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∫ÿÀ√’Ë ªí®®—¬‡ ’Ë¬ß¢Õß°“√‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥À—«„®

∫∑π”

°“√ Ÿ∫∫ÿÀ√’Ë‡ªìπªí≠À“ “∏“√≥ ÿ¢∑’Ë ”§—≠ ´÷Ëßπ”‰ª Ÿà§«“¡ Ÿ≠‡ ’¬∑“ß
‡»√…∞°‘®·≈– —ß§¡Õ¬à“ß¡“° ªí®®ÿ∫—π¡’ºŸâ Ÿ∫∫ÿÀ√’Ë∑—Ë«‚≈°ª√–¡“≥ 1,100,000,000
§π (1) „πª√–‡∑»‰∑¬ ¡’ºŸâ Ÿ∫∫ÿÀ√’Ë∑’ËÕ“¬ÿμ—Èß·μà 15 ªï¢÷Èπª√–¡“≥ 11.3 ≈â“π§π
‚¥¬‡ªìπºŸâ Ÿ∫∫ÿÀ√’Ëª√–®”∑ÿ°«—π 9.6 ≈â“π§π(2) ´÷Ëß°“√ Ÿ∫∫ÿÀ√’Ëπ’È¡’º≈°√–∑∫
‚¥¬μ√ßμàÕºŸâ Ÿ∫∫ÿÀ√’Ë ‚¥¬Õß§å°“√ Õπ“¡—¬‚≈°√“¬ß“π«à“∫ÿÀ√’ËπÕ°®“°‡ªìπªí®®—¬
 ”§—≠∑’Ë∑”„Àâ‡°‘¥‚√§¡–‡√ÁßªÕ¥ ‚√§∂ÿß≈¡‚ªÉßæÕß ·≈–‚√§√–∫∫∑“ß‡¥‘πÀ“¬„®
Õ◊ËπÊ ¬—ß‡ªìπªí®®—¬‡ ’Ë¬ß ”§—≠μàÕ°“√‡°‘¥‚√§À—«„®·≈–À≈Õ¥‡≈◊Õ¥‰¥â¡“°°«à“ºŸâ∑’Ë
‰¡à Ÿ∫∫ÿÀ√’Ë „πª√–‡∑» À√—∞œ ¡’√“¬ß“π«à“ºŸâ Ÿ∫∫ÿÀ√’Ë¡’‚Õ°“ ‡ ’¬™’«‘μ¥â«¬‚√§
‡°’Ë¬«°—∫À≈Õ¥‡≈◊Õ¥„π«—¬°≈“ß§π¡“°°«à“ºŸâ∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë∂÷ß 3 ‡∑à“ √«¡∑—Èß‚√§
À—«„®«“¬ ‡ âπ‚≈À‘μ„π ¡Õß·μ° ·≈–‚√§Õ◊ËπÊ ∑’Ë‡°’Ë¬«°—∫‡ âπ‚≈À‘μ·¥ßÀ√◊Õ¥”(1)

„πª√–‡∑»‰∑¬ °“√ Ÿ∫∫ÿÀ√’Ë‡ªìπ “‡Àμÿ ”§—≠ Õ—π¥—∫∑’Ë Õß¢Õß°“√‡®Á∫ªÉ«¬·≈–
‡ ’¬™’«‘μ°àÕπ«—¬Õ—π§«√ (2)

πÕ°®“°π’È §«—π∫ÿÀ√’Ë¬—ß¡’º≈°√–∑∫μàÕºŸâ∑’ËÕ¬Ÿà·«¥≈âÕ¡¥â«¬ ‡π◊ËÕß®“°
§«—π∫ÿÀ√’Ëª√–°Õ∫¥â«¬ “√™π‘¥μà“ßÊ ‡ªìπ®”π«π¡“° Õ“∑‘ nicotine, tar,
carbon monoxide, carbon dioxide ·≈– free radicals ‡ªìπμâπ(3-4) º≈°“√
»÷°…“∑’Ëºà“π¡“ æ∫«à“ “√ nicotine ∫“ß à«π‡¡◊ËÕ‡¢â“ Ÿà√à“ß°“¬®–∂Ÿ°¥Ÿ¥´÷¡‡¢â“‰ª
„π°√–· ‡≈◊Õ¥·≈–¡’º≈‚¥¬μ√ßμàÕ°“√À≈—Ëß “√ epinephrine ∑”„Àâ§«“¡¥—π
‚≈À‘μ Ÿß·≈–À—«„®‡μâπ‡√Á«°«à“ª°μ‘(5) carbon monoxide ®–‰ª·¬àß®—∫°—∫
haemoglobin ∑”„Àâ‡ª≈’Ë¬π‡ªìπ carboxyhaemoglobin ́ ÷Ëß¡’º≈∑”„Àâ°√–∫«π°“√
¢π àßÕÕ°´‘‡®π¢Õß√à“ß°“¬≈¥≈ß ·≈–°“√‡æ‘Ë¡¢÷Èπ¢Õß carbonmonoxide „π
°√–· ‡≈◊Õ¥∑”„Àâ‡æ‘Ë¡§«“¡‡ ’Ë¬ß¢Õß°“√‡°‘¥ atherosclerosis ·≈– ischemic
heart disease (6) Coleman ·≈–§≥– √“¬ß“π«à“ºŸâ Ÿ∫∫ÿÀ√’Ë®–¡’√–¥—∫¢Õß carboxy-
haemoglobin Õ¬Ÿàª√–¡“≥√âÕ¬≈– 4-20 ¢≥–∑’ËºŸâ‰¡à Ÿ∫∫ÿÀ√’Ë¡’√–¥—∫¢Õß “√
¥—ß°≈à“« Õ¬Ÿàª√–¡“≥√âÕ¬≈– 1(7) ºŸâ Ÿ∫∫ÿÀ√’Ë¡’·π«‚πâ¡∑’Ë‰¥â√—∫Õπÿ¡Ÿ≈Õ‘ √–μà“ßÊ „π

°“≠®π“  ÿ√‘¬–æ√À¡*
√—ß √√§å μ—Èßμ√ß®‘μ√**

 * Õ“®“√¬å §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬√—ß ‘μ
 ** √Õß»“ μ√“®“√¬å ¿“§«‘™“‚¿™π»“ μ√å‡¢μ√âÕπ §≥–‡«™»“ μ√å‡¢μ√âÕπ ¡À“«‘∑¬“≈—¬¡À‘¥≈
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∫∑§«“¡æ‘‡»…

μàÕ°“√‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥·≈–À—«„®

Homocysteine
Homocysteine ‡ªìπ°√¥Õ–¡‘‚π™π‘¥Àπ÷Ëß∑’Ë

¡’°”¡–∂—π‡ªìπ à«πª√–°Õ∫‚¥¬‡ªìπ “√°÷Ëß°≈“ß∑’Ë
‰¥â®“°°√–∫«π°“√‡¡μ“∫Õ≈‘́ ÷¡¢Õß methionine ́ ÷Ëß
‡ªìπ°√¥Õ–¡‘‚π™π‘¥®”‡ªìπμàÕ√à“ß°“¬ (essential
amino acid)(11) ·≈–ªí®®ÿ∫—π¡’√“¬ß“π«à“°“√‡æ‘Ë¡ Ÿß
¢÷Èπ¢Õß homocysteine „π´’√—Ë¡¡’§«“¡ —¡æ—π∏å°—∫
°“√‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥·≈–À—«„® (11-14)

‡¡μ“∫Õ≈‘´÷¡¢Õß homocysteine ª√–°Õ∫
¥â«¬ 2 «‘∂’À≈—°§◊Õ remethylation pathway3 ·≈–
transsulphuration pathway4 ´÷Ëß·μà≈–«‘∂’®–¡’
‡Õπ‰´¡åÀ≈“¬™π‘¥·≈–«‘μ“¡‘π™π‘¥μà“ßÊ ‡¢â“¡“
‡°’Ë¬«¢âÕß„πªØ‘°‘√‘¬“ ‚¥¬«‘∂’ remethylation pathway
π’È‚¡‡≈°ÿ≈¢Õß homocysteine ∑’Ë∂Ÿ° √â“ß¢÷Èπ®–∂Ÿ°
‡ª≈’Ë¬π°≈—∫‰ª‡ªìπ methionine „À¡à‰¥âÕ’°§√—Èß  à«π
«‘∂’ transsulphuration pathway ‚¡‡≈°ÿ≈¢Õß
homocysteine ®– ≈“¬μ—«‰ª‡ªìπ cysteine ÷́Ëß
ªØ‘°‘√‘¬“„π à«ππ’È®–‡ªìπªØ‘°‘√‘¬“∑’Ë‰¡à “¡“√∂¬âÕπ

ª√‘¡“≥ Ÿß ‡π◊ËÕß¡“®“°°√–∫«π°“√‡º“‰À¡â¢Õß„∫
¬“ Ÿ∫  Õπÿ¡Ÿ≈Õ‘ √– (free radicals) ‡™àπ super-
oxide anion
radical (O2), hydroxyl radical (OH) ·≈– nitric
oxide (NO) ‡ªìπμâπ  “¡“√∂∑”„Àâ√–¥—∫¢Õß “√
μâ“πÕπÿ¡Ÿ≈Õ‘ √– (antioxidants) „π√à“ß°“¬≈¥≈ß
√«¡∑—Èß∑”„Àâ‡°‘¥°√–∫«π°“√ lipid peroxidation
·≈– protein  oxidation °—∫ “√™’«‚¡‡≈°ÿ≈μà“ßÊ
„π√à“ß°“¬(8-9)

¢≥–‡¥’¬«°—π °“√ Ÿ∫∫ÿÀ√’Ë¬—ß “¡“√∂‡Àπ’Ë¬«
π”„Àâ‡°‘¥°“√∫“¥‡®Á∫∑’Ë Endothelial cells ‚¥¬¡’
À≈—°∞“π«à“ Õπÿ¡Ÿ≈Õ‘ √–μà“ßÊ ∑’Ë‰¥â®“°§«—π¢Õß∫ÿÀ√’Ë
‡™àπ hydrogen peroxide, nitric oxide, singlet
oxygen ‡ªìπμâπ  “¡“√∂‡Àπ’Ë¬«π”„Àâ¡’°“√∑”≈“¬
∫√‘‡«≥ endothelial cells ∑’Ë∫ÿÀ≈Õ¥‡≈◊Õ¥ ´÷Ëß°≈‰°
π’È‡ªìπ “‡ÀμÿÀπ’Ëß∑’Ëπ”‰ª Ÿà°“√‡°‘¥ atherosclerosis(10)

¥—ßπ—Èπ ∫∑§«“¡π’È®÷ß¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ‡º¬
·æ√à§«“¡√Ÿâ‡°’Ë¬«°—∫Õ—πμ√“¬®“°°“√ Ÿ∫∫ÿÀ√’Ë∑’Ë¡’º≈
μàÕ°“√‡ª≈’Ë¬π·ª≈ß “√™’«‡§¡’ ”§—≠ 3 ™π‘¥„π
√à“ß°“¬ ‰¥â·°à Homocysteine, C-reactive protein
·≈– Lipids ÷́Ëß‡ª√’¬∫‡ ¡◊Õπμ—«∫àß™’È∂÷ßªí®®—¬‡ ’Ë¬ß

∑’Ë¡“: Nygard O, et al., 1999.

√Ÿª∑’Ë 1 · ¥ß°√–∫«π°“√‡¡μ“∫Õ≈‘´÷¡¢Õß homocysteine
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¿“«–¢“¥«‘μ“¡‘π™π‘¥μà“ßÊ·≈–‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß
°—∫°√–∫«π°“√‡¡μ“∫Õ≈‘´÷¡¢Õß homocysteine
∑”ß“π≈¥≈ß ®–‡ªìπº≈„Àâ¡’°“√§—Ëß¢Õß√–¥—∫
homocysteine „π extracellular fluid ‚¥¬‡©æ“–
„π ’́√—Ë¡ (14, 21, 22)  Selhub ·≈–§≥–√“¬ß“π«à“
«‘μ“¡‘π∫’ 12 ·≈–‚ø‡≈∑¡’§«“¡ —¡æ—π∏åº°º—π°—∫
√–¥—∫ homocysteine „π°√–· ‡≈◊Õ¥ (23) ·≈–°“√
‡æ‘Ë¡¢÷Èπ¢Õß√–¥—∫ homocysteine ‡ªìπμ—«∫àß™’ÈÕ¬à“ß
Àπ÷Ëß ”À√—∫°“√∫√‘‚¿§«‘μ“¡‘π∫’ 12 ·≈–‚ø‡≈∑„π
√–¥—∫μË” (24)  πÕ°®“°π’È ¡’√“¬ß“π«à“√–¥—∫ homo-
cysteine „π‡≈◊Õ¥ Ÿß®–¡’§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥
‚√§À≈Õ¥‡≈◊Õ¥·≈–À—«„® (13, 22, 25) √«¡∑—ÈßÕ—μ√“‡ ’Ë¬ß
μàÕ°“√‡°‘¥ myocardial infarction ·≈–  vascular
diseases ®–‡æ‘Ë¡‡ªìπ Õß‡∑à“∂â“§«“¡‡¢â¡¢âπ ¢Õß
homocysteine ¡“°°«à“ 12 Umol/l (26-27)
Boushey ·≈–§≥– ‰¥â∑”°“√√«∫√«¡ß“π«‘®—¬μà“ßÊ
∑’Ë‡°’Ë¬«°—∫ homocysteine ·≈– vascular diseases
æ∫«à“∑ÿ°Ê 5 Umol/l ¢Õß homocysteine „π‡≈◊Õ¥
∑’Ë‡æ‘Ë¡¢÷Èπ®–‡æ‘Ë¡Õ—μ√“‡ ’Ë¬ßμàÕ°“√‡°‘¥ coronary
artery disease (CAD) ¢÷ÈπÕ’° 1.6 ‡∑à“ ·≈–1.8 ‡∑à“
 ”À√—∫ºŸâ™“¬ ·≈–ºŸâÀ≠‘ßμ“¡≈”¥—∫ (28) ®“°°“√»÷°…“
æ∫«à“ homocysteine  “¡“√∂°√–μÿâπ°√–∫«π°“√
atherosclerosis ‰¥â‚¥¬‡ªìπ “‡ÀμÿÀπ÷Ëß¢Õß°“√‡°‘¥
endothelial dysfunction °“√‡æ‘Ë¡¿“«– oxidative
stress ·≈–°“√°√–μÿâπ„Àâ¡’°“√‡®√‘≠‡μ‘∫‚μ¢Õß
vascular smooth muscle cell (29)

ß“π«‘®—¬„πμà“ßª√–‡∑»æ∫«à“ ºŸâ∑’Ë Ÿ∫∫ÿÀ√’Ë®–
¡’√–¥—∫ homocysteine  Ÿß°«à“„πºŸâ∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë (30-31)

·≈–º≈°“√»÷°…“ºŸâªÉ«¬‚√§À≈Õ¥‡≈◊Õ¥μà“ßÊ ∑’Ë Ÿ∫
∫ÿÀ√’Ëæ∫«à“¡’√–¥—∫¢Õß homocysteine  Ÿß°«à“§π‰¢â
∑’ËªÉ«¬‡ªìπ‚√§π’È·μà‰¡à Ÿ∫∫ÿÀ√’Ë (32) „πª√–‡∑»‰∑¬
«—≤π“ ·≈–§≥– (33)  æ∫«à“´’√—Ë¡ homocysteine „π
ºŸâªÉ«¬‚√§À≈Õ¥‡≈◊Õ¥À—«„® (coronary artery
disease) ¡’§à“ Ÿß°«à“°≈ÿà¡§πª°μ‘  à«π√–¥—∫«‘μ“¡‘π∫’
12 ·≈–‚ø‡≈∑æ∫«à“‰¡à¡’§«“¡·μ°μà“ß√–À«à“ß Õß
°≈ÿà¡ πÕ°®“°π’È°“√‡ √‘¡«‘μ“¡‘π∫’ 12 ·≈–‚ø‡≈∑

°≈—∫¡“‡ªìπ homocysteine ‰¥âÕ’° (15) ®“°°“√»÷°…“
æ∫«à“°√–∫«π°“√ remethylation pathway  “¡“√∂
‡°‘¥‰¥â∑—Ë«‰ª„π‡π◊ÈÕ‡¬◊ËÕμà“ßÊ ¢Õß¡πÿ…¬å‚¥¬Õ“»—¬
‡Õπ‰´¡å methionine synthase ·≈–«‘μ“¡‘π∫’ 12
®–∂Ÿ°„™â‡ªìπ cofactor ¢Õß‡Õπ‰´¡å™π‘¥π’È ·≈– 5-
methyltetrahydrofolate ®–∑”Àπâ“∑’Ë àßÀ¡Ÿà methyl
„Àâ°—∫ homocysteine ‡æ◊ËÕ —ß‡§√“–Àå‡ªìπ methion-
ine (16) ¥—ßπ—Èπ ∂â“√à“ß°“¬¡πÿ…¬å¢“¥«‘μ“¡‘π∫’12 ·≈–
‚ø‡≈∑ °Á®–¡’º≈μàÕ°√–∫«π°“√‡¡μ“∫Õ≈‘´÷¡¢Õß
homocysteine „π°“√‡ª≈’Ë¬π°≈—∫‰ª‡ªìπ methionine
πÕ°®“°π’È “√æ«° nitric oxide ¬—ß “¡“√∂¬—∫¬—Èß
°“√∑”ß“π¢Õß‡Õπ‰´¡å methionine synthase (17)

 à«π„π°√–∫«π°“√ transsulphuration
pathway ‡Õπ‰´¡å cystathionine B-synthase
(CBS) ·≈– ‡Õπ‰´¡å cystathionine Y-lyase (CL)
‡ªìπ‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡ª≈’Ë¬π homocysteine „Àâ‡ªìπ
cysteine ·≈–«‘μ“¡‘π∫’ 6 ∂Ÿ°„™â‡ªìπ coenzyme ¢Õß
‡Õπ‰´¡åμà“ßÊ „π«‘∂’π’È  à«π cysteine ∑’Ë‰¥â®“°
ªØ‘°‘√‘¬“π’È®–∂Ÿ°π”‰ª„™â ”À√—∫°“√ √â“ß‚ª√μ’π·≈–
glutathione ÷́Ëß‡ªìπ “√∑’ËªÑÕß°—πÕπÿ¡Ÿ≈Õ‘ √–μà“ßÊ
¿“¬„π‡´≈≈å ‡Õπ‰´¡å CBS ¡’ heme ‡ªìπ à«π
ª√–°Õ∫„π‚¡‡≈°ÿ≈·≈– “√æ«° carbon monxide
·≈– cyanide  “¡“√∂¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å
CBS ‰¥â °“√»÷°…“æ∫«à“‡Õπ‰´¡å CBS ®–æ∫‰¥â
„π‡π◊ÈÕ‡¬◊ËÕ∫“ß™π‘¥‡∑à“π—Èπ ‚¥¬„πÀπŸ∑¥≈Õß‰¡àæ∫
‡Õπ‰´¡å CBS  „π‡π◊ÈÕ‡¬◊ËÕÀ—«„® ªÕ¥ ≈Ÿ°Õ—≥±– ·≈–
¡â“¡(18) ¢≥–∑’Ë„π¡πÿ…¬å‰¡àæ∫‡Õπ‰´¡åπ’È „π°≈â“¡
‡π◊ÈÕÀ—«„® ·≈– aortic endothelial cell culture ‡™àπ
°—π(19) ́ ÷Ëß¡’π—¬«à“‡π◊ÈÕ‡¬◊ËÕ‡À≈à“π’È  “¡“√∂‰¥â√—∫Õ—πμ√“¬
®“° “√ homocysteine ‰¥âßà“¬°«à“‡π◊ÈÕ‡¬◊ËÕ™π‘¥Õ◊ËπÊ
πÕ°®“°π’È ¡’√“¬ß“π«à“ homocysteine  “¡“√∂‡°‘¥
autooxidation ∑”„Àâ‰¥â reactive oxygen species
‚¥¬ “√‡À≈à“π’È®–¡’Õ—πμ√“¬‚¥¬μ√ßμàÕ endothelial
cells (20)

‚¥¬∑—Ë«‰ª  ºŸâ¡’ ÿ¢¿“æ¥’®–æ∫«à“ homo-
cysteine ¡’§à“Õ¬Ÿà√–À«à“ß 5-12 Umol/l (21) ·μà„π
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∫∑§«“¡æ‘‡»…

„Àâ°—∫ºŸâªÉ«¬‚√§ coronary artery disease °Á “¡“√∂
≈¥√–¥—∫¢Õß´’√—Ë¡ homocysteine ≈ß‰¥â °“≠®π“
·≈–§≥– (34) æ∫«à“√–¥—∫æ≈“ ¡“ homocysteine
¢ÕßºŸâ Ÿ∫∫ÿÀ√’Ë¡’√–¥—∫ Ÿß°«à“Õ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ‡∑’¬∫
°—∫ºŸâ‰¡à Ÿ∫∫ÿÀ√’Ë ¢≥–∑’Ë√–¥—∫«‘μ“¡‘π∫’ 2 ∫’ 12 ́ ’ ·≈–
‚ø‡≈∑„πºŸâ∑’Ë Ÿ∫∫ÿÀ√’Ë¡’√–¥—∫μË”°«à“ºŸâ∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë

πÕ°®“°π’È §«“¡‡¢â¡¢âπ¢Õß homocysteine
¬—ß¡’§«“¡ —¡æ—π∏å∑“ß∫«°Õ¬à“ß¡’π—¬ ”§—≠°—∫®”π«π
∫ÿÀ√’Ë∑’Ë Ÿ∫μàÕ«—π (cigarettes per day)  ·≈–®”π«π
´Õß¢Õß∫ÿÀ√’Ë∑’Ë Ÿ∫¡“μ≈Õ¥√–¬–‡«≈“∑—È ßÀ¡¥
(cigarette pack-years) ·μà§«“¡‡¢â¡¢âπ¢Õß homo-
cysteine ¡’§«“¡ —¡æ—π∏å∑“ß≈∫Õ¬à“ß¡’π—¬ ”§—≠
°—∫«‘μ“¡‘π∫’ 12 ·≈–‚ø‡≈∑ ®“°°“√»÷°…“æ∫«à“§π
 Ÿ∫∫ÿÀ√’Ë¡’√–¥—∫ homocysteine  Ÿß„π°√–· ‡≈◊Õ¥
(hyperhomocysteinemia) √âÕ¬≈– 62 ¢≥–∑’Ë §π
∑—Ë«‰ª¡’‡æ’¬ß√âÕ¬≈– 33 (34) ºŸâ«‘®—¬‰¥â‡ πÕ·π–«à“°“√
‡æ‘Ë¡¢÷Èπ¢Õß√–¥—∫ homocysteine „πºŸâ Ÿ∫∫ÿÀ√’ËÕ“®
‡ªìπº≈®“°√à“ß°“¬¡’√–¥—∫«‘μ“¡‘π∫’μË” ´÷Ëß«‘μ“¡‘ππ’È
‡°’Ë¬«¢âÕß°—∫°√–∫«π‡¡μ“∫Õ≈‘́ ÷¡¢Õß homocysteine
‡™àπ «‘μ“¡‘π∫’ 2 ∫’ 12 ·≈– ‚ø‡≈∑ ‡ªìπμâπ ·≈–
°“√¡’√–¥—∫ homocysteine  Ÿß„π°√–· ‡≈◊Õ¥Õ“®
π”‰ª Ÿà°“√‡æ‘Ë¡§«“¡‡ ’Ë¬ß¢Õß°“√‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥
·≈–À—«„® ¡’°“√√“¬ß“π„πª√–‡∑» À√—∞Õ‡¡√‘°“
æ∫«à“ ºŸâ Ÿ∫∫ÿÀ√’Ë∑—Èß‡æ»™“¬·≈–‡æ»À≠‘ß¡’√–¥—∫
‚ø‡≈∑μË”„π ’́√—Ë¡ (35-36) Kim ·≈–§≥– »÷°…“„π«—¬
√ÿàπ ‡æ»À≠‘ß∑’Ëª√–‡∑»‡°“À≈’ æ∫«à“√–¥—∫¢Õß
«‘μ“¡‘π ’́ ·≈–‚ø‡≈∑„π´’√—Ë¡¢Õß°≈ÿà¡ Ÿ∫∫ÿÀ√’ËμË”°«à“
°≈ÿà¡‰¡à Ÿ∫∫ÿÀ√’Ë (37) ´÷Ëß°“√∑’ËºŸâ Ÿ∫∫ÿÀ√’Ë¡’√–¥—∫«‘μ“¡‘π
™π‘¥μà“ßÊ „π√à“ß°“¬μË”Õ“®‡π◊ËÕß®“°ªí®®—¬À≈“¬
ª√–°“√ ‡™àπ °“√∫√‘‚¿§Õ“À“√∑’Ë¡’ª√‘¡“≥«‘μ“¡‘πμË”
À√◊Õ√à“ß°“¬¡’§«“¡μâÕß°“√π”«‘μ“¡‘π™π‘¥μà“ßÊ ‰ª
„™â„πÕ—μ√“ Ÿß°«à“ª°μ‘ (37-38) ‡ªìπμâπ Perkin ·≈–
§≥– »÷°…“º≈¢Õß nicotine μàÕ§«“¡Õ¬“°Õ“À“√
æ∫«à“ nicotine ¡’º≈≈¥§«“¡Õ¬“°Õ“À“√ (39)

Fowler ·≈–§≥– æ∫«à“°“√‰¥â√—∫§«—π∫ÿÀ√’Ë¡’§«“¡
 —¡æ—π∏å°—∫°“√≈¥≈ß¢Õß‡Õπ‰´¡å monoamine

oxidase ́ ÷Ëß‡Õπ‰´¡åπ’È ¡’§«“¡ —¡æ—π∏å°—∫°“√∑”Àπâ“∑’Ë
¥â“πÕ“√¡≥å (mood function) (40) ‚¥¬Õ“® àßº≈
„Àâ§«“¡Õ¬“°Õ“À“√‡ª≈’Ë¬π·ª≈ß‰ª®“°ª°μ‘

‚¥¬ √ÿª  ºŸâ Ÿ∫∫ÿÀ√’Ë à«π„À≠à¡’√–¥—∫¢Õß
«‘μ“¡‘π™π‘¥μà“ßÊ „π√à“ß°“¬μË”°«à“ºŸâ‰¡à Ÿ∫∫ÿÀ√’Ë ´÷Ëß
«‘μ“¡‘π∫“ß™π‘¥‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√‡¡μ“∫Õ≈‘́ ÷¡
¢Õß homocysteine ¥—ßπ—Èπ ∂â“√à“ß°“¬‰¥â√—∫«‘μ“¡‘π
‡À≈à“π’È„π√–¥—∫μË” Õ“®‡ªìπªí®®—¬∑’Ë∑”„ÀâºŸâ Ÿ∫∫ÿÀ√’Ë¡’
√–¥—∫¢Õß homocysteine „π°√–· ‡≈◊Õ¥ Ÿß¢÷Èπ ÷́Ëß
‡ªìπªí®®—¬‡ ’Ë¬ßÕ¬à“ßÀπ÷Ëß∑’Ë π—∫ πÿπ„Àâ‡°‘¥‚√§
À≈Õ¥‡≈◊Õ¥·≈–À—«„®„πºŸâ Ÿ∫∫ÿÀ√’Ë‰¥â¡“°°«à“ºŸâ∑’Ë‰¡à Ÿ∫
∫ÿÀ√’Ë

C-reactive protein
C-reactive protein (CRP) ‡ªìπ‚ª√μ’π∑’Ë

ª√–°Õ∫¥â«¬Àâ“Àπà«¬¬àÕ¬ (pentameric protein)
·μà≈–Àπà«¬¬àÕ¬ª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π 206 μ—«
·≈–¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ 23017 kDa ¥—ßπ—Èπ πÈ”Àπ—°
‚¡‡≈°ÿ≈∑—ÈßÀ¡¥¢Õß CRP §◊Õª√–¡“≥ 118000 kDa
ªí®®ÿ∫—ππ’È‡ªìπ∑’Ë∑√“∫°—π«à“°√–∫«π°“√Õ—°‡ ∫¡’ à«π
 ”§—≠„π°√–∫«π°“√ atherogenesis (41) ·≈–‚ª√μ’π
CRP °Á∂Ÿ°„™â‡ªìπ inflammatory marker √«¡∑—Èß‡ªìπ
marker ∑’Ë∫Õ°∂÷ßªí®®—¬‡ ’Ë¬ß¢Õß‚√§À≈Õ¥‡≈◊Õ¥À—«„®
∑’Ë¥’μ—«Àπ÷Ëß (42-43)

CRP  à«π¡“° √â“ß¡“®“°μ—∫ ‡¡◊ËÕ¡’°“√
°√–μÿâπ¢Õß Interleukin-6 (IL-6) ·≈– tumor
necrosis factor- a πÕ°®“°π’È ¡’√“¬ß“π«à“ CRP
Õ“®∑”Àπâ“∑’Ë ‡°’Ë¬«¢âÕß‚¥¬μ√ß°—∫°√–∫«π°“√
atherogenesis ‚¥¬ CRP  “¡“√∂®—∫·≈–°√–μÿâπ
complement (44) √«¡∑—Èß™à«¬‡Àπ’Ë¬«π”„Àâ¡’°“√®—∫°‘π
low density lipoprotein (LDL) ‚¥¬ macrophage
´÷Ëß∑”„Àâ‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß‡ªìπ foam cell (45) Õ’°
∑—Èß CRP ¬—ß¡’º≈„Àâ°“√º≈‘μ¢Õß nitric oxide ≈¥
≈ß (46) ®“°°“√»÷°…“∑“ß√–∫“¥«‘∑¬“æ∫«à“√–¥—∫
CRP  Ÿß„π´’√—Ë¡®–¡’§«“¡ —¡æ—π∏å∑“ß∫«°°—∫ªí®®—¬
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‡ ’Ë¬ß¢Õß°“√‡°‘¥‚√§À—«„®·≈–À≈Õ¥‡≈◊Õ¥ (47-49) „π
ºŸâ∑’Ë Ÿ∫∫ÿÀ√’Ë æ∫«à“¡’√–¥—∫ CRP  Ÿß°«à“ºŸâ∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë
Õ¬à“ß¡’π—¬ ”§—≠ (50-51) Õ“®‡π◊ËÕß®“°ºŸâ∑’Ë Ÿ∫∫ÿÀ√’Ë¡’
·π«‚πâ¡∑’Ë‡´≈≈åμà“ßÊ ∂Ÿ°∑”≈“¬ ·≈–‡°‘¥¿“«–Õ—°‡ ∫
‰¥âßà“¬‡π◊ËÕß®“° “√æ‘…μà“ßÊ ∑’Ë‡ªìπ à«πª√–°Õ∫„π
∫ÿÀ√’Ë

πÕ°®“°π’È ®”π«π∫ÿÀ√’Ë∑’Ë Ÿ∫„π·μà≈–«—π
√–¬–‡«≈“∑’Ë Ÿ∫ ·≈–®”π«π´Õß¢Õß∫ÿÀ√’Ë∑’Ë Ÿ∫¡“
μ≈Õ¥√–¬–‡«≈“∑—ÈßÀ¡¥ ¡’§«“¡ —¡æ—π∏å‰ª∑“ß∫«°
°—∫√–¥—∫¢Õß CRP„πºŸâ™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë (52-54) ¥—ßπ—Èπ
®–‡ÀÁπ‰¥â«à“°“√ Ÿ∫∫ÿÀ√’Ë¡’§«“¡ —¡æ—π∏å°—∫√–¥—∫¢Õß
CRP ÷́Ëß‡ªìπªí®®—¬‡ ’Ë¬ß™π‘¥Àπ÷Ëß„π°“√ àß‡ √‘¡„Àâ
‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥·≈–À—«„®

Lipids
lipids (‰¢¡—π) ‡ªìπªí®®—¬‡ ’Ë¬ß™π‘¥Àπ÷Ëß

¢Õß‚√§À≈Õ¥‡≈◊Õ¥·≈–À—«„® ‰¢¡—π∑’Ë ”§—≠„π
æ≈“ ¡“‰¥â·°à cholesterol, triglyceride, phospho-
lipid ·≈– fatty acid ´÷Ëß‰¢¡—π‡À≈à“π’È ‡ªìπ à«π
ª√–°Õ∫¢Õß lipoprotein ™π‘¥μà“ßÊ ‡™àπ very low
density lipoprotein (VLDL), low density
lipoprotein (LDL) ·≈– high density lipopro-
tein (HDL) ‡ªìπμâπ ‚¥¬‰¢¡—π∑’Ëª√–°Õ∫Õ¬Ÿà„π
VLDL  à«π„À≠à‡ªìπ triglyceride  à«π‰¢¡—π∑’Ëæ∫
¡“°„π LDL ·≈– HDL §◊Õ cholesterol ª√‘¡“≥
¢Õß LDL-cholesterol ¡’ª√–¡“≥√âÕ¬≈– 60-70
¢Õß cholesterol ∑—ÈßÀ¡¥„πæ≈“ ¡“  à«π HDL-
cholesterol ¡’ª√–¡“≥√âÕ¬≈– 20-30  ¢Õß cho-
lesterol ∑—ÈßÀ¡¥„πæ≈“ ¡“ (55) Àπâ“∑’Ë¢Õß lipo-
protein ™π‘¥μà“ßÊ „π°√–· ‡≈◊Õ¥ §◊Õ™à«¬¢π àß
‰¢¡—π ‚¥¬ HDL ®–‡ªìπμ—«∑’Ëæ“ cholesterol  à«π
‡°‘π®“°‡´≈≈åμà“ßÊ‰ª Ÿàμ—∫ ‡æ◊ËÕ∑”°“√¬àÕ¬ ≈“¬
·≈–°”®—¥ÕÕ°®“°√à“ß°“¬  à«π LDL ®–æ“
cholesterol ®“°μ—∫‰ª¬—ß‡π◊ÈÕ‡¬◊ËÕμà“ßÊ LDL ‡ªìπ
lipoprotein ∑’Ë‰¡à¥’ À“°¡’¡“°∑”„Àâ‡°‘¥À≈Õ¥

‡≈◊Õ¥μ’∫‰¥âßà“¬ ®“°°“√»÷°…“æ∫«à“°“√ – ¡¢Õß
LDL ∫√‘‡«≥ºπ—ßÀ≈Õ¥‡≈◊Õ¥¡’ à«π∑”„Àâ‡°‘¥
artheromatous plaque ∑”„ÀâÀ≈Õ¥‡≈◊Õ¥μ’∫≈ß
·≈–¢“¥§«“¡¬◊¥À¬ÿàπ ·≈–À“° artheromatous
plaque ‡°‘¥°“√©’°¢“¥Õ“®∑”„Àâ‡°‘¥°“√Õÿ¥μ—π
(thrombosis) ¢ÕßÀ≈Õ¥‡≈◊Õ¥ ∂â“‡°‘¥¢÷Èπ∫√‘‡«≥
À≈Õ¥‡≈◊Õ¥∑’ËÀ—«„®Õ“®∑”„Àâ‡°‘¥¿“«–°≈â“¡‡π◊ÈÕ
À—«„®μ“¬‡©’¬∫æ≈—π (acute myocardial infarction:
AMI) (55) Prescott ·≈–§≥– (56) »÷°…“æ∫§«“¡
‡ ’Ë¬ßμàÕ°“√‡°‘¥ myocardial infarction  Ÿß„π
ºŸâÀ≠‘ß∑’Ë Ÿ∫∫ÿÀ√’Ë¡“°°«à“„πºŸâ™“¬∑’Ë Ÿ∫∫ÿÀ√’Ë·≈–§«“¡
‡ ’Ë¬ßμàÕ‚√§π’È®–‡æ‘Ë¡¢÷Èπ‡ªìπ —¥ à«π°—∫ª√‘¡“≥¢Õß
°“√ Ÿ∫∫ÿÀ√’Ë∑—Èß‡æ»À≠‘ß·≈–‡æ»™“¬ πÕ°®“°π’È ß“π
∑“ß√–∫“¥«‘∑¬“æ∫§«“¡ —¡æ—π∏å√–À«à“ß°“√≈¥≈ß
¢Õß√–¥—∫ HDL-cholesterol ·≈–°“√‡æ‘Ë¡¢÷Èπ¢Õß
§«“¡‡ ’Ë¬ßμàÕ‚√§ coronary heart disease (57-58)

ªí®®ÿ∫—π¡’À≈“¬·π«∑“ß∑’Ëæ¬“¬“¡Õ∏‘∫“¬
§«“¡ —¡æ—π∏å¢Õß°“√ Ÿ∫∫ÿÀ√’Ë«à“‡ªìπªí®®—¬Àπ÷Ëß∑’Ëπ”
‰ª Ÿà°“√‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥·≈–À—«„® ‚¥¬¡ÿàßÕ∏‘∫“¬
∂÷ß°“√‡ª≈’Ë¬π·ª≈ß¢Õß√–¥—∫‰¢¡—π„π°√–· ‡≈◊Õ¥
¢ÕßºŸâ Ÿ∫∫ÿÀ√’Ë ®“°ß“π«‘®—¬μà“ßÊ æ∫«à“ºŸâ∑’Ë Ÿ∫∫ÿÀ√’Ë
¡’√–¥—∫¢Õß total cholesterol, triglycerides,
phospholipid, VLDL-cholesterol ·≈– LDL-
cholesterol   Ÿß°«à“ºŸâ∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë ·μà¡’√–¥—∫ HDL-
cholesterol μË”°«à“ºŸâ∑’Ë‰¡à Ÿ∫∫ÿÀ√’Ë (58-60) πÕ°®“°π’È
°“√ Ÿ∫∫ÿÀ√’Ë¬—ß¡’§«“¡ —¡æ—π∏å°—∫°“√≈¥≈ß¢Õß√–¥—∫
lecithin- cholesterol acyltransferase activity (61)

´÷Ëß‡Õπ‰´¡å™π‘¥π’È ‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√ √â“ß
cholesterol esters ́ ÷Ëß‡ªìπ à«πª√–°Õ∫∑’ËÕ¬Ÿà¿“¬„π
‚¡‡≈°ÿ≈¢Õß HDL ¥—ßπ—Èπ °“√‡ª≈’Ë¬π·ª≈ß√–¥—∫
‰¢¡—π„πºŸâ Ÿ∫∫ÿÀ√’Ë®÷ß¡’·π«‚πâ¡‡ªìπªí®®—¬‡ ’Ë¬ßÀπ÷Ëß∑’Ë
 àß‡ √‘¡°“√‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥·≈–À—«„®

 √ÿª
∫∑§«“¡π’È ™’È„Àâ‡ÀÁπ∂÷ßº≈∑’Ë‡°‘¥¢÷Èπμ“¡¡“
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®“°°“√ Ÿ∫∫ÿÀ√’Ë¡’º≈μàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß “√
™’«‚¡‡≈°ÿ≈∑’Ë ”§—≠„π√à“ß°“¬ ÷́Ëß‡ªìπªí®®—¬‡ ’Ë¬ßμàÕ
°“√‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥·≈–À—«„®‡æ‘Ë¡¢÷Èπ ‚¥¬„πºŸâ Ÿ∫
∫ÿÀ√’Ëæ∫«à“¡’√–¥—∫ homocysteine, CRP, LDL-
cholesterol, total cholesterol ·≈– triglyceride
‡æ‘Ë¡¢÷Èπ ¢≥–∑’Ë«‘μ“¡‘π™π‘¥μà“ßÊ ·≈– HDL-
cholesterol „π°√–· ‡≈◊Õ¥¡’√–¥—∫≈¥≈ß ¥—ßπ—Èπ ∑ÿ°
¿“§ à«π∑’Ë‡°’Ë¬«¢âÕß §«√„Àâ§«“¡√Ÿâ·≈–§”·π–π”·°à
ª√–™“™π∂÷ßÕ—πμ√“¬®“°°“√ Ÿ∫∫ÿÀ√’ËμàÕ ÿ¢¿“æ
√«¡∑—Èß™à«¬°—πªÑÕß°—π·≈–§«∫§ÿ¡°“√∫√‘‚¿§∫ÿÀ√’Ë
‡æ◊ËÕ„Àâª√–™“™π¡’°“√¥”√ß™’«‘μÕ¬ŸàÕ¬à“ß¡’§ÿ≥¿“æ
∑’Ë¥’·≈–≈¥¿“√–§à“„™â®à“¬®“°°“√‡®Á∫ªÉ«¬¥â«¬‚√§∑’Ë
¡’ “‡Àμÿ¡“®“°∫ÿÀ√’Ë
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