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∫∑§—¥¬àÕ
«—µ∂ÿª√– ß§å: ‡æ◊ËÕ»÷°…“°“√· ¥ßÕÕ°¢Õß 8-hydroxydeoxyguanosine (8-OHdG) „π‡π◊ÈÕ‡¬◊ËÕ‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ

™π‘¥·§≈‡´’¬¡ÕÕ°´“‡≈µ·≈–»÷°…“º≈¢Õßº≈÷°·§≈‡´’¬¡ÕÕ°´“‡≈µ‚¡‚π‰Œ‡¥√µµàÕ°“√¡’™’«‘µ·≈–°“√º≈‘µ “√Õπÿæ—π∏å

¢ÕßÕÕ°´‘‡®π∑’Ë«àÕß‰« (reactive oxygen species : ROS) ¢Õß‡´≈≈å∫ÿº‘«∑àÕ‰µ  (Human renal epithelial cell line : HK-

2 cell)

°≈ÿà¡»÷°…“·≈–«‘∏’¥”‡π‘π°“√»÷°…“:  »÷°…“°“√· ¥ßÕÕ°¢Õß 8-OHdG „π‡π◊ÈÕ‡¬◊ËÕ‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ‚¥¬«‘∏’ immuno-

histochemistry ®”π«π 10 √“¬ »÷°…“º≈¢Õßº≈÷°·§≈‡´’¬¡ÕÕ°´“‡≈µ‚¡‚π‰Œ‡¥√µµàÕ°“√¡’™’«‘µ¢Õß‡´≈≈å ·≈–ª√‘¡“≥

°“√º≈‘µ ROS ‚¥¬«‘∏’ MTT assay ·≈– Spectrofluorometric assay µ“¡≈”¥—∫

º≈°“√»÷°…“: æ∫°“√· ¥ßÕÕ°¢Õß 8-OHdG  Ÿß¢÷Èπ„π‡π◊ÈÕ‡¬◊ËÕ‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ ¢≥–∑’Ë‰¡àæ∫°“√· ¥ßÕÕ°¢Õß

8-OHdG „π‡π◊ÈÕ‡¬◊ËÕ‰µ§«∫§ÿ¡ °“√»÷°…“„π HK-2 cell æ∫«à“‡¡◊ËÕ‡´≈≈å‰¥â√—∫º≈÷°·§≈‡´’¬¡ÕÕ°´“‡≈µ‚¡‚π‰Œ‡¥√µ®–¡’

ª√‘¡“≥‡´≈≈å¡’™’«‘µ¢Õß‡´≈≈å≈¥≈ßµ“¡§«“¡‡¢â¡¢âπ·≈–‡«≈“∑’Ë‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ·≈–¡’°“√ √â“ß ROS ‡æ‘Ë¡

¢÷Èπµ“¡§«“¡‡¢â¡¢âπ·≈–‡«≈“¢Õß°“√‰¥â√—∫º≈÷°·§≈‡´’¬¡ÕÕ°´“‡≈µ‚¡‚π‰Œ‡¥√µ

 √ÿª: °“√»÷°…“π’Èæ∫°“√· ¥ßÕÕ°¢Õß 8-OHdG  Ÿß¢÷Èπ„π‡π◊ÈÕ‡¬◊ËÕ‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ™π‘¥·§≈‡´’¬¡ÕÕ°´“‡≈µ · ¥ß

«à“°“√‡°‘¥¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ¡’§«“¡‡°’Ë¬«¢âÕß°—∫°“√¥”‡π‘π‚√§π‘Ë«‰µ πÕ°®“°π’È¬—ßæ∫«à“„π HK-2 cell ‡¡◊ËÕ∂Ÿ°

°√–µÿâπ¥â«¬º≈÷°¢Õß·§≈‡´’Ë¬¡ÕÕ°´“‡≈µ‚¡‚π‰Œ‡¥√µ ®–¡’°“√ √â“ßÕπÿ¡Ÿ≈Õ‘ √–‡æ‘Ë¡ Ÿß¢÷Èπ´÷Ëß∑”„Àâ‡°‘¥§«“¡‡ªìπæ‘… àßº≈

„Àâ‡´≈≈åµ“¬¡“°¢÷Èπ ¥—ßπ—Èπ·π«∑“ß°“√√—°…“‚√§π‘Ë«‰µ§«√„Àâ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–À√◊Õ«‘∏’°“√„¥Ê ‡æ◊ËÕ≈¥¿“«–‡§√’¬¥®“°

ÕÕ°´‘‡¥™—Ëπ ´÷ËßÕ“® “¡“√∂ªÑÕß°—π°“√‡°‘¥π‘Ë«´È”‰¥â

§” ”§—≠: ·§≈‡´’¬¡ÕÕ°´“‡≈µ‚¡‚π‰Œ‡¥√µ  ¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ  Õπÿæ—π∏å¢ÕßÕÕ°´‘‡®π∑’Ë«àÕß‰«  8-‰Œ¥√Õ°´’¥’

ÕÕ°´’°«“‚π´’π
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Abstract
Objective: To explore expression of 8-hydroxydeoxyguanosine (8-OHdG, a marker of oxidative DNA damage)

in renal tissues obtained from calcium oxalate nephrolithiasis patients, and to investigate the effects of

calcium oxalate monohydrate (COM) crystals on viability of human proximal renal tubular cells (HK-2) and

intracellular reactive oxygen species (ROS) production.

Design: Observational analytical study.

Methods:  Expression of 8-OHdG in paraffin-embedded nephrolithiatic renal sections (n=10) was explored

by immunohistochemical staining.  MTT assay was used to assess viability of HK-2 cells after exposed to

COM in both dose and time-dependent experiments.  The effect of COM on intracellular ROS production in

HK-2 cells was determined using dichlorofluorescein method.

Results: In stone-containing renal tissues, 8-OHdG was strongly expressed in renal tubular cells.  There was

no expression of 8-OHdG in normal renal tissues.  COM decreased viability of HK-2 cells in both dose- and

time-dependent maners.  Intracellular ROS generation was increased in HK-2 cells after treated with COM.

Conclusions: 8-OHdG was overexpressed in the kidneys of nephrolithiasis patients suggested that oxidative

stress involved in the progress of kidney stone disease. COM was injurous to renal tubular cells. A decreased

cell survival after treatment with COM may be mediated via ROS toxicity. Attenuation of oxidative damage by

antioxidants is recommended for medical management of stone patietns.

Keywords: Calcium oxalate monohydrate, oxidative stress, reactive oxygen species, 8-hydroxydeoxyguanosin
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∫∑π”
π‘Ë«‰µ (kidney stone, nephrolithiasis) ‡ªìπ‚√§∑’Ë

æ∫∫àÕ¬„π√–∫∫∑“ß‡¥‘πªí  “«– Õÿ∫—µ‘°“√≥å¢Õß‚√§π‘Ë«‰µ

¡’·π«‚πâ¡‡æ‘Ë¡ Ÿß¢÷Èπ∑—Ë«‚≈°·≈–‡ªìπ‚√§∑’Ë¡’‚Õ°“ ‡ªìπ´È” Ÿß

(highly recurrent condition) À“°‰¡à‰¥âªÑÕß°—π·≈–√—°…“

µ“¡ªí®®—¬‡ ’Ë¬ß ®–∑”„Àâ‡°‘¥π‘Ë«´È”Ê µàÕ‡π◊ËÕß ®π‡ªìπ “‡Àµÿ

¢Õß°“√‡°‘¥‚√§‰µ‡√◊ÈÕ√—ßµ“¡¡“ ´÷Ëßªí®®ÿ∫—πª√–‡∑»‰∑¬¡’

ºŸâªÉ«¬‚√§‰µ‡√◊ÈÕ√—ß∑’Ë‡°‘¥®“°‚√§π‘Ë«‰µ®”π«π¡“° ‚¥¬‡©æ“–

„π™ÿ¡™π¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ·≈–¿“§‡Àπ◊Õ ∑”„Àâ¿“§

√—∞µâÕß„™âß∫ª√–¡“≥®”π«π¡“°„π°“√¥Ÿ·≈·≈–√—°…“ºŸâªÉ«¬

‡À≈à“π’È

™π‘¥¢Õßπ‘Ë«·∫àßµ“¡·√à∏“µÿ∑’Ë‡ªìπÕß§åª√–°Õ∫„π

°âÕππ‘Ë« π‘Ë«∑’Ëæ∫¡“°∑’Ë ÿ¥§◊Õ π‘Ë«·§≈‡´’¬¡ÕÕ°´“‡≈µ æ∫

ª√–¡“≥√âÕ¬≈– 70-80 √Õß≈ß¡“§◊Õ ·§≈‡´’¬¡øÕ ‡øµ

(√âÕ¬≈– 12) π‘Ë«°√¥¬Ÿ√‘° (√âÕ¬≈– 9) ·≈–π‘Ë«·¡°π’‡´’¬¡

·Õ¡‚¡‡π’¬¡øÕ ‡øµ (√âÕ¬≈– 2)[1] °≈‰°°“√‡°‘¥π‘Ë«‡√‘Ë¡®“°

°“√µ°º≈÷°¢Õß “√°àÕπ‘Ë« (stone promoters) „πªí  “«–

∑’ËÕ‘Ë¡µ—«¬«¥¬‘Ëß (supersaturated urine)  “√°àÕπ‘Ë«∑’Ë ”§—≠

§◊Õ ·§≈‡´’¬¡ ÕÕ°´“‡≈µ øÕ ‡øµ ·≈–°√¥¬Ÿ√‘° ‡¡◊ËÕ‡°‘¥

º≈÷°ª√‘¡“≥¡“°·≈–‡°‘¥Õ¬à“ß‡√◊ÈÕ√—ß ®–∑”„Àâº≈÷°√«¡°≈ÿà¡

°—π (crystal aggregation) ‡®√‘≠„À≠à¢÷Èπ (crystal growth)

·≈–µ‘¥§â“ß„π∑àÕ‰µ (crystal retention) ‡°‘¥‡ªìπ nidus

´÷Ëß®–°≈“¬‡ªìπ°âÕππ‘Ë«„π∑’Ë ÿ¥[2,3] º≈÷°∑’Ë ”§—≠∑’Ë ÿ¥„π

°√–∫«π°“√‡°‘¥π‘Ë« §◊Õ º≈÷°·§≈‡´’¬¡ÕÕ°´“‡≈µ ´÷Ëß¡’ 3

√Ÿª·∫∫ ‰¥â·°à ·§≈‡´’¬¡ÕÕ°´“‡≈µ‚¡‚π‰Œ‡¥√µ (calcium

oxalate monohydrate, COM) ·§≈‡´’¬¡ÕÕ°´“‡≈µ‰¥

‰Œ‡¥√µ (calcium oxalate dihydrate, COD) ·≈–·§≈‡´’¬¡

ÕÕ°´“‡≈µ‰µ√‰Œ‡¥√µ (calcium oxalate trihydrate) ∑’Ë

æ∫‰¥â∫àÕ¬„πªí  “«–§◊Õº≈÷° COM ·≈– COD[4] √“¬ß“π

°“√»÷°…“æ∫«à“∑—Èßº≈÷° COM ·≈– COD ¡’§ÿ≥ ¡∫—µ‘„π°“√

®—∫°—∫‡´≈≈å‡¬◊ËÕ∫ÿº‘«∑àÕ‰µ‰¥â ·µàº≈÷° COM ¡’§«“¡ “¡“√∂

„π°“√®—∫¡“°°«à“ ·≈–¬—ß∑”„Àâ‡°‘¥°“√∫“¥‡®Á∫ (injury) ¢Õß

‡´≈≈å‡¬◊ËÕ∫ÿº‘«∑àÕ‰µÕ’°¥â«¬[5] °“√»÷°…“¢Õß Hackett ·≈–

§≥– „π‡´≈≈å Madin-Darby canine kidney cells (MDCK)

æ∫«à“‡¡◊ËÕ‰¥â√—∫º≈÷° COM ‡´≈≈å¡’®”π«π≈¥≈ß (decreased

cell viability) ·≈–æ∫ª√‘¡“≥ intracellular enzymes „π

Õ“À“√‡≈’È¬ß‡´≈≈å¡“°¢÷Èπ · ¥ß«à“ COM ∑”„Àâ‡´≈≈å MDCK

µ“¬¡“°¢÷Èπ[6,7] °“√»÷°…“¢Õß Schepers ·≈–§≥– æ∫

«à“‡´≈≈å LLC-PK1 (porcine renal proximal tubular cell

line) ·≈– MDCK-II ‡¡◊ËÕ‰¥â√—∫ COM ®–‡°‘¥°“√∫“¥‡®Á∫

·≈–¡’°“√ √â“ß “√Õπÿæ—π∏å¢ÕßÕÕ° ‘́‡®π∑’Ë«àÕß‰« (reactive

oxygen species, ROS) ¿“¬„π‡´≈≈å¡“°¢÷Èπ[8,9] ¥—ßπ—Èπ

º≈÷° COM  “¡“√∂°√–µÿâπ„Àâ‡´≈≈å √â“ß “√Õπÿ¡Ÿ≈Õ‘ √–

‡æ‘Ë¡¢÷Èπ ∑”„Àâ‡°‘¥¿“«–‡§√’¬¥®“°ÕÕ° ‘́‡¥™—Ëπ ·≈–‡´≈≈åµ“¬

„π∑’Ë ÿ¥[10]

¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ (oxidative stress) §◊Õ

¿“«–§«“¡‰¡à ¡¥ÿ≈√–À«à“ß “√Õπÿ¡Ÿ≈Õ‘ √– (radical

species) ·≈– “√µâ“πÕπÿ¡Ÿ≈Õ‘ √– (antioxidants) Õ“®¡’

 “√Õπÿ¡Ÿ≈Õ‘ √–¡“°¢÷ÈπÀ√◊Õ¡’ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–≈¥≈ß

 “√Õπÿ¡Ÿ≈Õ‘ √–∑’Ë‡°‘¥¢÷Èπ ‚¥¬‡©æ“– ROS ®–∑”≈“¬ ‚ª√µ’π

‰¢¡—π §“√å‚∫‰Œ‡¥√µ ¥’‡ÕÁπ‡Õ ·≈–‚¡‡≈°ÿ≈Õ◊ËπÊ ‚¥¬ªØ‘°‘√‘¬“

ÕÕ°´‘‡¥™—Ëπ ´÷Ëß Oxidative damage molecules ∑’Ë‡°‘¥¢÷Èπ

®–‰¡à “¡“√∂∑”ß“π‰¥â àßº≈„Àâ‡´≈≈å∂Ÿ°∑”≈“¬·≈–µ“¬‰ª

°“√ª√–‡¡‘π¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëππ‘¬¡„™â 8-‰Œ¥√Õ°

´’¥’ÕÕ°´’°«“‚π´’π (8-hydroxydeoxyguanosine, 8-OHdG)

´÷Ëß‡ªìπ Oxidative damage DNA ‡°‘¥®“° ROS ∑”

ªØ‘°‘√‘¬“ÕÕ°´‘‡¥´—Ëπ°—∫‡∫  deoxyguanosine ∫π DNA

[11,12]

ß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“°“√· ¥ßÕÕ°

¢Õß 8-OHdG „π‡π◊ÈÕ‡¬◊ËÕ‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ™π‘¥·§≈‡ ’́¬¡

ÕÕ°´“‡≈µ‡ª√’¬∫‡∑’¬∫°—∫‡π◊ÈÕ‡¬◊ËÕ‰µ§«∫§ÿ¡ ·≈–»÷°…“º≈

¢Õßº≈÷° COM µàÕ°“√¡’™’«‘µ·≈– ª√‘¡“≥°“√ √â“ß ROS

„π‡´≈≈å∫ÿº‘«∑àÕ‰µ (HK-2 cells) ®“°°“√∑∫∑«π«√√≥°√√¡

¢ÕßºŸâ«‘®—¬æ∫«à“ ¬—ß‰¡à¡’√“¬ß“π°“√»÷°…“·∫∫π’È¡“°àÕπ

°≈ÿà¡»÷°…“·≈–«‘∏’¥”‡π‘π°“√»÷°…“

°≈ÿà¡ºŸâªÉ«¬‚√§π‘Ë«‰µ·≈–°“√‡°Á∫ “√µ—«Õ¬à“ß
§—¥‡≈◊Õ°°≈ÿà¡µ—«Õ¬à“ßºŸâªÉ«¬‚√§π‘Ë«‰µ ®”π«π 10 √“¬

∑’Ë‰¥â√—∫°“√«‘π‘®©—¬«à“‡ªìππ‘Ë«‰µ·≈–‡¢â“√—∫°“√ºà“µ—¥‡Õ“π‘Ë«ÕÕ°

≥ ‚√ßæ¬“∫“≈¢Õπ·°àπ ®—ßÀ«—¥¢Õπ·°àπ ºŸâªÉ«¬∑ÿ°√“¬

‡ªìππ‘Ë«·§≈‡´’Ë¬¡ÕÕ°´“‡≈µ («‘‡§√“–Àå‚¥¬«‘∏’ Fourier

transform infrared spectroscopy) »—≈¬·æ∑¬å√–∫∫∑“ß

‡¥‘πªí  “«–‡°Á∫µ—«Õ¬à“ß‡π◊ÈÕ‡¬◊ËÕ‰µ (kidney biopsy) ∑’Ë

µ”·Àπàß„°≈â°—∫°âÕππ‘Ë« „ à≈ß„πÀ≈Õ¥∑’Ë¡’ 10% formalin

buffer 15 ml °√–∫«π°“√∑” paraffin-embedded tissues
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·≈–µ—¥™‘Èπ‡π◊ÈÕ≈ß∫π ‰≈¥å∑” ≥ Àπà«¬æ¬“∏‘«‘∑¬“ ‚√ß

æ¬“∫“≈®ÿÃ“≈ß°√≥å

°“√«‘‡§√“–Àå∑“ßÀâÕßªØ‘∫—µ‘°“√
°“√· ¥ßÕÕ°¢Õß 8-OHdG „π‡π◊ÈÕ‡¬◊ËÕ‰µ¢Õß

ºŸâªÉ«¬‚√§π‘Ë«‰µ
π” ‰≈¥å™‘Èπ‡π◊ÈÕ ¡“ deparaffinize ·≈â« rehydrate

®“°π—Èπ∑” antigen retrieval ‚¥¬„™â citrate buffer pH

6.0 ·≈â«π”‰ª„ à„π microwave ‚¥¬„™â°”≈—ß‰ø Ÿß ÿ¥‡ªìπ

‡«≈“ 2 π“∑’®”π«π 6 §√—Èß µ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“

20 π“∑’ ®“°π—Èπ∑”≈“¬ endogenous peroxidase activity

‚¥¬ incubate  ‰≈¥å„π 3% H2O2 ‡ªìπ‡«≈“ 5 π“∑’ ∑’Ë

Õÿ≥À¿Ÿ¡‘ÀâÕß  ·≈â« incubate ¥â«¬ 3% normal horse

serum ‡ªìπ‡«≈“ 20 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß  ®“°π—ÈπÀ¬¥ anti-

8-OHdG dilution 1:200 (Clone N45.1, JaICA) ≈ß∫π

 ‰≈¥å·≈â« incubate ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß∑’Ë  4 oC π”¡“≈â“ß

¥â«¬ PBS 2 §√—Èß §√—Èß≈– 3 π“∑’ ·≈â«À¬¥ secondary

antibody ·≈– incubate ‡ªìπ‡«≈“ 30 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

·≈â«≈â“ß¥â«¬ PBS 2 §√—Èß §√—Èß≈– 3 π“∑’  ¢—ÈπµÕπ°“√

¬âÕ¡ ’ À¬¥ “√≈–≈“¬ DAB ≈ß‰ª·≈â« incubate ‡ªìπ‡«≈“

10 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ≈â“ß¥â«¬πÈ”ª√–ª“ 5 π“∑’ coun-

terstain ¥â«¬ Mayerûs hematoxylin solution 4-5 «‘π“∑’

≈â“ß¥â«¬πÈ”ª√–ª“ 5 π“∑’ ®“°π—Èπ dehydrate ·≈– mount

 ‰≈¥å  °“√· ¥ßÕÕ°¢Õß 8-OHdG „π‡π◊ÈÕ‡¬◊ËÕ‰µ √“¬ß“π

º≈°“√¬âÕ¡‚¥¬æ¬“∏‘·æ∑¬å ‚¥¬‡°≥±å°“√ grading §◊Õ ¡’

æ◊Èπ∑’Ë∑’Ë¬âÕ¡„Àâº≈∫«° 0-25% ‡ªìπ 1+, 25-50% ‡ªìπ 2+,

50-75% ‡ªìπ 3+ ·≈– 75-100% ‡ªìπ 4+

°“√‡æ“–‡≈’È¬ß‡´≈≈å
‡æ“–‡≈’È¬ß‡´≈≈å∫ÿ∑àÕ‰µ à«πµâπ¢Õß¡πÿ…¬å (Human

proximal tubular cell line, HK-2 cells)   ‚¥¬π” HK-2

cells ¡“‡≈’È¬ß„πÕ“À“√‡≈’È¬ß‡´≈≈å™π‘¥ DMEM/high glu-

cose ∑’Ë¡’ 10% fetal bovine serum ·≈– 0.1% strepto-

mycin/penicillin „πµŸâÕ∫ 37oC, 5% CO2 ‚¥¬µâÕß‡ª≈’Ë¬π

Õ“À“√‡æ“–‡≈’È¬ß„À¡à∑ÿ° 2 «—π

«—¥°“√¡’™’«‘µ¢Õß‡´≈≈å (cell viability) ‚¥¬«‘∏’
MTT assay

À≈—°°“√‡ªìπ°“√«—¥°“√∑”ß“π¢Õß‡Õπ‰´¡å succinate

dehydrogenase „π‰¡‚µ§Õπ‡¥√’¬ ‚¥¬‡´≈≈å∑’Ë¡’™’«‘µ®–¡’

‡Õπ‰´¡åπ’È∑”Àπâ“∑’Ë„π°“√‡ª≈’Ë¬π MTT (3-(4,5-Dimethyl-

thiazol-2-yl)-2,5-diphenyltetrazolium bromide) ´÷Ëß‡ªìπ

 “√∑’Ë¡’ ’‡À≈◊Õß„Àâ‡ªìπ formazan salt ´÷Ëß‡ªìπ “√ ’¡à«ß «‘∏’

∑”‚¥¬¬àÕ §◊Õ ‡æ“–‡≈’È¬ß HK-2 cells „π®“π‡æ“–‡≈’È¬ß

‡´≈≈å¢π“¥ 96 À≈ÿ¡ ‚¥¬·µà≈–À≈ÿ¡¡’‡´≈≈å‡√‘Ë¡µâπ∑’Ë 10,000

‡´≈≈å ‡≈’È¬ß„πÕ“À“√‡≈’È¬ß‡´≈≈å®π‡´≈≈å‡®√‘≠‡µÁ¡À≈ÿ¡ (90%

confluence) ®“°π—Èπ‡µ√’¬¡ “√≈–≈“¬ COM  ”À√—∫„ à

„π·µà≈–À≈ÿ¡„Àâ ‰¥â§«“¡‡¢â¡¢âπ‡∑à“°—∫  1, 10, 50, 100 ·≈–

200 ‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√ (serum-free condition)

À≈ÿ¡≈– 300 ‰¡‚§√≈‘µ√  ·≈â«π”‰ªÕ∫„πµŸâÕ∫∑’Ë 37oC, 5%

CO2 ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ‡¡◊ËÕ§√∫‡«≈“·≈â«‡µ‘¡ MTT  0.5

‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ (≈–≈“¬„π serum-free DMEM) ≈ß

‰ªÀ≈ÿ¡≈– 100 ‰¡‚§√≈‘µ√·≈–π”‰ªÕ∫„πµŸâÕ∫ 37oC, 5%

CO2 ‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß ·≈â«‡µ‘¡ “√≈–≈“¬ Dimethyl

sulfoxide (DMSO) ≈ß‰ª 100 ‰¡‚§√≈‘µ√ ®“°π—Èπ‡¢¬à“

5-10 π“∑’·≈â«π”‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë 550 π“‚π‡¡µ√

∑”°“√∑¥≈Õß´È” 3 §√—Èß (triplicate)  ”À√—∫ time-depen-

dent experiment ‡≈’È¬ß‡´≈≈åµ“¡∑’Ë°≈à“«¢â“ßµâπ ‡µ‘¡

º≈÷° COM ∑’Ë§«“¡‡¢â¡¢âπ 1 ·≈– 10 ‰¡‚§√°√—¡µàÕµ“√“ß

‡´πµ‘‡¡µ√ ·≈â« incubate ‡ªìπ‡«≈“ 24, 48 ·≈– 72 ™—Ë«‚¡ß

®“°π—Èπ∑”µ“¡¢—ÈπµÕπ∑’Ë°≈à“«¢â“ßµâπ

°“√«—¥ª√‘¡“≥°“√º≈‘µ ROS „π HK-2 cells
‚¥¬«‘∏’ spectrofluorometric assay

«—¥ª√‘¡“≥°“√º≈‘µ ROS ‚¥¬Õ“»—¬ªØ‘°‘√‘¬“ÕÕ°´‘-

‡¥™—Ëπ¢Õß 2,7-dichloro-dihydrofluorescin diacetate

(DCFH-DA) ‚¥¬ ROS ∑’Ë∂Ÿ° √â“ß¢÷Èπ„π‡´≈≈å®–‡ª≈’Ë¬π

DCFH-DA ‡ªìπ DCF ´÷Ëß‡√◊Õß· ßø≈ŸÕÕ‡√ ‡´πµå · ßø≈Ÿ

ÕÕ‡√ ‡´πµå∑’Ë‡°‘¥¢÷Èπ∫àß∂÷ßª√‘¡“≥ ROS „π‡´≈≈å ∑”°“√

‡æ“–‡≈’È¬ß HK-2 cells „π®“π‡æ“–‡≈’È¬ß‡´≈≈å¢π“¥ 96 À≈ÿ¡

(96-well black plate) ∑’Ë¡’‡´≈≈å‡√‘Ë¡µâπ 10,000 ‡´≈≈å „Àâ

‰¥âª√–¡“≥ 90% confluence ·≈â«‡µ‘¡ DCFH-DA 0.1

¡‘≈≈‘‚¡≈“√å (≈–≈“¬„π serum-free DMEM) À≈ÿ¡≈– 100

‰¡‚§√≈‘µ√ ®“°π—Èπ„ àº≈÷° COM ∑’Ë§«“¡‡¢â¡¢âπ 1, 10, 50,

100 ·≈– 200 ‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√ (serum-free

condition) À≈ÿ¡≈– 300 ‰¡‚§√≈‘µ√  ·≈â«π”‰ªÕ∫„πµŸâÕ∫

37oC, 5% CO2 ‡ªìπ‡«≈“ 30 ·≈– 60 π“∑’ ®“°π—Èππ”‰ª

«—¥ fluorescent intensity ‚¥¬°”Àπ¥ excitation ∑’Ë 485
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π“‚π‡¡µ√ ·≈– emission ∑’Ë 535 π“‚π‡¡µ√ §”π«≥§à“

Arbitrary fluorescent unit (AFU) ®“°°“√π”§à“ fluores-

cent intensity ∑’Ë‡«≈“„¥Ê (tx) À“√¥â«¬§à“ fluorescent

intensity ∑’Ë‡«≈“‡√‘Ë¡µâπ (t0)

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
º≈°“√«‘®—¬· ¥ß¢âÕ¡Ÿ≈‡ªìπ§à“‡©≈’Ë¬·≈–§à“‡∫’Ë¬ß‡∫π

¡“µ√∞“π (mean+SD ·≈– mean+SE) ‚¥¬π”‡ πÕ„π

√Ÿª°√“ø·∑àß ·≈–„™â One-way ANOVA test  ”À√—∫∑¥ Õ∫

§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬√–À«à“ß3 °≈ÿà¡¢÷Èπ‰ª µ“¡¥â«¬

Bonferroniûs multiple comparison test ‚ª√·°√¡∑“ß

 ∂‘µ‘∑’Ë„™â§◊Õ SPSS ‡«Õ√å™—Ëπ 16.0 (Chicago, IL) °”Àπ¥

√–¥—∫π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë p<0.05 ·∫∫ two-tailed

º≈°“√«‘®—¬
°“√»÷°…“°“√· ¥ßÕÕ°¢Õß 8-OHdG »÷°…“„πºŸâªÉ«¬

‚√§π‘Ë«‰µ∑’Ë‡ªìππ‘Ë«™π‘¥·§≈‡´’¬¡ÕÕ°´“‡≈µ®”π«π 10 √“¬

Õ“¬ÿ‡©≈’Ë¬ 54.90+8.75 ªï ‡ªìπ‡æ»™“¬ ®”π«π 2 √“¬ (√âÕ¬

≈– 20) ‡æ»À≠‘ß ®”π«π 8 √“¬ (√âÕ¬≈– 80) ª√‘¡“µ√

¢Õßªí  “«–‡©≈’Ë¬ 1.50+0.50 ≈‘µ√µàÕ«—π Õ—µ√“°“√°√Õß

¢Õß‰µ‡©≈’Ë¬  55.03+16.06 ml/min/1.73 m2 ·≈–ª√‘¡“≥

‚ª√µ’π„πªí  “«–‡©≈’Ë¬ 545.94+329.85 ¡‘≈≈‘°√—¡µàÕ«—π

(µ“√“ß∑’Ë 1)

º≈°“√»÷°…“æ∫«à“‡π◊ÈÕ‡¬◊ËÕ‰µ∑’Ë‰¥â®“°ºŸâªÉ«¬‚√§π‘Ë«‰µ

¡’°“√· ¥ßÕÕÕ°¢Õß 8-OHdG  Ÿß ·≈–µ”·Àπàß· ¥ßÕÕ°

§◊Õ∑’Ëπ‘«‡§≈’¬ ¢Õß‡´≈≈å∫ÿº‘«∑àÕ‰µ (√Ÿª∑’Ë 1B-D) ºŸâªÉ«¬∑’Ë„Àâ

º≈ 1+  ¡’®”π«π 1 √“¬ º≈ 3+  ®”π«π 2 √“¬ ·≈–º≈ 4+

®”π«π 7 √“¬ (µ“√“ß∑’Ë 1)  ”À√—∫„π‡π◊ÈÕ‡¬◊ËÕ‰µ§«∫§ÿ¡∑’Ë

‰¥â®“°ºŸâªÉ«¬‚√§¡–‡√Áß∑’Ë‰µ∫√‘‡«≥ non-cancerouse region

‰¡àæ∫°“√· ¥ßÕÕ°¢Õß 8-OHdG À√◊Õ· ¥ßÕÕ°„π√–¥—∫

µË” (√Ÿª∑’Ë 1A)  º≈°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ«à“‡°‘¥¿“«–

‡§√’¬¥®“°ÕÕ° ‘́‡¥™—Ëπ Ÿß¢÷Èπ„π‡π◊ÈÕ‡¬◊ËÕ‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ

º≈°“√∑¥≈Õß cell viability ¢Õß HK-2 cells ‡¡◊ËÕ

‰¥â√—∫ COM ∑’Ë§«“¡‡¢â¡¢âπ 1, 10, 50, 100 ·≈– 200

‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß æ∫«à“

ª√‘¡“≥‡´≈≈å¡’™’«‘µ (% cell viability) ≈¥≈ßÕ¬à“ß¡’π—¬

 ”§—≠∑“ß ∂‘µ‘ (p < 0.001, ANOVA test) „π∑ÿ°§«“¡

‡¢â¡¢âπ‡¡◊ËÕ‡∑’¬∫°—∫‡´≈≈å§«∫§ÿ¡∑’Ë‰¡à‰¥â√—∫ COM (100%)

‡ªìπ 75.47+3.34% (p < 0.001), 69.02+2.27% (p < 0.001),

54.00+0.86% (p < 0.001), 53.46+0.74% (p < 0.001)

·≈– 47.31+1.48% (p < 0.001) ∑’Ë§«“¡‡¢â¡¢âπ 1, 10, 50,

100 ·≈– 200 ‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√ µ“¡≈”¥—∫

(√Ÿª∑’Ë 1) · ¥ß«à“ COM ¡’º≈µàÕ°“√µ“¬¢Õß HK-2 cells

·∫∫ dose-dependent manner

‡¡◊ËÕ»÷°…“º≈¢Õß COM µàÕ HK-2 cell viability ·∫∫

time-dependent manner æ∫«à“ ≥ ‡«≈“ 24, 48 ·≈– 72

µ“√“ß∑’Ë 1 · ¥ß¢âÕ¡Ÿ≈‡æ» Õ“¬ÿ ª√‘¡“≥ªí  “«– Õ—µ√“°“√°√Õß∑’Ë‰µ ª√‘¡“≥‚ª√µ’π„πªí  “«–·≈–ª√‘¡“≥°“√· ¥ßÕÕ°¢Õß
8-OHdG „πºŸâªÉ«¬‚√§π‘Ë«‰µ™π‘¥·§≈‡´’¬¡ÕÕ°´“‡≈µ

Sex Age Urine volume eGFR Urine protein 8-OHdG
(years) (L) (ml/min/1.73 m2) (mg/day) Grading

1 Female 48 2.2 73.9 217.58 1+
2 Female 63 1.2 56.7 646.95 3+
3 Male 72 1.5 69 802.42 3+
4 Male 52 2.2 72.8 1212.90 4+
5 Female 53 2.2 22.6 510.11 4+
6 Female 54 1.2 36.3 327.27 4+
7 Female 49 1.2 53.2 756.92 4+
8 Female 63 1.0 60.1 338.46 4+
9 Female 42 1.2 50.7 563.08 4+
10 Female 53 1.1 55 83.75 4+
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√Ÿª∑’Ë 1 °“√· ¥ßÕÕ°¢Õß 8-OHdG „π‡π◊ÈÕ‡¬◊ËÕ‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ™π‘¥·§≈‡´’¬¡ÕÕ°´“‡≈µ ‡π◊ÈÕ‡¬◊ËÕ‰µ§«∫§ÿ¡∑’Ë‰¥â®“°ºŸâªÉ«¬
‚√§¡–‡√Áß∑’Ë‰µ∫√‘‡«≥ non-cancerouse region ‰¡àæ∫°“√· ¥ßÕÕ°¢Õß 8-OHdG À√◊Õ· ¥ßÕÕ°„π√–¥—∫µË” (A) ¡’°“√
· ¥ßÕÕ°¢Õß 8-OHdG  Ÿß¢÷Èπ„π‡π◊ÈÕ‡¬◊ËÕ‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ (B-D) ‚¥¬„Àâº≈∫«°∑’Ëπ‘«‡§≈’¬ ¢Õß‡´≈≈å∫ÿº‘«∑àÕ‰µ (¿“æ
A ·≈– B °”≈—ß¢¬“¬ 20x, ¿“æ C ·≈– D °”≈—ß¢¬“¬ 40x)

™—Ë«‚¡ß HK-2 cells ∑’Ë‰¥â√—∫ COM  1 ‰¡‚§√°√—¡µàÕµ“√“ß

‡´πµ‘‡¡µ√ ¡’ % cell viability ≈¥≈ß‡ªìπ  69.77+2.07%

(p < 0.001), 61.51+4.44% (p < 0.001) ·≈– 53.40+1.94%

(p < 0.001) µ“¡≈”¥—∫ ´÷Ëß≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ‡∑’¬∫

°—∫‡´≈≈å control (100%)  ·≈–∑’Ë§«“¡‡¢â¡¢âπ 10 ‰¡‚§√°√—¡

µàÕµ“√“ß‡´πµ‘‡¡µ√ æ∫«à“ % cell viability ≈¥≈ß‡ªìπ

61.09+2.67% (p < 0.001), 50.13+3.09% (p < 0.001)

·≈– 49.96+3.38% (p < 0.001) µ“¡≈”¥—∫ ´÷Ëß≈¥≈ßÕ¬à“ß

¡’π—¬ ”§—≠∑“ß ∂‘µ‘‡¡◊ËÕ‡∑’¬∫°—∫ control (√Ÿª∑’Ë 3)

º≈°“√«‘‡§√“–Àåª√‘¡“≥°“√º≈‘µ ROS „π HK-2 cells

‡¡◊ËÕ‰¥â√—∫ COM ∑’Ë§«“¡‡¢â¡¢âπ 1, 10, 50, 100 ·≈– 200

‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√ ≥ ‡«≈“ 30 ·≈– 60 π“∑’

æ∫«à“ HK-2 cells ‡¡◊ËÕ‰¥â√—∫º≈÷° COM ª√‘¡“≥¡“°¢÷Èπ

®–„Àâ§à“ Fluorescence intensity (∫àß™’È°“√ √â“ß ROS) ‡æ‘Ë¡

¢÷Èπ · ¥ß«à“ COM ¡’º≈µàÕ°“√º≈‘µ ROS „π HK-2 cells

·∫∫ dose-dependent  ‡¡◊ËÕ‡∑’¬∫°—∫ control (‰¡à‰¥â√—∫

COM) §à“ AFU ¢Õß COM-treated HK-2 cells ≥ ‡«≈“

30 π“∑’ ‡æ‘Ë¡¢÷Èπ®“° 1.12+0.02 ‡ªìπ 1.13+0.02, 1.13+0.02,

1.14+0.02, 1.21+0.02 ·≈– 1.40+0.06 AFU µ“¡≈”¥—∫

§«“¡‡¢â¡¢âπ¢Õß COM ·≈– ≥ ‡«≈“ 60 π“∑’ ‡æ‘Ë¡¢÷Èπ®“°

1.31+0.04 ‡ªìπ 1.13+0.03, 1.33+0.02, 1.34+0.03,

1.50+0.03 ·≈– 1.81+0.07 AFU µ“¡≈”¥—∫ §«“¡‡¢â¡¢âπ

¢Õß COM  º≈®“°°“√«‘‡§√“–Àå∑“ß ∂‘µ‘æ∫«à“ ≥ ‡«≈“ 30

π“∑’ ∑’Ë§«“¡‡¢â¡¢âπ 200 ‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘¡‡µ√ ¡’

°“√ √â“ß ROS ‡æ‘Ë¡ Ÿß¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘‡¡◊ËÕ

‡∑’¬∫°—∫ control (p<0.001, Bonferoniûs test) ·≈– ≥
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‡«≈“ 60 π“∑’ ∑’Ë§«“¡‡¢â¡¢âπ 100 ·≈– 200 ‰¡‚§√°√—¡

µàÕµ“√“ß‡´πµ‘¡‡µ√ ¡’°“√ √â“ß ROS ‡æ‘Ë¡ Ÿß¢÷ÈπÕ¬à“ß¡’

π—¬ ”§—≠∑“ß ∂‘µ‘ (p<0.05, Bonferoniûs test) ®“°º≈

· ¥ß„Àâ‡ÀÁπ«à“¡’°“√ √â“ß ROS ‡æ‘Ë¡ Ÿß¢÷Èπµ“¡§«“¡‡¢â¡

¢âπ·≈–‡«≈“∑’Ë HK-2 cells ‰¥â√—∫º≈÷° COM

°“√Õ¿‘ª√“¬º≈
°“√»÷°…“π’Èæ∫°“√· ¥ßÕÕ°¢Õß 8-OHdG „π

‡π◊ÈÕ‡¬◊ËÕ‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ™π‘¥·§≈‡´’¬¡ÕÕ°´“‡≈µ Ÿß

¢÷Èπ‚¥¬‡©æ“–∑’Ë∫√‘‡«≥π‘«‡§≈’¬ ¢Õß‡´≈≈å‡¬◊ËÕ∫ÿº‘«∑àÕ‰µ„π

 à«π proximal tubules, distal tubules ·≈– collecting

duct tubules ¢≥–∑’Ë„π‡π◊ÈÕ‡¬◊ËÕ‰µ§«∫§ÿ¡‰¡à¡’°“√· ¥ßÕÕ°

¢Õß 8-OHdG · ¥ß«à“‡°‘¥¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ¢÷Èπ

„π‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ πÕ°®“°π’È ¬—ßæ∫‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«

‡¢â“¡“¬—ß∫√‘‡«≥‡π◊ÈÕ‰µ · ¥ß«à“¡’°“√Õ—°‡ ∫‡°‘¥¢÷Èπ∑’Ë∫√‘‡«≥

π—Èπ ´÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Seki ·≈–§≥–„πºŸâªÉ«¬

‚√§µ—∫‡π◊ËÕß®“°°“√∫√‘‚¿§ ÿ√“∑’Ëæ∫°“√· ¥ßÕÕ°¢Õß

8-OHdG „ππ‘«‡§≈’¬ ¢Õß‡´≈≈åµ—∫∑’Ë¡’°“√Õ—°‡ ∫[13]  ·≈–

¡’°“√»÷°…“ª√‘¡“≥¢Õß 8-OHdG „πªí  “«–¢ÕßºŸâªÉ«¬

‚√§π‘Ë«‰µæ∫«à“¡’ª√‘¡“≥ Ÿß°«à“§πª°µ‘·≈– —¡æ—π∏å°—∫√–¥—∫

°“√∑”≈“¬‡´≈≈å∫ÿ∑àÕ‰µ[14] ¥—ßπ—Èπ §≥–«‘®—¬µ—Èß ¡¡ÿµ‘∞“π

«à“°âÕππ‘Ë«·≈–/À√◊Õº≈÷°π‘Ë«°√–µÿâπ°“√ √â“ß ROS ¢÷Èπ„π

‡´≈≈å∫ÿ∑àÕ‰µ ·≈â« àßº≈µàÕ„Àâ‡°‘¥°“√∫“¥‡®Á∫·≈–°“√µ“¬

¢Õß‡´≈≈å∫ÿ∑àÕ‰µ §≥–«‘®—¬®÷ß∑¥ Õ∫„πÀ≈Õ¥∑¥≈Õß (in

vitro model) µàÕ‰ª«à“º≈÷°π‘Ë« COM  “¡“√∂°√–µÿâπ°“√

 √â“ß ROS ¢÷Èπ„π‡´≈≈å∫ÿ∑àÕ‰µ‰¥âÀ√◊Õ‰¡à

®“°º≈°“√∑¥ Õ∫®”π«π HK-2 cells ∑’Ë¡’™’«‘µÀ≈—ß

®“°‰¥â√—∫º≈÷° COM ∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß

æ∫«à“√âÕ¬≈–¢Õß‡´≈≈å¡’™’«‘µ (% cell viability) ≈¥≈ßÕ¬à“ß

¡’π—¬ ”§—≠∑“ß ∂‘µ‘µ“¡§«“¡‡¢â¡¢âπ∑’Ë‡æ‘Ë¡¢÷Èπ¢Õß COM

‡¡◊ËÕ‡∑’¬∫°—∫ control (√Ÿª∑’Ë 2) · ¥ß«à“º≈÷° COM ‡ªìπ

æ‘…µàÕ‡´≈≈å·≈– àßº≈„Àâ‡°‘¥°“√µ“¬¢Õß‡´≈≈å  Õ¥§≈âÕß

°—∫°“√«‘®—¬„π‡´≈≈å LLC-PK1 ·≈– MDCK ‡¡◊ËÕ„Àâ‚´‡¥’¬¡

ÕÕ°´“‡≈µæ∫«à“ % cell viability  ≈¥≈ßµ“¡§«“¡‡¢â¡¢âπ

·≈–‡«≈“∑’Ë‡æ‘Ë¡¢÷Èπ[15] ·≈–®“°º≈°“√∑¥ Õ∫·∫∫ time-

dependent æ∫«à“®”π«π HK-2 cells ∑’Ë¡’™’«‘µ‡¡◊ËÕ‰¥â√—∫

COM ∑’Ë§«“¡‡¢â¡¢âπ 1 ·≈– 10 ‰¡‚§√°√—¡µàÕµ“√“ß

‡´πµ‘‡¡µ√ ‡ªìπ‡«≈“ 24, 48 ·≈– 72 ™—Ë«‚¡ß  ¡’ % cell

viability ≈¥≈ßµ“¡‡«≈“∑’Ë‡æ‘Ë¡¢÷Èπ ‚¥¬·µ°µà“ßÕ¬à“ß¡’π—¬

 ”§—≠∑“ß ∂‘µ‘‡¡◊ËÕ‡∑’¬∫°—∫ control (√Ÿª∑’Ë 3) ´÷Ëß Õ¥§≈âÕß

°—∫ß“π«‘®—¬¢Õß Khaskhali ·≈–§≥– ∑’Ë„Àâ HK-2 cells ‰¥â

√—∫ COM ∑’Ë 133 ‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√‡ªìπ‡«≈“

1, 3, 6  ·≈– 12 ™—Ë«‚¡ß ·≈â«æ∫«à“®”π«π‡´≈≈åµ“¬¡’

ª√‘¡“≥‡æ‘Ë¡¡“°¢÷Èπµ“¡‡«≈“∑’Ë‡æ‘Ë¡¢÷Èπ[16]  ¥—ßπ—Èπ º≈°“√

√Ÿª∑’Ë 2 Cell viability ¢Õß HK-2 cells ‡¡◊ËÕ‰¥â√—∫ COM ∑’Ë§«“¡‡¢â¡¢âπ 1, 10, 50, 100 ·≈– 200 ‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√
‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß (dose-dependent experiment) ‚¥¬«‘∏’ MTT assay ‡¡◊ËÕ‡∑’¬∫°—∫ control ∑’Ë‰¡à‰¥â√—∫ COM æ∫«à“
% cell viability ≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ *p < 0.001 ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡
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√Ÿª∑’Ë 3 Cell viability ¢Õß HK-2 cells ‡¡◊ËÕ‰¥â√—∫ COM ∑’Ë§«“¡‡¢â¡¢âπ  1 ·≈– 10  ‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√ ≥ ‡«≈“ 24,
48 ·≈– 72 ™—Ë«‚¡ß (time-dependent experiment)‚¥¬«‘∏’ MTT assay ‡¡◊ËÕ‡∑’¬∫°—∫ control (100%) æ∫«à“ % cell
viability ¢Õß COM-treated HK-2 cells ≈¥≈ßµ“¡‡«≈“∑’Ë‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ *p < 0.001 ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡
§«∫§ÿ¡

√Ÿª∑’Ë 4 º≈¢Õß COM µàÕ°“√º≈‘µ ROS „π HK-2 cells  §à“ fluorescence intensity (∫àß™’È∂÷ßª√‘¡“≥°“√ √â“ß ROS ¿“¬„π‡´≈≈å)
‡æ‘Ë¡ Ÿß¢÷Èπµ“¡ª√‘¡“≥ COM ·≈–µ“¡‡«≈“∑’Ë‡æ‘Ë¡¢÷Èπ · ¥ß«à“°“√º≈‘µ ROS „π COM-treated HK-2 cells ‡ªìπ∑—Èß·∫∫
dose- ·≈– time-dependent manners ‚¥¬ ≥ ‡«≈“ 30 π“∑’ §«“¡‡¢â¡¢âπ¢Õß COM ∑’Ë 200 ‰¡‚§√°√—¡µàÕµ“√“ß
‡´πµ‘‡¡µ√ ‡æ‘Ë¡ª√‘¡“≥°“√º≈‘µ ROS  Ÿß¢÷Èπ®“° control Õ¬à“ß¡’π—¬ ”§—≠ (*p <0.001, Bonferoniûs test) ¢≥–∑’Ë ≥ ‡«≈“
60 π“∑’ §«“¡‡¢â¡¢âπ¢Õß COM ∑’Ë 100 ·≈– 200 ‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√ ‡æ‘Ë¡ª√‘¡“≥°“√º≈‘µ ROS  Ÿß¢÷Èπ®“°
control Õ¬à“ß¡’π—¬ ”§—≠ (*p <0.05, Bonferoni ùs test), Cell no DCFH-DA · ¥ß¿“«–§«∫§ÿ¡‡¡◊ËÕ‰¡à„ à fluorescent
substrate
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»÷°…“π’È· ¥ß„Àâ‡ÀÁπ«à“∑—Èßª√‘¡“≥§«“¡‡¢â¡¢âπ·≈–‡«≈“∑’Ë

‰¥â√—∫º≈÷° COM ¡’º≈µàÕ°“√µ“¬¢Õß HK-2 cells ‚¥¬

§«“¡‡ªìπæ‘…·≈–°“√µ“¬¢Õß‡´≈≈å®–·ª√º—πµ√ßµ“¡§«“¡

‡¢â¡¢âπ¢Õßº≈÷°·≈–‡«≈“∑’Ë‰¥â√—∫º≈÷°

®“°º≈°“√«‘‡§√“–Àåª√‘¡“≥°“√º≈‘µ ROS „π HK-2

cells ‡¡◊ËÕ‰¥â√—∫º≈÷° COM æ∫«à“∑’Ë§«“¡‡¢â¡¢âπ·≈–‡«≈“∑’Ë

‡æ‘Ë¡¢÷Èπ¡’°“√ √â“ß ROS ‡æ‘Ë¡¡“°¢÷Èπ ‚¥¬∑’Ë√–¥—∫§«“¡‡¢â¡

¢âπ 100 ‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√ (‡«≈“ 30 π“∑’)

·≈– 200 ‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√ (‡«≈“ 30 ·≈–

60 π“∑’) ¡’ª√‘¡“≥°“√º≈‘µ ROS ‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠

∑“ß ∂‘µ‘‡¡◊ËÕ‡∑’¬∫°—∫ control (√Ÿª∑’Ë 4) ·¡â«à“∑’Ë§«“¡‡¢â¡¢âπ

1, 10, ·≈– 50 ‰¡‚§√°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√ ®–¬—ß‰¡à

æ∫π—¬ ”§—≠¢Õß°“√º≈‘µ ROS ∑’Ë‡æ‘Ë¡¢÷Èπ ·µàºŸâ«‘®—¬‡™◊ËÕ«à“

∂â“‡æ‘Ë¡‡«≈“¡“°¢÷Èπ ®– “¡“√∂‡ÀÁππ—¬ ”§—≠∑“ß ∂‘µ‘‰¥â ®“°

°“√»÷°…“¢Õß Yao ·≈– Zhong  „π human hepatoma

HepG2 cells ‚¥¬°“√„Àâ “√ Perfluorooctanoic acid

(PFOA) ´÷Ëß‡ªìπ “√°àÕ¡–‡√Áßµ—∫ æ∫«à“ HepG2 cells ¡’

°“√ √â“ß ROS ‡æ‘Ë¡ Ÿß¢÷Èπµ“¡§«“¡‡¢â¡¢âπ¢Õß PFOA (0-

400 µM)[17] ́ ÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“π’È §≥–«‘®—¬®÷ß √ÿª«à“

º≈÷° COM  “¡“√∂°√–µÿâπ„Àâ‡´≈≈å∫ÿº‘«∑àÕ‰µ à«πµâπ √â“ß

 “√Õπÿ¡Ÿ≈Õ‘ √–¡“°¢÷Èπ‰¥â ́ ÷Ëßº≈¢Õß COM µàÕ intracellular

ROS production π’È‡ªìπ∑—Èß·∫∫ dose- ·≈– time-

dependent

 √ÿªº≈°“√»÷°…“
‡π◊ÈÕ‡¬◊ËÕ‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ™π‘¥·§≈‡´’¬¡ÕÕ°´“

‡≈µ¡’°“√· ¥ßÕÕ°¢Õß 8-OHdG „π Ÿß¢÷Èπ · ¥ß«à“‡°‘¥

¿“«–‡§√’¬¥®“°ÕÕ° ‘́‡¥™—Ëπ¢÷Èπ„π‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ ·≈–

º≈÷° COM ‡ªìπæ‘…µàÕ‡´≈≈å∫ÿº‘«∑àÕ‰µ ‚¥¬°√–µÿâπ°“√ √â“ß

ROS ·≈–∑”„Àâ‡´≈≈åµ“¬¡“°¢÷Èπ ·≈–§«“¡‡ªìπæ‘…·ª√º—π

µ“¡§«“¡‡¢â¡¢âπ·≈–‡«≈“∑’Ë‰¥â√—∫º≈÷° ¢âÕ¡Ÿ≈«‘®—¬π’È·π–π”

«à“º≈÷° COM ∑’Ë‡°‘¥¢÷Èπ„π‰µ¢ÕßºŸâªÉ«¬‚√§π‘Ë«‰µ “¡“√∂

°√–µÿâπ„Àâ‡°‘¥¿“«–‡§√’¬¥®“°ÕÕ°´‘‡¥™—Ëπ‰¥â ¥—ßπ—Èπ·π«∑“ß

°“√√—°…“ºŸâªÉ«¬‚√§π‘Ë«‰µπÕ°®“°“√π”π‘Ë«ÕÕ°·≈â« §«√„Àâ

 “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–À√◊Õ«‘∏’°“√„¥Ê ‡æ◊ËÕ≈¥¿“«–‡§√’¬¥®“°

ÕÕ°´‘‡¥™—Ëπ„π‰µ¢ÕßºŸâªÉ«¬ ´÷ËßÕ“®®– “¡“√∂≈¥‚Õ°“ °“√

‡°‘¥π‘Ë«´È”„πÕπ“§µ‰¥â
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