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À≈—°°“√·≈–‡Àµÿº≈: °“√¥◊ÈÕµàÕ¬“‡§¡’∫”∫—¥¢Õß‡´≈≈å¡–‡√Áß
‡ªìπ “‡ÀµÿÀ≈—°∑’Ë∑”„Àâ°“√√—°…“‚√§¡–‡√Áß‰¡àª√– ∫§«“¡
 ”‡√Á® ‡π◊ËÕß¡“®“°‡´≈≈å¡–‡√Áß¡’°“√µÕ∫ πÕßµàÕ¬“‡§¡’∫”∫—¥
≈¥≈ß ´÷Ëß¡’ “‡Àµÿª√–°“√Àπ÷Ëß¡“®“°‡´≈≈å¡–‡√Áß¡’°“√
· ¥ßÕÕ°¢Õß‚ª√µ’π¢—∫‰≈à¬“∑’Ëº‘«‡´≈≈å¡“° ‡™àπ æ’-°≈—¬‚§
‚ª√µ’π À√◊Õ ‚ª√µ’π‡ÕÁ¡Õ“√åæ’ ‚¥¬‡©æ“–‡ÕÁ¡Õ“√åæ’ 1 (MRP1)
´÷Ëß π„®∑’Ëπ”¡“»÷°…“„π°“√∑¥≈Õßπ’È °“√»÷°…“π’È‰¥âπ” “√
‡§Õ√å§‘«¡‘πÕ¬¥å∫√‘ ÿ∑∏‘Ï®“°¢¡‘Èπ™—π (‡§Õ√å§‘«¡‘π ¥’‡¡µ∑Õ°´’
‡§Õ√å§‘«¡‘π ·≈–∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π) ´÷Ëß‡ªìπ “√∑’Ë¡’
ƒ∑∏‘Ï∑“ß™’«¿“æ∑’ËÀ≈“°À≈“¬¡“∑¥ Õ∫‡æ◊ËÕ„™â‡ªìπµ—«
ª√—∫‡ª≈’Ë¬π°“√∑”ß“π¢Õß‚ª√µ’π¥◊ÈÕ¬“™π‘¥ multidrug
resistance associated protein (MRP1/MDR modulator)
„π°“√∑”„Àâ‡´≈≈å¡–‡√Áß∑’Ë¥◊ÈÕµàÕ¬“‡§¡’∫”∫—¥ ¡’°“√µÕ∫ πÕß
µàÕ¬“∑’Ë¡“°¢÷Èπ
«—µ∂ÿª√– ß§å: ‡æ◊ËÕ∑¥ Õ∫º≈¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å·µà≈–™π‘¥
µàÕ°“√‡ª≈’Ë¬π·ª≈ßøï‚π‰∑æå¢Õß°“√¥◊ÈÕ¬“„π‡´≈≈å¡–‡√Áß™π‘¥
HEK293pcDNA3.1MRP1 ∑’Ë¥◊ÈÕ¬“Õ‘‚∏‚ª‰´¥å«’æ’ 16 (Etoposide
VP16) ́ ÷Ëß¡’°“√· ¥ßÕÕ°¢Õß MRP1 ∑’Ë Ÿß ‡ª√’¬∫‡∑’¬∫°—∫‡´≈≈å
™π‘¥ HEK293pcDNA3.1 ∑’Ë‰«µàÕ¬“ ´÷Ëß‰¡à¡’°“√· ¥ßÕÕ°¢Õß
‚ª√µ’π MRP1
«‘∏’°“√∑¥≈Õß: „π°“√»÷°…“π’È‰¥âπ” ‡§Õ√å§‘«¡‘π ¥’‡¡µ∑Õ°
´’‡§Õ√å§‘«¡‘π ·≈–∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ¡“»÷°…“º≈µàÕ

Background: Resistance to chemotherapy chemicals is

a major obstacle to sucessful treatment of cancer. Out of

the mechanism of drug resistance is characterized by the

overexpression of drug transporters on plasma membrane

such as P-glycoprotein (Pgp), multidrug resistance

associated protein (MRP), especially MRP1. Curcuminoids

(curcumin, demethoxycurcumin, and bisdemethoxycur-

cumin) were reportedly used to reverse multidrug

resistance phenotype and increase chemotherapeutic

sensitivity in cancer cells.

Aim: To investigate the effect of three curcuminoids on

cell cytotoxicity and MDR phenotype in HEK293pc DNA3.1

MRP1 cell line (drug resistance cell line) and HEK293pc

DNA3.1 cell line (parental drug sensitive cell line).

Methods: Curcuminoids were examined for the effect on

MDR phenotypes of the cells by cytotoxicity assay with

MTT method. Treatments of cell lines with non-toxic dose

(10 µM) of curcuminoids in combination with varying doses

of etoposide VP16 (0-200 µM) for 72 hr were analysed.

Results: Curcumin, demethoxycurcumin, and bisdemetho-

xycurcumin exhibited cytotoxic activity on HEK293pc

DNA3.1 MRP1 cell line with IC50 of 62.5, 68.7, and 56.3

µM, respectively.  HEK293pc DNA3.1 showed IC50 of 53.1,

56.2, and 50 µM, respectively. At non-toxic dose of
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•

bisdemethoxycurcumin exhibited the highest effect on

MDR phenotype, followed by curcumin and demethoxy-

curcumin, respectively.

Conclusion: Bisdemethoxycurcumin was an excellent

MDR phenotype reversing which increased drug sensitivity

in drug resistance cell line (HEK293pcDNA3.1MRP1 cell

line). This finding shows the possibility of using

curcuminoids as an MDR modulator in cancer patients

however further experiments needs to be studied to

achieve this goal.

Keywords: Curcuminoids effect, MDR phenotype, Human

embryonic, kidney cell lines.

°“√‡ª≈’Ë¬π·ª≈ßøï‚π‰∑æå ‚¥¬«—¥§«“¡‡ªìπæ‘…µàÕ‡´≈≈å
HEK293pcDNA3.1MRP1 ·≈– HEK293pcDNA3.1 §«“¡‡¢â¡¢âπ
∑’Ë‰¡à‡ªìπæ‘…µàÕ‡´≈≈å (10µM) ¡“∑¥ Õ∫√à«¡°—∫¬“Õ‘‚∏‚ª‰´¥å
«’æ’ 16 ∑’Ë§«“¡‡¢â¡¢âπµ—Èß·µà 0-200µM ‡ªìπ√–¬–‡«≈“ 72 ™¡.
‚¥¬«‘∏’ MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazo-
lium bromide)
º≈°“√«‘®—¬: ®“°°“√»÷°…“§«“¡‡ªìπæ‘… ¥â«¬«‘∏’ MTT
æ∫«à“ ‡§Õ√å§‘«¡‘π ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ·≈–∫’ ¥’‡¡µ∑Õ°
’́‡§Õ√å§‘«¡‘π¡’§«“¡‡ªìπæ‘…µàÕ‡´≈≈å HEK293pcDNA3.1MRP1

¡’§à“ IC
50
 ‡∑à“°—∫ 62.5, 68.7 ·≈– 56.3 µM µ“¡≈”¥—∫  à«π

HEK293pcDNA3.1 ¡’§à“ IC
50
 ‡∑à“°—∫ 53.1, 56.2 ·≈– 50 µM

µ“¡≈”¥—∫ ‡¡◊ËÕ∑”°“√»÷°…“º≈¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å∑—Èß 3 ™π‘¥
µàÕ°“√‡ª≈’Ë¬π·ª≈ßøï‚π‰∑æå„π°“√µÕ∫ πÕßµàÕ¬“‡§¡’∫”∫—¥
æ∫«à“ ∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π¡’º≈∑”„Àâ‡´≈≈å HEK293pc
DNA3.1MRP1 ¡’§«“¡‰«µàÕ¬“‡æ‘Ë¡¢÷Èπ¡“°∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ
‡§Õ√å§‘«¡‘π ·≈–¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π µ“¡≈”¥—∫
 √ÿª: ∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ‡ªìπ‡§Õ√å§‘«¡‘πÕ¬¥å ∑’Ë¡’º≈
µàÕ°“√‡ª≈’Ë¬π·ª≈ßøï‚π‰∑æå¢Õß‡´≈≈å HEK293pcDNA3.1MRP1
∑”„Àâ¡’§«“¡‰«µàÕ¬“‡§¡’∫”∫—¥‡æ‘Ë¡¢÷Èπ „πÕπ“§µπà“®– “¡“√∂
π”‡Õ“‡§Õ√å§‘«¡‘πÕ¬¥åπ’È¡“„™â√à«¡°—∫°“√√—°…“¥â«¬‡§¡’∫”∫—¥
‡æ◊ËÕ∑”„ÀâºŸâªÉ«¬¡’°“√µÕ∫ πÕßµàÕ°“√√—°…“¥â«¬‡§¡’∫”∫—¥
¡“°¢÷Èπ

∫∑π”

°“√„™â¬“‡§¡’∫”∫—¥ (chemotherapy) ¡’∫∑∫“∑ ”§—≠¡“°
„π°“√√—°…“‚√§¡–‡√ÁßÀ≈“¬™π‘¥‚¥¬‡©æ“–„πªí®®ÿ∫—π ‰¥â¡’
°“√æ—≤π“¬“‡§¡’∫”∫—¥„Àâ¡’ª√– ‘∑∏‘¿“æ„π°“√√—°…“‚√§
¡–‡√Áß‰¥â¥’¬‘Ëß¢÷Èπ ·µàªí≠À“∑’Ë ”§—≠∑’Ë∑”„Àâ°“√√—°…“¥â«¬‡§¡’
∫”∫—¥‰¡àª√– ∫§«“¡ ”‡√Á® ·≈–‰¡à¡’ª√– ‘∑∏‘¿“æ π—Ëπ°Á§◊Õ
‡´≈≈å¡–‡√Áß‡°‘¥°“√¥◊ÈÕ¬“À≈—ß®“°‰¥â√—∫°“√√—°…“¥â«¬¬“‡§¡’
∫”∫—¥‰ª„π√–¬–Àπ÷Ëß ´÷Ëß‡´≈≈å¡–‡√Áß∑’Ë¥◊ÈÕ¬“®–¡’≈—°…≥–∑’Ë
 ”§—≠ª√–°“√Àπ÷Ëß§◊Õ ¡’°“√· ¥ßÕÕ°¢Õß‚ª√µ’π∫πº‘«‡´≈≈å
∑’Ë¡“°  àßº≈„Àâ‡´≈≈å¡–‡√Áß¡’Õ—µ√“°“√Õ¬Ÿà√Õ¥ Ÿß ∑—ÈßÊ ∑’Ë‰¥â
√—∫¬“‡§¡’∫”∫—¥ ́ ÷Ëß “¡“√∂æ∫‰¥â„π‡´≈≈å¡–‡√ÁßÀ≈“¬Ê ™π‘¥
‚¥¬≈—°…≥–°“√‡°‘¥°“√¥◊ÈÕ¬“π—Èπ √–¬–·√°®–¡’°“√¥◊ÈÕ¬“
‡©æ“–„π‡´≈≈å¡–‡√Áß∫“ß‡´≈≈å∑’Ë‰¡à¡’°“√µÕ∫ πÕßµàÕ¬“‡§¡’
∫”∫—¥ ·≈–‡¡◊ËÕ‡´≈≈å∑’Ë¥◊ÈÕ¬“¡’°“√‡®√‘≠·∫àßµ—«‡æ‘Ë¡®”π«π
∑”„Àâ‡´≈≈å¡–‡√Áß¥—Èß‡¥‘¡°≈“¬‡ªìπ‡´≈≈å¡–‡√Áß∑’Ë¥◊ÈÕ¬“  àßº≈„Àâ
°“√√—°…“ºŸâªÉ«¬¡–‡√Áß¥â«¬‡§¡’∫”∫—¥‰¡àª√– ∫§«“¡ ”‡√Á®
µ“¡∑’Ë§“¥À«—ß‰«â ‡´≈≈å∑’Ë¡’≈—°…≥–¢Õß°“√¥◊ÈÕ¬“®–¡’°“√

· ¥ßÕÕ°¢Õß‚ª√µ’π¢π àß¬“ÕÕ° (drug transporter protein)
∑’Ë∫√‘‡«≥º‘«‡´≈≈å (plasma membrane) ´÷Ëß‚ª√µ’π‡À≈à“π’È®–
∑”Àπâ“∑’Ë„π°“√¢—∫¬“ÕÕ°πÕ°‡´≈≈å  àßº≈„Àâ°“√ – ¡¢Õß
¬“‡§¡’∫”∫—¥„π‡´≈≈å¡–‡√Áß≈¥≈ß∑”„Àâ‡°‘¥≈—°…≥–¢Õß°“√
¥◊ÈÕ¬“‡°‘¥¢÷Èπ ‚ª√µ’π∑’Ë∑”Àπâ“∑’Ë¢π àß¬“ÕÕ°¡’ 3 ™π‘¥´÷Ëß‡ªìπ
∑’Ëπà“ π„®„πªí®®ÿ∫—π§◊Õ Permeability related glycoprotein (Pgp)
multidrug resistance associated protein (MRP) ·≈– lung
resistance protein (LRP)

MRP ‡ªìπ‚ª√µ’πµ—«Àπ÷Ëß∑’Ë‡°’Ë¬«¢âÕß„π°≈‰°°“√¥◊ÈÕ¬“
À≈“¬¢π“π¢Õß‡´≈≈å¡–‡√Áß ∂Ÿ° √â“ß¡“®“°¬’π MRP1 ´÷ËßÕ¬Ÿà
∫π‚§√‚¡‚´¡∑’Ë 16 (16p13.1) MRP Õ¬Ÿà„π°≈ÿà¡¢Õß ATP-binding
cassette superfamily (ABC superfamily) ¡’‚§√ß √â“ß∑“ß
‚¡‡≈°ÿ≈ ª√–°Õ∫¥â«¬Àπà«¬¬àÕ¬¢Õß‚ª√µ’π ∑’Ë·∑√°Õ¬Ÿà„πº‘«
‡´≈≈å®”π«π 18 Àπà«¬ (18 transmembranes) ·≈–¡’∫√‘‡«≥
¢Õß ATP binding site ∑’Ë¡’ ATP ¡“®—∫Õ¬à“ß®”‡æ“–‡æ◊ËÕ„Àâ
æ≈—ßß“π°—∫‚ª√µ’π„π°“√¢—∫¬“ÕÕ°πÕ°‡´≈≈å ·≈–¬—ß “¡“√∂
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®”·π° MRP ‰¥â 7 ™π‘¥¥â«¬°—π ´÷Ëß¡’≈—°…≥–∑’Ë„°≈â‡§’¬ß°—π
(homologues) ‰¥â·°à MRP1, MRP2 / cMOAT, MRP3, MRP4,
MRP5, MRP6 ·≈– MRP7 ∫πº‘«‡´≈≈å∑’Ë¡’°“√· ¥ßÕÕ°¢Õß
‚ª√µ’π MRP ®–∑”Àπâ“∑’Ë‡ªìπµ—«¢—∫¬“ À√◊Õ “√æ‘… (cytotoxic
agent) ∑’Ë‡¢â“ Ÿà‡´≈≈å „ÀâÕÕ°πÕ°‡´≈≈å (drug efflux pump) ∑”„Àâ
‡´≈≈å¡’°“√ – ¡¢Õß¬“≈¥≈ß

°≈‰°°“√∑”ß“π¢Õß‚ª√µ’π MRP ¡’§«“¡·µ°µà“ß®“°
Pgp µ√ß∑’Ë MRP ∑”Àπâ“∑’Ë‡ªìπ glutathione (GSH) S-conjugates
efflux pump (GS-Xpump) ‡π◊ËÕß®“°°“√¢—∫¬“ÕÕ°πÕ°‡´≈≈å
®”‡ªìπµâÕßÕ“»—¬°“√§Õπ®Ÿ‡°µ°—∫ glutathione °àÕπ ®÷ß “¡“√∂
∑”°“√¢π àß¬“ÕÕ°®“°‡´≈≈å‰¥â ·µàÕ¬à“ß‰√°Áµ“¡°≈‰°¢Õß
glutathione (GSH) ∑’Ë‡°’Ë¬«¢âÕß„π√–∫∫¢Õß°“√¢π àß¬“‚¥¬
MRP1 ¬—ß‰¡à¡’§«“¡™—¥‡®π ·µà¡’¢âÕ —ππ‘…∞“π∑’ËÕ“®‡ªìπ‰ª‰¥â
‡°’Ë¬«°—∫°≈‰°°“√¢π àß¬“ÕÕ°πÕ°‡´≈≈åÕ¬ŸàÀ≈“¬¢âÕ¥â«¬°—π
‡™àπ 1) GSH ‰ª√«¡µ—«°—∫ “√ cation ‡°‘¥‡ªìπ “√‡™‘ß´âÕπ∑’Ë
 “¡“√∂¢π àßÕÕ°®“°‡´≈≈å‰¥âßà“¬ 2) GSH Õ“®®–∑”Àπâ“∑’Ë
‡ªìπ co-transporter °—∫ cationic pump ∑’Ë§Õ¬¢—∫¬“ÕÕ°πÕ°
‡´≈≈å

 “√ª√–°Õ∫À≈“¬™π‘¥¡’§«“¡ “¡“√∂„π°“√¬—∫¬—Èß
°“√∑”ß“π¢Õß‚ª√µ’π¢π àß¬“ (drug transporter protein) ´÷Ëß
®–‰ª‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß°“√ – ¡¢Õß¬“‡§¡’∫”∫—¥¿“¬„π
‡´≈≈å„Àâ¡“°¢÷Èπ∑”„Àâ‡°‘¥§«“¡‡ªìπæ‘…¢Õß¬“‡§¡’∫”∫—¥
¿“¬„π‡´≈≈å (cytotoxicity) ‡æ‘Ë¡¢÷Èπ „π°“√∫”∫—¥√—°…“¥â«¬
‡§¡’∫”∫—¥‡æ◊ËÕ≈¥°“√¥◊ÈÕ¬“„π‡´≈≈å¡–‡√Áßπ—Èπ  “√∑’Ë “¡“√∂
ª√—∫‡ª≈’Ë¬π≈—°…≥–°“√¥◊ÈÕ¬“¡’ª√–‚¬™πå¡“°µàÕ°“√√—°…“
¥â«¬‡§¡’∫”∫—¥ ‚¥¬ “√‡À≈à“π’È®–‰ª√∫°«π°“√∑”ß“π·≈–
Àπâ“∑’Ë¢Õß‚ª√µ’π¢π àß¬“  “√∫“ß™π‘¥∑’Ë‡ªìπ µ—«ª√—∫‡ª≈’Ë¬π
øï‚π‰∑æå¢Õß°“√¥◊ÈÕ¬“ (MDR modulator)  “¡“√∂π”¡“„™â„π
∑“ß§≈‘π‘°‰¥â ·µà MDR modulator ∑’Ë„™â„πªí®®ÿ∫—π‡ªìπ “√∑’Ë
∂Ÿ° —ß‡§√“–Àå¢÷Èπ  “√‡À≈à“π’È‡¡◊ËÕ„Àâ°—∫ºŸâªÉ«¬¡–‡√Áß·≈â«æ∫«à“
Õ“®®–‡°‘¥º≈¢â“ß‡§’¬ß°—∫ºŸâªÉ«¬¡–‡√Áß‰¥â Ÿß¡“° ¥—ßπ—Èπ„π
ªí®®ÿ∫—ππ—°«‘∑¬“»“ µ√åÀ√◊Õπ—°«‘®—¬‰¥âæ¬“¬“¡∑’Ë®–À“ MDR
modulator ∑’Ë‰¥â®“°∏√√¡™“µ‘ ∑’Ë¡’º≈¢â“ß‡§’¬ßπâÕ¬À√◊Õ‰¡à¡’º≈
¢â“ß‡§’¬ß°—∫ºŸâªÉ«¬ ´÷Ëßæ∫«à“æ◊™ ¡ÿπ‰æ√∫“ß™π‘¥ “¡“√∂
π”¡“„™â‡ªìπ MDR modulator ∑¥·∑π¬“ (MDR reversing
agent) ∑’Ë —ß‡§√“–Àå¢÷Èπ¡“ ‡æ◊ËÕ≈¥º≈¢â“ß‡§’¬ß∑’Ë‡°‘¥¢÷Èπ„πºŸâªÉ«¬
∑’Ë‰¥â√—∫¬“∑’Ë —ß‡§√“–Àå¥â«¬°√–∫«π°“√∑“ß‡§¡’ ¡’√“¬ß“π
°“√«‘®—¬«à“ “√‡§Õ√å§‘«¡‘πÕ¬¥å ∑’Ë‰¥â¡“®“°¢¡‘Èπ™—π´÷Ëß‡ªìπæ◊™
 ¡ÿπ‰æ√∑’Ë‡ªìπ∑’Ë√Ÿâ®—°°—π¡“·µà‚∫√“≥ ¡’§ÿ≥ ¡∫—µ‘‡ªìπ MDR
modulator À√◊Õ∑’Ë‡√’¬°«à“‡ªìπµ—«ª√—∫‡ª≈’Ë¬π§ÿ≥ ¡∫—µ‘¢Õß°“√
¥◊ÈÕ¬“„π‡´≈≈å¡–‡√Áß  “¡“√∂ª√—∫‡ª≈’Ë¬π≈—°…≥–°“√¥◊ÈÕ¬“∑’Ë
‡°‘¥®“°‚ª√µ’π™π‘¥ Pgp „π‡´≈≈å¡–‡√Áßª“°¡¥≈Ÿ°¢Õß¡πÿ…¬å
∑’Ë¥◊ÈÕ¬“«‘π∫≈“ µ’π(KB-V1)1,2

¢¡‘Èπ™—π (Curcuma longa linn) ‡ªìπæ◊™∑’ËÕ¬Ÿà„πµ√–°Ÿ≈
Zingiberaceae ‡ªìπæ◊™ ¡ÿπ‰æ√ π‘¬¡π” à«π¢Õß‡Àßâ“¡“„™â
ª√–‚¬™πå ´÷ËßÀ≈“¬Ê ª√–‡∑»„π‡Õ‡™’¬„™â°—πÕ¬à“ß°«â“ß¢«â“ß
‰¡à«à“®–‡ªìπ„™â„π°“√ª√–°Õ∫Õ“À“√, ‡ªìπ‡§√◊ËÕß ”Õ“ß À√◊Õ
„™â„π∑“ß°“√·æ∑¬å °“√»÷°…“ “√ÕÕ°ƒ∑∏‘Ï∑’Ë ”§—≠®“°‡Àßâ“
¢Õß¢¡‘Èπ™—πæ∫«à“ ‡§Õ√å§‘«¡‘πÕ¬¥å ´÷Ëß‡ªìπ “√ª√–‡¿∑
phenolic compound ∑’Ë¡’ ’‡À≈◊Õß ‡ªìπ “√∑’Ë¡’ƒ∑∏‘Ï∑“ß™’«¿“æ
À≈“¬Õ¬à“ß ‡™àπ free radical scavenger3, antioxidant4,
anti-inflammation5 ·≈– anticancer6 ‡Àßâ“¢Õß¢¡‘Èπ™—π
ª√–°Õ∫¥â«¬  “√ª√–°Õ∫‡§Õ√å§‘«¡‘πÕ¬¥å ‡ªìπ “√∑’ËÕÕ°ƒ∑∏‘Ï
À≈—°·≈–‡§Õ√å§‘«¡‘πÕ¬¥å¬—ßª√–°Õ∫¥â«¬ “√ 3 ™π‘¥§◊Õ
‡§Õ√å§‘«¡‘π (curcumin), ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π (demethoxy-
curcumin) ·≈–∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π (bisdemethoxycur-
cumin)

®“°°“√»÷°…“°àÕπÀπâ“π’È¢Õßπ—°«‘®—¬À≈“¬∑à“π‡°’Ë¬«°—∫
º≈¢Õß‡§Õ√å§‘«¡‘πÕ¬¥åµàÕ‡´≈≈å¡–‡√Áß ‰¥â· ¥ß„Àâ‡ÀÁπ«à“
‡§Õ√å§‘«¡‘πÕ¬¥å “¡“√∂ª√—∫‡ª≈’Ë¬π≈—°…≥–°“√· ¥ßÕÕ°
¢Õß¬’π MDR1 „π‡´≈≈å¡–‡√Áß™π‘¥ KB-V1‰¥â ‚¥¬‡©æ“–∫’ ¥’
‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π  “¡“√∂ª√—∫‡ª≈’Ë¬π≈—°…≥–°“√
· ¥ßÕÕ°¢Õß¬’π MDR1 „π‡´≈≈å¡–‡√Áß™π‘¥ KB-V17 ·≈–
‡§Õ√å§‘«¡‘πÕ¬¥å‡ªìπ “√∑’Ë “¡“√∂‰ª¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ
·≈–°“√·∫àßµ—«„π‡´≈≈å¡–‡√ÁßÀ≈“¬™π‘¥8

¥—ßπ—Èπß“π«‘®—¬π’È ®÷ß¡’§«“¡ π„®‡°’Ë¬«°—∫º≈¢Õß‡§Õ√å
§‘«¡‘πÕ¬¥åµàÕ‡´≈≈å¡–‡√Áß∑’Ë¡’°“√¥◊ÈÕ¬“ ‚¥¬‰¥âµ—Èß ¡¡ÿµ‘∞“π‰«â
«à“ ‡§Õ√å§‘«¡‘πÕ¬¥åπà“®–‰ª¡’º≈„π°“√ª√—∫‡ª≈’Ë¬π≈—°…≥–
°“√· ¥ßÕÕ°¢Õß°“√¥◊ÈÕ¬“ (MDR phenotype) „π‡´≈≈å¡–‡√Áß
∑’Ë¡’‚ª√µ’π¢—∫‰≈à¬“™π‘¥ MRP Õ¬Ÿà∫πº‘«‡´≈≈å‰¥â‡™àπ‡¥’¬«°—π°—∫
‚ª√µ’π¢—∫‰≈à¬“™π‘¥ Pgp ∑’Ë‡§¬¡’√“¬ß“π¡“°àÕπÀπâ“π’È ·≈–
¬—ß “¡“√∂∫Õ°‰¥â«à“‡§Õ√å§‘«¡‘πÕ¬¥å™π‘¥„¥„Àâº≈¥’∑’Ë ÿ¥„π
°“√ª√—∫‡ª≈’Ë¬πøï‚π‰∑æå¢Õß°“√¥◊ÈÕ¬“„π‡´≈≈å ¡–‡√Áß™π‘¥
HEK293pcDNA 3.1 MRP1

«‘∏’°“√∑¥≈Õß

°“√ °—¥·¬°‡§Õ√å§‘«¡‘πÕ¬¥å
‡§Õ√å§‘«¡‘πÕ¬¥å∑’Ë„™â„π°“√»÷°…“„π§√—Èßπ’È‡µ√’¬¡‚¥¬«‘∏’

§Õ≈—¡πå‚§√¡“‚µ°√“øøï ·≈–µ√«® Õ∫§«“¡∫√‘ ÿ∑∏‘Ï ‚¥¬„™â
TLC ·≈– HPLC2

‡´≈≈å∑’Ë„™â ”À√—∫°“√∑¥≈Õß
‡´≈≈å∑’Ë„™â„π°“√»÷°…“‡ªìπ‡´≈≈å Human Embryonic Kidney

cell (HEK293 cell lines) ́ ÷Ëß·∫àßÕÕ°‡ªìπ 2 ™π‘¥ §◊Õ 1) HEK293pc
DNA3.1 cell line ‡ªìπ‡´≈≈å HEK293 cell lines ∑’Ë¡’°“√„ à‡©æ“–
vector ‡ª≈à“ (pcDNA3.1) ‡¢â“‰ª„π‡´≈≈å ‡ªìπ‡´≈≈å∑’Ë¡’§«“¡‰«
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•º≈¢Õß‡§Õ√å§‘«¡‘πÕ¬¥åµàÕ°“√‡ª≈’Ë¬π·ª≈ßøï‚π‰∑æå¢Õß°“√¥◊ÈÕ¬“„π‡´≈≈å¡–‡√Áß™π‘¥ Human Embryonic Kidney cell lines

µàÕ¬“Õ‘‚∏‚ª´“¬¥å«’æ’16 (parental drug sensitive cell line) ·≈–
2) HEK293pcDNA3.1MRP1 cell line ‡ªìπ‡´≈≈å‡æ“–‡≈’È¬ß
HEK293 ∑’Ë¡’°“√„ à vector ∑’Ë∫√√®ÿ¬’π MRP1 Õ¬Ÿà¿“¬„π ‡¢â“‰ª
„π‡´≈≈å ∑”„Àâ‡´≈≈å¡’≈—°…≥–¢Õß°“√¥◊ÈÕµàÕ¬“Õ‘‚∏‚ª´“¬¥å«’æ’
16 ‚¥¬‡´≈≈å∑—Èß 2 π’È‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“° Dr. Michael
Gottesman (National Cancer Institute, Bethesda, MD, USA)
‚¥¬‡´≈≈å¥◊ÈÕ¬“π—Èπ∑”°“√‡æ“–‡≈’È¬ß„πÕ“À“√∑’Ë¡’ etoposide
§«“¡‡¢â¡¢âπ 50 µM

°“√‡æ“–‡≈’È¬ß‡´≈≈å  HEK293 cell lines
‡´≈≈å HEK293 ∑—Èß 2 ™π‘¥ §◊Õ HEK293pcDNA 3.1 ·≈–

HEK293pcDNA 3.1 MRP1 cell lines  “¡“√∂‡®√‘≠‰¥â„πÕ“À“√
‡≈’È¬ß‡´≈≈å™π‘¥ DMEM ∑’Ë¡’ à«πº ¡¢Õß fetal calf serum (FCS)
∑’Ë§«“¡‡¢â¡¢âπ√âÕ¬≈– 10, Penicillin-Streptomycin ∑’Ë§«“¡
‡¢â¡¢âπ 100 units/mL ·≈– 100 µg/mL ‡´≈≈å HEK293pcDNA
3.1 MRP1 ‡æ“–‡≈’È¬ß„πÕ“À“√∑’Ë¡’ etoposide §«“¡‡¢â¡¢âπ
50 µM ‡≈’È¬ß„π ¿“«–∑’Ë¡’ CO

2
 5% Õÿ≥À¿Ÿ¡‘ 37 OC

°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å ·≈–¬“
‡§¡’∫”∫—¥µàÕ‡´≈≈å

°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å ·≈–¬“‡§¡’
∫”∫—¥™π‘¥Õ‘‚∏‚ª´“¬¥å«’æ’16  (etoposide VP16) µàÕ HEK293
cell lines ∑—Èß 2 ™π‘¥ ∑’Ë‰«µàÕ¬“·≈–∑’Ë¥◊ÈÕµàÕ¬“ ∑”°“√
∑¥ Õ∫‚¥¬„™â«‘∏’ MTT [3-(4,5 dimethylthiazol-2-yl)-5
diphenyltetrazolium bromide] ¡’À≈—°°“√§◊Õ  “√ MTT dye
( ’‡À≈◊Õß) ∑”ªØ‘°‘√‘¬“°—∫ ‡Õπ‰´¡å succinate dehydrogenase
∑’ËÕ¬Ÿà¿“¬„π‰¡‚µ√§Õπ‡¥√’¬¢Õß‡´≈≈å ®–‡°‘¥‡ªìπº≈÷°
formazan ( ’¡à«ß) ‰¡à≈–≈“¬πÈ” ·≈â«∑”°“√≈–≈“¬º≈÷°
formazan ¥â«¬ DMSO π”‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë 540 ·≈–
630 π“‚π‡¡µ√ ¥â«¬ ‡§√◊ËÕß ELISA reader ‚¥¬‡ªÕ√å‡´Áπµå
‡´≈≈å∑’Ë¡’™’«‘µ®–‡ªìπ —¥ à«π‚¥¬µ√ß°—∫§à“°“√¥Ÿ¥°≈◊π· ß

°“√»÷°…“º≈¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å·µà≈–™π‘¥µàÕ°“√
‡ª≈’Ë¬π·ª≈ßøï‚π‰∑æå¢Õß°“√¥◊ÈÕ¬“ (MDR phenotype)
„π‡´≈≈å ™π‘¥ HEK293 cell lines

°“√»÷°…“·≈–∑¥ Õ∫º≈¢Õß¢Õß ‡§Õ√å§‘«¡‘π, ¥’‡¡µ∑Õ°
´’‡§Õ√å§‘«¡‘π ·≈–∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π µàÕ°“√
‡ª≈’Ë¬π·ª≈ß øï‚π‰∑æå¢Õß°“√¥◊ÈÕ¬“ „π HEK293 cell line „π
™π‘¥∑’Ë¥◊ÈÕ¬“ ‡ª√’¬∫‡∑’¬∫°—∫ ™π‘¥ parental drug sensitive cell
line ‚¥¬„™â«‘∏’ MTT ‚¥¬°“√∑¥≈Õß®–‡ªìπ°“√∑¥ Õ∫ ¬“
Õ‘‚∏‚ª´“¬¥å«’æ’16 √à«¡°—∫ ‡§Õ√å§‘«¡‘πÕ¬¥å·µà≈–™π‘¥‚¥¬„™â
‡§Õ√å§‘«¡‘πÕ¬¥å ∑’Ë¡’§«“¡‡¢â¡¢âπ„π™à«ß IC

20
 ´÷Ëß®–„™â§«“¡

‡¢â¡¢âπ¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å∑’Ë 10 µM ·≈–°√–®“¬§«“¡

‡¢â¡¢âπ¢Õß¬“„Àâ¡’§«“¡‡¢â¡¢âπ‡∑à“°—∫ 0.31, 6.25, 12.5, 25,
50, 100 ·≈– 200 µM ·≈–„™â MK571 ((E)-3-[[[3-[2-(7-Chloro-
2-quinolinyl)ethenyl]phenyl]-[[3-dimethylamino)-3-oxopropyl]thio]
methyl]thio]-propanoic Acid) ‡ªìπ¬“∑’Ë¡’§ÿ≥ ¡∫—µ‘„π°“√ª√—∫
‡ª≈’Ë¬πøï‚π‰∑øá°“√¥◊ÈÕ¬“  ”À√—∫‚ª√µ’π¢—∫¬“™π‘¥ MRP1
À√◊Õ∑’Ë‡√’¬°Õ’°Õ¬à“ßÀπ÷Ëß«à“ MRP1 reversing agent ¡—°„™â‡æ◊ËÕ
‡ªìπ positive control ·≈–°“√∑¥≈Õß∑’Ë¡’‡©æ“–¬“Õ‘‚∏‚ª´“¬¥å
«’æ’ 16 ‡ªìπ drug control

°“√‡ª√’¬∫‡∑’¬∫º≈°“√∑¥≈Õß∑“ß ∂‘µ‘
¢âÕ¡Ÿ≈∑’Ë‰¥âÕ¬Ÿà„π√Ÿª mean + standard deviation (SD) ®“°

°“√∑¥≈Õß 3 ´È” ∑”°“√‡ª√’¬∫‡∑’¬∫¢âÕ¡Ÿ≈º≈°“√∑¥ Õ∫
‡§Õ√å§‘«¡‘πÕ¬¥å∑—Èß 3 ™π‘¥√à«¡°—∫¬“Õ‘‚∏‚ª´“¬¥å«’æ’ 16 °—∫
¬“Õ‘‚∏‚ª´“¬¥å«’æ’ 16 ∑’Ë„™â‡ªìπ drug control ∑—Èß„π‡´≈≈å
HEK293pcDNA 3.1 ·≈– HEK293pcDNA 3.1 MRP1 cell lines
‚¥¬„™â ∂‘µ‘·∫∫ one-way ANOVA analysis of variance §à“§«“¡
·µ°µà“ß∑“ß ∂‘µ‘ · ¥ß§à“§«“¡‡™◊ËÕ¡—Ëπ∑’Ë 95% À√◊Õ p<0.05

º≈°“√∑¥≈Õß

1. °“√∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å
·µà≈–™π‘¥ ·≈–Õ‘‚∏‚ª´“¬¥å«’æ’ 16 µàÕ HEK293 cell lines

‡¡◊ËÕ∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å·µà≈–™π‘¥
∑’Ë§«“¡‡¢â¡¢âπ 0 - 250 µM µàÕ HEK293pcDNA 3.1 ·≈–
HEK293pcDNA 3.1MRP1 cell lines ‚¥¬«‘∏’ MTT æ∫«à“‡¡◊ËÕ
§«“¡‡¢â¡¢âπ¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å ‡æ‘Ë¡¢÷Èπ ¡’º≈ ∑”„Àâ‡ªÕ√å‡´Áπµå
°“√¡’™’«‘µ√Õ¥¢Õß‡´≈≈å≈¥≈ß · ¥ß„Àâ‡ÀÁπ«à“‡§Õ√å§‘«¡‘πÕ¬¥å
∑—Èß 3 ™π‘¥¡’§«“¡‡ªìπæ‘…µàÕ‡´≈≈å HEK293pcDNA 3.1 ·≈–
HEK293pcDNA 3.1 MRP1 cell lines æ∫«à“‡§Õ√å§‘«¡‘πÕ¬¥å
·µà≈–™π‘¥¡’§«“¡‡ªìπæ‘…µàÕ‡´≈≈å ∑—Èß ∑’Ë‰«µàÕ¬“ ·≈– ¥◊ÈÕµàÕ¬“
®“°°“√∑¥≈Õß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“ IC

50 
∑’Ë‰¥âæ∫«à“ ∫’ ¥’‡¡µ

∑Õ° ’́‡§Õ√å§‘«¡‘π ¡’§«“¡‡ªìπæ‘…¡“°∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ ‡§Õ√å
§‘«¡‘π ·≈–¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π µ“¡≈Ì“¥—∫ ·µàÕ¬à“ß‰√°Áµ“¡
‡¡◊ËÕπ”§à“ IC

50
 «‘‡§√“–Àå§«“¡·µ°µà“ß∑“ß ∂‘µ‘æ∫«à“‰¡à¡’

§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ·µàæ∫«à“ ‡´≈≈å
HEK293pcDNA3.1®–¡’§«“¡‰«µàÕ¬“Õ‘‚∏‚ª´“¬¥å«’æ’16
¡“°°«à“‡´≈≈å HEK293pcDNA3.1MRP1‚¥¬ —ß‡°µ‰¥â®“°§à“
IC

50 
¢Õß‡´≈≈å HEK293pcDNA3.1 ∑’Ë¡’§à“πâÕ¬°«à“§à“ IC50 ¢Õß

‡´≈≈å HEK293pcDNA3.1MRP1 · ¥ß„Àâ‡ÀÁπ«à“‡´≈≈å HEK293pc
DNA3.1‡ªìπ‡´≈≈å∑’Ë‰¡à¡’≈—°…≥–°“√¥◊ÈÕ¬“·µà‡´≈≈å HEK293pc
DNA3.1MRP1 ‡ªìπ‡´≈≈å∑’Ë¡’°“√¥◊ÈÕ¬“®√‘ß (√Ÿª∑’Ë 1, 2 ·≈–
µ“√“ß∑’Ë 1) πÕ°®“°π’È‡√“®–„™â§à“∑’ËÕ¬Ÿà„π™à«ß IC

20
 ´÷Ëß‡ªìπ§à“

§«“¡‡¢â¡¢âπ∑’Ë‰¡à‡ªìπæ‘…µàÕ‡´≈≈å‚¥¬‡´≈≈å¬—ß¡’™’«‘µ√Õ¥
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∑√ß¬» Õπÿ™ª√’¥“ ·≈–§≥– Songyot Anuchapreeda, et al.

 “√∑’Ë„™â∑¥ Õ∫ §à“ IC
50
 (µM) ¢Õß‡´≈≈å §à“ IC

50
 (µM) ¢Õß‡´≈≈å

HEK293pcDNA3.1 HEK293pcDNA3.1MRP1

‡§Õ√å§‘«¡‘π 55.2 + 5.2 60.1 + 2.3

¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π 57.7 + 6.0 66.7 + 10.4

∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π 50.0 + 3.6 57.3 + 5.9

¬“Õ‘‚∏‚ª´“¬¥å «’æ’ 16 156.2 + 10.4 234.4 + 7.8

µ“√“ß∑’Ë 1 §à“ IC
50
 ®“°°“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√∑”≈“¬‡´≈≈å¡–‡√Áß™π‘¥ HEK293pcDNA3.1 (parental drug sensitive

cell line) ·≈– HEK293pcDNA3.1 MRP1 (drug resistance) ¥â«¬‡§Õ√å§‘«¡‘πÕ¬¥å 3 ™π‘¥ ·≈– ¬“Õ‘‚∏‚ª´“¬¥å«’æ’ 16

µ“√“ß∑’Ë 2 §à“ IC
50
 ®“°°“√∑¥ Õ∫º≈¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å 3 ™π‘¥ (§«“¡‡¢â¡¢âπ IC

20
: 10 µM) µàÕ°“√‡ª≈’Ë¬π·ª≈ßøï‚π‰∑æå

(MDR Phenotype) ‡¡◊ËÕ∑”°“√∑¥ Õ∫√à«¡°—∫¬“Õ‘‚∏‚ª´“¬¥å«’æ’ 16 „π‡´≈≈å¡–‡√Áß™π‘¥ HEK293pcDNA3.1 (parental drug
sensitive cell line) ·≈– HEK293pcDNA3.1MRP1 (drug resistance)

 “√∑’Ë„™â∑¥ Õ∫ §à“ IC
50
 (µM) ¢Õß‡´≈≈å §à“ IC

50
 (µM) ¢Õß‡´≈≈å

HEK293pcDNA3.1 HEK293pcDNA3.1MRP1

‡§Õ√å§‘«¡‘π + ¬“Õ‘‚∏‚ª´“¬¥å «’æ’ 16 10.8 + 1.8* 41.4 + 6.9*

¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π + ¬“Õ‘‚∏‚ª´“¬¥å «’æ’ 16 27.8 + 8.6* 96.4 + 3.6*

∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π + ¬“Õ‘‚∏‚ª´“¬¥å «’æ’ 16 5.4 + 0.8* 12.1 + 2.3*

¬“Õ‘‚∏‚ª´“¬¥å «’æ’ 16 152.1 + 9.0 190.4 + 0.8

MK571 + ¬“Õ‘‚∏‚ª´“¬¥å «’æ’ 16 116.1 + 3.5* 17.6 + 2.5*

*· ¥ß§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘®“° drug control (etoposide VP 16) ∑’Ë§à“§«“¡‡™◊ËÕ¡—Ëπ 95% (p<0.05)

√Ÿª∑’Ë 1 §«“¡ —¡æ—π∏å√–À«à“ß§à“√âÕ¬≈– cell viability °—∫§à“§«“¡‡¢â¡¢âπ¢Õß ‡§Õ√å§‘«¡‘π, ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ·≈–
∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ·≈–¬“Õ‘‚∏‚ª´“¬¥å«’æ’16 „π‡´≈≈å™π‘¥ HEK293pcDNA3.1 cell line
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√Ÿª∑’Ë 2 §«“¡ —¡æ—π∏å√–À«à“ß§à“√âÕ¬≈– cell viability °—∫§à“§«“¡‡¢â¡¢âπ¢Õß‡§Õ√å§‘«¡‘π ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ·≈–
∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ·≈– ¬“Õ‘‚∏‚ª´“¬¥å«’æ’16 „π‡´≈≈å™π‘¥ HEK293pcDNA3.1MRP1 cell line

√Ÿª∑’Ë 3 º≈¢Õß‡§Õ√å§‘«¡‘π ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ·≈–∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π µàÕMDR phenotype „π HEK293pcDNA3.1
cell line



•

431»√’π§√‘π∑√å‡«™ “√ 2550; 22(4) • Srinagarind Med J 2007; 22(4)

∑√ß¬» Õπÿ™ª√’¥“ ·≈–§≥– Songyot Anuchapreeda, et al.

¡“°°«à“√âÕ¬≈– 80 ¡“‡ªìπ§à“§«“¡‡¢â¡¢âπ∑’Ë„™â∑¥ Õ∫º≈¢Õß
‡§Õ√å§‘«¡‘πÕ¬¥åµàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß MDR phenotype
„π HEK 293 cell line ∑—Èß 2 ™π‘¥ ¥—ßπ—Èπ®÷ß‡≈◊Õ°§«“¡‡¢â¡¢âπ
10 µM ‡æ◊ËÕ„™â»÷°…“ ‚¥¬§«“¡‡¢â¡¢âππ—Èπ®–µâÕß‰¡à‡ªìπæ‘…
µàÕ‡´≈≈å ´÷Ëß∑Ì“„Àâ‡√“æ‘ Ÿ®πå‰¥â«à“‡´≈≈å HEK293 ™π‘¥ drug
resistance cell line ¡’§«“¡‰«µàÕ¬“‡§¡’∫Ì“∫—¥‡æ‘Ë¡¢÷ÈπÀ√◊Õ‰¡à

°“√»÷°…“º≈¢Õß‡§Õ√å§‘«¡‘πÕ¬¥åµàÕ°“√‡ª≈’Ë¬π·ª≈ß
øï‚π‰∑æå¢Õß°“√¥◊ÈÕ¬“ (MDR phenotype) „π‡´≈≈å ™π‘¥
HEK293 cell lines

®“°°“√»÷°…“º≈¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å ∑’Ë§«“¡‡¢â¡¢âπ
10 µM ´÷Ëß‡ªìπ§«“¡‡¢â¡¢âπ∑’Ë‰¡à‡ªìπæ‘…µàÕ‡´≈≈å º ¡√«¡
°—∫¬“Õ‘‚∏‚ª´“¬¥å «’æ’ 16 ∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ §◊Õ 3.125, 6.25,
12.5, 25, 50, 100, 200 µM ‡æ◊ËÕ»÷°…“¥Ÿ«à“‡§Õ√å§‘«¡‘πÕ¬¥å
·µà≈–™π‘¥ “¡“√∂‰ªª√—∫‡ª≈’Ë¬π≈—°…≥–°“√· ¥ßÕÕ°¢Õß
øï‚π‰∑æå¢Õß°“√¥◊ÈÕ¬“„π‡´≈≈å∑’Ë¥◊ÈÕ¬“‰¥âÀ√◊Õ‰¡à ®“°°“√
∑¥≈Õßπ’È§“¥À«—ß«à“‡§Õ√å§‘«¡‘πÕ¬¥åπà“®–¡’º≈∑Ì“„Àâ‡´≈≈å∑’Ë
¥◊ÈÕ¬“¡’§«“¡‰«µàÕ¬“À√◊Õ¡’°“√µÕ∫ πÕßµàÕ¬“‡§¡’∫Ì“∫—¥
‡æ‘Ë¡¢÷Èπ ®“°°“√∑¥≈Õß„π HEK293pcDNA3.1 cell line ‡¡◊ËÕ
πÌ“‡§Õ√å§‘«¡‘πÕ¬¥å·µà≈–™π‘¥∑’Ë§«“¡‡¢â¡¢âπ‡∑à“°—∫ 10 µM
º ¡√«¡°—∫¬“Õ‘‚∏‚ª´“¬¥å «’æ’ 16 ∑’Ë§«“¡‡¢â¡¢âπ·µ°µà“ß°—π
æ∫«à“‡§Õ√å§‘«¡‘π ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ·≈–∫’ ¥’‡¡µ∑Õ°
´’‡§Õ√å§‘«¡‘π ¡’º≈∑Ì“„Àâ‡´≈≈å¡’§«“¡‰«µàÕ¬“‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°
‡§Õ√å§‘«¡‘πÕ¬¥åπ—Èπ‰ª‡ √‘¡ƒ∑∏‘Ï°—∫¬“Õ‘‚∏‚ª´“¬¥å«’æ’ 16 ∑Ì“

„Àâ “¡“√∂∑Ì“≈“¬‡´≈≈å HEK293pcDNA3.1 ‰¥â‡æ‘Ë¡¡“°¢÷Èπ
´÷Ëß “¡“√∂‡√’¬°ª√“°Ø°“√≥å∑’Ë‡°‘¥π’È‰¥â«à“ çsynergistic effecté
´÷Ëßæ∫«à“∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ‡ √‘¡ƒ∑∏‘Ï‰¥â¥’∑’Ë ÿ¥¡’§à“ IC

50

‡∑à“°—∫ 5.4 µM √Õß≈ß¡“ §◊Õ ‡§Õ√å§‘«¡‘π ·≈–¥’‡¡µ∑Õ°´’
‡§Õ√å§‘«¡‘π∑’Ë§à“ IC

50
 ‡∑à“°—∫ 10.8 ·≈– 27.8 µM µ“¡≈Ì“¥—∫

(√Ÿª∑’Ë 3 ·≈– µ“√“ß∑’Ë 2) „π‡´≈≈å HEK293/pcDNA3.1MRP1
æ∫«à“≈—°…≥–¢Õß‡ âπ°√“ø¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å·µà≈–™π‘¥
¡’°“√¢¬—∫ (shift) ¡“∑“ß¥â“π ấ“¬Õ¬à“ß™—¥‡®π‚¥¬¡’‡ âπ°√“ø
¢Õß¬“Õ‘‚∏‚ª´“¬¥å«’æ’ 16 Õ¬à“ß‡¥’¬«·≈–‡ª√’¬∫‡∑’¬∫°—∫
MK571 ́ ÷Ëß‡ªìπ positive control · ¥ß„Àâ‡ÀÁπ«à“ ‡§Õ√å§‘«¡‘πÕ¬¥å
¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ßøï‚π‰∑æå¢Õß°“√¥◊ÈÕ¬“ (MDR pheno-
type) ∑Ì“„Àâ‡´≈≈å HEK293pcDNA3.1MRP1 ¡’§«“¡‰«µàÕ¬“‡æ‘Ë¡
¡“°¢÷Èπ ‚¥¬æ∫«à“∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π‡ªìπ‡§Õ√å§‘«¡‘πÕ¬¥å
∑’Ë¡’º≈∑Ì“„Àâ‡´≈≈å¡’§«“¡‰«µàÕ¬“‡æ‘Ë¡¢÷Èπ¡“°∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ
‡§Õ√å§‘«¡‘π ·≈–¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘πµ“¡≈Ì“¥—∫‚¥¬¡’§à“ IC

50

‡∑à“°—∫ 12.1, 41.4 ·≈– 96.4 µM ‚¥¬§‘¥‡∑’¬∫‡ªìπ√âÕ¬≈–
∑’Ë≈¥≈ß‡∑à“°—∫√âÕ¬≈– 93.6, 78.2 ·≈– 49.4 µ“¡≈Ì“¥—∫ ‡¡◊ËÕ
‡∑’¬∫°—∫°“√„™â¬“Õ‘‚∏‚ª´“¬¥å«’æ’ 16 ‡æ’¬ßÕ¬à“ß‡¥’¬« (IC

50

‡∑à“°—∫ 190.4) (√Ÿª∑’Ë 4 ·≈–µ“√“ß∑’Ë 2)

«‘®“√≥åº≈°“√∑¥≈Õß

®“°º≈°“√∑¥ Õ∫§«“¡‡ªìπæ‘…¢Õß‡§Õ√å§‘«¡‘πÕ¬¥åµàÕ
‡´≈≈å HEK293 cell lines ∑—Èß™π‘¥ HEK293pcDNA3.1 cell line
(parental drug sensitive cell line) ·≈– HEK293pcDNA3.1MRP1

√Ÿª∑’Ë 4 º≈¢Õß‡§Õ√å§‘«¡‘π ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ·≈–∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π µàÕMDR phenotype „π HEK293pc DNA3.1
MRP1 cell line
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cell line (drug resistance cell line) ‚¥¬¡’¬“Õ‘‚∏‚ª´“¬¥å«’æ’ 16
‡ªìπµ—«‡ª√’¬∫‡∑’¬∫ ‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß‡§Õ√å§‘«¡‘πÕ¬¥åÀ√◊Õ
¬“Õ‘‚∏‚ª´“¬¥å«’æ’ 16 ‡æ‘Ë¡¢÷Èπ¡’º≈∑Ì“„Àâ‡´≈≈å HEK293 ∑—Èß™π‘¥
∑’Ë‰«µàÕ¬“·≈–¥◊ÈÕµàÕ¬“ ¡’‡ªÕ√å‡´Áπµå°“√¡’™’«‘µ√Õ¥¢Õß‡´≈≈å
≈¥≈ß ·µàÕ¬à“ß‰√°Áµ“¡ §à“ IC

50
 ¢Õß‡§Õ√å§‘«¡‘π, ¥’‡¡µ∑Õ°

´’‡§Õ√å§‘«¡‘π ·≈–∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π∑’Ë‰¥â ∑—Èß„π‡´≈≈å
™π‘¥∑’Ë‰«µàÕ¬“·≈–¥◊ÈÕµàÕ¬“ ‰¡à¡’§«“¡·µ°µà“ß°—π ‡™àπ‡¥’¬«°—∫
°“√∑¥ Õ∫ §«“¡‡ªìπæ‘…¢Õß‡§Õ√å§‘«¡‘πÕ¬¥åµàÕ‡´≈≈å¡–‡√Áß
‡¡Á¥‡≈◊Õ¥¢“« ´÷Ëßº≈¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å·µà≈–™π‘¥π—Èπ‰¡à
·µ°µà“ß°—π9 ´÷Ëß§«“¡‰¡à·µ°µà“ßπ’È “¡“√∂Õ∏‘∫“¬‰¥â«à“
‡§Õ√å§‘«¡‘πÕ¬¥å‰¡à‰¥â‡ªìπ —∫ ‡µ√∑„π°≈‰°°“√¢π àß¬“À√◊Õ
 “√æ‘…ÕÕ°‚¥¬‚ª√µ’π MRP ®÷ß‰¡à¡’°“√§Õπ®Ÿ‡°µ°—∫ GSH
À√◊Õ glucuronide °àÕπ°“√¢—∫ÕÕ°πÕ°‡´≈≈å ·µà‡§Õ√å§‘«¡‘πÕ¬¥å
‰ª®—∫∑’Ë∫√‘‡«≥ drug transporter ‡∑à“π—Èπ ∑”„Àâ¬“Õ‘‚∏‚ª´“¬¥å
«’æ’ 16 ‰¡à “¡“√∂∂Ÿ°¢—∫ÕÕ°πÕ°‡´≈≈å‰¥â ®÷ß∑”„Àâ¡’°“√ – ¡
¬“¿“¬„π‡´≈≈å‡æ‘Ë¡¡“°¢÷Èπ ´÷Ëß°“√»÷°…“π’È¡’º≈∑’Ë§≈â“¬°—∫
Chearwae ·≈–§≥–2 ∑’Ëæ∫«à“‡§Õ√å§‘«¡‘πÕ¬¥å‰¡à‰¥â‡ªìπ
 —∫ ‡µ√∑ ‡™àπ‡¥’¬«°—∫∑’Ëæ∫„π°≈‰°°“√¢—∫¬“À√◊Õ “√æ‘…‚¥¬
æ’-°≈—¬‚§‚ª√µ’π (P-glycoprotein)

®“°º≈°“√∑¥≈Õß∑’Ë»÷°…“º≈¢Õß‡§Õ√å§‘«¡‘πÕ¬¥åµàÕ°“√
‡ª≈’Ë¬π·ª≈ßøï‚π‰∑æå¢Õß°“√¥◊ÈÕ¬“„π‡´≈≈å¡–‡√Áß™π‘¥ HEK
293 cell line æ∫«à“‡¡◊ËÕπÌ“‡§Õ√å§‘«¡‘πÕ¬¥åº ¡√«¡°—∫¬“Õ‘‚∏
‚ª´“¬¥å«’æ’ 16 ·≈â«πÌ“‰ª∑¥ Õ∫°—∫‡´≈≈å HEK293pcDNA3.1
æ∫«à“‡§Õ√å§‘«¡‘πÕ¬¥å¡’º≈‰ª‡ √‘¡ƒ∑∏‘Ï„Àâ°—∫¬“Õ‘‚∏‚ª´“¬¥å
«’æ’ 16 ·≈â«¡’º≈∑Ì“„Àâ‡´≈≈å¡’°“√µÕ∫ πÕßµàÕ¬“Õ‘‚∏‚ª´“¬¥å
«’æ’ 16 ‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫º≈®“°¢Õß¬“Õ‘‚∏‚ª´“¬¥å
«’æ’ 16 ‡æ’¬ßÕ¬à“ß‡¥’¬« ÷́Ëß‡√’¬°ª√“°Ø°“√≥åπ’È«à“ çsynergistic
effecté ‡π◊ËÕß®“°‡´≈≈å∑’Ë‡ªìπ parental drug sensitive cell line
π—Èπ ‰¡à¡’°“√· ¥ßÕÕ°¢Õß‚ª√µ’π MRP ∑’Ëº‘«‡´≈≈å‡æ◊ËÕ∑Ì“Àπâ“∑’Ë
¢—∫¬“ÕÕ°πÕ°‡´≈≈å ·≈–‡π◊ËÕß®“°°“√∑¥≈Õß·µà≈–°“√∑¥≈Õß
‰¥â¡’™ÿ¥§«∫§ÿ¡ ´÷Ëß‡ªìπ∑—Èß vehicle control ·≈– drug control
(¬“Õ‘‚∏‚ª´“¬¥å«’æ’ 16) Õ¬Ÿà¥â«¬ æ∫«à“™ÿ¥§«∫§ÿ¡´÷Ëß‡ªìπ drug
control π—Èπ „Àâº≈°“√∑¥≈Õß∑’Ë·µ°µà“ß°—π„π°“√∑¥ Õ∫
§«“¡‡ªìπæ‘…¢Õß‡§Õ√å§‘«¡‘πÕ¬¥å ·≈–¬“Õ‘‚∏‚ª´“¬¥å«’æ’ 16
·≈–‡¡◊ËÕπÌ“‡§Õ√å§‘«¡‘πÕ¬¥å·µà≈–™π‘¥¡“√«¡°—∫¬“Õ‘‚∏‚ª´“¬¥å
«’æ’ 16 ∑¥ Õ∫„π‡´≈≈å™π‘¥‰«µàÕ¬“ æ∫«à“¡’°“√‡ √‘¡ƒ∑∏‘Ï°—π
¡’º≈∑Ì“„Àâ‡´≈≈å∂Ÿ°∑Ì“≈“¬‡æ‘Ë¡¡“°¢÷Èπ  à«π„π‡´≈≈å™π‘¥
HEK293pcDNA3.1MRP1 cell line ´÷Ëß¥◊ÈÕµàÕ¬“ ‡¡◊ËÕπÌ“‡§Õ√å
§‘«πÕ¬¥å·µà≈–™π‘¥∑’Ë§«“¡‡¢â¡¢âπ 10 µM º ¡√«¡°—∫¬“
Õ‘‚∏‚ª´“¬¥å«’æ’ 16 ∑’Ë§«“¡‡¢â¡¢âπ·µ°µà“ß°—π„π™à«ß 0-200
µM ·≈â«πÌ“‰ª∑¥ Õ∫°—∫‡´≈≈åæ∫«à“ ‡´≈≈å¡’§«“¡‰«µàÕ¬“
‡æ‘Ë¡¢÷ÈπÕ¬à“ß™—¥‡®π ‚¥¬∫’ ¥’‡¡µ∑Õ° ’́‡§Õ√å§‘«¡‘π¡’º≈∑Ì“„Àâ
‡´≈≈å∑’Ë¥◊ÈÕ¬“¡’§«“¡‰«µàÕ¬“‡æ‘Ë¡¡“°∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ

‡§Õ√å§‘«¡‘π‚¥¬¡’‡ªÕ√å‡´Áπµå¢Õß°“√≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫™ÿ¥
§«∫§ÿ¡∑’Ë‡ªìπ drug control ·≈–æ∫«à“„Àâº≈∑’Ë¥’°«à“ MK571
´÷Ëß‡ªìπ¬“ MDR modulator ∑’Ë„™â‡ªìπ positive control ¥—ßπ—Èπ
· ¥ß«à“ ‡§Õ√å§‘«¡‘πÕ¬¥å¡’º≈„π°“√ª√—∫‡ª≈’Ë¬π≈—°…≥–
°“√· ¥ßÕÕ°¢Õß°“√¥◊ÈÕ¬“„π‡´≈≈å∑’Ë¥◊ÈÕµàÕ¬“∑Ì“„Àâ‡´≈≈å¡’
§«“¡‰«µàÕ¬“‡æ‘Ë¡¢÷Èπ ‚¥¬°“√∑¥≈Õßπ’È„Àâº≈°“√∑¥≈Õß∑’Ë
·µ°µà“ß®“°°“√»÷°…“„π‡´≈≈å KB-V1 ́ ÷Ëßæ∫«à“‡§Õ√å§‘«¡‘π‡ªìπ
‡§Õ√å§‘«¡‘πÕ¬¥å∑’Ë„Àâº≈∑’Ë¥’∑’Ë ÿ¥„π°“√ª√—∫‡ª≈’Ë¬πøï‚π‰∑æå
¢Õß°“√¥◊ÈÕ¬“ „Àâ¡’°“√µÕ∫ πÕßµàÕ°“√¥◊ÈÕ¬“‡æ‘Ë¡¢÷Èπ2

 √ÿªº≈°“√∑¥≈Õß

°“√»÷°…“π’È‰¥âπ”‡§Õ√å§‘«¡‘πÕ¬¥å∑—Èß 3 ™π‘¥§◊Õ ‡§Õ√å§‘«¡‘π,
¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ·≈–∫’ ¥’‡¡µ∑Õ°´’‡§Õ√å§‘«¡‘π ∑’Ë¡’
§«“¡∫√‘ ÿ∑∏‘Ï Ÿß∂÷ß√âÕ¬≈– 100 ¥â«¬«‘∏’§Õ≈—¡πå‚§√¡“‚µ°√“øøï
¡“»÷°…“º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß‡´≈≈å¡–‡√Áß∑’Ë¥◊ÈÕµàÕ¬“‡§¡’
∫”∫—¥Õ‘‚∏‚ª´“¬¥å«’æ’ 16 „Àâ¡’°“√µÕ∫ πÕßµàÕ¬“‡§¡’∫”∫—¥
¡“°¢÷Èπ ‚¥¬æ∫«à“‡§Õ√å§‘«¡‘πÕ¬¥å∑’Ë§«“¡‡¢â¡¢âπ 10 µM
 “¡“√∂ª√—∫‡ª≈’Ë¬π≈—°…≥–°“√· ¥ßÕÕ°¢Õß°“√¥◊ÈÕ¬“
∑Ì“„Àâ‡´≈≈å HEK293pcDNA3.1MRP1 cell line ¡’§«“¡‰«µàÕ¬“
‡æ‘Ë¡¢÷Èπ‚¥¬¡’∫’ ¥’ ‡¡µ∑Õ°´’ ‡§Õ√å§‘«¡‘π„Àâº≈¥’∑’Ë ÿ¥
πÕ°®“°π’È¬—ßæ∫«à“‡§Õ√å§‘«¡‘πÕ¬¥å “¡“√∂‡ √‘¡ƒ∑∏‘Ï¬“Õ‘‚∏‚ª
´“¬¥å«’æ’ 16 ∑Ì“„Àâ‡´≈≈åHEK293pcDNA3.1 cell line ¡’§«“¡‰«
µàÕ¬“‡æ‘Ë¡¢÷Èπ¥â«¬‡√’¬°ª√“°Ø°“√≥åπ’È«à“ çsynergistic effecté
¥—ßπ—Èπ„πÕπ“§µ‡√“Õ“®®– “¡“√∂πÌ“‡§Õ√å§‘«¡‘πÕ¬¥å¡“„™â
‡æ◊ËÕ°“√√—°…“√à«¡°—∫¬“‡§¡’∫Ì“∫—¥‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√
√—°…“¥â«¬‡§¡’∫Ì“∫—¥‡æ◊ËÕ™à«¬≈¥Õ—µ√“°“√¥◊ÈÕ¬“„πºŸâªÉ«¬‚√§
¡–‡√ÁßÀ√◊Õ≈¥º≈¢â“ß‡§’¬ß®“° MDR modulator  —ß‡§√“–Àå
∑’Ë„™âÕ¬Ÿà„πªí®®ÿ∫—π ‡æ◊ËÕ„Àâ°“√√—°…“¥â«¬‡§¡’∫Ì“∫—¥¡’ª√– ‘∑∏‘¿“æ
Õ¬à“ß Ÿß ÿ¥·°àºŸâªÉ«¬¡–‡√Áß
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