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Abstract
Objective: To determine urinary calcium, magnesium and heavy metals in patients with bladder cancer.
Whether levels of urinary elements were associated with oxidative stress markers and patientsû occupation
were investigated.

Design: Analytical observational study

Methods: Forty-one patients with  bladder cancer (aged 62.5+12.4 years) and 29 healthy controls (aged of
68.2+13.1 years) were recruited for the study. Urinary levels of 18 elements, i.e., arsenic, calcium, cadmium,
cobalt, chromium, copper, iron, lithium, magnesium, manganese, molybdenum, nickel, lead, stibium, selenium,
strontium, vanadium and zinc were analyzed.  Urinary total antioxidant status (TAS) and plasma protein
carbonyl concentration, as oxidative stress biomarkers were measured.

Results: Plasma protein carbonyl content in patients was significantly greater than that in controls.  Inversely,
urinary TAS was significantly decreased in patients group compared to the controls.  The urinary levels of
iron, zinc and nickel in bladder cancer group was significantly higher, while calcium, magnesium, lithium,
arsenic, strontium and lead were lower, than the control group. Urinary nickel (Spearmanûs rho=0.463,
p<0.001) and zinc (Spearmanûs rho=0.295, p=0.014) were positively correlated with protein carbonyl content.
Urinary iron (Spearmanûs rho=-0.254, p=0.034), nickel (Spearmanûs rho=-0.453, p<0.001) and zinc (Spearmanûs
rho=-0.269, p=0.025) were inversely correlated with urinary TAS.  A trend of higher urinary iron in patients with
high grade tumor (n=23) compared to those with low grade (n=18) was observed, although it was not
statistically significant.  Urinary nickel and zinc in patients who were mining and metal workers were higher
than in patients worked in farms and those worked in offices, respectively.

Conclusion: Urinary levels of iron, nickel and zinc were elevated in patients with bladder cancer.  The
elevation of these elements was associated with an increased oxidative stress.  We hypothesized that iron,
zinc and nickel may play an important role in tumorigenesis of the bladder in Thai patients.
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∫∑§—¥¬àÕ
«—µ∂ÿª√– ß§å: ‡æ◊ËÕ«—¥√–¥—∫ calcium magnesium ·≈–∏“µÿ‚≈À–Àπ—°„πªí  “«–¢ÕßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«– √«¡

∂÷ß»÷°…“À“§«“¡ —¡æ—π∏å¢Õß·√à∏“µÿ¥—ß°≈à“«°—∫¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ ·≈–Õ“™’æ¢ÕßºŸâªÉ«¬

√Ÿª·∫∫°“√»÷°…“: ·∫∫ —ß‡°µ‡™‘ß«‘‡§√“–Àå (analytical observational study)

 ∂“π∑’Ë∑”«‘®—¬: ‚√ßæ¬“∫“≈®ÿÃ“≈ß°√≥å ´÷Ëß‡ªìπ‚√ßæ¬“∫“≈√–¥—∫µµ‘¬¿Ÿ¡‘

«‘∏’°“√»÷°…“: ∑”°“√»÷°…“„πºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«– 41 √“¬  Õ“¬ÿ‡©≈’Ë¬ 62.5+12.4 ªï ·≈–°≈ÿà¡§«∫§ÿ¡ 29 √“¬

Õ“¬ÿ‡©≈’Ë¬ 68.2+13.1 ªï  ‡°Á∫ªí  “«– (morning urine) ®“°∑—Èß 2 °≈ÿà¡‡æ◊ËÕµ√«®«—¥√–¥—∫ creatinine ·≈–·√à∏“µÿ 18 ™π‘¥

‰¥â·°à arsenic, calcium, cadmium, cobalt, chromium, copper, iron, lithium, magnesium, manganese, molybdenum,

nickel, lead, stibium, selenium, strontium, vanadium ·≈–  zinc  ¥â«¬‡§√◊ËÕß Inductively coupled plasma optical

emission spectroscopy (ICP-OES)  «—¥√–¥—∫ total antioxidant status (TAS) „πªí  “«– ·≈–«—¥ª√‘¡“≥ protein

carbonyl „πæ≈“ ¡“

º≈°“√»÷°…“: √–¥—∫¢Õß iron, zinc ·≈– nickel „πªí  “«–¢ÕßºŸâªÉ«¬ Ÿß°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ·µà√–¥—∫¢Õß

calcium, magnesium, lithium, arsenic, strontium ·≈– lead „πªí  “«–¢ÕßºŸâªÉ«¬µË”°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠

∑“ß ∂‘µ‘  √–¥—∫ protein carbonyl „πæ≈“ ¡“¢ÕßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«– Ÿß°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß

 ∂‘µ‘ „π∑“ßµ√ß°—π¢â“¡√–¥—∫¢Õß TAS „πªí  “«–¢ÕßºŸâªÉ«¬µË”°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ ¬—ßæ∫«à“√–¥—∫ nickel ·≈–

zinc „πªí  “«–¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°°—∫√–¥—∫ protein carbonyl „πæ≈“ ¡“ ¢≥–∑’Ë√–¥—∫ iron, nickel ·≈– zinc „π

ªí  “«–¡’§«“¡ —¡æ—π∏å‡ªìπ·∫∫º°º—π°—∫√–¥—∫ TAS „πªí  “«– πÕ°®“°π’È¬—ßæ∫«à“√–¥—∫¢Õß iron „πªí  “«–¢ÕßºŸâªÉ«¬∑’Ë‡ªìπ

high grade tumor ¡’·π«‚πâ¡∑’Ë®– Ÿß°«à“„π low grade tumor ·µà¬—ß‰¡àæ∫π—¬ ”§—≠∑“ß ∂‘µ‘ (p = 0.062) ·≈–¬—ßæ∫

«à“√–¥—∫ nickel ·≈– zinc „πªí  “«–¢ÕßºŸâªÉ«¬∑’Ë¡’Õ“™’æ∑”‡À¡◊ÕßÀ√◊Õ‡°’Ë¬«°—∫‚≈À–Àπ—°¡’ª√‘¡“≥ Ÿß°«à“„πºŸâªÉ«¬∑’Ë∑”

Õ“™’æ‡°…µ√°√·≈– ”π—°ß“πµ“¡≈”¥—∫

 √ÿª: ºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–¡’¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ·≈–°“√¢—∫ÕÕ°¢Õß iron, nickel ·≈– zinc „πªí  “«–

‡æ‘Ë¡ Ÿß¢÷Èπ ·≈–°“√‡æ‘Ë¡¢÷Èπ¢Õß·√à∏“µÿ‡À≈à“π’È —¡æ—π∏å°—∫°“√‡æ‘Ë¡¢÷Èπ¢Õß¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ §≥–ºŸâ«‘®—¬µ—Èß ¡¡ÿµ‘∞“π«à“

iron, nickel ·≈– zinc πà“®–¡’∫∑∫“∑ ”§—≠„π°“√‡°‘¥¡–‡√Áß°√–‡æ“–ªí  “«–„π§π‰∑¬
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∫∑π”
‚√§¡–‡√Áß°√–‡æ“–ªí  “«– (bladder cancer, BCA)

‡ªìπ¡–‡√Áß∑’Ëæ∫∫àÕ¬Õ—π¥—∫ Õß„π°≈ÿà¡¡–‡√Áß∑“ß‡¥‘πªí  “«–

·≈–®—¥‡ªìπ¡–‡√Áß∑’Ëæ∫∫àÕ¬∑’Ë ÿ¥≈”¥—∫∑’ËÀ°®“°¡–‡√Áß∑ÿ°

™π‘¥∑—Ë«‚≈° ·≈–‡ªìπ‚√§≈”¥—∫∑’ËÀâ“∑’Ë∑”„Àâª√–™“°√„π

ª√–‡∑»µ–«—πµ°‡ ’¬™’«‘µ ‚¥¬æ∫«à“Õÿ∫—µ‘°“√≥å°“√‡°‘¥¡–‡√Áß

°√–‡æ“–ªí  “«–„πª√–™“°√™“¬¡“°°«à“À≠‘ß 3-4 ‡∑à“[1,2]

 ”À√—∫„πª√–‡∑»‰∑¬¡’Õÿ∫—µ‘°“√≥å 4.2 ·≈– 1.3 µàÕ· π

ª√–™“°√„πºŸâ™“¬·≈–ºŸâÀ≠‘ßµ“¡≈”¥—∫[7]

¡–‡√Áß‡°‘¥®“°°“√ – ¡¢Õß°“√°≈“¬æ—π∏ÿå¢Õß “√

æ—π∏ÿ°√√¡ (accumulation of genetic mutations) ‚¥¬

‡©æ“–°“√°≈“¬æ—π∏ÿå¢Õß¬’π¡–‡√Áß (oncogenes) ·≈–¬’π

µâ“π¡–‡√Áß (tumor suppressor genes) ´÷Ëß “‡Àµÿ°“√

°≈“¬æ—π∏ÿå à«π„À≠à (√âÕ¬≈– 90-95) ¡“®“°°“√‰¥â√—∫ “√

‡§¡’µà“ßÊ ®“° ‘Ëß·«¥≈âÕ¡À√◊Õ°“√¥”‡π‘π™’«‘µ[3]   “√‡§¡’

‡À≈à“π—ÈπÕ“®ªπ‡ªóôÕπÕ¬Ÿà„πÕ“À“√∑’Ë∫√‘‚¿§ ´÷Ëß‡¡◊ËÕ‡¢â“ Ÿà

√à“ß°“¬·≈â« “¡“√∂‡ª≈’Ë¬π‡ªìπ “√°àÕ¡–‡√Áß (carcinogens)

·≈–°àÕ°“√°≈“¬æ—π∏ÿå (mutagens) ‡Àπ’Ë¬«π”„Àâ‡°‘¥

°√–∫«π°“√°àÕ¡–‡√Áß (carciongenesis) πÕ°®“°π’È “√

°àÕ¡–‡√Áß¬—ß àß‡ √‘¡„Àâ‡°‘¥¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—π·≈–

°√–∫«π°“√Õ—°‡ ∫  àßº≈„Àâ‡´≈≈å¡’§«“¡º‘¥ª°µ‘¡“°¢÷Èπ

π”‰ª Ÿà°“√ Ÿ≠‡ ’¬°“√§«∫§ÿ¡¿“¬„π‡´≈≈å ∑”„Àâ‡´≈≈å·∫àß

µ—«¡“°º‘¥ª°µ‘ (uncontrolled cell proliferation) À≈’°‡≈’Ë¬ß

‚ª√·°√¡°“√µ“¬ (apoptosis escape) ¡’°“√‡ª≈’Ë¬π·ª≈ß

√Ÿª√à“ß·≈– √â“ß‡π◊ÈÕ‡¬◊ËÕº‘¥ª°µ‘‡ªìπ°âÕπ‡π◊ÈÕ„À≠à¢÷Èπ®π‡ªìπ

¡–‡√Áß[4]

ªí®®—¬‡ ’Ë¬ß∑’Ë¡’§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥¡–‡√Áß°√–‡æ“–

ªí  “«–πÕ°®“° aromatic amines ́ ÷Ëß‡ªìπ “√‡§¡’„π∫ÿÀ√’Ë

·≈â« ¬—ß¡’·√à∏“µÿ·≈–°≈ÿà¡∏“µÿ‚≈À–Àπ—°∑’Ë‡ªìπæ‘…µàÕ√à“ß°“¬

(heavy metals) ‰¥â·°à ‡À≈Á° (Iron, Fe) ‚§∫Õ≈∑å (Cobalt,

Co) ∑Õß·¥ß (Copper, Cu) ·¡ß°“π’  (Manganese, Mn)

‚¡≈‘∫¥’π—¡ (Molybdenum, Mo)  «“π“‡¥’¬¡ (Vanadium,

V)   “√ÀπŸ (Arsenic, As)  ·§¥‡¡’Ë¬¡ (Cadmium, Cd)

µ–°—Ë« (Lead, Pb)   —ß°– ’ (Zinc, Zn) ·§≈‡ ’́¬¡ (Calcium,

Ca) ‚§√‡¡’¬¡ (Chromium, Co)  ≈‘‡∑’¬¡ (Lithium, Li)

·¡°π’‡´’¬¡ (Magnesium, Mg)  π‘°‡°‘≈ (Nickel, Ni)  æ≈«ß

(Stibium, Sb)  ́ ’≈’‡π’¬¡ (Selenium, Se) ·≈– µ√Õπ‡™’¬¡

(Strontium, Sr)  ·√à∏“µÿ∫“ß™π‘¥‡ªìπ trace elements ‡™àπ

iron, copper, manganese, Zinc √à“ß°“¬µâÕß°“√„π√–¥—∫µË”

¡’§«“¡ ”§—≠„π°√–∫«π°“√‡¡·∑∫Õ≈‘́ ÷¡ ‡ªìπ à«πª√–°Õ∫

¢Õß‚§√ß √â“ß¢Õß√à“ß°“¬ ·≈–¬—ß‡ªìπ à«πª√–°Õ∫¢Õß

ŒÕ√å‚¡π·≈–‚ª√µ’πÀ≈“¬™π‘¥ ·µà®–‡°‘¥‡ªìπæ‘…À√◊Õ°àÕ¡–‡√Áß

∂â“‰¥â√—∫‡¢â“ Ÿà√à“ß°“¬ª√‘¡“≥¡“°‡°‘π‰ª ‡™àπ °“√‰¥â√—∫ “√

 “√ÀπŸ„ππÈ”¥◊Ë¡·≈–Õ“À“√∑–‡≈∫“ß™π‘¥[5] √“¬ß“π«‘®—¬

æ∫«à“ ºŸâª√–°Õ∫Õ“™’æ∑“ ’∫â“π ∑” ’¬âÕ¡ºâ“  ’¬âÕ¡º¡ ¢—∫¢’Ë

√∂∫√√∑ÿ° À√◊Õ∑”ß“π‡°’Ë¬«°—∫‚≈À–Àπ—° ∂à“πÀ‘π ‡§√◊ËÕß®—°√

·≈–°ä“´®“°°“√‡º“‰À¡â ¡’Õÿ∫—µ‘°“√≥å°“√‡°‘¥‚√§¡–‡√Áß

°√–‡æ“–ªí  “«– Ÿß¢÷Èπ[6-10] °√–∫«π°“√°àÕ¡–‡√Áß‚¥¬

‚≈À–Àπ—° (metal-induced carcinogenesis) ¡’°≈‰°À≈—°

§◊Õ°“√°√–µÿâπ„Àâ √â“ß “√Õπÿ¡Ÿ≈Õ‘ √–„π‡´≈≈å¡“°¢÷Èπ  àßº≈

„Àâ‡°‘¥ Oxidative DNA damage ·≈–°“√°≈“¬æ—π∏ÿå¢Õß

¬’π  °“√»÷°…“¢Õß Galanis ·≈–§≥–[11] ‡°’Ë¬«°—∫°≈‰°∑’Ë

‚≈À–Àπ—°„™â„π°“√‡Àπ’Ë¬«π”„Àâ‡°‘¥¡–‡√Áß æ∫«à“¡’§«“¡‡°’Ë¬«

¢âÕß°—∫«‘∂’ hypoxia signaling ‚¥¬‚≈À–Àπ—°®–‡Àπ’Ë¬«π”

„Àâ¡’°“√ √â“ßÕπÿæ—π∏å¢ÕßÕÕ°´‘‡®π∑’Ë«àÕß‰« (reactive

oxygen species: ROS) ·≈–π”‰ª Ÿà°“√°√–µÿâπ hypoxia

inducible factor-1 (HIF-1) ®“°π—Èπ HIF-1 ®–‰ª°√–µÿâπ

vascular endothelial growth factor (VEGF) ‡æ◊ËÕµÕ∫

 πÕßµàÕ°“√≈¥≈ß¢Õß√–¥—∫ÕÕ°´‘‡®π ´÷Ëß VEGF ®– àß

‡ √‘¡„Àâ‡°‘¥°“√æ—≤π“¢Õß¡–‡√Áß (tumor progression) ·≈–

°“√ √â“ßÀ≈Õ¥‡≈◊Õ¥„À¡à (angiogenesis) ¡“À≈àÕ‡≈’È¬ß‡´≈≈å

¡–‡√Áß[12]  ¡’√“¬ß“π°“√»÷°…“æ∫«à“ iron ·≈– copper

„πÕ“À“√ “¡“√∂‡√àßªØ‘°‘√‘¬“ Haber-Weiss „π„π‡´≈≈å‰¥â

·≈–º≈‘µ hydroxyl radicals (ëOH)[13]  “√Õπÿ¡Ÿ≈Õ‘ √–

∑’Ë‡°‘¥¢÷Èπ¡’§«“¡ “¡“√∂„π°“√ÕÕ°´‘‰¥ å™’«‚¡‡≈°ÿ≈µà“ßÊ

∑”„Àâ™’«‚¡‡≈°ÿ≈‡À≈à“π—Èπ‡ ’¬ ¿“æÀ√◊Õ‡ ’¬§ÿ≥ ¡∫—µ‘„π°“√

∑”ß“π ‡™àπ √“¬ß“π°“√æ∫ oxidized proteins „π√Ÿª¢Õß

carbonyl protein[14] ·≈– oxidized DNA „π√Ÿª¢Õß

8-hydroxydeoxyguanosine (8-OHdG)[15]  Ÿß„πºŸâªÉ«¬

¡–‡√Áß°√–‡æ“–ªí  “«–
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°“√»÷°…“π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ«—¥√–¥—∫ arsenic,

calcium, cadmium, cobalt, chromium, copper, iron,

lithium, magnesium, manganese, molybdenum, nickel,

lead, stibium, selenium, strontium, vanadium ·≈–  zinc

„πªí  “«–¢ÕßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–‡ª√’¬∫‡∑’¬∫

°—∫°≈ÿà¡§«∫§ÿ¡§πª°µ‘ ·≈–«‘‡§√“–Àå§«“¡ —¡æ—π∏å¢Õß·√à

∏“µÿ¥—ß°≈à“«°—∫¿“«–‡§√’¬¥®“°ÕÕ° ‘́‡¥™—Ëπ √«¡∑—Èß«‘‡§√“–Àå

§«“¡ —¡æ—π∏å°—∫Õ“™’æ¢ÕßºŸâªÉ«¬ ‡æ◊ËÕ∑√“∫·À≈àß∑’Ë¡“¢Õß

°“√ —¡º— ‚≈À–Àπ—°

«‘∏’°“√»÷°…“
∑”°“√»÷°…“„πºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–∑’Ë‡¢â“

√—∫°“√√—°…“∑’Ë‚√ßæ¬“∫“≈®ÿÃ“≈ß°√≥å √–À«à“ß‡¥◊Õπ¡°√“§¡

æ.». 2552 ∂÷ß ‡¥◊Õπ¡°√“§¡ æ.». 2553 ‚¥¬¡’‡°≥±å„π

°“√§—¥‡≈◊Õ°ºŸâªÉ«¬¥—ßπ’È

‡°≥±å°“√§—¥‡≈◊Õ°ºŸâ‡¢â“√à«¡‚§√ß°“√ (Inclusion

criteria)

1. ‰¥â√—∫°“√√—°…“¡–‡√Áß°√–‡æ“–ªí  “«–‚¥¬°“√

ºà“µ—¥ (Transurethral resection of bladder tumor À√◊Õ

radical cystectomy)

2. º≈æ¬“∏‘«‘∑¬“¬◊π¬—π‡ªìπ¡–‡√Áß°√–‡æ“–ªí  “«–

‡°≥±å°“√§—¥ÕÕ°®“°°“√»÷°…“ (Exclusion

criteria)

1. ªí  “«–‡ªìπ‡≈◊Õ¥ (gross hematuria)

2. ºŸâªÉ«¬‰µ«“¬‡√◊ÈÕ√—ß∑’Ë¡’ª√‘¡“≥ªí  “«–πâÕ¬°«à“

100 ¡‘≈≈‘≈‘µ√

ºŸâ‡¢â“√à«¡‚§√ß°“√∑ÿ°§π¬‘π¬Õ¡‡¢â“√à«¡‚§√ß°“√¥â«¬

§«“¡ ¡—§√„®·≈–‡´Áπµå„∫¬‘π¬Õ¡°“√‡¢â“√à«¡‚§√ß°“√ §≥–

«‘®—¬‡°Á∫¢âÕ¡Ÿ≈æ◊Èπ∞“π ‰¥â·°à πÈ”Àπ—°  à«π Ÿß °“√ Ÿ∫∫ÿÀ√’Ë

·≈–Õ“™’æ‚¥¬≈–‡Õ’¬¥∑ÿ°√“¬  ‡°Á∫µ—«Õ¬à“ßªí  “«–ºŸâªÉ«¬

µ—Èß·µàÀ≈—ß‡∑’Ë¬ß§◊π®π∂÷ß‡™â“«—πºà“µ—¥√«¡ 8 ™—Ë«‚¡ß ·≈–

‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥ 6 ¡‘≈≈‘≈‘µ√„ à„πÀ≈Õ¥∑’Ë¡’ “√ªÑÕß°—π

°“√·¢Áßµ—«¢Õß‡≈◊Õ¥ (heparin)  °≈ÿà¡§«∫§ÿ¡ (Control) §◊Õ

Õ“ “ ¡—§√ ÿ¢¿“æ¥’∑’Ë ‰¡à¡’ ‚√§ª√–®”µ—«„¥Ê ∑”°“√‡°Á∫

ªí  “«–·≈–‡≈◊Õ¥‡™àπ‡¥’¬«°—∫„π°≈ÿà¡ºŸâªÉ«¬¡–‡√Áß°√–‡æ“–

ªí  “«–

µ√«®«—¥ª√‘¡“≥ protein carbonyl „πæ≈“ ¡“ ‚¥¬

«‘∏’ spectrophotometric DNPH assay ´÷Ëß¥—¥·ª≈ß®“°

«‘∏’¢Õß Levine ·≈–§≥–[16]  ·≈–«—¥ª√‘¡“≥·√à∏“µÿ„π

ªí  “«– ®”π«π 18 ™π‘¥ ‰¥â·°à arsenic, calcium, cad-

mium, cobalt, chromium, copper, iron, lithium, mag-

nesium, manganese, molybdenum, nickel, lead,

stibium, selenium, strontium, vanadium ·≈– zinc ‚¥¬

„™â‡§√◊ËÕß Inductively coupled plasma optical emission

spectroscopy (ICP-OES, PerkinElmer)  ·≈–µ√«®«—¥

total antioxidant status (TAS) „πªí  “«–‚¥¬«‘∏’ 1,1

diphenyl-2-picrylhydrazyl (DPPH)

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
«‘‡§√“–Àå¢âÕ¡Ÿ≈‚¥¬‚ª√·°√¡ STATA version 8.0

(Collage Station, TX) ·≈– SPSS version 13 (Chicago,

IL) √“¬ß“πº≈‡ªìπ mean+SD  ”À√—∫¢âÕ¡Ÿ≈∑’Ë°√–®“¬µ—«

·∫∫ª°µ‘ (normal distribution) À√◊Õ median (range)

 ”À√—∫¢âÕ¡Ÿ≈∑’Ë°√–®“¬µ—«·∫∫‰¡àª°µ‘ (skewed distribution)

„™â ∂‘µ‘ Wilcoxon rank-sum (Mann-Whitney) test „π

°“√‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õßª√‘¡“≥·√à∏“µÿ√–À«à“ß

∑—Èß Õß°≈ÿà¡ ·≈– ∂‘µ‘ Spearman correlation test „π°“√

À“§«“¡ —¡æ—π∏å√–À«à“ß√–¥—∫¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ

·≈–ª√‘¡“≥‚≈À–Àπ—°„πªí  “«– °”Àπ¥√–¥—∫π—¬ ”§—≠∑’Ë

p < 0.05 ·∫∫ two-tailed

º≈°“√»÷°…“
°“√»÷°…“π’È√«∫√«¡ºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–

®”π«π 41 √“¬ Õ“¬ÿ‡©≈’Ë¬ 62.5+12.4 ªï ‡ªìπ‡æ»™“¬ 39

√“¬ (√âÕ¬≈– 95) ‡æ»À≠‘ß 2 √“¬ (√âÕ¬≈– 5) ·≈–°≈ÿà¡

§«∫§ÿ¡§πª°µ‘ ®”π«π 29 √“¬ Õ“¬ÿ‡©≈’Ë¬ 68.2+13.1 ªï

‡ªìπ‡æ»™“¬ 4 √“¬ (√âÕ¬≈– 14) ‡æ»À≠‘ß 25 √“¬ (√âÕ¬≈–

86) (µ“√“ß∑’Ë 1)

º≈°“√«‘‡§√“–Àåæ∫«à“√–¥—∫¢Õß iron, nickel ·≈–

zinc  „πªí  “«–¢ÕßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«– Ÿß°«à“
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Variable Healthy BCA p value

n 29 41

Age (mean + SD) 62.52 + 12.40 68.18 + 13.10

Gender (M:F) 4 : 25 39 : 2

As (µg/g Cr) 100  (0-718) 25.31  (0-380) < 0.001

Ca (mg/g Cr) 72.61 (11-965) 38.31 (1.52-198) < 0.001

Cd (µg/g Cr) 4  (0-14) 4.44  (0-20) 0.929

Co (µg/g Cr) 0  (0-1.79) 0  (0-1.47) 0.524

Cr (µg/g Cr) 18.87  (3.57-130) 26.23  (3.47-240) 0.26

Cu (µg/g Cr) 5.66  (0-104) 9.23  (0-185.71) 0.058

Fe (µg/g Cr) 6.41  (0-56.52) 24.39  (2.52-1609) < 0.001

Li (µg/g Cr) 21.43  (0-343.75) 3.83  (0-118.75) 0.006

Mg (mg/g Cr) 59.04  (26.43-367.25) 34.69  (0-235) < 0.001

Mn (µg/g Cr) 0  (0-1) 0  (0-26) 0.45

Mo (µg/g Cr) 9.76  (0-215.79) 0  (0-400) 0.051

Ni (µg/g Cr) 0  (0-25.64) 16.05  (0-140) < 0.001

Pb (µg/g Cr) 3.92  (0-84.21) 0  (0-50.62) 0.003

Sb (µg/g Cr) 0  (0-4.49) 0  (0-7.84) 0.199

Se (µg/g Cr) 115.79  (10-600) 88.1  (4.55-920) 0.085

Sr (µg/g Cr) 132  (0-1725) 75  (0-520) 0.002

V (µg/g Cr) 0  (0-21) 0  (0-126) 0.363

Zn (mg/g Cr) 0.46  (0.11-6.84) 0.87  (0.31-6.84) 0.04

µ“√“ß∑’Ë 1 · ¥ßª√‘¡“≥·√à∏“µÿ„πªí  “«– (median and ranges) ¢ÕßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«– (bladder cancer; BCA)

‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡∑’Ë¡’ ÿ¢¿“æ¥’ (Healthy)

°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.001, p < 0.001

·≈– p = 0.040 µ“¡≈”¥—∫) (√Ÿª∑’Ë 1) √–¥—∫¢Õß copper

„πªí  “«–¢ÕßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«– Ÿß°«à“°≈ÿà¡

§«∫§ÿ¡ ·µà¬—ß‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

(p = 0.058)  (µ“√“ß∑’Ë 1) „π∑“ßµ√ß°—π¢â“¡æ∫«à“ lithium

·≈– strontium „πªí  “«–¢ÕßºŸâªÉ«¬µË”°«à“°≈ÿà¡§«∫§ÿ¡

Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p = 0.006 ·≈– p = 0.002

µ“¡≈”¥—∫)  „π∑”πÕß‡¥’¬«°—π√–¥—∫¢Õß calcium ·≈–

magnesium „πªí  “«–¢ÕßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–

µË”°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.001)

 ”À√—∫°≈ÿà¡∏“µÿ toxic metals æ∫«à“√–¥—∫¢Õß arsenic

·≈– lead „πªí  “«–¢ÕßºŸâªÉ«¬µË”°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’

π—¬ ”§—≠∑“ß ∂‘µ‘  (p < 0.001 ·≈– p = 0.003 µ“¡≈”¥—∫)

(µ“√“ß∑’Ë 1)

º≈°“√«‘‡§√“–Àå¿“«–‡§√’¬¥∑“ßÕÕ°´‘‡¥™—π (√Ÿª∑’Ë 2)

æ∫«à“√–¥—∫¢Õß “√µâ“πÕπŸ¡Ÿ≈Õ‘ √–√«¡ (TAS) „πªí  “«–

„πºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–¡’§à“µË”°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß

¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.001) ¢≥–∑’Ë√–¥—∫¢Õß “√

º≈‘µ¿—≥±åÕÕ°´‘‡¥™—π¢Õß‚ª√µ’π (protein carbonyl) „π

æ≈“ ¡“¢ÕßºŸâªÉ«¬ Ÿß°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß
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√Ÿª∑’Ë 1  · ¥ß°“√‡ª√’¬∫‡∑’¬∫§à“ Fe, Ni ·≈– Zn „πªí  “«–¢ÕßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–·≈–°≈ÿà¡§«∫§ÿ¡
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√Ÿª∑’Ë 2  · ¥ß°“√‡ª√’¬∫‡∑’¬∫§à“ TAS ·≈– Protein carbonyl „πºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–·≈–°≈ÿà¡§«∫§ÿ¡

Elements                       Protein carbonyl                      TAS

Spearmanûs rho p value Spearmanûs rho p value

Fe 0.208 0.084 -0.254 0.034

Ni 0.463 <0.001 -0.453 <0.001

Zn 0.295 0.014 -0.269 0.025

µ“√“ß∑’Ë 2 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß iron,  nickel  ·≈– zinc „πªí  “«– °—∫ Protein carbonyl „πæ≈“ ¡“·≈– TAS

„πªí  “«– (n=70)

 ∂‘µ‘ (p < 0.001) ∫àß™’È«à“ºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–¡’

¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ Ÿß°«à“°≈ÿà¡§«∫§ÿ¡§πª°µ‘

º≈°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å√–À«à“ß§à“ TAS ·≈–

Protein carbonyl °—∫·√à∏“µÿ iron, nickle ·≈– zinc „π

ªí  “«–„π°≈ÿà¡µ—«Õ¬à“ß∑—ÈßÀ¡¥ (n=70) æ∫«à“ √–¥—∫ nickle

·≈– zinc „πªí  “«–¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°°—∫√–¥—∫

protein carbonyl „πæ≈“ ¡“ ·µà¡’§«“¡ —¡æ—π∏å·∫∫º°º—π

°—∫√–¥—∫ TAS „πªí  “«–   à«π√–¥—∫ iron „πªí  “«–¡’

§«“¡ —¡æ—π∏å·∫∫º°º—π°—∫√–¥—∫ TAS „πªí  “«– ·≈–æ∫

·π«‚πâ¡§«“¡ —¡æ—π∏å‡™‘ß∫«°°—∫√–¥—∫ protein carbonyl

„πæ≈“ ¡“·µà¬—ß‰¡àæ∫π—¬ ”§—≠∑“ß ∂‘µ‘ (µ“√“ß∑’Ë 2)

º≈»÷°…“‡ª√’¬∫‡∑’¬∫√–¥—∫ iron, nickle ·≈– zinc

√–À«à“ßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«– °≈ÿà¡ low grade

(n=18) ·≈– high grade tumor (n=23)  æ∫«à“√–¥—∫¢Õß

iron „πªí  “«–¢ÕßºŸâªÉ«¬∑’Ë‡ªìπ high grade tumor ¡’

·π«‚πâ¡∑’Ë®– Ÿß°«à“„π low grade tumor ·µà¬—ß‰¡àæ∫

§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p = 0.062)  (√Ÿª∑’Ë 3)

®“°°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß√–¥—∫‚≈À–Àπ—°
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√Ÿª∑’Ë 3  · ¥ß°“√‡ª√’¬∫‡∑’¬∫§à“ Fe, Ni ·≈– Zn „πªí  “«–¢ÕßºŸâªÉ«¬ low grade tumor ·≈– high grade tumor
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°—∫Õ“™’æ¢ÕßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«– æ∫«à“ ºŸâªÉ«¬

 à«π„À≠à∑”ß“π„π ”π—°ß“πÀ√◊Õ‡ªìπ¢â“√“™°“√√âÕ¬≈– 39

(16/41) √Õß≈ß¡“§◊Õ Õ“™’æ‡°…µ√°√∑”π“ ∑”‰√à ª≈Ÿ°æ◊™

·≈–‡≈’È¬ß —µ«å √âÕ¬≈– 27 (11/41) Õ“™’æ∑”‡À¡◊Õß·√àÀ√◊Õ

∑”ß“π‡°’Ë¬«°—∫‚≈À–Àπ—°√âÕ¬≈– 15 (6/41) ·≈–Õ“™’æÕ◊ËπÊ

√âÕ¬≈– 19 (8/41) ‡™àπ §â“¢“¬º—° §â“¢“¬∑—Ë«‰ª ¢“¬

ª“∑àÕß‚°ã ‡ªìπµâπ  °“√»÷°…“π’Èæ∫«à“√–¥—∫ nickel ·≈– zinc

„πªí  “«–¢ÕßºŸâªÉ«¬∑’Ë¡’Õ“™’æ∑”‡À¡◊Õß·√àÀ√◊Õß“π‡°’Ë¬«°—∫

‚≈À–Àπ—°¡’ª√‘¡“≥ Ÿß°«à“„πºŸâªÉ«¬∑’Ë∑”Õ“™’æ‡°…µ√°√·≈–

∑”ß“π„π ”π—°ß“πµ“¡≈”¥—∫ (√Ÿª∑’Ë 4)   ”À√—∫ª√‘¡“≥ iron

„πªí  “«–¢Õß°≈ÿà¡Õ“™’æ‡°…µ°√æ∫ Ÿß°«à“„π°≈ÿà¡Õ“™’æ

Õ◊Ëπ

√Ÿª∑’Ë 4  · ¥ß°“√‡ª√’¬∫‡∑’¬∫§à“¢Õß Fe, Ni ·≈– Zn ®”·π°µ“¡Õ“™’æ¢ÕßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–  (A = ∑”‡À¡◊Õß·√àÀ√◊Õ
∑”ß“π‡°’Ë¬«°—∫‚≈À–Àπ—°, B = ‡°…µ√°√,  C = ∑”ß“π„π ”π—°ß“πÀ√◊Õ‡ªìπ¢â“√“™°“√, D = Õ◊ËπÊ ‡™àπ §â“¢“¬)
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«‘®“√≥å
„π™’«‘µª√–®”«—π§π‡√“¡’§«“¡‡ ’Ë¬ßµàÕ°“√‰¥â√—∫ “√

‡§¡’∑’Ë°àÕ¡–‡√Áß ‡¢â“ Ÿà√à“ß°“¬ºà“π∑“ß°“√∫√‘‚¿§Õ“À“√À√◊Õ

¥◊Ë¡πÈ”∑’Ëªπ‡ªóôÕπ “√°àÕ¡–‡√Áß ‚¥¬‡©æ“–§π„π™ÿ¡™π∑’Ë

Õ“»—¬Õ¬Ÿà„π∫√‘‡«≥‚√ßß“πÕÿµ “À°√√¡∑’Ë¢“¥®‘µ ”π÷°√—∫

º‘¥™Õ∫µàÕ —ß§¡ ¡’°“√ª≈àÕ¬°“°¢Õß‡ ’¬  “√‡§¡’ √«¡∂÷ß

‡»…‚≈À–Àπ—°  Ÿà ‘Ëß·«¥≈âÕ¡‚¥¬‰¡àºà“π°“√∫”∫—¥∑’Ë‡À¡“– ¡

´÷Ëß‡ªìπªí≠À“ ‘Ëß·«¥≈âÕ¡∑’Ë ”§—≠¢Õß∑—Èßª√–‡∑»°”≈—ß

æ—≤π“·≈–ª√–‡∑»∑’Ëæ—≤π“·≈â«  Õ—π‡ªìπº≈æ«ß¡“®“°

°“√‡®√‘≠‡µ‘∫‚µ∑“ß‡»√…∞°‘®·≈–°“√¢¬“¬µ—«¢Õß¿“§

Õÿµ “À°√√¡·≈–‡°…µ√°√√¡ ªí≠À“¡≈æ‘…„π ‘Ëß·«¥≈âÕ¡

‡À≈à“π’È —¡æ—π∏å°—∫Õÿ∫—µ‘°“√≥å¢Õß°“√‡°‘¥‚√§¡–‡√Áß∑’Ë Ÿß¢÷Èπ

√«¡∑—Èß¡–‡√Áß°√–‡æ“–ªí  “«– ∑”„Àâªí®®ÿ∫—π¡’°“√»÷°…“‡æ◊ËÕ

À“ “‡Àµÿ¢Õß‚√§¡–‡√Áß°√–‡æ“–ªí  “«–∑’Ë‡°‘¥®“°ªí®®—¬

∑“ß ‘Ëß·«¥≈âÕ¡·≈–Õ“™’æ°“√∑”ß“π°—π¡“°¢÷Èπ ®“°°“√

∑∫∑«π«√√≥°√√¡æ∫«à“ºŸâªÉ«¬‚√§¡–‡√Áß°√–‡æ“–ªí  “«–

√âÕ¬≈– 5-25 ¡’ªí®®—¬‡ ’Ë¬ß®“°Õ“™’æ°“√ß“π ‡™àπ ºŸâªÉ«¬∑’Ë

∑”ß“π„π‡À¡◊ÕßÀ√◊Õß“π‡°’Ë¬«°—∫‚≈À–¡’√–¥—∫¢Õß‚≈À–

Àπ—°„π√à“ß°“¬‡æ‘Ë¡ Ÿß¢÷Èπ ´÷Ëß —¡æ—π∏å°—∫§«“¡‡ ’Ë¬ßµàÕ°“√

‡°‘¥‚√§¡–‡√Áß°√–‡æ“–ªí  “«– Ÿß¢÷Èπ πÕ°®“°π’È¬—ßæ∫§«“¡

‡ ’Ë¬ß¢Õß°“√‡°‘¥¡–‡√Áß°√–‡æ“–ªí  “«–‡æ‘Ë¡ Ÿß¢÷Èπ„πÕ’°

À≈“¬°≈ÿà¡Õ“™’æ ‡™àπ ∫“√å‡∑π‡¥Õ√å ∫√‘°“√¥â“π ÿ¢¿“æ

‡°…µ√°√√¡ ™à“ß´àÕ¡‡§√◊ËÕß„™â ‰øøÑ“ °“√ ◊ËÕ “√ °“√¢π àß

·≈–‚√ßß“πµà“ßÊ[17,18]

º≈°“√»÷°…“π’Èæ∫«à“ºŸâªÉ«¬∑’Ë‡ªìπ¡–‡√Áß°√–‡æ“–

ªí  “«–¡’√–¥—∫¢Õß·√à∏“µÿ iron, nickel ·≈– zinc „π

ªí  “«–‡æ‘Ë¡ Ÿß¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫§πª°µ‘ ·≈–¬—ßæ∫°“√‡æ‘Ë¡

¢÷Èπ¢Õßµ—«∫àß™’È¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ · ¥ß«à“ºŸâªÉ«¬

‚√§¡–‡√Áß°√–‡æ“–ªí  “«–¡’¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ

 Ÿß°«à“§πª°µ‘ ‡¡◊ËÕ«‘‡§√“–Àå§«“¡ —¡æ—π∏å√–À«à“ß√–¥—∫

§«“¡‡§√’¬¥®“°ÕÕ° ‘́‡¥™—Ëπ°—∫√–¥—∫ iron, nickel ·≈– zinc

„πªí  “«– æ∫«à“√–¥—∫ iron, nickel ·≈– zinc „π

ªí  “«–∑’Ë Ÿß¢÷Èπ —¡æ—π∏å°—∫¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ∑’Ë

‡æ‘Ë¡¢÷Èπ   Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Lin ·≈–§≥–[19]  ∑’Ë

æ∫«à“√–¥—∫ zinc ·≈– selenium „πªí  “«–¢ÕßºŸâªÉ«¬

¡–‡√Áß°√–‡æ“–ªí  “«– Ÿß°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠

∑“ß ∂‘µ‘  πÕ°®“°π’È Mena ·≈–§≥–[20]  √“¬ß“π«à“∏“µÿ

iron ·≈– nickel  “¡“√∂‡√àßªØ‘°‘√‘¬“ Fenton reaction ‰¥â

®÷ß “¡“√∂‡æ‘Ë¡°“√º≈‘µÕπÿ¡Ÿ≈Õ‘ √– ‚¥¬‡©æ“– superoxide

anion ·≈– hydroxyl radical „π‡´≈≈å‰¥â ∑”„Àâ‡°‘¥¿“«–

‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ¢÷Èπ

Amaral ·≈–§≥–[21] æ∫«à“√–¥—∫¢Õß nickel „π

‡ âπº¡¡’§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥¡–‡√Áß°√–‡æ“–ªí  “«–

·≈– “¡“√∂„™â√–¥—∫¢Õß nickel „π‡ âπº¡‡ªìπ biomarker

‰¥â º≈®“°“√»÷°…“π’È·π–π”«à“°“√«—¥√–¥—∫ nickel „π

ªí  “«–πà“®–„™â‡ªìπµ—«∫àß™’È¿“«–‡ ’Ë¬ßµàÕ°“√‡ªìπ‚√§¡–‡√Áß

°√–‡æ“–ªí  “«–‰¥â Õ¬à“ß‰√°Áµ“¡§«√¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡

‡æ◊ËÕª√–‡¡‘π§ÿ≥§à“∑“ß§≈‘π‘°¢Õß urinary nickel ·≈–§«√

¡’°“√»÷°…“µàÕ‰ª∂÷ß°≈‰°√–¥—∫‡´≈≈å·≈–‚¡‡≈°ÿ≈¢Õß nickel-

induced bladder cancer development  ”À√—∫§à“ cal-

cium ∑’ËµË”≈ß„πªí  “«–¢ÕßºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–

Õ“®‡°‘¥®“°°“√‰¥â√—∫ calcium ®“°Õ“À“√πâÕ¬°«à“ª°µ‘ ∑”„Àâ

√à“ß°“¬¡’°“√¥Ÿ¥´÷¡ calcium °≈—∫∑“ß‰µ‡æ‘Ë¡¡“°¢÷Èπ‡æ◊ËÕ

√—°…“√–¥—∫¢Õß calcium „π‡≈◊Õ¥„ÀâÕ¬Ÿà„π√–¥—∫ª°µ‘  àßº≈„Àâ

calcium ∑’Ë¢—∫ÕÕ°∑“ßªí  “«–≈¥≈ß

„π°“√»÷°…“π’È¬—ßæ∫ºŸâªÉ«¬√“¬Àπ÷Ëß∑’Ë‡§¬∑”ß“π‡À¡◊Õß

·√à (À¬ÿ¥∑”ß“π¡“·≈â«ª√–¡“≥ 10 ªï) ¡’√–¥—∫ iron  Ÿß∂÷ß

1609.52 µg/g Cr (§à“Õâ“ßÕ‘ß‰¡à‡°‘π 250 µg/g Cr[9])  ¡’

√–¥—∫ nickel 28.57 µg/g Cr (§à“Õâ“ßÕ‘ß‰¡à‡°‘π 5 µg/g

Cr[8])·≈–¡’√–¥—∫ zinc 3.90 mg/g Cr (§à“Õâ“ßÕ‘ß‰¡à‡°‘π

0.375 mg/g Cr[9]) · ¥ß«à“°“√‡ªìπ¡–‡√Áß°√–‡æ“–

ªí  “«–¢ÕßºŸâªÉ«¬√“¬π’Èπà“®–¡’ “‡Àµÿ¡“®“°°“√‰¥â√—∫‚≈À–

Àπ—°ª√‘¡“≥¡“°Õ¬à“ß‡√◊ÈÕ√—ß ´÷Ëß‡πâπ¬È”«à“Õ“™’æ∑’Ë —¡º— °—∫

‚≈À–Àπ—°‡ªìπª√–®”‡ªìπªí®®—¬‡ ’Ë¬ß¢Õß°“√‡°‘¥¡–‡√Áß

°√–‡æ“–ªí  “«– ¥—ßπ—Èπ §≥–«‘®—¬·π–π”«à“ºŸâ∑’Ë¡’Õ“™’æ

∑’Ë —¡º— °—∫‚≈À–Àπ—°§«√‰¥â√—∫°“√µ√«®√–¥—∫‚≈À–Àπ—°„π

√à“ß°“¬Õ¬à“ß ¡Ë”‡ ¡Õ ‡æ◊ËÕ‡ΩÑ“√–«—ß°“√‡°‘¥¡–‡√Áß°√–‡æ“–

ªí  “«–

°“√»÷°…“À“§«“¡ —¡æ—π∏å√–À«à“ß√–¥—∫§«“¡√ÿπ·√ß

¢Õß¡–‡√Áß (high / low grade) °—∫√–¥—∫¢Õß‚≈À–Àπ—°¬—ß
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‰¡àæ∫§«“¡ —¡æ—π∏åÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ·µàæ∫·π«‚πâ¡

¢Õß iron „πªí  “«–∑’Ë Ÿß¢÷Èπ„π°≈ÿà¡ high grade tumor

(p = 0.062) §“¥«à“À“°¡’®”π«πµ—«Õ¬à“ß∑’Ë‡æ‘Ë¡¡“°¢÷Èππà“

®–∑”„Àâ∫àß∫Õ°§«“¡ —¡æ—π∏å‰¥â¥’¢÷Èπ ¢âÕ°”®—¥¢Õß°“√»÷°…“

π’È§◊Õ¡’®”π«π°≈ÿà¡µ—«Õ¬à“ßπâÕ¬∑—Èß°≈ÿà¡ºŸâªÉ«¬¡–‡√Áß°√–‡æ“–

ªí  “«–·≈–°≈ÿà¡§«∫§ÿ¡

‚¥¬ √ÿªºŸâªÉ«¬¡–‡√Áß°√–‡æ“–ªí  “«–¡’¿“«–‡§√’¬¥

®“°ÕÕ°´‘‡¥™—Ëπ·≈–°“√¢—∫ÕÕ°¢Õß iron, nickel ·≈– zinc

„πªí  “«–‡æ‘Ë¡ Ÿß¢÷Èπ ·≈–°“√‡æ‘Ë¡¢÷Èπ¢Õß·√à∏“µÿ‡À≈à“π’È

 —¡æ—π∏å°—∫°“√‡æ‘Ë¡¢÷Èπ¢Õß¿“«–‡§√’¬¥®“°ÕÕ° ‘́‡¥™—Ëπ §≥–

ºŸâ«‘®—¬µ—Èß ¡¡ÿµ‘∞“π«à“ iron, nickel ·≈– zinc πà“®–¡’∫∑∫“∑

 ”§—≠„π°“√‡°‘¥¡–‡√Áß°√–‡æ“–ªí  “«–„π§π‰∑¬
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