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Role of antioxidants in lung cancer
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Abstract
Lung cancer is a major health problem.  In Thailand, it is the second most common in men and the fourth

in women. Srinagarind cancer unit statistical data (2005) revealed that lung cancer is the second and the fifth in
men and women admitted to Srinagarind hospital. Lung cancer can be classified into 2 groups, small cell lung
cancer and non-small cell lung cancer. It can be treated by operation, chemotherapy and radiotherapy. The major
cause of lung cancer is smoking which causes free radical formation in the body. However, our body has
antioxidant systems, both non-enzyme system e.g. β-carotene, lycopene, vitamin E, vitamin C and enzyme
system e.g. glutathione peroxidase (GPx) which has selenium as a cofactor, intracellular superoxide dismutase
(SOD), extracellular superoxide dismutase (EC-SOD) and paraoxonase I (PON I). The β-carotene experiments
(ATBC and CARET in the Finnish and American, respectively) showed that antioxidants may act as prooxidant
in smokers.  In animal model, β-carotene could decrease incidence of lung cancer in ferret depending on time
and dosage. Lycopene supplementation influenced on cell proliferation and apoptosis pathway. However, lycopene
supplementation is better for prostate cancer patients than lung cancer patients. Vitamin E decreases lung tumor
in mice, its derivatives decrease inflammation and adaptation of Src gene. Vitamin C combined with
N-acetylcystein decreased cell variability and malignant cells. It also activated lung cancer in chromium treated
cells. Selenium has a chemopreventive role. GPx level was increased in lung cancer patients. SOD was higher
in smoking group than non-smoking one. EC-SOD decreased inflammation, lung fibrosis and lung damage in
animal. PON I level was lower in lung cancer patients than in normal people due to responded lipid peroxidation.
However, combined supplementation may be a good alternative by which further study is required regarding the
impact of these antioxidants in biological system, which includes beneficial as well as toxic health effect.
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6 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 21 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2552

¡–‡√ÁßªÕ¥
¡–‡√ÁßªÕ¥‡ªìπªí≠À“ ”§—≠∑“ß “∏“√≥ ÿ¢ ªï §.». 2002

ª√–‡∑»®’π¡’ºŸâªÉ«¬¡–‡√ÁßªÕ¥√âÕ¬≈– 20 ‡¡◊ËÕ‡∑’¬∫°—∫
ª√–™“°√‚≈° (2.2 ≈â“π§π)  à«π„π∑«’ªÕ‡¡√‘°“‡Àπ◊Õ
æ∫√âÕ¬≈– 14.5 (1.6 ≈â“π§π) ·≈–æ∫„π‡æ»™“¬¡“°°«à“
‡æ»À≠‘ß  à«π„π∑«’ª¬ÿ‚√ªæ∫πâÕ¬°«à“„π∑«’ªÕ‡¡√‘°“‡Àπ◊Õ
·≈–æ∫Õÿ∫—µ‘°“√≥å¢Õß¡–‡√ÁßªÕ¥πâÕ¬∑’Ë ÿ¥„π∑«’ª·Õø√‘°“(1)

¢âÕ¡Ÿ≈ ∂‘µ‘¢Õßª√–‡∑»‰∑¬√–À«à“ßªï §.». 1995-1997
√“¬ß“π«à“æ∫¡–‡√ÁßªÕ¥¡“°‡ªìπÕ—π¥—∫ Õß„π‡æ»™“¬ (25.9
§πµàÕª√–™“°√Àπ÷Ëß· π§π) √Õß®“°¡–‡√Áßµ—∫ ·µàæ∫‡ªìπ
Õ—π¥—∫ ’Ë „π‡æ»À≠‘ß (10 §πµàÕª√–™“°√Àπ÷Ëß· π§π)
√Õß®“°¡–‡√Áßª“°¡¥≈Ÿ° ¡–‡√Áß‡µâ“π¡ ·≈–¡–‡√Áßµ—∫
∑’Ë®—ßÀ«—¥≈”ª“ß¡’Õÿ∫—µ‘°“√≥å°“√‡°‘¥¡–‡√ÁßªÕ¥¡“°∑’Ë ÿ¥„π
ª√–‡∑»‰∑¬ (53.5 §πµàÕª√–™“°√Àπ÷Ëß· π§π) √Õß≈ß¡“
§◊Õ ‡™’¬ß„À¡à·≈–°√ÿß‡∑æ  à«π¢Õπ·°àπæ∫‡ªìπÕ—π¥—∫ ’Ë (19.9
§πµàÕª√–™“°√Àπ÷Ëß· π§π) ·≈– ß¢≈“‡ªìπÕ—π¥—∫∑’ËÀâ“(2)

®“° ∂‘µ‘ºŸâªÉ«¬∑’Ë‡¢â“√—∫°“√√—°…“¡–‡√Áß∑’Ë ∂“∫—π¡–‡√Áß·Ààß™“µ‘
ªï §.». 2005 æ∫«à“Õÿ∫—µ‘°“√≥å¢Õß¡–‡√ÁßªÕ¥‡ªìπÕ—π¥—∫Àπ÷Ëß
(215 §π) „π‡æ»™“¬ ·µà‡ªìπÕ—π¥—∫ ’Ë (110 §π) „π‡æ»
À≠‘ß ™à«ßÕ“¬ÿ∑’Ë¡’Õÿ∫—µ‘°“√≥å°“√‡°‘¥¡–‡√ÁßªÕ¥¡“°∑’Ë ÿ¥
Õ¬Ÿà√–À«à“ß 60-64 ªï(3)  ”À√—∫¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õπ—Èπ
Àπà«¬¡–‡√Áß ‚√ßæ¬“∫“≈»√’π§√‘π∑√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
‰¥â√“¬ß“π ∂‘µ‘¢Õßªï §.». 2005 «à“¡–‡√ÁßªÕ¥æ∫‡ªìπ
Õ—π¥—∫ Õß„π‡æ»™“¬ (√âÕ¬≈– 14.1 ®“°®”π«πºŸâªÉ«¬¡–‡√Áß
∑ÿ°ª√–‡¿∑∑’Ë‡¢â“√—∫°“√µ√«®√—°…“∑’Ë‚√ßæ¬“∫“≈»√’π§√‘π∑√å)
·≈–„π‡æ»À≠‘ß‡ªìπÕ—π¥—∫∑’ËÀâ“ (√âÕ¬≈– 5.4)(4)  “‡Àµÿ„À≠à
¢Õß¡–‡√ÁßªÕ¥¡“®“°°“√ Ÿ∫∫ÿÀ√’Ë ¡≈æ‘… œ≈œ πÕ°®“°π—Èπ
¬—ß¡’ “‡Àµÿ®“°ªí®®—¬Õ◊ËπÊ ‡™àπ æ—π∏ÿ°√√¡ Õ“™’æ∑’ËµâÕß¡’°“√
 —¡º— ‡√¥Õπ (radon) ·≈–·√à„¬À‘π (asbestos) ‡ªìπµâπ(5)

¡–‡√ÁßªÕ¥®”·π°µ“¡≈—°…≥–¢Õß‡´≈≈å‰¥â 2 ™π‘¥„À≠à
§◊Õ ‡´≈≈å¡–‡√Áßµ—«‡≈Á° (small cell lung cancer, SCLC)
·≈– ‡´≈≈å¡–‡√Áß∑’Ë‰¡à„™à‡´≈≈å¡–‡√Áßµ—«‡≈Á° (non-small cell
lung cancer, NSCLC)

1. ‡´≈≈å¡–‡√Áßµ—«‡≈Á° æ∫√âÕ¬≈– 20-25 ®“°¡–‡√Áß
ªÕ¥∑—ÈßÀ¡¥ ª√–°Õ∫¥â«¬‡´≈≈å¢π“¥‡≈Á° ¡’‰´‚∑æ≈“ ´÷¡
πâÕ¬ À“¢Õ∫‡¢µ¬“° ¡’§«“¡√â“¬·√ß°«à“™π‘¥Õ◊ËπÊ Õ“°“√
√ÿπ·√ß·≈–¡’°“√·æ√à°√–®“¬‰¥â‡√Á« µÕ∫ πÕßµàÕ‡§¡’∫”∫—¥
‰¥â¥’ ·∫àß¬àÕ¬ÕÕ°‡ªìπ 2 °≈ÿà¡ ‰¥â·°à °≈ÿà¡ limited disease

¡–‡√ÁßªÕ¥‡°‘¥¢÷Èπ„π∑√«ßÕ°√«¡∑—ÈßµàÕ¡πÈ”‡À≈◊Õß∫√‘‡«≥
‡Àπ◊Õ°√–¥Ÿ°‰Àª≈“√â“¢â“ß‡¥’¬«°—π·≈– °≈ÿà¡ extensive
disease ‡ªìπ√–¬–∑’Ë¡’°“√°√–®“¬¢Õß¡–‡√Áß‰ª∑—Ë«∑ÿ°Õ«—¬«–

2. ‡´≈≈å¡–‡√Áß∑’Ë‰¡à„™à‡´≈≈å¡–‡√Áßµ—«‡≈Á° æ∫¡“°√âÕ¬≈–
75-80 ¢Õß¡–‡√ÁßªÕ¥∑—ÈßÀ¡¥  “‡Àµÿ¡—°‡°‘¥®“°°“√ Ÿ∫∫ÿÀ√’Ë
¡’°“√®—¥√–¬–¢Õß‚√§∑’Ë·πàπÕπ ∑’Ëπ‘¬¡„™â°—π §◊Õ °“√®—¥
√–¬–¢Õß‚√§µ“¡√–∫∫ TNM (Tumor, Lymph node,
Metastasis Classification) ‚¥¬·∫àß‡ªìπ 4 √–¬– ‰¥â·°à √–¬–
∑’Ë 1 ¡’°âÕπ¡–‡√Áß‡©æ“–∑’ËªÕ¥ ¬—ß‰¡à¡’°“√°√–®“¬¢Õß‚√§
‰ª∑’ËµàÕ¡πÈ”‡À≈◊Õß √–¬–∑’Ë 2 ¡’°“√°√–®“¬¢Õß‚√§¡–‡√Áß
‰ª∑’ËµàÕ¡πÈ”‡À≈◊Õß√Õ∫ÊÀ≈Õ¥≈¡ (peribronchial) ·≈–
µàÕ¡πÈ”‡À≈◊Õß∑’Ë¢—È«ªÕ¥¢â“ß∑’Ë‡ªìπ¡–‡√Áß (ipsilateral hilar
lymph node) √–¬–∑’Ë 3 ¡’°“√°√–®“¬¢Õß√Õ¬‚√§‰ª∑’Ë
µàÕ¡πÈ”‡À≈◊Õß∑’Ë‰°≈°«à“√Õ¬‚√§ ·µà¬—ß§ßÕ¬Ÿà¥â“π‡¥’¬«°—π ·≈–
√–¬–∑’Ë 4 ¡’°“√°√–®“¬¢Õß¡–‡√Áß‰ª∑—Ë«√à“ß°“¬ ‡´≈≈å¡–‡√Áß
∑’Ë‰¡à„™à‡´≈≈å¡–‡√Áßµ—«‡≈Á° Õ“®·∫àßµ“¡™π‘¥¢Õß‡´≈≈å ‰¥â¥—ßπ’È

2.1 Squamous cell carcinoma ‡ª≈’Ë¬π·ª≈ß
¡“®“°‡´≈≈å‡¬◊ËÕ∫ÿ™π‘¥ squamous epithelium æ∫«à“√âÕ¬≈–
70 ¡’µ”·ÀπàßÕ¬Ÿà„°≈â°—∫¢—È«ªÕ¥·≈–À≈Õ¥≈¡¢π“¥„À≠à
¡“°°«à“®–„°≈â°—∫‡¬◊ËÕÀÿâ¡ªÕ¥ ª√–¡“≥√âÕ¬≈– 90 ¢ÕßºŸâªÉ«¬
¡’ª√–«—µ‘ Ÿ∫∫ÿÀ√’Ë¡“°àÕπ·≈–æ∫„π‡æ»™“¬¡“°°«à“‡æ»À≠‘ß

2.2 Adenocarcinoma ‡ª≈’Ë¬π·ª≈ß¡“®“°‡´≈≈å
‡¬◊ËÕ∫ÿ∑’Ë‡ªìπµàÕ¡ (glandular epithelium) ‚¥¬· ¥ß≈—°…≥–
‡ªìπ∑àÕ ªÿÉ¡  √â“ß “√ mucin ª√‘¡“≥¡“° ∑”„Àâ‡ÀÁπÀπâ“µ—¥
≈—°…≥–≈◊Ëπ¡—π ¡—°æ∫∑’Ëµ”·Àπàß¥â“ππÕ°¢ÕßªÕ¥ „°≈â‡¬◊ËÕ
Àÿâ¡ªÕ¥ °âÕπ¡–‡√Áß¡’¢Õ∫‡¢µ™—¥‡®π ·≈–¡—°æ∫√à«¡°—∫æ—ßº◊¥
(fibrosis)

2.3 Large cell carcinoma ¡’π‘«‡§≈’¬ ¢π“¥„À≠à
¡’ ‰´‚∑æ≈“´÷¡ª√‘¡“≥¡“° ¢Õ∫‡¢µ¢Õß‡´≈≈å™—¥‡®π·≈–
µâÕß‰¡à¡’≈—°…≥–‡©æ“–¢Õß¡–‡√Áß™π‘¥Õ◊Ëπ Õ“°“√·≈–Õ“°“√
· ¥ß‡À¡◊Õπ°—∫¡–‡√ÁßªÕ¥™π‘¥Õ◊ËπÊ  à«π„À≠àºŸâªÉ«¬¡—°¡’
ª√–«—µ‘ Ÿ∫∫ÿÀ√’Ë Õ“¬ÿ‚¥¬‡©≈’Ë¬§◊Õ 60 ªï(6)

°“√√—°…“¡–‡√ÁßªÕ¥∑”‰¥âÀ≈“¬«‘∏’ ‡™àπ °“√√—°…“∑“ß
»—≈¬°√√¡ °“√√—°…“∑“ß‡§¡’∫”∫—¥ ·≈–°“√√—°…“∑“ß√—ß ’ (5,7)

´÷Ëß·æ∑¬å®–‡≈◊Õ°∑”°“√√—°…“„Àâ‡À¡“–°—∫√–¬–·≈–§«“¡
√ÿπ·√ß¢Õß‚√§
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 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √– (Antioxidant)
 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √– §◊Õ  “√∑’Ë “¡“√∂ªÑÕß°—π ¬—∫¬—ÈßÀ√◊Õ

∑”≈“¬Õπÿ¡Ÿ≈Õ‘ √–  à«π„À≠à‚¥¬°“√‡°Á∫°‘π (scavenging)
·≈–°“√√’¥‘«´å‚¡‡≈°ÿ≈(8)  “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–·∫àß‡ªìπ 2
°≈ÿà¡„À≠à ‰¥â·°à °≈ÿà¡∑’Ë ‰¡à„™à‡Õπ‰´¡å (non-enzymatic
antioxidants) ·≈–°≈ÿà¡∑’Ë ‡ªìπ‡Õπ‰´¡å (enzymatic
antioxidants)(9)

 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–°≈ÿà¡∑’Ë‰¡à„™à‡Õπ‰´¡å ¡’°≈‰°„π°“√
∑”ß“πµà“ßÊ °—π  “√°≈ÿà¡ ·§‚√∑’πÕ¬¥å (carotenoid)
¡’‚§√ß √â“ß‰Œ‚¥√§“√å∫Õπ 10-12 æ—π∏–§Ÿà ≈–≈“¬‰¥â„π‰¢¡—π
®÷ßΩíßÕ¬Ÿà„π‡¬◊ËÕÀÿâ¡‡´≈≈å ‡ªìπµ—«¬—∫¬—Èß°“√‡ª≈’Ë¬π¢ÕßÕÕ°´‘‡®π
‡ªìπ‰Œ‚¥√‡ªÕ√åÕÕ°‰´¥å (hydroperoxide; ROOH) µ—«Õ¬à“ß
¢Õß “√„π°≈ÿà¡·§‚√∑’πÕ¬¥å∑’Ë√Ÿâ®—°°—π¥’ ‰¥â·°à ∫’µ“·§‚√∑’π
(β-carotene) ·≈–‰≈‚§ªïπ (lycopene) ∫’µ“·§‚√∑’π
∑”Àπâ“∑’Ë‡°Á∫°‘πÕπÿ¡Ÿ≈Õ‘ √–∑’Ë‡ªìπ lipid peroxyl radical
„π ¿“«–∑’Ë¡’§«“¡¥—π¢ÕßÕÕ°´‘‡®πµË” ‰≈‚§ªïπ ®–‡°Á∫°‘π
Õπÿ¡Ÿ≈Õ‘ √–∑’Ë∂Ÿ°ÕÕ° ‘́‰¥ ǻ„π°√–∫«π°“√¢π àßÕ‘‡≈Á°µ√Õπ
·≈–®“°°√–∫«π°“√Õ◊ËπÊ∑’Ë¡’°“√º≈‘µÕπÿ¡Ÿ≈Õ‘ √–¢÷Èπ„π√à“ß°“¬
«‘µ“¡‘πÕ’ (tocopherol) ¡’ª√– ‘∑∏‘¿“æ¡“°„π°“√°”®—¥
peroxyl radicals ∑’ËÕ¬Ÿà„π‚§√ß √â“ßøÕ ‚ø≈‘æ‘¥ Õß™—Èπ
(phospholipid bilayer) ‚¥¬«‘µ“¡‘πÕ’®–√—∫Õπÿ¡Ÿ≈Õ‘ √–¡“
‡°Á∫„π‚§√ß √â“ß∑’Ëª√–°Õ∫¥â«¬«ß·À«πÕ–‚√¡“µ‘° ·≈â«µ—«
‡Õß°≈“¬‡ªìπÕπÿ¡Ÿ≈Õ‘ √–¢Õß«‘µ“¡‘πÕ’ “¡“√∂°≈—∫‰ªÕ¬Ÿà„π
√Ÿª∑’Ë∑”ß“π‰¥âÕ’°§√—Èß¥â«¬§«“¡™à«¬‡À≈◊Õ¢Õß«‘µ“¡‘π´’´÷Ëß¡“
√—∫Õπÿ¡Ÿ≈Õ‘ √– «‘µ“¡‘π´’ (ascorbate) °”®—¥‰Œ‚¥√‡®π‡ªÕ√å
ÕÕ°‰´¥å∑’Ë≈–≈“¬„ππÈ” „π ¿“«–ª°µ‘¢Õß√à“ß°“¬π—Èπ«‘µ“¡‘π´’
®–Õ¬Ÿà„π√Ÿª§Õπ®Ÿ‡°µ‡∫  (conjugate base, AH-) ‡¡◊ËÕ
√—∫Õπÿ¡Ÿ≈Õ‘ √–¡“·≈â« “¡“√∂°≈—∫‰ª∑”ß“π‰¥â‚¥¬Õ“»—¬
§«“¡™à«¬‡À≈◊Õ¢Õß‡Õπ‰´¡å glutathione peroxidase(8)

 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–°≈ÿà¡∑’Ë‡ªìπ‡Õπ‰´¡å ‰¥â·°à ‡Õπ‰´¡å
glutathione peroxidase (GPx) æ∫∑—Èß„π‰´‚∑æ≈“´÷¡ ·≈–
‰¡‚∑§Õπ‡¥√’¬ ¡’´‘≈‘‡π’¬¡ (selenium) ‡ªìπ‚§·ø°‡µÕ√å„π
∫√‘‡«≥‡√àß¢Õß‡Õπ‰´¡å (active site) „π√Ÿª¢Õß´‘≈‘‚π´‘ ‡∑
Õ’π Àπâ“∑’Ë ”§—≠§◊Õ°√–µÿâπªØ‘°‘√‘¬“√’¥—°™—πµàÕ‰Œ‚¥√‡ªÕ√å
ÕÕ°‰´¥å ‚¥¬®–Õ¬Ÿà„π√Ÿª√’¥‘«´å°≈Ÿ∑“‰∑‚Õπ ‰¥âπÈ”‡ªìπº≈º≈‘µ
 ÿ¥∑â“¬¢ÕßªØ‘°‘√‘¬“(8,10) ‡Õπ‰´¡å intracellular superoxide
dismutase (SOD) ¡’∑—Èß™π‘¥∑’ËÕ¬Ÿà„π‰´‚∑æ≈“ ÷́¡ ·≈–‰¡‚∑
§Õπ‡¥√’¬ SOD „π‰´‚∑æ≈“´÷¡®–¡’∑Õß·¥ß·≈– —ß°– ’

‡ªìπ‚§·ø°‡µÕ√å‚¥¬°“√‡™◊ËÕ¡µàÕ¢Õß°√¥Õ–¡‘‚πŒ’ µ“¡’π∑’Ë
∫√‘‡«≥‡√àß ¡’Àπâ“∑’ËÀ≈—°„π°“√‡ªìπª√“°“√¥à“π·√°¢Õß°“√µâ“π
´ÿª‡ªÕ√åÕÕ°‰´¥å ”À√—∫‡´≈≈å  à«π SOD „π‰¡‚∑§Õπ‡¥√’¬
®–¡’·¡ß°“π’ ‡ªìπ‚§·ø°‡µÕ√å ∑”Àπâ“∑’Ë°”®—¥ oxygen
radical ∑’Ë‡°‘¥®“°°√–∫«π°“√À“¬„® (respiratory chain)(10)

‡Õπ‰´¡å extracellular superoxide dismutase (EC-SOD)
¡’‚§√ß √â“ß·∫∫‡µµ√–‡¡Õ√‘° (tetrameric) ª√–°Õ∫¥â«¬
∑Õß·¥ß·≈– —ß°– ’‡ªìπ‚§·ø°‡µÕ√åÕ¬Ÿà„π·µà≈–Àπà«¬¬àÕ¬
(subunit)  à«π c-terminal ¡’ basic amino acid ´÷Ëß®–®—∫
°—∫‰°≈‚§Õ–¡‘‚π‰°≈·§π (glycoaminoglycan) ‡™àπ ‡Œª“√‘π
(heparin) ¡’Àπâ“∑’Ë„π°“√‡°Á∫°‘π´ÿª‡ªÕ√åÕÕ°‰´¥å ‚¥¬‡©æ“–
∫√‘‡«≥∑’ËÕ¬ŸàπÕ°‡´≈≈å √«¡∑—Èß¬—ß™à«¬§«∫§ÿ¡„Àâ‡À≈Á°Õ¬Ÿà„π
 ¿“«–√’¥‘«´å ·≈–§«∫§ÿ¡ª√‘¡“≥¢Õß‰πµ√‘°ÕÕ°‰´¥å ≈¥°“√
·µ°∑”≈“¬§Õ≈≈“‡®π„π‡¡∑√‘°´å¿“¬πÕ°‡´≈≈å ®–‰¡à∂Ÿ°
‡Àπ’Ë¬«π”®“°´—∫ ‡µ√∑ (substrate) °“√§«∫§ÿ¡‡∫◊ÈÕßµâπ¡’
°“√∑”ß“π√à«¡°—π°—∫‰´‚∑‰§πå (cytokine)(10, 11) ‡Õπ‰´¡å
paraoxonase (PON I) ‡ªìπ ‡Õπ‰´¡å∑’Ë¬àÕ¬æ—π∏–‡Õ ‡∑Õ√å
PON I ≈–≈“¬„π‰¢¡—π ®–®—∫Õ¬Ÿà°—∫‰≈‚ª‚ª√µ’π™π‘¥∑’Ë¡’
§«“¡Àπ“·πàπ Ÿß (high density lipoprotein, HDL) PON
I „π ’́√—¡¡—°®–∑”ß“π√à«¡°—∫‡Õπ‰´¡å arylesterase „π°“√
°”®—¥ “√ª√–°Õ∫øÕ ‡øµÕ‘π∑√’¬å (organophosphorus
compound) ‡™àπ æ“√“ÕÕ°´Õπ (paraoxon) ·≈–Õπÿ¡Ÿ≈
Õ‘ √–°àÕ¡–‡√Áß∑’ËÕ¬Ÿà „π à«π≈–≈“¬„π‰¢¡—π ´÷Ëß‰¥â®“°
°√–∫«π°“√ lipid peroxidation °“√∑”ß“π¢Õß PON I
¡’§«“¡·µ°µà“ß°—π‰ª„π·µà≈–§π ‡æ√“–‡°‘¥®“° polymor-
phism(12)

·¡â«à“ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–®–¡’§«“¡ “¡“√∂„π°“√¬—∫¬—Èß
¡‘„ÀâÕπÿ¡Ÿ≈Õ‘ √–‰ª∑”≈“¬‡´≈≈å¥â«¬°≈‰°µà“ß Ê °—π Õ¬à“ß‰√
°Áµ“¡°“√„™â “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–„πª√‘¡“≥∑’Ë‰¡à‡À¡“– ¡ ‡™àπ
¡“°‡°‘π‰ª Õ“®¡’º≈µ√ß¢â“¡ §◊Õ ·∑π∑’Ë®–µâ“πÕπÿ¡Ÿ≈Õ‘ √–
°≈—∫‰ª àß‡ √‘¡°“√ √â“ßÕπÿ¡Ÿ≈Õ‘ √– À√◊Õ‡√’¬°«à“‡ªìπ
‚ª√ÕÕ° ‘́·¥π∑å (prooxidant) ‡ªìπ “‡Àµÿ¢Õß°“√∑”≈“¬
‡´≈≈å(13)

∫∑∫“∑¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–µàÕ¡–‡√ÁßªÕ¥
‡π◊ËÕß®“°ªÕ¥¡’Àπâ“∑’Ë„π°“√·≈°‡ª≈’Ë¬π°ä“´ ‚¥¬Õ“»—¬

‡≈◊Õ¥π”ÕÕ° ‘́‡®π¡“‡≈’È¬ßªÕ¥ ¥—ßπ—ÈπªÕ¥®÷ßßà“¬µàÕ°“√∂Ÿ°
∑”≈“¬®“°¿“«–‡§√’¬¥ÕÕ°´‘‡®π (oxidative stress) „π
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√–¥—∫‚¡‡≈°ÿ≈π—Èπ°“√‡æ‘Ë¡¢ÕßÕπÿ¡Ÿ≈Õ‘ √–∑—Èß™π‘¥ reactive
oxygen ·≈– nitrogen species ‡ªìπ “‡Àµÿ„Àâ‡´≈≈åªÕ¥
∂Ÿ°∑”≈“¬·≈–‡°‘¥°“√Õ—°‡ ∫„πªÕ¥ ‚¥¬ºà“π°“√°√–µÿâπ
ªí®®—¬∑’Ë¡’º≈µàÕ°“√∂Õ¥√À— æ—π∏ÿ°√√¡(9) Õ¬à“ß‰√°Áµ“¡
√à“ß°“¬¡’°≈‰°∑’Ë®–µâ“π°√–∫«π°“√‡À≈à“π’È¥â«¬°“√∑”ß“π
¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–(8) ¡’√“¬ß“π°“√»÷°…“‡°’Ë¬«°—∫∫∑∫“∑
¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–°—∫¡–‡√ÁßªÕ¥¥—ß®–‰¥â°≈à“«µàÕ‰ªπ’È

∫’µ“·§‚√∑’π°—∫¡–‡√ÁßªÕ¥
°“√»÷°…“∫∑∫“∑¢Õß∫’µ“·§‚√∑’π°—∫¡–‡√ÁßªÕ¥∑’Ëπà“

 π„® ¡’ 2 ‚§√ß°“√«‘®—¬ ´÷Ëß‡ªìπ°“√∑¥≈Õß√–À«à“ßªï §.».
1988-1997 ‰¥â·°à ‚§√ß°“√ The Alpha-Tocopherol Beta-
Carotene Cancer Prevention Trial (ATBC) ÷́Ëß„Àâ‡ √‘¡
∫’µ“·§‚√∑’π„πª√‘¡“≥ Ÿß√à«¡°—∫«‘µ“¡‘πÕ’·°à™“«øîπ·≈π¥å
‡ªìπ‡«≈“ 6 ªï ·≈–‚§√ß°“√ The Beta-Carotene and Retinol
Efficacy Trial (CARET) ́ ÷Ëß„Àâ‡ √‘¡∫’µ“·§‚√∑’π„πª√‘¡“≥
 Ÿß√à«¡°—∫«‘µ“¡‘π‡Õ·°à™“«Õ‡¡√‘°—π‡ªìπ‡«≈“ 4 ªï ‚§√ß°“√
«‘®—¬∑—Èß Õß„Àâº≈°“√∑¥≈Õß∑’Ë§≈â“¬§≈÷ß°—π ‚¥¬æ∫«à“°“√„Àâ
‡ √‘¡∫’µ“·§‚√∑’π„πª√‘¡“≥¡“°‡ªìπ‡«≈“π“π®–‡æ‘Ë¡Õ—µ√“
°“√‡°‘¥¡–‡√ÁßªÕ¥ ´÷Ëßº≈°“√∑¥≈Õß¥—ß°≈à“«‰¡à‡ªìπ‰ªµ“¡
∑’Ë§“¥«à“°“√„Àâ‡ √‘¡∫’µ“·§‚√∑’ππà“®–™à«¬≈¥Õÿ∫—µ‘°“√≥å
¢Õß¡–‡√ÁßªÕ¥ ¥—ßπ—Èπ§≥–«‘®—¬®÷ßÀ¬ÿ¥°“√∑¥≈Õß∑—Èß Õß
‡√Á«°«à“°”Àπ¥ À≈—ß®“°À¬ÿ¥°“√∑¥≈Õßæ∫«à“Õ“ “ ¡—§√°≈ÿà¡
ATBC ¡’√–¥—∫∫’µ“·§‚√∑’π„π°√–· ‡≈◊Õ¥≈¥≈ßÕ¬à“ß
√«¥‡√Á«®π‡¢â“ Ÿà√–¥—∫ª°µ‘ (‡æ»™“¬ 0.40 ·≈–‡æ»À≠‘ß 0.47
µmol/L(14))  ”À√—∫°≈ÿà¡ CARET æ∫Õ—µ√“°“√‡°‘¥¡–‡√Áß
ªÕ¥≈¥≈ß·µà¬—ß§ß Ÿß°«à“„π°≈ÿà¡§«∫§ÿ¡(15)  ◊∫‡π◊ËÕß®“°
°“√∑¥≈Õß∑—Èß Õßπ’È The European Union Scientific
Committee on Food ®÷ßÕÕ°ª√–°“»„πªï §.».2000 «à“
§«√∫√‘‚¿§∫’µ“·§‚√∑’π„πª√‘¡“≥ 10 ¡‘≈≈‘°√—¡µàÕ«—π ·≈–
‰¡à§«√∫√‘‚¿§¡“°‡°‘π 20 ¡‘≈≈‘°√—¡µàÕ«—π πÕ°®“°π’È
À“°√—∫ª√–∑“π„π√Ÿª¢Õßº—°º≈‰¡â®–‰¥âª√–‚¬™πå Ÿß ÿ¥(17)

Õ¬à“ß‰√°Áµ“¡°≈‰°∑’Ë∫’µ“·§‚√∑’πª√‘¡“≥ Ÿß‡æ‘Ë¡Õ—µ√“‡ ’Ë¬ß
µàÕ°“√‡°‘¥¡–‡√ÁßªÕ¥π—Èπ¬—ß‰¡à¡’ºŸâÕ∏‘∫“¬‰¥â™—¥‡®π

°“√ Ÿ∫∫ÿÀ√’ËÕ“®‡ªìπµ—«°√–µÿâπ„Àâ∫’µ“·§‚√∑’π‡ªìπæ‘…‰¥â
‚¥¬µ√ß(16) ‡æ√“– reactive oxidative β-carotene metabolite
∑’Ë‡°‘¥®“°°“√ Ÿ∫∫ÿÀ√’Ë√à«¡°—∫∂Ÿ°°√–µÿâπ®“°ÕÕ°´‘‡®π„πªÕ¥
π—Èπ¡’‚§√ß √â“ß§≈â“¬°—∫‡√µ‘πÕ¬¥å (retinoid) ®÷ß√∫°«π°“√
 àß —≠≠“≥∑”„Àâ√–¥—∫‡√µ‘πÕ¬¥å≈¥≈ß °¥°“√· ¥ßÕÕ°¢Õß

RAR-beta gene ∑”„Àâ‰¡à “¡“√∂¬—∫¬—Èß°“√∑”ß“π¢Õß¬’π∑’Ë
º‘¥ª°µ‘‡°’Ë¬«°—∫°“√·∫àßµ—«¢Õß‡´≈≈å‰¥â πÕ°®“°π—Èπ Palozza
·≈–§≥– (2006) ¬—ßæ∫«à“§«“¡¥—πÕÕ° ‘́‡®π¡’º≈µàÕ∫∑∫“∑
„π°“√‡ªìπ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–¢Õß∫’µ“·§‚√∑’π ‚¥¬‡¢“»÷°…“
∫∑∫“∑¢Õß∫’µ“·§‚√∑’πµàÕ “√∑“√å∑’Ë °—¥¡“®“°§«—π∫ÿÀ√’Ë
„π‡π◊ÈÕ‡¬◊ËÕªÕ¥¢ÕßÀπŸ ∑’Ë§«“¡¥—πÕÕ°´‘‡®πµà“ßÊ °—π
æ∫«à“∑’Ë§«“¡¥—πÕÕ°´‘‡®πµË”∫’µ“·§‚√∑’π®–∑”Àπâ“∑’Ë‡ªìπ
 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √– ·µà‡¡◊ËÕ§«“¡¥—πÕÕ° ‘́‡®π‡æ‘Ë¡ Ÿß¢÷Èπ
°“√‡°‘¥ lipid peroxidation ®–‡æ‘Ë¡ Ÿß¢÷Èπ¥â«¬ π—Ëπ§◊Õ
∫’µ“·§‚√∑’π∑”Àπâ“∑’Ë‡ªìπ‚ª√ÕÕ°´‘·¥π∑å(18) πÕ°®“°π—Èπ
Fuster ·≈–§≥– (2008) ¬—ß‰¥â∑¥≈Õß„Àâ‡ √‘¡∫’µ“·§‚√∑’π
·°àµ—«‡øÕ√å‡√∑∑’Ë‰¥â√—∫‡∫π‚´æ‘«√’π‡æ◊ËÕ°√–µÿâπ°“√‡°‘¥¡–‡√Áß
ªÕ¥ æ∫«à“°“√‡ √‘¡∫’µ“·§‚√∑’π„Àâº≈¥’„π°“√≈¥ª√‘¡“≥
‚ª√µ’πµ—«°√–µÿâπ ¡’ª√‘¡“≥ RAR-beta ‡æ‘Ë¡¢÷Èπ ·≈–¡’º≈
ªÑÕß°—π°“√·æ√à°√–®“¬¢Õß‡´≈≈å ®“°°“√∑¥≈Õßµà“ßÊ ∑’Ë°≈à“«
¡“π’È®–‡ÀÁπ«à“°“√„Àâ‡ √‘¡∫’µ“·§‚√∑’πµâÕß§”π÷ß∂÷ßª√‘¡“≥
∑’Ë„Àâ·≈–√–¬–‡«≈“∑’Ë‡À¡– ¡¥â«¬(19)

‰≈‚§ªïπ°—∫¡–‡√ÁßªÕ¥
‡ªìπ∑’Ë∑√“∫°—π¥’«à“‰≈‚§ªïπ¡’∫∑∫“∑„π°“√ªÑÕß°—π¡–‡√Áß

µàÕ¡≈Ÿ°À¡“° ¡’°“√»÷°…“∫∑∫“∑¢Õß‰≈‚§ªïπ„π°“√ªÑÕß°—π
¡–‡√ÁßªÕ¥‚¥¬ Liu ·≈–§≥– „πªï §.». 2003 ‚¥¬»÷°…“
«à“‰≈‚§ªïπ¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß‡´≈≈å squamous ¢Õß
ªÕ¥„πµ—«‡øÕ√å‡√∑∑’Ë‰¥â√—∫°“√°√–µÿâπ®“°§«—π∫ÿÀ√’ËÀ√◊Õ‰¡à
‡¢“æ∫«à“‰≈‚§ªïπ™à«¬≈¥°“√·æ√à°√–®“¬¢Õß‡´≈≈å¡–‡√Áß
≈¥°“√‡µ‘¡À¡ŸàøÕµ‡ø µàÕ BAD (‡ªìπ transcription factor
‡°’Ë¬«°—∫°“√µ“¬¢Õß‡´≈≈å) ∑”„Àâ‡´≈≈å¡–‡√Áßµ“¬¡“°¢÷Èπ(20)

µàÕ¡“„πªï §.». 2005 Palozza ·≈–§≥– »÷°…“º≈¢Õß
‰≈‚§ªïπµàÕ°“√‡®√‘≠¢Õß‡´≈≈å‰ø‚∫√∫≈“ ¢Õß¡πÿ…¬å∑’Ë∂Ÿ°
°√–µÿâπ‚¥¬ “√∑“√å„π∫ÿÀ√’Ë æ∫«à“°≈ÿà¡∑’Ë „Àâ‡ √‘¡‰≈‚§ªïπ
®–æ∫¡’°“√µ“¬¢Õß‡´≈≈å∑’Ëº‘¥ª°µ‘‡æ‘Ë¡¢÷Èπ(21) ´÷Ëßß“π¢Õß
Palozza ‡ªìπ°“√ π—∫ πÿπº≈°“√∑¥≈Õß¢Õß Liu

∂÷ß·¡â‰≈‚§ªïπ®–¡’º≈¥’µàÕ¡–‡√ÁßªÕ¥¥—ß°≈à“«¢â“ßµâπ
·µà„π∫“ß ¿“«–‰≈‚§ªïπ°Á¡’‚∑…‰¥â‡™àπ°—π Guttenplan ·≈–
§≥– (2001) ∑¥≈Õß„Àâ‡ √‘¡‰≈‚§ªïπ„πÀπŸ∑’Ë‡ªìπ¡–‡√ÁßµàÕ¡
≈Ÿ°À¡“° ¡–‡√Áß≈”‰ â·≈–¡–‡√ÁßªÕ¥ æ∫«à“°“√„Àâ‡ √‘¡
‰≈‚§ªïπ„π√–¬– —Èπ¡’º≈¥’µàÕÀπŸ∑’Ë‡ªìπ¡–‡√Áß≈”‰ â·≈–
¡–‡√ÁßªÕ¥ ·≈–°“√„Àâ‡ √‘¡‰≈‚§ªïπ‰¡à«à“®–‡ªìπ√–¬– —Èπ
À√◊Õ√–¬–¬“«„Àâº≈¥’µàÕÀπŸ∑’Ë‡ªìπ¡–‡√ÁßµàÕ¡≈Ÿ°À¡“° · ¥ß
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«à“„π∫“ß°√≥’‰≈‚§ªïπÕ“®∑”Àπâ“∑’Ë‡ªìπ‚ª√ÕÕ° ‘́·¥π∑å
Õ—π‡π◊ËÕß®“°°“√ – ¡¢Õß‰≈‚§ªïπ∑’Ë‡π◊ÈÕ‡¬◊ËÕ¢ÕßªÕ¥¡“°
°«à“‡π◊ÈÕ‡¬◊ËÕ¢ÕßµàÕ¡≈Ÿ°À¡“°(22)

«‘µ“¡‘πÕ’°—∫¡–‡√ÁßªÕ¥
«‘µ“¡‘πÕ’™à«¬ªÑÕß°—π°“√‡°‘¥¢Õß¡–‡√ÁßªÕ¥‰¥â ‚¥¬

∑”„Àâ°“√·æ√à°√–®“¬¢Õß‡´≈≈å¡–‡√Áß≈¥≈ß «‘µ“¡‘πÕ’„π√Ÿª
¢Õß‡°≈◊Õ —́°´‘‡πµ (vitamin E succinate, VES) ™à«¬≈¥
ª√‘¡“µ√‡π◊ÈÕßÕ°„πÀπŸ‰¥â ·µà¬—ß‰¡à∑√“∫°≈‰°∑’Ë™—¥‡®π(23)

«‘µ“¡‘πÕ’„π√Ÿª¢Õß·Õ≈ø“‚∑‚§‡øÕ√Õ≈™à«¬≈¥°“√Õ—°‡ ∫‰¥â
‚¥¬∑’Ë·Õ≈ø“‚∑‚§‡øÕ√‘≈ —́°´‘‡πµ (TOS) ¡’º≈¬—∫¬—Èß°“√
 √â“ßæ√Õ µ“·°≈π¥‘π ·µà‰¡à “¡“√∂≈¥°“√‡°‘¥ reactive
oxygen species (ROS) ‰¥â „π¢≥–∑’Ë·Õ≈ø“‚∑‚§‡øÕ√Õ≈
(TOL) ·≈–·Õ≈ø“‚∑‚§‡øÕ√‘≈Õ–´‘‡µ¥ (TOA)  “¡“√∂≈¥
ROS ‰¥â(24) °“√»÷°…“Õπÿæ—π∏å¢Õß«‘µ“¡‘πÕ’„π°“√‡ªìπ “√
ªÑÕß°—π°“√‡°‘¥¡–‡√Áß¬—ß§ß¡’Õ¬ŸàµàÕ‡π◊ËÕß≈à“ ÿ¥„πªï §.». 2008
Kashiwagi ·≈–§≥– »÷°…“Õπÿæ—π∏å¢Õß‚∑‚§‰∑√Õ’πÕ≈
(tocotrienol) „π√Ÿª 6-0-carboxypropyl-α-tocotrienol
(T3E) æ∫«à“ “√π’È¡’º≈µàÕ°“√‡µ‘¡À¡ŸàøÕµ‡øµ·°à Src ÷́Ëß
‡ªìπ¬’π∑’Ë∑”Àπâ“∑’Ë‡°’Ë¬«°—∫°“√ª√—∫µ—«‡æ◊ËÕ°“√Õ¬Ÿà√Õ¥¢Õß
‡´≈≈å¡–‡√Áß„π ¿“«–∑’Ë¢“¥ÕÕ° ‘́‡®π ®÷ß°¥°“√· ¥ßÕÕ°¢Õß
¬’π‰¥â ≈¥°“√ª√—∫µ—«‡æ◊ËÕ°“√Õ¬Ÿà√Õ¥¢Õß¡–‡√ÁßªÕ¥‰¥â(26)

‡π◊ËÕß®“°«‘µ“¡‘πÕ’¡’°≈‰°„π°“√‡ªìπ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–
‚¥¬°“√√—∫Õπÿ¡Ÿ≈Õ‘ √–∑’Ë‡ªìπÕ—πµ√“¬µàÕ√à“ß°“¬‡¢â“ Ÿà‚¡‡≈°ÿ≈
¢Õß«‘µ“¡‘πÕ’‡Õß ‰¥â‡ªìπÕπÿ¡Ÿ≈Õ‘ √–¢Õß«‘µ“¡‘πÕ’ ́ ÷Ëß “¡“√∂
∑”„Àâ‡°‘¥ lipid peroxidation ‰¥â ·µà„π ¿“«–ª°µ‘®–¡’
 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–µ—«Õ◊Ëπ (co-antioxidant) ™à«¬‡ª≈’Ë¬π
Õπÿ¡Ÿ≈Õ‘ √–¢Õß«‘µ“¡‘πÕ’„Àâ°≈—∫‡ªìπ«‘µ“¡‘πÕ’ª°µ‘ À“°‡¡◊ËÕ
√à“ß°“¬Õ¬Ÿà„π ¿“«–∑’Ë¡’§«“¡‰¡à ¡¥ÿ≈¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–
Õπÿ¡Ÿ≈Õ‘ √–¢Õß«‘µ“¡‘πÕ’®–‰¡à “¡“√∂∂Ÿ°‡ª≈’Ë¬π°≈—∫‡ªìπ
«‘µ“¡‘πÕ’√Ÿªª°µ‘‰¥â ®÷ß°≈“¬‡ªìπ‚ª√ÕÕ° ‘́·¥π∑å(16) ¥—ßπ—Èπ
®÷ß§«√∫√‘‚¿§º—°·≈–º≈‰¡â∑’ËÀ≈“°À≈“¬‡æ◊ËÕ„Àâ‡°‘¥§«“¡ ¡¥ÿ≈
¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–À≈“¬™π‘¥∑’ËÕ¬Ÿà„πº—°º≈‰¡â ́ ÷Ëß®–™à«¬
≈¥Õ—µ√“‡ ’Ë¬ßµàÕ°“√‡°‘¥¡–‡√ÁßªÕ¥ πÕ°®“°π’È¬—ß¡’∫“ß°“√
»÷°…“∑’Ë√“¬ß“π«à“°“√∫√‘‚¿§«‘µ“¡‘πÕ’‡ √‘¡·µà‡æ’¬ßÕ¬à“ß‡¥’¬«
‰¡à¡’º≈µàÕ°“√ªÑÕß°—π§«“¡‡ ’Ë¬ß¢Õß°“√‡°‘¥¡–‡√ÁßªÕ¥(25)

«‘µ“¡‘π´’°—∫¡–‡√ÁßªÕ¥
«‘µ“¡‘π ’́∑”Àπâ“∑’Ë‡ªìπ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–∑’Ë¡’ ¡∫—µ‘

≈–≈“¬πÈ”‰¥â ·≈–∑”Àπâ“∑’Ë™à«¬‡ª≈’Ë¬πÕπÿ¡Ÿ≈Õ‘ √–¢Õß

«‘µ“¡‘πÕ’„Àâ°≈—∫‡ªìπ«‘µ“¡‘πÕ’√Ÿªª°µ‘ ´÷Ëß “¡“√∂‡ÀÁπº≈‰¥â
™—¥‡®π‡¡◊ËÕ„Àâ‡ √‘¡«‘µ“¡‘π´’√à«¡°—∫«‘µ“¡‘πÕ’·°àºŸâ Ÿ∫∫ÿÀ√’Ë(27)

„π¿“«–∑’Ë√à“ß°“¬¡’‡À≈Á°∑’ËÕ¬Ÿà„π√Ÿª¢Õß‡øÕ√å√‘°‰ÕÕÕπ (Fe3+)
¡“° «‘µ“¡‘π´’®–‡ªìπµ—«°√–µÿâπ„Àâ‡ª≈’Ë¬π‡ªìπ‡øÕ√å√— ‰ÕÕÕπ
(Fe2+) ́ ÷Ëß°àÕ„Àâ‡°‘¥Õπÿ¡Ÿ≈Õ‘ √–¡“°¡“¬ À“°√à“ß°“¬¡’ ¡¥ÿ≈
¢Õß “√µâ“πÕπÿ¡Ÿ≈Õ‘ √– Õπÿ¡Ÿ≈Õ‘ √–‡À≈à“π’È°Á®–∂Ÿ°¬—∫¬—Èß‰¥â
‚¥¬ N-acetylcystein (NAC) ·≈– GPx(16) °“√„Àâ‡ √‘¡
«‘µ“¡‘π´’√à«¡°—∫ NAC ¡’º≈≈¥°“√·æ√à°√–®“¬·≈–°“√
‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å¡–‡√ÁßªÕ¥Õ¬à“ß™—¥‡®π ‡æ√“–«‘µ“¡‘π´’
π—Èπ “¡“√∂§«∫§ÿ¡‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡°’Ë¬«°—∫°“√´àÕ¡·´¡
¥’‡ÕÁπ‡Õ  à«π NAC ¡’º≈¬—∫¬—Èß°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ(28)

„π∫“ß°√≥’«‘µ“¡‘π´’Õ“®∑”Àπâ“∑’Ë‡ªìπ‚ª√ÕÕ°´‘·¥π∑å‰¥â
„πªï §.». 2006 Martin ·≈–§≥– ‰¥â»÷°…“º≈«‘µ“¡‘π ’́
µàÕ¡–‡√ÁßªÕ¥¢Õß¡πÿ…¬å∑’Ë‡°‘¥®“°æ‘…‚§√‡¡’¬¡ æ∫«à“°≈ÿà¡∑’Ë
‰¥â√—∫«‘µ“¡‘π´’°≈—∫¡’ª√‘¡“≥‚§√‡¡’¬¡„π‡´≈≈å¡“°°«à“ª°µ‘· 
¥ß«à“«‘µ“¡‘π´’‡ªìπ‚ª√ÕÕ° ‘́·¥π ǻ ‚¥¬‡ªìπµ—«®—∫ (chelating
ligand)„Àâ‚§√‡¡’¬¡‡¢â“‡´≈≈å¡“°¢÷Èπ(29)

º≈¢Õß°“√„™â “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–À≈“¬™π‘¥√à«¡°—π
„πºŸâªÉ«¬¡–‡√ÁßªÕ¥

‡π◊ËÕß®“°°“√ Ÿ∫∫ÿÀ√’Ë‡ªìπ “‡ÀµÿÀ≈—°¢Õß°“√‡°‘¥¡–‡√Áß
ªÕ¥ ¡’√“¬ß“π«à“°≈ÿà¡ºŸâ‰¡à Ÿ∫∫ÿÀ√’Ë¡’√–¥—∫ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–
∑ÿ°™π‘¥ ‡™àπ ∫’µ“·§‚√∑’π ∫’µ“§√‘ª‚µ·´π∑’π (β-cry-
ptoxanthin) ·≈–«‘µ“¡‘π´’  Ÿß°«à“°≈ÿà¡ºŸâ Ÿ∫∫ÿÀ√’Ë(31) ¥—ß∑’Ë‰¥â
°≈à“«¡“·≈â««à“°“√„Àâ‡ √‘¡∫’µ“·§‚√∑’π„πª√‘¡“≥ Ÿß‡æ’¬ß
Õ¬à“ß‡¥’¬«·°àºŸâ Ÿ∫∫ÿÀ√’Ë ¡’º≈‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥
¡–‡√ÁßªÕ¥ ¥—ßπ—Èπ Kim ·≈–§≥– (2006) ®÷ß»÷°…“°“√„Àâ
‡ √‘¡∫’µ“·§‚√∑’π√à«¡°—∫ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–Õ◊Ëπ Ê ‰¥â·°à
∫’µ“·§‚√∑’π ·Õ≈ø“‚∑‚§‡øÕ√Õ≈ ·≈–«‘µ“¡‘π´’ „πµ—«
‡øÕ√å‡√∑ æ∫«à“µ—«‡øÕ√å‡√∑°≈ÿà¡π’È¡’ª√‘¡“≥°√¥‡√µ‘‚πÕ‘°
¡“°¢÷Èπ °√¥‡√µ‘‚πÕ‘°π—Èπ‡ªìπ “√∑’Ë “¡“√∂®—∫°—∫µ—«√—∫¢Õß
‡√µ‘πÕ¬¥å (retinoid receptor) ´÷Ëß‡ªìπµ—«√—∫¢Õß¬’π∑’Ë°¥
°“√ √â“ß‡´≈≈å∑’Ëº‘¥ª°µ‘¢Õß√à“ß°“¬ Õ“®°≈à“«‰¥â«à“°“√„Àâ
‡ √‘¡·∫∫√«¡π—Èπ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√‡ª≈’Ë¬π∫’µ“·§‚√∑’π
‡ªìπ°√¥‡√µ‘‚πÕ‘° ®÷ß≈¥°“√ ≈“¬µ—«¢Õß∫’µ“·§‚√∑’π
®“°°“√ Ÿ∫∫ÿÀ√’Ë´÷Ëß¡’º≈‡ ’¬µàÕ√à“ß°“¬(32)

´‘≈‘‡π’¬¡°—∫¡–‡√ÁßªÕ¥
 “√ª√–°Õ∫¢Õß´‘≈‘‡π’¬¡∑ÿ°√Ÿª·∫∫À“°¡’ª√‘¡“≥¡“°°«à“

ª√‘¡“≥∑’Ë®”‡ªìπµâÕß„™â ”À√—∫°“√∑”ß“πª°µ‘¢Õß√–∫∫µâ“π
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Õπÿ¡Ÿ≈Õ‘ √–(33) ®–™à«¬≈¥°“√‡°‘¥‡π◊ÈÕßÕ°ªÕ¥ ‚¥¬‰ª≈¥
√–¥—∫‡Õπ‰´¡å cycloxygenase -2 (COX-2), Cyclin D1
·≈– NF-kB ÷́Ëß‡ªìπ‚¡‡≈°ÿ≈‡ªÑ“À¡“¬¢Õß°“√°√–µÿâπ„Àâ
‡ªìπ¡–‡√ÁßªÕ¥(34) ·µà¬—ß¡’ “√ª√–°Õ∫ ‘́≈‘‡π’¬¡∫“ßµ—«∑’Ë‰¡à
 “¡“√∂ªÑÕß°—π¡–‡√ÁßªÕ¥‰¥â

‡Õπ‰´¡å glutathione peroxidase (GPx) °—∫¡–‡√ÁßªÕ¥
„πªï §.». 2005 Kaynar ·≈–§≥– »÷°…“‡°’Ë¬«°—∫

√–∫∫‡Õπ‰´¡å„πºŸâªÉ«¬¡–‡√ÁßªÕ¥‚¥¬«—¥√–¥—∫‡Õπ‰´¡å„π
‡¡Á¥‡≈◊Õ¥ ·≈– malondialdehyde (MDA) „π¡–‡√Áß SCLC
·≈– NSCLC ·∫àß‡ªìπ√–¬–·√° (early stage I, II) ·≈–

√–¬–°“√°√–®“¬¢Õß¡–‡√Áß (advance stage III, IV)
æ∫«à“√–¥—∫¢Õß‡Õπ‰´¡å GPx, catalase (CAT), xanthine
oxidase (XO), superoxide dismutase (Cu-Zn SOD),
glutathione-S-transferase (GST),  “√ total glutathione
(TGSH) ·≈–‰πµ√‘°ÕÕ°‰´¥å (ntric oxide, NO) ¢Õß
°≈ÿà¡ºŸâªÉ«¬¡–‡√ÁßªÕ¥¡’√–¥—∫ Ÿß°«à“°≈ÿà¡§πª°µ‘ (µ“√“ß∑’Ë 1)
´÷Ëß√–¥—∫‡Õπ‰´¡å∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ ‡°‘¥®“°√–∫∫µâ“πÕπÿ¡Ÿ≈Õ‘ √–
æ¬“¬“¡∑’Ë®–ªÑÕß°—π√à“ß°“¬®“°°“√‡æ‘Ë¡¢Õß ROS ‰πµ√‘°-
ÕÕ°‰´¥å∑’Ë∑”≈“¬‡π◊ÈÕ‡¬◊ËÕ ·≈–µàÕ°√–∫«π°“√ lipid
peroxidation(35)

µ“√“ß∑’Ë 1 √–¥—∫¢Õß GPx, CAT, XO, Cu-Zn SOD, GST, TGSH, NO ·≈– MDA „π·µà≈–√–¬–¢ÕßºŸâªÉ«¬¡–‡√ÁßªÕ¥

Parameters Control group NSCLC (n = 24) SCLC
(n = 16) Early stage Advanced Total (n = 8)

(I + II) stage  (III+IV) patients
(n = 8) (n = 16) (n = 24)

(®“° Kaynar H, Meral M, Turhan H, Keles M, Celik G, Akcay F. Glutathione peroxidase, glutathione-
S-transferase, catalase, xanthine oxidase, Cu-Zn superoxide dismutase activities, total glutathione, nitric oxide,
and malondialdehyde levels in erythrocytes of patients with small cell and non-small cell lung cancer. Cancer
Lett 2005; 227:133-9.)

MDA (nmol/g Hb) 4.4 ± 0.6 6.3 ± 1.3a 6.1 ± 1.4a 6.2 ± 1.3a 6.0 ± 0.4b

SOD (U/mg Hb) 2.5 ± 0.5 3.6 ± 0.4c 5.1 ± 2.2a 4.6 ± 1.9a 4.2 ± 0.8d

GSH-Px (U/g Hb) 71.6 ± 40.3 83.3 ± 40.0 91.2 ± 57.4 88.6 ± 51.5 83.5 ± 26.3
GST (U/g Hb) 16.8 ± 7.9 20.7 ± 7.5 21.4 ± 9.4 21.2 ± 8.6 20.9 ± 5.8
CAT (k/g Hb) 23.6 ± 7.4 35.3 ± 5.6c 40.0 ± 17.9a 38.5 ± 14.9a 44.9 ± 4.3a

XO (U/g Hb) 0.61 ± 0.15 0.93 ± 0.14c 0.87 ± 0.56c 0.89 ± 0.46c 0.92 ± 0.13c

TGSH (µmol/g Hb) 11.9 ± 5.0 20.1 ± 5.7d 18.9 ± 8.0d 19.5 ± 7.2b 20.4 ± 6.9d

NOë (µmol/L) 43.4 ± 9.3 57.2 ± 10.4b 50.9 ± 8.6d 53.1 ± 9.5d 56.4 ± 5.7d

‡Õπ‰´¡å intracellular superoxide dismutase (SOD)
°—∫¡–‡√ÁßªÕ¥

‡Õπ‰´¡å intracellular SOD ¡’·¡ß°“π’ ‡ªìπ‚§·ø°‡µÕ√å
¡’√“¬ß“π«à“°≈ÿà¡ºŸâ Ÿ∫∫ÿÀ√’Ë¡’√–¥—∫ SOD  Ÿß°«à“°≈ÿà¡ºŸâ‰¡à

 Ÿ∫∫ÿÀ√’Ë®“°∑—Èß∑’Ë‡ªìπ§πª°µ‘·≈–∑’Ë‡ªìπºŸâªÉ«¬ COPD (chronic
obstructive pulmonary disease)(36) ‚¥¬°≈ÿà¡ºŸâ Ÿ∫∫ÿÀ√’Ë®–
¡’°“√· ¥ßÕÕ°¢Õß‡Õπ‰´¡å SOD ∑’Ë∫√‘‡«≥ central bronchial
epithelium ·≈– alveolar epithelium ·µà‡¡◊ËÕ∑”°“√
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∑¥≈Õß°—∫‡´≈≈å¡–‡√Áß fibrosarcoma °≈—∫æ∫«à“°“√
· ¥ßÕÕ°¢Õß‡Õπ‰´¡å Mn-SOD ‡°’Ë¬«¢âÕß°—∫°“√‡æ‘Ë¡°“√
·æ√à°√–®“¬¢Õß¡–‡√Áß(37)

‡Õπ‰´¡å extracellular superoxide dismutase
(EC-SOD) °—∫¡–‡√ÁßªÕ¥

EC-SOD ‡ªìπ‡Õπ‰´¡åµâ“πÕπÿ¡Ÿ≈Õ‘ √– ™à«¬¡‘„ÀâªÕ¥
∂Ÿ°∑”≈“¬®“°¿“«–‡§√’¬¥ÕÕ° ‘́‡®π Fattman ·≈–§≥–
(2006) ‰¥â»÷°…“∫∑∫“∑¢Õß EC-SOD „π¥â“π°“√∫“¥‡®Á∫
°“√Õ—°‡ ∫ °“√‡°‘¥æ—ßº◊¥ ·≈–°“√∑”≈“¬¢Õß‡π◊ÈÕ‡¬◊ËÕªÕ¥
„πÀπŸ∑’Ë‰¥â√—∫æ‘…®“°·√à„¬À‘π æ∫«à“ÀπŸ¥—ß°≈à“«¡’°“√∑”ß“π
¢Õß EC-SOD ≈¥≈ß ·≈–¡’°“√‡æ‘Ë¡¢Õß√–¥—∫‚ª√µ’π
≈‘¡‚ø‰´∑å π‘«‚∑√øî≈ hydroxyproline ·≈– nitrotyrosine
·µà√–¥—∫·¡§‚§√ø“®≈¥≈ß(38)

‡Õπ‰´¡å paraoxsonase (PON I) °—∫¡–‡√ÁßªÕ¥
     ºŸâªÉ«¬¡–‡√ÁßªÕ¥®–¡’√–¥—∫ PON I Õ—µ√“ à«π PON I/
HDL (high density lipoprotein, HDL) ·≈– HDL µË”
°«à“°≈ÿà¡§πª°µ‘ °“√≈¥≈ß¢Õß°“√∑”ß“π¢Õß PON I π’È
Õ“®‡ªìπº≈¡“®“°°“√µÕ∫ πÕßµàÕ°“√‡æ‘Ë¡¢÷Èπ¢Õß lipid
peroxidation πÕ°®“°π’È‡¡◊ËÕ√à“ß°“¬‡°‘¥¿“«–‡§√’¬¥ÕÕ° ‘́‡®π
·≈–¡’°“√Õ—°‡ ∫¢Õß‚√§√Ÿ¡“µÕ¬¥å (rhumatoid arthritis)
°“√∑”ß“π¢Õß PON I ®–≈¥≈ß¥â«¬(12)

∫∑ √ÿª
 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–¡’∫∑∫“∑™à«¬ªÑÕß°—π¡–‡√ÁßªÕ¥

„π∑“ß°≈—∫°—πÀ“°„™â„πª√‘¡“≥‰¡à‡À¡“– ¡  “√µâ“πÕπÿ¡Ÿ≈
Õ‘ √–®–°≈—∫∑”Àπâ“∑’Ë‡ªìπ‚ª√ÕÕ° ‘́·¥π∑å ¥—ßπ—Èπ°“√„Àâ
‡ √‘¡ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–®÷ß§«√»÷°…“°≈‰°°“√∑”ß“π¢Õß
 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–·µà≈–™π‘¥ °“√∑”ß“π∑’Ë‡ √‘¡À√◊Õ§«∫§Ÿà°—π
ª√‘¡“≥∑’Ë„Àâº≈¥’∑’Ë ÿ¥ √«¡∂÷ß√–¬–‡«≈“∑’Ë‡À¡“– ¡„π°“√
ªÑÕß°—π‚√§ ÷́Ëß®– —ß‡°µ‰¥â«à“°“√∑¥≈Õßµà“ßÊ ‡°’Ë¬«°—∫ “√
µâ“πÕπÿ¡Ÿ≈Õ‘ √–°—∫¡–‡√ÁßªÕ¥π—Èπ‰¥âº≈∑’Ë·µ°µà“ß°—πµ“¡
 ¿“«–·≈– “‡Àµÿ¢Õß°“√‡°‘¥‚√§¡–‡√Áß Õ¬à“ß‰√°Áµ“¡¬—ß
‰¡à¡’°“√∑¥≈Õß„¥∑’Ë “¡“√∂ √ÿªª√‘¡“≥∑’ËæÕ‡À¡“–„π°“√„Àâ
‡ √‘¡‰¥âÕ¬à“ß™—¥‡®π °“√»÷°…“§âπ§«â“‡°’Ë¬«°—∫ “√µâ“π
Õπÿ¡Ÿ≈Õ‘ √–µàÕ¡–‡√ÁßªÕ¥®÷ß®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë®–µâÕß∑”Õ¬à“ß
µàÕ‡π◊ËÕß‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈∑’Ë™—¥‡®π ·≈–‡°‘¥ª√–‚¬™πå Ÿß ÿ¥
„π°“√π”‰ª„™â‰¥âÕ¬à“ß∂Ÿ°µâÕß‡À¡“– ¡
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