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∫∑§—¥¬àÕ
°“√ —ß‡§√“–ÀåæÕ≈‘ (2-‰Œ¥√Õ°´’‡Õ∑‘≈ ‡¡∑“‰§√‡≈∑) (PHEMA) ·≈–§Õ‡≈ ‡µÕ√Õ≈-Õ‘¡æ√‘πµå PHEMA ∂Ÿ°»÷°…“‚¥¬

°√–∫«π°“√‡°‘¥æÕ≈‘‡¡Õ√å·∫∫·¢«π≈Õ¬ ‚¥¬„™â‡µµ√–‡Õ∑‘≈’π‰°≈§Õ≈ ‰¥‡¡∑“‰§√‡≈∑ (TEGDM) ‡ªìπ “√‡™◊ËÕ¡¢«“ß (crosslinker)

„™â‡∫π‚´Õ‘≈‡ªÕ√åÕÕ°‰´¥å (BPO) ‡ªìπµ—«√‘‡√‘Ë¡ (initiator) ·≈–„™â§Õ‡≈ ‡µÕ√Õ≈‡ªìπ‡∑¡‡æ≈∑‚¡‡≈°ÿ≈ (template molecule)

ªØ‘°‘√‘¬“°“√‡°‘¥æÕ≈‘‡¡Õ√å‡°‘¥¢÷Èπ¿“¬„µâ∫√√¬“°“»¢Õß·°ä ‰π‚µ√‡®π∑’ËÕÿ≥À¿Ÿ¡‘ 75 Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ·≈–

85 Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“ 7 ™—Ë«‚¡ß „™â§«“¡‡√Á«√Õ∫„π°“√ªíòπ°«π 250 √Õ∫µàÕπ“∑’  ‡¡◊ËÕ»÷°…“§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫

§Õ‡≈ ‡µÕ√Õ≈¢Õß‚¡‡≈°ÿ≈“√å√’Õ‘¡æ√‘πµå (molecularly imprinted) PHEMA æ∫«à“¡’·π«‚πâ¡ Ÿß¢÷Èπ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ TEGDM

·≈– ‡∑¡‡æ≈∑‚¡‡≈°ÿ≈∑’Ë„™â„π°“√ —ß‡§√“–Àå  ´÷Ëßª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫§Õ‡≈ ‡µÕ√Õ≈ Ÿß ÿ¥§◊Õ 13.76 ¡‘≈≈‘°√—¡µàÕ°√—¡¢Õß

æÕ≈‘‡¡Õ√å ∑¥ Õ∫‰¥â®“°æÕ≈‘‡¡Õ√å∑’Ë —ß‡§√“–Àå‚¥¬„™â  TEGDM √âÕ¬≈– 10 ·≈–‡∑¡‡æ≈∑‚¡‡≈°ÿ≈√âÕ¬≈– 16.5

§” ”§—≠ : ‚¡‡≈°ÿ≈“√å√’Õ‘¡æ√‘πµåæÕ≈‘‡¡Õ√å  æÕ≈‘‡¡Õ‰√‡´™—π·∫∫·¢«π≈Õ¬  §Õ‡≈ ‡µÕ√Õ≈

æÕ≈‘ (2-‰Œ¥√Õ°´’‡Õ∑‘≈ ‡¡∑“‰§√‡≈∑)

Abstract
The synthesis of poly(2-hydroxyethyl methacrylate) (PHEMA) and cholesterol-imprinted PHEMA was

investigated by suspension polymerization. Tetraethyleneglycol dimethacrylate (TEGDM), benzoyl peroxide (BPO)

and cholesterol were used as a crosslinker, initiator and template molecule, respectively. Polymerization under

nitrogen atmosphere was achieved at 75 ÌC for 1 hour and 85 ÌC for 7 hours with stirring speed 250 rpm. The

cholesterol absorption test showed that increasing the amount of TEGDM and template in molecularly imprinted

PHEMA produced higher extent of absorption. The maximum amount of cholesterol absorbed by 1 g of the

polymer was 13.76 mg detected from the sample containing 10% TEGDM and 16.5% template molecule.

Keywords : molecularly imprinted polymer, suspension polymerization, cholesterol,

poly(2-hydroxyethyl methacrylate).
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∫∑π”

‚¡‡≈°ÿ≈“√å√’Õ‘¡æ√‘πµåæÕ≈‘‡¡Õ√å (molecularly imprinted
polymer, MIP) ‡ªìπæÕ≈‘‡¡Õ√åª√–‡¿∑Àπ÷Ëß∑’Ë‰¥â√—∫§«“¡ π„®
·≈–»÷°…“°—π„πÀ¡Ÿàπ—°«‘∑¬“»“ µ√åæÕ≈‘‡¡Õ√åÕ¬à“ß°«â“ß¢«“ß
(Ansell  and Mosbach, 1997; Dickert and Hayden, 2002)
‡π◊ËÕß®“°„™â‡∑§π‘§°“√‡µ√’¬¡∑’Ë‰¡à´—∫´âÕπ¡“°π—° ·≈–
 “¡“√∂‡µ√’¬¡æÕ≈‘‡¡Õ√å·∫∫√à“ß·À (crosslinked polymer)
´÷Ëß¡’∫√‘‡«≥∑’Ë¡’≈—°…≥–§«“¡®”‡©æ“– (memory site) µàÕ
‡∑¡‡æ≈∑‚¡‡≈°ÿ≈ (template molecule) (Cormack and
Elorza, 2004) °“√ —ß‡§√“–ÀåæÕ≈‘‡¡Õ√åª√–‡¿∑π’È∑”‚¥¬π”
¡ÕπÕ‡¡Õ√å (monomer)  “√‡™◊ËÕ¡¢«“ß (crosslinker) µ—«√‘‡√‘Ë¡
(initiator) ·≈–  ‡∑¡‡æ≈∑‚¡‡≈°ÿ≈¡“∑”ªØ‘°‘√‘¬“°—π À≈—ß®“°
ªØ‘°‘√‘¬“ ‘Èπ ÿ¥≈ß·≈â«‡∑¡‡æ≈∑‚¡‡≈°ÿ≈®–∂Ÿ°°”®—¥ÕÕ°®“°
æÕ≈‘‡¡Õ√å‚¥¬°“√ °—¥¥â«¬µ—«∑”≈–≈“¬ (√Ÿª∑’Ë1) ∑”„ÀâæÕ≈‘‡¡Õ√å
∑’Ë‰¥â¡’∫√‘‡«≥∑’Ë¡’≈—°…≥–§«“¡®”‡©æ“– ´÷Ëß “¡“√∂‡™◊ËÕ¡‚¬ß
°—∫‡∑¡‡æ≈∑‚¡‡≈°ÿ≈Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ (Kim et al., 2001)
‚¡‡≈°ÿ≈“√å√’Õ‘¡æ√‘πµåæÕ≈‘‡¡Õ√åπ’È¡—°¡’°“√‡™◊ËÕ¡‚¬ß√–À«à“ß
‚¡‡≈°ÿ≈Õ¬à“ßÀπ“·πàπ ‰¡à≈–≈“¬„πµ—«∑”≈–≈“¬∑—Ë«‰ª  “¡“√∂
„™â‡ªìπ “√¥Ÿ¥´—∫ (adsorbent) ∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√‡≈◊Õ°
¥Ÿ¥´—∫‡©æ“–‚¡‡≈°ÿ≈∑’Ë π„®‰¥â (Piletsky et al., 2000)

‚¥¬∑—Ë«‰ª·≈â«‚¡‡≈°ÿ≈“√å√’Õ‘¡æ√‘πµåæÕ≈‘‡¡Õ√å¡—°∂Ÿ°
‡µ√’¬¡¢÷Èπ®“°°√–∫«π°“√‡°‘¥æÕ≈‘‡¡Õ√å·∫∫∫—≈§å(bulk
polymerization) ‰¥âæÕ≈‘‡¡Õ√å™‘Èπ„À≠à µâÕß∫¥„Àâ¡’¢π“¥‡≈Á°≈ß
 àßº≈„Àâ‰¥âæÕ≈‘‡¡Õ√å∑’Ë¡’¢π“¥µà“ß°—π ®÷ßµâÕß¡’°“√·¬°¢π“¥
°àÕππ”‰ª„™âß“π (Hwang and Lee, 2002; Turiel et al.,
2001) ß“π«‘®—¬π’È‰¥âπ”°√–∫«π°“√‡°‘¥æÕ≈‘‡¡Õ√å·∫∫
·¢«π≈Õ¬ (suspension polymerization) ¡“„™â‡µ√’¬¡
æÕ≈‘(2-‰Œ¥√Õ°´’‡Õ∑‘≈ ‡¡∑“‰§√‡≈∑) (poly(2-hydroxyethyl
methacrylate), PHEMA) ∑’Ë¡’≈—°…≥–‡ªìπ‡¡Á¥°≈¡ ¢π“¥‡≈Á°
‡æ◊ËÕ„Àâ “¡“√∂§«∫§ÿ¡¢π“¥·≈–°“√°√–®“¬¢π“¥¢Õß‡¡Á¥
æÕ≈‘‡¡Õ√å‰¥â (Horak et al., 1996)  ‚¥¬‡µ√’¬¡ MIP-PHEMA
∑’Ë¡’§Õ‡≈ ‡µÕ√Õ≈‡ªìπ‡∑¡‡æ≈∑‚¡‡≈°ÿ≈ ®“°π—Èπ °—¥
‡∑¡‡æ≈∑‚¡‡≈°ÿ≈ÕÕ°¥â«¬µ—«∑”≈–≈“¬ ·≈–π” MIP-PHEMA
‰ª«‘‡§√“–Àå≈—°…≥–º‘«Àπâ“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ
·∫∫ àÕß°√“¥ (scanning electron microscopy, SEM) ·≈–
∑¥ Õ∫§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫§Õ‡≈ ‡µÕ√Õ≈ (cholesterol
absorption)

 “√‡§¡’ Õÿª°√≥å ‡§√◊ËÕß¡◊Õ ·≈–«‘∏’°“√∑¥≈Õß

 “√‡§¡’
 “√‡§¡’∑’Ë„™â„π°√–∫«π°“√‡°‘¥æÕ≈‘‡¡Õ√å‡ªìπ‡°√¥

«‘‡§√“–Àå (AR grade) ∑—ÈßÀ¡¥ ‰¥â·°à 2-‰Œ¥√Õ°´’‡Õ∑‘≈ ‡¡∑“‰§√
‡≈∑ (2-hydroxyethyl methacrylate; HEMA)  ∫√‘…—∑ Merck
‡µµ√–‡Õ∑‘≈’π‰°≈§Õ≈ ‰¥‡¡∑“‰§√‡≈∑ (tetraethyleneglycol
dimethacrylate; TEGDM) ·≈–§Õ‡≈ ‡µÕ√Õ≈ (cholesterol)
∫√‘…—∑ Fluka ‡∫π‚´Õ‘≈‡ªÕ√åÕÕ°‰´¥å (benzoyl peroxide;
BPO) ∫√‘…—∑ Penreac ·¡°π’‡´’¬¡§≈Õ‰√¥å (magnesium
chloride, MgCl2.6H2O) ∫√‘…—∑ Fisher Chemicals  ‚´‡¥’¬¡
§≈Õ‰√¥å (sodium chloride, NaCl) ·≈– 2-‚æ√æ“πÕ≈
(2-propanol) ∫√‘…—∑ Ajax Finechem  ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å
(sodium hydroxide) °√¥Õ– ’́µ‘° (acetic acid) °√¥´—≈øŸ√‘°
(sulphuric acid) ·≈–°√¥ÕÕ√å‚∏øÕ øÕ√‘° (orthophosphoric
acid) ∫√‘…—∑ Merck   ‡øÕ√å√‘°§≈Õ‰√¥å (ferric chloride) ∫√‘…—∑
Fisher Scientific ‡¡∑“πÕ≈ (methanol) Õ– ’́‚µπ (acetone)
·≈–‡Œ°‡´π (hexane)  ‡°√¥°“√§â“ (commercial grade)

Õÿª°√≥å
™ÿ¥Õÿª°√≥å ”À√—∫ªØ‘°‘√‘¬“°“√‡°‘¥æÕ≈‘‡¡Õ√åª√–°Õ∫

¥â«¬‡§√◊ËÕßªØ‘°√≥å ”À√—∫‡°‘¥ªØ‘°‘√‘¬“ (reactor) ¢π“¥ 500
¡‘≈≈‘≈‘µ√  §Õπ‡¥π‡´Õ√å  ‡∑Õ√å¡Õ¡‘‡µÕ√å  ∑àÕπ”·°ä ‰π‚µ√‡®π
„∫æ—¥°«π‚≈À– (stirrer) ·≈–‡§√◊ËÕß°«π (mechanical stirrer)
Õÿª°√≥å·¬°¢π“¥‡¡Á¥æÕ≈‘‡¡Õ√åª√–°Õ∫¥â«¬µ–·°√ß√àÕπ
(sieve) ‡∫Õ√å 25 (¢π“¥ 710 ‰¡§√Õπ)  ‡∫Õ√å 35 (¢π“¥
500 ‰¡§√Õπ)  ·≈–‡∫Õ√å 70 (¢π“¥ 212 ‰¡§√Õπ)

‡∑¡‡æ≈∑

¡ÕπÕ‡¡Õ√å

¡ÕπÕ‡¡Õ√å
¡ÕπÕ‡¡Õ√å

- ‡∑¡‡æ≈∑

°“√‡°“–°—∫‡∑¡‡æ≈∑

ªØ‘°‘√‘¬“°“√‡°‘¥æÕ≈‘‡¡Õ√å
(Template binding)

MIP

√Ÿª∑’Ë 1  °“√ —ß‡§√“–Àå‚¡‡≈°ÿ≈“√å√’Õ‘¡æ√‘πµåæÕ≈‘‡¡Õ√å (MIP)
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‡§√◊ËÕß¡◊Õ
‡§√◊ËÕß ‡ª°‚∑√‚ø‚µ¡‘‡µÕ√å (spectrophotometer) √ÿàπ

Spectronic 20 (∫√‘…—∑ MILTON ROY) ·≈– °≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈§µ√Õπ·∫∫ àÕß°√“¥ (scanning electron microscope;
SEM) √ÿàπ LEO1450 VP (∫√‘…—∑ LEO)

«‘∏’°“√∑¥≈Õß
1) °“√ —ß‡§√“–Àå MIP-PHEMA
‡µ√’¬¡Õÿª°√≥å ”À√—∫ªØ‘°‘√‘¬“°“√‡°‘¥æÕ≈‘‡¡Õ√å ‡µ‘¡

«—Ø¿“§πÈ” (aqueous phase) ́ ÷Ëßª√–°Õ∫¥â«¬ “√≈–≈“¬¢Õß

MgCl2.6H2O  ·≈– NaCl  ≈ß„π¿“™π– ”À√—∫‡°‘¥ªØ‘°‘√‘¬“
µ“¡ª√‘¡“≥∑’Ë√–∫ÿ„πµ“√“ß∑’Ë 1 ·≈– 2 ªíòπ°«π “√≈–≈“¬
¥â«¬‡§√◊ËÕßªíòπ°«π À¬¥ “√≈–≈“¬ NaOH ‡¢â¡¢âπ 1 ‚¡≈“√å
∑’≈–À¬¥ ª√—∫Õÿ≥À¿Ÿ¡‘∑’Ë 75 Õß»“‡´≈‡´’¬  ‡µ‘¡ “√≈–≈“¬
º ¡¢ÕßªØ‘°‘√‘¬“«—Ø¿“§ “√Õ‘π∑√’¬å (organic phase) ª√–°Õ∫
¥â«¬ BPO, HEMA,  TEGDM  ·≈–§Õ‡≈ ‡µÕ√Õ≈  ª≈àÕ¬
„ÀâªØ‘°‘√‘¬“¥”‡π‘π‰ª¿“¬„µâ∫√√¬“°“»¢Õß·°ä ‰π‚µ√‡®π∑’Ë 75
Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß·≈– 85 Õß»“‡´≈‡´’¬ 
‡ªìπ‡«≈“ 7 ™—Ë«‚¡ß  ‚¥¬ªíòπ°«πµ≈Õ¥‡«≈“  (Qi et al.,  2002;

µ“√“ß∑’Ë 1  ª√‘¡“≥ “√‡§¡’·≈– ¿“«–∑’Ë„™â„π°“√ —ß‡§√“–ÀåæÕ≈‘‡¡Õ√å

¡ÕπÕ‡¡Õ√å (HEMA) 13.5 ¡‘≈≈‘≈‘µ√
µ—«√‘‡√‘Ë¡ªØ‘°‘√‘¬“ √âÕ¬≈–1 ‚¥¬πÈ”Àπ—°¡ÕπÕ‡¡Õ√å
 “√‡™◊ËÕ¡‚¬ß√–À«à“ß‚¡‡≈°ÿ≈ √âÕ¬≈– 5 ·≈–10 ‚¥¬ª√‘¡“µ√¡ÕπÕ‡¡Õ√å
§Õ‡≈ ‡µÕ√Õ≈ √âÕ¬≈– 0, 3, 5, 10 ·≈– 16.5 ‚¥¬πÈ”Àπ—°¡ÕπÕ‡¡Õ√å

«—Ø¿“§ “√Õ‘π∑√’¬å (organic phase) ª√‘¡“≥

1 5 0 200
2 5 0 220
3 5 0 250
4 5 3 250
5 5 5 250
6 5 10 250
7 5 16.5 250
8 10 0 300
9 10 5 300
10 10 16.5 300

µ“√“ß∑’Ë 2   ¿“«–¢ÕßªØ‘°‘√‘¬“∑’Ë„™â —ß‡§√“–ÀåæÕ≈‘‡¡Õ√å

MgCl2.6H2O 5.7 °√—¡
 “√≈–≈“¬ NaCl √âÕ¬≈– 20 90 ¡‘≈≈‘≈‘µ√
NaOH ‡¢â¡¢âπ 1 ‚¡≈“√å 30.7 ¡‘≈≈‘≈‘µ√

§«“¡‡√Á«°“√ªíòπ°«π 200, 220, 250 ·≈– 300 √Õ∫µàÕπ“∑’

ªØ‘°‘√‘¬“ TEGDM §Õ‡≈ ‡µÕ√Õ≈ §«“¡‡√Á«√Õ∫
™ÿ¥∑’Ë (√âÕ¬≈–) (√âÕ¬≈–) (√Õ∫µàÕπ“∑’)

«—Ø¿“§πÈ” (aqueous phase) ª√‘¡“≥
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Sreenivasan, 1998) À≈—ß®“° ‘Èπ ÿ¥ªØ‘°‘√‘¬“≈â“ß‡¡Á¥æÕ≈‘‡¡Õ√å
∑’Ë‰¥â¥â«¬ ‡¡∑“πÕ≈ ·≈–Õ–´’‚µπ ®“°π—Èπ °—¥§Õ‡≈ ‡µÕ√Õ≈
ÕÕ°®“°æÕ≈‘‡¡Õ√å¥â«¬ ‡Œ°‡´π  2-‚æ√æ“πÕ≈  ·≈– ‡¡∑“πÕ≈
°√Õß ·≈–Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 35 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß

2) °“√∑¥ Õ∫ ¡∫—µ‘¢ÕßæÕ≈‘‡¡Õ√å
● «‘‡§√“–Àå¢π“¥æÕ≈‘‡¡Õ√å¥â«¬µ–·°√ß√àÕπ (sieve

analysis)
„™âµ–·°√ß√àÕπ (sieve) æÕ≈‘‡¡Õ√å  ‡∫Õ√å 25

(¢π“¥ 710 ‰¡§√Õπ)  ‡∫Õ√å 35 (¢π“¥ 500 ‰¡§√Õπ)  ·≈–
‡∫Õ√å 70 (¢π“¥ 212 ‰¡§√Õπ)  À“‡ªÕ√å‡´Áπµå‚¥¬πÈ”Àπ—°
¢ÕßæÕ≈‘‡¡Õ√å·µà≈–™à«ß¢π“¥

● «‘‡§√“–Àå¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ·∫∫
 àÕß°√“¥ (SEM)

π”µ—«Õ¬à“ß‡¡Á¥æÕ≈‘‡¡Õ√å‰ª‡§≈◊Õ∫¥â«¬∑Õß
°àÕππ”‰ª«‘‡§√“–Àå≈—°…≥–º‘«Àπâ“

● °“√¥Ÿ¥´—∫§Õ‡≈ ‡µÕ√Õ≈ (absorption of
cholesterol)

π”æÕ≈‘‡¡Õ√å∑’Ë °—¥‡Õ“‡∑¡‡æ≈∑ÕÕ°¥â«¬µ—«
∑”≈–≈“¬·≈â« (√ŸâπÈ”Àπ—°·πàπÕπ) ·™à„π “√≈–≈“¬¡“µ√∞“π
§Õ‡≈ ‡µÕ√Õ≈‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß  ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß  °√Õß
·≈â«π” “√≈–≈“¬‰ª«‘‡§√“–Àå§à“°“√¥Ÿ¥°≈◊π· ß ·≈–
À“ª√‘¡“≥§Õ‡≈ ‡µÕ√Õ≈∑’ËæÕ≈‘‡¡Õ√å¥Ÿ¥´—∫‰«â ‚¥¬„™â°√“ø
¡“µ√∞“π§«“¡ —¡æ—π∏å√–À«à“ß§à“°“√¥Ÿ¥°≈◊π· ß·≈–§«“¡
‡¢â¡¢âπ¢Õß “√≈–≈“¬  ®“°π—Èππ”æÕ≈‘‡¡Õ√å∑’Ë∑¥ Õ∫°“√¥Ÿ¥
´—∫·≈â«‰ª °—¥‡Õ“§Õ‡≈ ‡µÕ√Õ≈ÕÕ°¥â«¬µ—«∑”≈–≈“¬·≈–
π”°≈—∫¡“∑¥ Õ∫°“√¥Ÿ¥´—∫Õ’°‡ªìπ§√—Èß∑’Ë 2 ·≈– 3  ‡æ◊ËÕ
∑¥ Õ∫§«“¡ “¡“√∂„π°“√π”‡¡Á¥æÕ≈‘‡¡Õ√å°≈—∫¡“„™â´È”

● °“√«‘ ‡§√“–Àåª√‘¡“≥§Õ‡≈ ‡µÕ√Õ≈„π
 “√≈–≈“¬

«‘ ‡§√“–Àå‚¥¬‡∑§π‘§ ‡ª°‚∑√‚ø‚µ‡¡∑√’
(spectrophotometry) ‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π§Õ‡≈ 
‡µÕ√Õ≈‡¢â¡¢âπ 1.0, 3.0, 5.0, 8.0 ·≈– 15.0 ¡‘≈≈‘‚¡≈“√å
‚¥¬„™â 2-‚æ√æ“πÕ≈‡ªìπµ—«∑”≈–≈“¬  √â“ß°√“ø¡“µ√∞“π
√–À«à“ß§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 560 π“‚π‡¡µ√
·≈–§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬  ‡æ◊ËÕ„™âÀ“§«“¡‡¢â¡¢âπ¢Õß
 “√≈–≈“¬§Õ‡≈ ‡µÕ√Õ≈µ—«Õ¬à“ß

ªî‡ªµ “√≈–≈“¬∑’ËµâÕß°“√«‘‡§√“–Àå¡“ 0.2
¡‘≈≈‘≈‘µ√  ‡µ‘¡ 2-‚æ√æ“πÕ≈  5.0  ¡‘≈≈‘≈‘µ√   º ¡„Àâ‡¢â“°—π
ªî‡ªµ “√≈–≈“¬∑’Ë‡µ√’¬¡‰¥â 1.0  ¡‘≈≈‘≈‘µ√   ‡µ‘¡°√¥Õ–´’µ‘°
‡¢â¡¢âπ   “√≈–≈“¬‡øÕ√å√‘°§≈Õ‰√¥å‡¢â¡¢âπ 2.5 °√—¡/≈‘µ√ ∑’Ë
„™â°√¥øÕ øÕ√‘°√âÕ¬≈– 85 ‡ªìπµ—«∑”≈–≈“¬  ·≈–°√¥ —́≈øŸ
√‘°‡¢â¡¢âπ ª√‘¡“µ√ 3.0, 0.3 ·≈– 3.0  ¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫
º ¡„Àâ‡¢â“°—π·≈â«∑‘Èß‰«â 10 π“∑’   π” “√≈–≈“¬‰ª«—¥§à“°“√
¥Ÿ¥°≈◊π· ß ·≈–§”π«≥ª√‘¡“≥§Õ‡≈ ‡µÕ√Õ≈∑’Ë∂Ÿ°¥Ÿ¥ —́∫
¡‘≈≈‘°√—¡µàÕπÈ”Àπ—°æÕ≈‘‡¡Õ√å 1 °√—¡  (Holme and Peck,
1993)

º≈°“√∑¥≈Õß ·≈–Õ¿‘ª√“¬

°“√ —ß‡§√“–Àå PHEMA
º≈°“√ —ß‡§√“–Àå‡¡Á¥ PHEMA · ¥ß¥—ßµ“√“ß∑’Ë 3

æ∫«à“§«“¡‡√Á«√Õ∫°“√ªíòπ°«π∑’Ë‡À¡“– ¡µàÕ°“√ —ß‡§√“–Àå§◊Õ
250 √Õ∫µàÕπ“∑’  (ªØ‘°‘√‘¬“™ÿ¥∑’Ë 3) √âÕ¬≈–º≈‘µ¿—≥±å¡’§à“‡∑à“°—∫
83.87  ‡¡Á¥ PHEMA ∑’Ë‰¥â¡’¢π“¥‡≈Á°·≈–„  æ∫«à“√âÕ¬≈– 75.53
‚¥¬πÈ”Àπ—°¢ÕßæÕ≈‘‡¡Õ√å¡’¢π“¥√–À«à“ß 212-500 ‰¡§√Õπ
 ”À√—∫°√–∫«π°“√‡°‘¥æÕ≈‘‡¡Õ√å·∫∫·¢«π≈Õ¬ §«“¡‡√Á«
√Õ∫°“√°«π¡’º≈‚¥¬µ√ß°—∫¢π“¥¢Õß‡¡Á¥æÕ≈‘‡¡Õ√å  ∂â“ªíòπ°«π
¥â«¬§«“¡‡√Á« Ÿß®–∑”„Àâ¡ÕπÕ‡¡Õ√å∑’Ë·¢«π≈Õ¬„πµ—«°≈“ß
¢ÕßªØ‘°‘√‘¬“·µ°µ—«‡ªìπÀ¬¥¢π“¥‡≈Á° ‡¡◊ËÕ°√–∫«π°“√‡°‘¥
æÕ≈‘‡¡Õ√å‡°‘¥¢÷Èπ¿“¬„πÀ¬¥¡ÕπÕ‡¡Õ√å®–∑”„Àâ‰¥â‡¡Á¥æÕ≈‘‡¡Õ√å
‡≈Á° Ê ∑’Ë¢π“¥„°≈â‡§’¬ß°—∫¢π“¥¢ÕßÀ¬¥¡ÕπÕ‡¡Õ√å   „π∑“ß
µ√ß°—π¢â“¡‡¡◊ËÕ≈¥§«“¡‡√Á«√Õ∫„π°“√ªíòπ°«π„Àâ™â“≈ß‡¡Á¥
æÕ≈‘‡¡Õ√å∑’Ë‰¥â®–¡’¢π“¥„À≠à¢÷Èπ (Moral and Mayes, 2004)

°“√ —ß‡§√“–Àå MIP-PHEMA
MIP-PHEMA ∂Ÿ° —ß‡§√“–Àå¢÷Èπ‚¥¬„™â TEGDM ‡ªìπ

 “√‡™◊ËÕ¡¢«“ß„πª√‘¡“≥√âÕ¬≈– 5 ·≈– 10 ‚¥¬ª√‘¡“µ√
‡∑’¬∫°—∫ª√‘¡“≥ HEMA  „™â§Õ‡≈ ‡µÕ√Õ≈‡ªìπ‡∑¡‡æ≈∑„π
ª√‘¡“≥µà“ßÊ æ∫«à“ MIP-PHEMA ¡’≈—°…≥–¢“«¢ÿàπ
¡’°“√°√–®“¬¢Õß¢π“¥§àÕπ¢â“ß°«â“ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡¡Á¥
PHEMA
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°“√«‘‡§√“–Àå¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ·∫∫
 àÕß°√“¥ (SEM)

√Ÿª∑’Ë 2(°, ¢) · ¥ß¿“æ∂à“¬ SEM ¢Õß PHEMA ∑’Ë
‡µ√’¬¡‰¥â®“° TEGDM √âÕ¬≈– 5 ·≈– 10  ‡¡Á¥æÕ≈‘‡¡Õ√å∑’Ë
‰¥â¡’≈—°…≥–°≈¡ º‘«Àπâ“‡√’¬∫   √Ÿª∑’Ë 3(°,¢) ·≈– 4(°,¢) · ¥ß
¿“æ∂à“¬ SEM ¢Õß MIP-PHEMA  (ª√‘¡“≥§Õ‡≈ ‡µÕ√Õ≈
√âÕ¬≈– 16.5)  ‡µ√’¬¡®“° TEGDM √âÕ¬≈– 5 ·≈– 10 µ“¡
≈”¥—∫ ∑’Ë °—¥§Õ‡≈ ‡µÕ√Õ≈ÕÕ°·≈â«  æ∫«à“‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥

§Õ‡≈ ‡µÕ√Õ≈„π°“√ —ß‡§√“–Àå  ∑”„ÀâæÕ≈‘‡¡Õ√å‰¡à‡ªìπ‡¡Á¥°≈¡
º‘«Àπâ“¢√ÿ¢√– ¡’√Ÿæ√ÿπ‡°‘¥¢÷ÈπÕ¬à“ß™—¥‡®π ‡π◊ËÕß®“°§Õ‡≈ 
‡µÕ√Õ≈  “¡“√∂≈–≈“¬„πÀ¬¥¡ÕπÕ‡¡Õ√å («—Ø¿“§ “√Õ‘π∑√’¬å)
√–À«à“ßªØ‘°‘√‘¬“°“√‡°‘¥æÕ≈‘‡¡Õ√å ·µà‰¡à¡’ à«π√à«¡„π°≈‰°
¢ÕßªØ‘°‘√‘¬“  ®÷ß·∑√°Õ¬Ÿà„π‡¡Á¥æÕ≈‘‡¡Õ√å  ∑”„ÀâæÕ≈‘‡¡Õ√å
∑’Ë‡µ√’¬¡‰¥â¡’√Ÿæ√ÿπ‡°‘¥¢÷Èπ ·≈–æ∫«à“¡’æÕ≈‘‡¡Õ√å∫“ß à«π∑’Ë
·µ°ÕÕ°À≈—ßºà“π°“√ °—¥¥â«¬µ—«∑”≈–≈“¬

1 200 73.67 2.00 6.64 90.51 √Ÿª√à“ß‰¡à ¡Ë”‡ ¡Õ ∫“ß à«π¢ÿàπ
‰¡à‡ªìπ‡¡Á¥ ·≈–µ‘¥„∫æ—¥

2 220 70.51 5.49 13.88 80.27 §≈â“¬æÕ≈‘‡¡Õ√å®“°ªØ‘°‘√‘¬“™ÿ¥∑’Ë 1
·µà¢π“¥‡≈Á°°«à“

3 250 83.87 75.53 12.16 10.66 ‡¡Á¥¢π“¥‡≈Á° °≈¡ „ 

µ“√“ß∑’Ë 3  ≈—°…≥–¢Õß‡¡Á¥ PHEMA ∑’Ë‡µ√’¬¡®“°ªØ‘°‘√‘¬“™ÿ¥∑’Ë 1-3

% ‚¥¬πÈ”Àπ—°¢Õß‡¡Á¥æÕ≈‘‡¡Õ√å
ªØ‘°‘√‘¬“
™ÿ¥∑’Ë

Speed
(rpm) % yield 212-500

µm
500-710
µm

>710
µm

≈—°…≥–‡¡Á¥æÕ≈‘‡¡Õ√å

√Ÿª∑’Ë 2  ¿“æ∂à“¬ SEM ¢Õß‡¡Á¥ PHEMA  ∑’Ë‡™◊ËÕ¡‚¬ß√–À«à“ß‚¡‡≈°ÿ≈¥â«¬ (°) TEGDM √âÕ¬≈– 5 ·≈– (¢) TEGDM √âÕ¬≈– 10

(°) (¢)
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°“√¥Ÿ¥´—∫§Õ‡≈ ‡µÕ√Õ≈ (Absorption of Choles-
terol)

‡¡◊ËÕπ” “√≈–≈“¬¡“µ√∞“π§Õ‡≈ ‡µÕ√Õ≈∑’Ë§«“¡‡¢â¡
¢âπµà“ß Ê ‰ªº ¡°—∫°√¥Õ–´‘µ‘°‡¢â¡¢âπ   “√≈–≈“¬‡øÕ√å√‘°
§≈Õ‰√¥å„π°√¥øÕ øÕ√‘° ·≈–°√¥ —́≈øŸ√‘°‡¢â¡¢âπ  “√≈–≈“¬„ 
®–‡ª≈’Ë¬π‡ªìπ ’‡À≈◊Õß ´÷Ëß§«“¡‡¢â¡¢Õß ’‡æ‘Ë¡¢÷Èπµ“¡§«“¡
‡¢â¡¢âπ¢Õß§Õ‡≈ ‡µÕ√Õ≈ °√“ø¡“µ√∞“π§«“¡ —¡æ—π∏å
√–À«à“ß§à“°“√¥Ÿ¥°≈◊π· ß¢Õß “√≈–≈“¬∑’Ë§«“¡¬“«§≈◊Ëπ 560
π“‚π‡¡µ√·≈–§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ · ¥ß¥—ß√Ÿª∑’Ë 5
º≈∑¥ Õ∫°“√¥Ÿ¥´—∫§Õ‡≈ ‡µÕ√Õ≈§√—Èß∑’Ë 1, 2 ·≈– 3  ¢Õß
æÕ≈‘‡¡Õ√å∑’Ë‡™◊ËÕ¡‚¬ß√–À«à“ß‚¡‡≈°ÿ≈¥â«¬ TEGDM √âÕ¬≈– 5
·≈– 10 · ¥ß¥—ß√Ÿª∑’Ë  6 ·≈– 7  µ“¡≈”¥—∫

√Ÿª∑’Ë 3  ¿“æ∂à“¬ SEM ¢Õß‡¡Á¥ MIP-PHEMA (§Õ‡≈ ‡µÕ√Õ≈√âÕ¬≈–16.5, TEGDM √âÕ¬≈– 5) ∑’Ë°”≈—ß¢¬“¬ (°) 100X  ·≈– (¢) 2000X

(°) (¢)

(°) (¢)

√Ÿª∑’Ë 4  ¿“æ∂à“¬ SEM ¢Õß‡¡Á¥ MIP-PHEMA (§Õ‡≈ ‡µÕ√Õ≈√âÕ¬≈–16.5, TEGDM √âÕ¬≈– 10) ∑’Ë°”≈—ß¢¬“¬ (°) 100X  ·≈– (¢) 2000X

æ∫«à“ MIP-PHEMA ¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫§Õ‡≈ ‡µÕ
√Õ≈¡“°°«à“ PHEMA ·≈–§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫§Õ‡≈ 
‡µÕ√Õ≈¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ∂Ÿ° —ß‡§√“–Àå‚¥¬„™âª√‘¡“≥
‡∑¡‡æ≈∑ ·≈–ª√‘¡“≥ “√‡™◊ËÕ¡‚¬ß√–À«à“ß‚¡‡≈°ÿ≈∑’Ë Ÿß¢÷Èπ
‚¥¬ª√‘¡“≥§Õ‡≈ ‡µÕ√Õ≈∑’Ë¥Ÿ¥´—∫®“°°“√∑¥ Õ∫§√—Èß·√°¢Õß
MIP-PHEMA (TEGDM √âÕ¬≈– 5) §◊Õ 5.31, 8.45, 8.55,
9.10 ·≈– 10.73 ¡‘≈≈‘°√—¡/°√—¡æÕ≈‘‡¡Õ√å∑’Ë∂Ÿ° —ß‡§√“–Àå‚¥¬
„™â‡∑¡‡æ≈∑√âÕ¬≈– 0, 3, 5, 10 ·≈– 16.5  µ“¡≈”¥—∫   ·≈–
§Õ‡≈ ‡µÕ√Õ≈∑’Ë¥Ÿ¥´—∫®“°°“√∑¥ Õ∫§√—Èß·√°¢Õß MIP-
PHEMA (TEGDM √âÕ¬≈– 10) §◊Õ 8.51, 10.34, ·≈– 10.53
¡‘≈≈‘°√—¡/°√—¡æÕ≈‘‡¡Õ√å∑’Ë∂Ÿ° —ß‡§√“–Àå‚¥¬„™â‡∑¡‡æ≈∑√âÕ¬≈–
0, 5 ·≈– 16.5  µ“¡≈”¥—∫   ‡¡◊ËÕπ”æÕ≈‘‡¡Õ√å‰ª °—¥·≈–„™â
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¥Ÿ¥´—∫§Õ‡≈ ‡µÕ√Õ≈§√—Èß∑’Ë 2 ·≈– 3  ‡æ◊ËÕ∑¥ Õ∫§«“¡‡ªìπ
‰ª‰¥â„π°“√„™âß“πæÕ≈‘‡¡Õ√ǻ È”À≈“¬Ê §√—Èß æ∫«à“§«“¡ “¡“√∂
„π°“√¥Ÿ¥´—∫§Õ‡≈ ‡µÕ√Õ≈¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ ´÷Ëß‡ªìπº≈
‡π◊ËÕß¡“®“°°“√ °—¥§Õ‡≈ ‡µÕ√Õ≈ÕÕ°®“°æÕ≈‘‡¡Õ√å¥â«¬
µ—«∑”≈–≈“¬À≈“¬Ê §√—Èß  ∑”„Àâ‡¡Á¥æÕ≈‘‡¡Õ√å·µ° ‡ªìπ°“√
‡æ‘Ë¡æ◊Èπ∑’Ëº‘« —¡º— √–À«à“ßæÕ≈‘‡¡Õ√å°—∫ “√≈–≈“¬§Õ‡≈ 
‡µÕ√Õ≈  §«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫§Õ‡≈ ‡µÕ√Õ≈®÷ß‡æ‘Ë¡¢÷Èπ
´÷Ëßª√‘¡“≥°“√¥Ÿ¥´—∫§Õ‡≈ ‡µÕ√Õ≈ Ÿß ÿ¥∑’Ë«‘‡§√“–Àå‰¥â§◊Õ 13.76
¡‘≈≈‘°√—¡/°√—¡æÕ≈‘‡¡Õ√å ∑¥ Õ∫®“°°“√¥Ÿ¥´—∫§√—Èß∑’Ë 3  ¢Õß
MIP-PHEMA (TEGDM √âÕ¬≈– 10) ∑’Ë‡µ√’¬¡‚¥¬„™â‡∑¡‡æ≈∑
√âÕ¬≈– 16.5

 √ÿªº≈°“√∑¥≈Õß

®“°°“√»÷°…“°“√ —ß‡§√“–Àå PHEMA ¥â«¬
°√–∫«π°“√‡°‘¥æÕ≈‘‡¡Õ√å·∫∫·¢«π≈Õ¬ ‚¥¬„™â TEGDM
‡ªìπ “√‡™◊ËÕ¡¢«“ß ·≈– BPO ‡ªìπµ—«√‘‡√‘Ë¡  æ∫«à“§«“¡‡√Á«
√Õ∫°“√ªíòπ°«π∑’Ë‡À¡“– ¡µàÕ°“√ —ß‡§√“–Àå§◊Õ 250 √Õ∫µàÕ
π“∑’  √âÕ¬≈–º≈‘µ¿—≥±å¡’§à“‡∑à“°—∫ 83.87 ‡¡Á¥ PHEMA ¡’º‘«
Àπâ“‡√’¬∫ ¢π“¥‡≈Á° ·≈–„   à«π‡¡Á¥ MIP-PHEMA  ∑’Ëºà“π
°“√ °—¥‡Õ“§Õ‡≈ ‡µÕ√Õ≈ ÷́Ëß‡ªìπ‡∑¡‡æ≈∑ÕÕ°·≈â«æ∫«à“¡’
º‘«Àπâ“‰¡à‡√’¬∫ ·≈–¡’√Ÿæ√ÿπ §«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫
§Õ‡≈ ‡µÕ√Õ≈¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπµ“¡ª√‘¡“≥‡∑¡‡æ≈∑∑’Ë„™â„π
°“√ —ß‡§√“–Àå ª√‘¡“≥°“√¥Ÿ¥´—∫§Õ‡≈ ‡µÕ√Õ≈ Ÿß ÿ¥∑’Ë
«‘‡§√“–Àå‰¥â§◊Õ 13.76 ¡‘≈≈‘°√—¡/°√—¡æÕ≈‘‡¡Õ√å«‘‡§√“–Àå‰¥â®“°
MIP-PHEMA (TEGDM √âÕ¬≈– 10) ∑’Ë‡µ√’¬¡‚¥¬„™â
‡∑¡‡æ≈∑√âÕ¬≈– 16.5

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫∑ÿπ π—∫ πÿπ°“√«‘®—¬ª√–‡¿∑‡ß‘π√“¬‰¥â
ª√–®”ªï 2546 ®“°§≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬∫Ÿ√æ“  §≥–
ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥‡ªìπÕ¬à“ß Ÿß¡“ ≥ ∑’Ëπ’È

y = 0.0245x - 0.0111
R2 = 0.9983

§«“¡‡¢â¡¢âπ¢Õß§Õ‡≈ ‡µÕ√Õ≈ (mmol/L)
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§√—Èß∑’Ë 1 §√—Èß∑’Ë 2 §√—Èß∑’Ë 3
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§Õ‡≈ ‡µÕ√Õ≈ (√âÕ¬≈–)

√Ÿª∑’Ë 5 °√“ø¡“µ√∞“π§«“¡ —¡æ—π∏å√–À«à“ß§à“°“√¥Ÿ¥°≈◊π· ß
·≈–§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬§Õ‡≈ ‡µÕ√Õ≈

√Ÿª∑’Ë 6 ª√‘¡“≥§Õ‡≈ ‡µÕ√Õ≈∑’Ë¥Ÿ¥´—∫‚¥¬ PHEMA ·≈–
MIP-PHEMA (TEGDM √âÕ¬≈– 5)

√Ÿª∑’Ë 7 ª√‘¡“≥§Õ‡≈ ‡µÕ√Õ≈∑’Ë¥Ÿ¥´—∫‚¥¬ PHEMA ·≈–
MIP-PHEMA (TEGDM √âÕ¬≈– 10)

§√—Èß∑’Ë 1 §√—Èß∑’Ë 2 §√—Èß∑’Ë 3
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