ

Ò.˜ˆ±.ˆÛ

Ò.ı¯±.ÒÛ

Ò.ˆ˜±.˘

Ò.ı±.ı

Ò.¯Û±.ÒÚ

Ò.˜ˆ±.ˆ

Ò.ÚÛ±.Û

Ò.Ùı±.Ù*

Ò.Ù˜±.Ù

Ò.Ûˆ±.Ú

Ò.ıÒ±.Ù

Ò.Ù±.Ù

Ò.ıÚ±.Ù

Ù.˜Û±.Û˘

˜.ˆı±.Ú˘*

˜.±.Òˆ

ˆ.ı˜±.Úı

ˆ.Ú¯±.ÙÒ†

ı.ı˘±.Ù˜†

ˆ.Úˆ±.Û˘†

ı.ı±.ÙÛ

˜.¯˜±.ˆı*

˜.ÙÙ±.ÙÚ

ˆ.Òı±.ÙÒ†

ˆ.Ùˆ±.ˆ

ı.˘˘±.Ù¯†

ˆ.¯¯±.Ù¯

Òˆ.˘Ú±.ˆ

Òˆ.Ò¯±Ú.Úı

Ò˘.ÒÛ±.Û¯

Ò˜.Ûˆ±.Ùı

Ú.˘Ú±.ˆÛ

Ò˜.Û±.ÙÙ

Ò˘.ÒÚ±.˜Ò

· ¥ß§à“‡©≈’Ë¬ ± §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“‡©≈’Ë¬ (Mean ± S.E.M)
* · ¥ß§«“¡·µ°µà“ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ª√°µ‘ (§à“æ’ < .ı)
† · ¥ß§«“¡·µ°µà“ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß (§à“æ’ < .ı)
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µ“√“ß∑’Ë ı · ¥ßº≈¢Õß “√ °—¥√”¢â“«µàÕ¢π“¥¢Õß‡´≈≈å‰¢¡—π

Adipocyte size (µm2)

Standard chow Ú¯Ûı.ÚÛ ± ÚÙ˘.Òı

High-fat diet (HFD) Ù˘Ò˘.˜ˆ ± ÚÛÛ.Òˆ*

HFD+RBE ÚÚ.ı ¡°./°°. ÙÙˆÚ.˜Û ± ÒÒı.¯¯

HFD+RBE ÚÚı ¡°./°°. ÛÙ˘.˜˘ ± Ò¯ˆ.Û˜†

HFD+RBE ÙÙÒ ¡°./°°. Ûˆ.Ú˜ ± ÚÒ.˜¯†

HFD+Metformin Ò˘.Ò ¡°./°°. ÛÛÙ˜.Òı ± ¯¯.Û†

HFD+Metformin Û¯.Ú ¡°./°°. ÛıÚÛ.ˆ ± ˘.Òˆ†

· ¥ß§à“‡©≈’Ë¬ ± §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“‡©≈’Ë¬ (Mean ± S.E.M)
* · ¥ß§«“¡·µ°µà“ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ª√°µ‘ (§à“æ’ < .ı)
† · ¥ß§«“¡·µ°µà“ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß (§à“æ’ < .ı)

°“√¥Ÿ¢π“¥¢Õß‡´≈≈å‰¢¡—π„µâ°≈âÕß®ÿ≈∑√√»πå ‚¥¬
æ∫«à“ ¢π“¥¢Õß‡´≈≈å‰¢¡—π„π°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß
¡’¢π“¥‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡
§«∫§ÿ¡ ·≈–≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘„π°≈ÿà¡∑’Ë‰¥â√—∫

 “√ °—¥®“°√”¢â“«„π¢π“¥ ÚÚı, ÙÙÒ ¡‘≈≈‘°√—¡µàÕ
°‘‚≈°√—¡πÈ”Àπ—°µ—« ·≈– metformin „π¢π“¥ Ò˘.Ò,
Û¯.Ú ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡πÈ”Àπ—°µ—« ¥—ßµ“√“ß∑’Ë ı

√Ÿª¿“æ∑’Ë Ò √Ÿª¢Õß‡´≈≈å‰¢¡—π∑’Ë¬âÕ¡¥â«¬ ’ hematoxylin-eosin (°) ÀπŸ°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ª√°µ‘ (¢) ÀπŸ°≈ÿà¡∑’Ë‰¥â
√—∫Õ“À“√‰¢¡—π Ÿß (§-®) ÀπŸ°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿßæ√âÕ¡°—∫ “√ °—¥®“°√”¢â“«¢π“¥ ÚÚ.ı, ÚÚı, ÙÙÒ ¡‘≈≈‘°√—¡
µàÕ°‘‚≈°√—¡πÈ”Àπ—°µ—« µ“¡≈”¥—∫ (©-™) ÀπŸ°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿßæ√âÕ¡°—∫ metformin ¢π“¥ Ò˘.Ò, Û¯.Ú
¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡πÈ”Àπ—°µ—« µ“¡≈”¥—∫ (¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πå∑’Ë¥Ÿ¥â«¬ objective °”≈—ß¢¬“¬¢π“¥ Ù ‡∑à“
 ‡°≈„π¿“æ‡∑à“°—∫ ı µm)
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 √ÿª·≈–Õ¿‘ª√“¬º≈

ÀπŸ∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß‰¡à«à“®–‰¥â√—∫°“√ªÑÕπ
RBE À√◊Õ metformin ¥â«¬°Áµ“¡ ÀπŸ∑ÿ°°≈ÿà¡ “¡“√∂
°‘πÕ“À“√¡“°¢÷Èπ°«à“ÀπŸ∑’Ë‰¥âÕ“À“√ standard chow
‡À¡◊Õπ°—π ∫àß™’È«à“º≈¢Õß RBE À√◊Õ metformin „¥Ê ∑’Ë
‡°‘¥¢÷Èπ‰¡à‡°’Ë¬«¢âÕß°—∫ª√‘¡“≥Õ“À“√∑’Ë∫√‘‚¿§À√◊Õ§«“¡
Õ¬“°Õ“À“√·µàÕ¬à“ß„¥

®“°º≈°“√∑¥≈Õß∑’Ëæ∫«à“ √–¥—∫ FBG ¡’·π«‚πâ¡
 Ÿß¢÷Èπ‡¡◊ËÕ‰¥â HFD ·≈–≈¥≈ß‡¡◊ËÕ‰¥â RBE À√◊Õ metformin
·µà‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘π—Èπ Õ“®Õ∏‘∫“¬‰¥â«à“ °“√‰¥â√—∫
Õ“À“√‰¢¡—π Ÿß„π‡«≈“‡æ’¬ß Ù  —ª¥“Àå ‰¡à “¡“√∂∑”„Àâ√–¥—∫
FBG  Ÿß¢÷Èπ™—¥‡®π ‡¡◊ËÕ‡∑’¬∫°—∫°“√∫—ß§—∫„Àâ‰¥â√—∫Õ“À“√
∑’Ë¡’πÈ”µ“≈ Ÿß ·≈–ª√‘¡“≥¡“°‡ªìπ‡«≈“π“πÚ ·µà°Á‰¡à‰¥â
‡ªìπ¢âÕ√—∫√Õß«à“°“√‰¥â HFD ‰¡à°àÕ„Àâ‡°‘¥¿“«–πÈ”µ“≈„π
‡≈◊Õ¥°àÕπÕ“À“√º‘¥ª√°µ‘‡¡◊ËÕÀπŸ‰¥â√—∫ HFD ®–¡’°“√
 – ¡‰¢¡—π·≈–°àÕ„Àâ‡°‘¥¿“«–°àÕπ‡∫“À«“π À√◊Õ¥◊ÈÕµàÕ
Õ‘π´Ÿ≈‘π ·≈– π—∫ πÿπ¢âÕ ¡¡ÿµ‘∞“π °√¥‰¢¡—πÕ‘ √–
°√–µÿâπ„Àâ‡¡·∑∫Õ≈‘´÷¡„πµ—∫‡ª≈’Ë¬π·ª≈ß ¡’°“√ àßÕÕ°
°≈Ÿ‚§  Ÿà°√–· ‡≈◊Õ¥ ·≈– —ß‡§√“–Àå°√¥‰¢¡—π¡“°¢÷ÈπÚ

‡¡◊ËÕÀπŸ‰¥â√—∫Õ“À“√‰¢¡—π Ÿß ‚¥¬‰¡à®”°—¥ª√‘¡“≥
°“√°‘π ·¡âπÈ”Àπ—°µ—«ÀπŸ¡‘‰¥â‡æ‘Ë¡¢÷Èπµà“ß®“°°≈ÿà¡§«∫§ÿ¡
·µàæ∫«à“ ¡’ª√‘¡“≥πÈ”Àπ—°‡π◊ÈÕ‡¬◊ÈÕ abdominal fat ·≈–
epididymal fat ¡“°¢÷Èπ ·≈–¢π“¥‡´≈≈å‰¢¡—π epididymal
„À≠à¢÷Èπ √–¥—∫ TG „πµ—∫ Ÿß¢÷Èπ ‚¥¬ª√‘¡“≥¥—ß°≈à“«≈¥≈ß
‰¥â‡¡◊ËÕ‰¥â√—∫ HFD æ√âÕ¡°—∫ªÑÕπ RBE À√◊Õ metformin
®÷ßÕ“®°≈à“«‰¥â«à“¿“«–Õâ«π®“°°“√∫√‘‚¿§Õ“À“√‰¢¡—π Ÿß

‡ªìπ¿“«–Õâ«π∑’Ë¡’ ¡¥ÿ≈æ≈—ßß“π‰ª„π∑“ß – ¡‡ªìπ‰¢¡—π
®÷ßæ∫‰¢¡—π TG  – ¡„π‡´≈≈åµ—∫ ·≈–‡´≈≈å‰¢¡—π¡“°°«à“
ÀπŸ∑’Ë‰¥âÕ“À“√ª√°µ‘ ‚¥¬ RBE ·≈– metformin  “¡“√∂
≈¥°“√ —ß‡§√“–Àå·≈– – ¡‰¢¡—π≈ß‰¥â ´÷Ëß Õ¥§≈âÕß°—∫
Õ—µ√“‡√Á«¢Õß ACC ·¡â‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘ °“√ – ¡ TG
„π‡π◊ÈÕ‡¬◊ËÕ‰¢¡—π®–∑”„Àâ‡°‘¥°√–∫«π°“√ reesterification
≈¥≈ßÚÚ ‡æ‘Ë¡ non-esterified fatty acid „π°√–· ‡≈◊Õ¥
´÷Ëß‡™◊ËÕ«à“‡ªìπ “‡Àµÿ„Àâ‡°‘¥¿“«–¥◊ÈÕµàÕÕ‘π´Ÿ≈‘πÚ ·≈–‡æ‘Ë¡
°√–∫«π°“√ ≈“¬‰¢¡—π¡“°¢÷Èπ‰ªÕ’°ÚÛ ®÷ß‡°‘¥¿“«–¥◊ÈÕµàÕ
Õ‘π´Ÿ≈‘π‡ªìπ«ß®√‡™àππ’È´È”Ê

„π°“√»÷°…“π’È‰¡àæ∫«à“ HFD ∑”„Àâª√‘¡“≥‰¢¡—π
„π‡≈◊Õ¥ Ÿß¢÷Èπ À√◊Õ‡ª≈’Ë¬π·ª≈ß·¡â‰¥â√—∫ RBE À√◊Õ
Metformin √à«¡¥â«¬ ·µàæ∫«à“ HDL-C ≈¥≈ßÕ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘µ‘·≈–°≈—∫‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ‰¥â√—∫ RBE ∑’Ë¢π“¥
ÚÚ˜ı ·≈– ÙÙÒ ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡πÈ”Àπ—°µ—«ÀπŸ
À√◊Õ metformin Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ Õ∏‘∫“¬º≈°“√
∑¥≈Õß ¥—ß°≈à“«‰¥â«à“ Õ“®‡æ√“–‡ªìπ°“√»÷°…“√–¬– —Èπ
‡æ’¬ß Ù  —ª¥“Àå ¬—ß‰¡à∑—π‡ÀÁπ°“√‡ª≈’Ë¬π·ª≈ß¢Õß√–¥—∫
§Õ‡≈ ‡µÕ√Õ≈‰¥â™—¥‡®π ·≈–√–¥—∫ TG „π‡≈◊Õ¥¬—ß¢÷Èπ
°—∫ªí®®—¬Õ◊ËππÕ°‡Àπ◊Õ®“°°“√‰¥â HFD √–¥—∫ HDL-C
≈¥≈ß‡¡◊ËÕ‰¥â√—∫ HFD

Ferulic acid ‡ªìπ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–∑’ËÕ¬Ÿà„π°≈ÿà¡
phenolic compounds (polyphenols) æ∫‰¥â„π à«π¢Õß
√”¢â“« ∑’Ë§“¥«à“πà“®–¡’º≈µàÕ°√–∫«π°“√‡º“º≈“≠æ≈—ßß“π
®“°ß“π«‘®—¬∑’Ëºà“π¡“æ∫«à“ ferulic acid  “¡“√∂ªÑÕß°—π
‚√§‡∫“À«“π®“°°“√‡Àπ’Ë¬«π”¥â«¬ streptozotocinÚÙ ¡’

µ“√“ß∑’Ë ˆ ·· ¥ßº≈¢Õß “√ °—¥√”¢â“«µàÕÀπâ“∑’Ë°“√∑”ß“π¢Õß‡Õπ‰´¡å ACC „πÀπà«¬ IU enzyme (_mol acetyl CoA
consumed min-1 mg.protein)

ACC Activity

StanStandard chow ˘.ˆ  ± Ò.˜Û
High-fat diet (HFD) ÒÒ.¯ˆ  ± Û.Û¯

HFD+RBE ÚÚı ¡°./°°. ˜.˘Ù  ± .˘Û

HFD+Metformin Ò˘.Ò ¡°./°°. ˜.˘  ± .¯˘

· ¥ß§à“‡©≈’Ë¬ ± §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“‡©≈’Ë¬ (Mean ± S.E.M)
‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ª√°µ‘

º≈®“°°“√«—¥ activity ¢Õß ACC æ∫«à“ ÀπŸ
°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß ACC activity ¡’·π«‚πâ¡‡æ‘Ë¡
¡“°¢÷Èπ®“°°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ª√°µ‘ ·≈–¡’·π«‚πâ¡≈¥≈ß

„π°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¢¡—π Ÿß√à«¡°—∫√”¢â“« À√◊Õ metformin
·¡â®–‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ¥—ßµ“√“ß
∑’Ë ˆ
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ƒ∑∏‘Ï„π°“√µâ“π‚√§À≈Õ¥‡≈◊Õ¥·¥ß·¢ÁßÚı ·≈– “¡“√∂≈¥

√–¥—∫‰¢¡—π„π‡≈◊Õ¥∑’Ë Ÿß≈ß‰¥âÚˆ-Ú¯ „πªï §.». Ú¯
Ardiansyah ·≈–§≥– æ∫«à“ ÀπŸ„π°≈ÿà¡∑’Ë‰¥â√—∫ ferulic
acid ¡’°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫‡¡·∑∫Õ≈‘´÷¡

¢Õß¬“·≈–‰¢¡—π ®÷ß “¡“√∂≈¥√–¥—∫‰¢¡—π„π‡≈◊Õ¥‰¥âÚı

°≈«‘∏“π„π°“√≈¥√–¥—∫‰¢¡—π¢Õß ferulic acid
¬—ß‰¡à‡ªìπ∑’Ë∑√“∫·πà™—¥ ·µàÕ“®‡ªìπ‰ª‰¥â«à“ ferulic acid

‡ªìπ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–  “¡“√∂ªÑÕß°—π¿“«– lipid
peroxidationÚÙ ®÷ß∑”„Àâ§Õ‡≈ ‡µÕ√Õ≈∂Ÿ°π”‡¢â“·≈–∑”≈“¬
‰¥âßà“¬„πµ—∫Ú¯ πÕ°®“°π’È ferulic acid ¬—ß‡ªìπÕß§åª√–°Õ∫

¢Õß “√∑’Ë™◊ËÕ«à“ curcumin ´÷Ëß¡’ƒ∑∏‘Ï„π°“√‡æ‘Ë¡°“√ √â“ß
HDL (‡ªìπµ—«¢π àß§Õ‡≈ ‡µÕ√Õ≈®“°‡π◊ÈÕ‡¬◊ËÕÕ◊ËπÊ ‰ª∑’Ë
µ—∫‡æ◊ËÕ∑”≈“¬) ·≈– curcumin ‡æ‘Ë¡Àπâ“∑’Ë°“√∑”ß“π¢Õß

7α-hydroxylase (‡ªìπ‡Õπ‰´¡åÀ≈—°∑’Ë‡°’Ë¬«¢âÕß°—∫°“√
‡ª≈’Ë¬π§Õ‡≈ ‡µÕ√Õ≈‰ª‡ªìπ°√¥πÈ”¥’) ®÷ß‡ªìπÕ’°∑“ß∑’Ë™à«¬
¢—∫§Õ‡≈ ‡µÕ√Õ≈‰¥âÚ˘

®“°‡Àµÿº≈¥—ß°≈à“«πà“®– √ÿª‰¥â«à“ HFD ¡’·π«
‚πâ¡∑”„ÀâÕ—µ√“‡√Á«¢ÕßªØ‘°‘√‘¬“ ACC ‡æ‘Ë¡¢÷Èπ ÷́Ëß àßº≈
„Àâ¡’°“√ —ß‡§√“–Àå‰¢¡—π¡“°¢÷Èπ·≈– —π¥“ª‰¢¡—π≈¥≈ß

°√¥‰¢¡—πÕ‘ √–∑’Ë¡“°¢÷Èπ®–°√–µÿâπ„Àâ‡¡·∑∫Õ≈‘´÷¡„πµ—∫
‡ª≈’Ë¬π·ª≈ß ‚¥¬ àßÕÕ°°≈Ÿ‚§  Ÿà°√–· ‡≈◊Õ¥ ·≈–
 —ß‡§√“–Àå°√¥‰¢¡—π¡“°¢÷Èπ ∑—Èßπ’È°√–∫«π°“√‡ª≈’Ë¬π·ª≈ß

π’È‰¡àª√“°Ø„π‡≈◊Õ¥ ·µà‡ÀÁπ§«“¡‡ª≈’Ë¬π·ª≈ß‰¥â∑’Ë™àÕß∑âÕß
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Abstract

Effect of rice-bran water extract on energy metabolism in rats fed a high-fat diet

Chotip Charkhonpunya*, Seewaboon Sireeratawong**, Surat Komindr***, Nusiri Lerdvuthisopon****
* Graduate Programs in Biochemistry and Molecular Biology, Faculty of Medicine, Thammasat University

** Division of Pharmacology, Department of Preclinical Science, Faculty of Medicine, Thammasat University
*** Department of Medicine, Faculty of Medicine, Ramathibodi Hospital, Mahidol University

**** Division of Biochemistry, Department of Preclinical Science, Faculty of Medicine, Thammasat University

Insulin resistance and some chronic un-communicable diseases have long been known to associate with
obesity. The altered energy metabolism is verified, in part, by observing fat accumulation in fat tissues and liver
as well as analyzing the acetyl CoA carboxylase (ACC) in liver, lipid profile in blood and oral glucose tolerance.
The study was carried out in 7 groups of Sprague Dawley rats. Rats in group 2-7 were fed with high-fat diet (HF)
while group 1 is the control group where rats were fed with standard chow. RBE at doses of 220.5, 2205 and
4410 mg/kg rat weight and metformin at the doses of 19.10 and 38.20 mg/kg rat weight were also fed in group
3-7, respectively. Oral glucose tolerance was tested at the end of forth week. Then, all rats were killed and specimens
were collected. The results showed that the mean ± SEM of abdominal fat weight (7.65 ± 0.29 vs. 4.73 ± 0.39),

fat cell size (4919.76 ± 453.59 vs. 2835.23 ± 249.15) and triglyceride level in liver (2.50 ± 0.26 vs. 1.48 ± 0.08)
were increased whereas HDL-c (67.14 ± 1.62 vs. 77.20 ± 2.82) was decreased in rats fed with HF alone as compared
to rats fed with chow. At least 2205 mg RBE/kg rat weight or 19.10 mg metformin/kg rat weight were significantly
reduced abdominal fat weight (6.57 ± 0.25, 6.26 ± 0.39), fat cell size (3545.97 ± 146.60, 3523.60 ± 9.16) and
triglyceride levels in liver (1.98 ± 0.11, 1.69 ± 0.10) in comparison to rats fed with HF alone. ACC activity was
also increased in HF group when compared with the control group and the activities retuned to normal when HF
groups were also received RBE or metformin, though there were no statistic significance. In conclusion, HF was
able to give fat accumulation. One aspect of the mechanism could be the increased fat synthesis in liver as well
as poor fat disposition as evidenced by increased triglyceride content in liver but low HDL-c. Both RBE and metformin
were able to ameliorate the alteration.
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