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Cationic Lipids for DNA Delivery:
Structures and Synthetic Methods
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ABSTRACT

The fundamental of gene therapy technology is a DNA delivery system into target
cells. The most efficient method for DNA delivery is the use of viral vectors. Eventhough the
viral vector exhibited very high transfection efficiency but it has severely limited due to the
potential for a specific immune response. Nonviral vector can be classified into two major
categories: physical and chemical method. Among the various types of nonviral vectors,
cationic lipids are especially attractive as they can be prepared with relative ease and extensively
characterized. Cationic lipids play an important role in this method, capable of delivering
DNA into cells and nontoxicity. Therefore, these vectors are considered as an alternative for
transfecting. The mechanism of DNA intake is not exactly known but is believed to be related
to endocytosis. Normally, the structure of cationic lipids compose of three main parts: cationic
headgroup, hydrophobic tail and linker. Nowadays, many researchers interest to study, synthesis,
and develop the chemistry of cationic lipids for transfection studies.
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∫∑π”
¬’π∫”∫—¥ (Gene therapy) ‡ªìπ«‘∏’°“√ ”À√—∫√—°…“‚√§∑“ßæ—π∏ÿ°√√¡ ‡Õ¥ å ·≈–‚√§™π‘¥Õ◊Ëπ

´÷Ëß‡°’Ë¬«¢âÕß°—∫§«“¡º‘¥ª°µ‘∑“ß¬’π «‘∏’π’È‡ªìπ°“√·∑π∑’Ë¬’π∑’Ëº‘¥ª°µ‘¥â«¬¬’π∑’Ëª°µ‘‚¥¬Õ“»—¬æ“À– (vector)
[1] ¡’À≈“°À≈“¬‡∑§π‘§∑’Ë‡°’Ë¬«¢âÕß°—∫æ“À–™π‘¥‰«√— ·≈–‰¡à„™à‰«√—  (viral and nonviral vector) ÷́Ëß‰¥â
√—∫°“√æ—≤π“Õ¬à“ßµàÕ‡π◊ËÕß π—°«‘®—¬‰¥âæ¬“¬“¡∑’Ë®–æ—≤π“°“√π”™‘Èπ à«π¢Õß¬’π‡¢â“ Ÿà‡´≈≈å‡ªÑ“À¡“¬‚¥¬„™â
æ“À–™π‘¥‰¡à„™à‰«√—  ‡π◊ËÕß®“°æ“À–™π‘¥‰«√— ¡’¢âÕ‡ ’¬ §◊Õ º≈¢Õß¿Ÿ¡‘§ÿâ¡°—π∫°æ√àÕßµàÕºŸâ√—∫ [2] ¥â«¬
‡Àµÿº≈π’È æ“À–™π‘¥‰¡à„™à‰«√— ®÷ß‡ªìπ∑’Ëπ‘¬¡„π°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å ‚¥¬®—¥ª√–‡¿∑‡ªìπ 2 °≈ÿà¡À≈—°
§◊Õ «‘∏’∑“ßøî ‘° å ·≈–«‘∏’„™â “√‡§¡’ «‘∏’∑“ßøî ‘° å ‰¥â·°à microinjection [3], hydrodynamic [4], particle
bombardment [5], electroporation [6], ultrasound [7] ·≈– encapsulated microsphere [8]
 à«π«‘∏’„™â “√‡§¡’ ‰¥â·°à DEAE-dextran [9], calcium phosphate [10], cationic lipid [11], cationic
polymer [12] ·≈– cationic dendrimer [13] „π∫√√¥“æ“À–™π‘¥‰¡à„™à‰«√—  ‰¢¡—πª√–®ÿ∫«° (cationic
lipid) ‡ªìπ«‘∏’°“√∑“ß‡§¡’∑’Ë “¡“√∂π” àß¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å‚¥¬Õ“»—¬°“√‡°‘¥‡ªìπ‰≈‚ª‚´¡ (liposome) ÷́Ëß
¡’§«“¡ª≈Õ¥¿—¬ √“§“∂Ÿ°‡¢â“°—π‰¥â°—∫ ‘Ëß¡’™’«‘µ ‡ªìπ«‘∏’°“√∑’Ë∑”‰¥âßà“¬·≈–‰¡à¡’º≈µàÕ¿Ÿ¡‘§ÿâ¡°—π [14]

‰¢¡—πª√–®ÿ∫«°·≈–¬’π∫”∫—¥ (Cationic Lipids and Gene Therapy)
‰¢¡—πª√–®ÿ∫«° “¡“√∂‡°‘¥‡ªìπ‰≈‚ª‚´¡„π “√≈–≈“¬∑’Ë‡ªìππÈ” [15] æ◊Èπº‘«¢Õß‰≈‚ª‚´¡¡’

ª√–®ÿ‡ªìπ∫«° ·≈– “¡“√∂‡°‘¥·√ß¥÷ß¥Ÿ¥∑“ßª√–®ÿ°—∫ª√–®ÿ≈∫¢ÕßÀ¡ŸàøÕ ‡øµ„π “¬‚ à́¥’‡ÕÁπ‡Õ‡°‘¥‡ªìπ
 “√‡™‘ß´âÕπ√–À«à“ß‰≈‚ª‚´¡°—∫¥’‡ÕÁπ‡Õ∑’Ë‡√’¬°«à“ ‰≈‚ª‡æ≈Á°´å (lipoplexes) (√Ÿª∑’Ë 1) [16]

√Ÿª∑’Ë 1 °“√‡°‘¥‰≈‚ª‚´¡·≈–‰≈‚ª‡æ≈Á°´å
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 “√‡™‘ß´âÕπ‰≈‚ª‡æ≈Á°´å¡’∫∑∫“∑ ”§—≠„π°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å °≈‰°¢Õß°“√π” àß
¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å¡’°“√∑”π“¬«à“‡ªìπ·∫∫‡ÕÁπ‚¥‰´‚µ ‘́  (endocytosis) [17]  “√‡™‘ß´âÕπ‰≈‚ª‡æ≈Á°´å¡’
ª√–®ÿ ÿ∑∏‘‡ªìπ∫«° ®–‡°‘¥Õ—πµ√°‘√‘¬“°—∫‡¬◊ËÕÀÿâ¡‡´≈≈å´÷Ëß¡’ª√–®ÿ‡ªìπ≈∫ ®÷ß‡ªìπ°“√™à«¬„Àâπ” àß¥’‡ÕÁπ‡Õ‡¢â“
 Ÿà‡´≈≈å‰¥âßà“¬¢÷Èπ (‚¡‡≈°ÿ≈¢Õß¥’‡ÕÁπ‡Õ‡æ’¬ßÕ¬à“ß‡¥’¬«®–‰¡à “¡“√∂‡¢â“ Ÿà‡´≈≈å‰¥â‡π◊ËÕß®“°¡’ª√–®ÿ‡ªìπ≈∫
‡À¡◊Õπ°—∫‡¬◊ËÕÀÿâ¡‡´≈≈å) À≈—ß®“°π—Èπ àßºà“π·≈–ª≈¥ª≈àÕ¬™‘Èπ à«π¢Õß¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‰´‚∑æ≈“ ÷́¡ „π
¢—ÈπµÕπ ÿ¥∑â“¬¥’‡ÕÁπ‡Õ®–∂Ÿ° àß‡¢â“ Ÿàπ‘«‡§≈’¬ ‡æ◊ËÕ„Àâ‡°‘¥°“√· ¥ßÕÕ°¢Õß¬’πµàÕ‰ª (√Ÿª∑’Ë 2) [18-19]

√Ÿª∑’Ë 2 ¢—ÈπµÕπ°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å

À≈—°°“√‡∫◊ÈÕßµâπ¢Õß°“√π” àß¥’‡ÕÁπ‡Õ‚¥¬„™âµ—«°≈“ß‰¢¡—πª√–®ÿ∫«° (Basic Principles
of Cationic Lipid-Mediated DNA Transfer)

¢—ÈπµÕπ·√°„π°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å‡ªÑ“À¡“¬ §◊Õ °“√√«¡µ—«‡ªìπ‰≈‚ª‡æ≈Á°´å (lipoplex)
∑’Ë‡À¡“– ¡„Àâ¡’ª√–®ÿ ÿ∑∏‘‡ªìπ∫«°√–À«à“ßµ—«æ“À–°—∫‚¡‡≈°ÿ≈¥’‡ÕÁπ‡Õ∑’Ë¡’¢π“¥„À≠à®—∫°—π¥â«¬Õ—πµ√°‘√‘¬“
√–À«à“ß‰¢¡—πª√–®ÿ∫«°·≈–¥’‡ÕÁπ‡Õ´÷Ëß¡’ª√–®ÿ‡ªìπ≈∫ ‚¡‡≈°ÿ≈∑—Èß Õß®–√«¡µ—«Õ¬à“ß√«¥‡√Á«‡ªìπÕπÿ¿“§¢Õß
‰≈‚ª‡æ≈Á°´å¢π“¥√–¥—∫π“‚π [20] (¢—ÈπµÕπ∑’Ë 1, √Ÿª∑’Ë 2) °“√‡°‘¥‰≈‚ª‡æ≈Á°´å∑”„Àâ‚¡‡≈°ÿ≈¢Õß¥’‡ÕÁπ‡Õ
∂Ÿ°∫¥∫—ß·≈–ªÑÕß°—π°“√∂Ÿ°∑”≈“¬®“°‡Õπ‰´¡åÀ√◊Õ®“° ‘ËßÕ◊ËπÊ ¿“¬„π‡´≈≈å °“√„™âª√‘¡“≥¢Õß‰¢¡—πª√–®ÿ
∫«°®”π«π¡“° àßº≈„ÀâÕ—µ√“ à«π√–À«à“ßª√–®ÿ∫«°¢Õß‰¢¡—πµàÕª√–®ÿ≈∫¢Õß¥’‡ÕÁπ‡Õ‡ªìπ∫«° æ◊Èπº‘«¢Õß
‰≈‚ª‡æ≈Á°´å¡’ª√–®ÿ‡ªìπ∫«°®÷ß —ππ‘…∞“π‰¥â«à“ “¡“√∂π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å‚¥¬ºà“π°“√‡°‘¥Õ—πµ√°‘√‘¬“°—∫
‡¬◊ËÕÀÿâ¡‡´≈≈å∑’Ë¡’ª√–®ÿ‡ªìπ≈∫¢Õß‚§√ß √â“ß heparan sulphate ·≈– proteoglycans ™π‘¥Õ◊ËπÊ ®“°º≈
¥—ß°≈à“«π”‰ª Ÿà°“√‡°‘¥‡ÕÁπ‚¥‰´‚µ ‘́  (endocytosis) ‚¥¬‰≈‚ª‡æ≈Á°´å®–∂Ÿ°ÀâÕ¡≈âÕ¡‡¢â“‰ª¿“¬„π‡´≈≈å
(¢—ÈπµÕπ∑’Ë 2) ºà“π°“√À≈Õ¡‡¢â“°—∫‡¬◊ËÕÀÿâ¡‡´≈≈å‡°‘¥‡ªìπ‡Õπ‚¥‚´¡ ‚¡‡≈°ÿ≈¢Õß¥’‡ÕÁπ‡ÕµâÕß‡≈’Ë¬ß°“√
 ≈“¬µ—«„π°“√‡°‘¥‡ªìπ‡Õπ‚¥‚´¡ ®“°π—Èπ‡°‘¥°“√ª≈àÕ¬ “√‡™‘ß´âÕπ‰≈‚ª‡æ≈Á°´å¿“¬„π‡Õπ‚¥‚´¡ Ÿà
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‰´‚∑æ≈“´÷¡ ´÷Ëß¡’√“¬ß“π‚¥¬ Xu ·≈– Szoka ∂÷ß°≈‰°°“√ª≈¥ª≈àÕ¬¥’‡ÕÁπ‡Õ Ÿà‰´‚µ´Õ≈ (cytosol)
(¢—ÈπµÕπ∑’Ë 3-4) [19] ‚¡‡≈°ÿ≈¥’‡ÕÁπ‡Õ®–·¬°ÕÕ°®“°æ“À– ∂â“‰¡à “¡“√∂·¬°µ—«ÕÕ°®“°æ“À– (¬—ß§ß‡ªìπ
 “√‡™‘ß´âÕπ‰≈‚ª‡æ≈Á°´å) °“√· ¥ßÕÕ°¢Õß¬’π°Á‰¡à “¡“√∂‡°‘¥‰¥â [19] ‡¡◊ËÕ‚¡‡≈°ÿ≈¢Õß¥’‡ÕÁπ‡ÕÕ¬Ÿà„π
‰´‚µ´Õ≈®–µâÕß‡¢â“ Ÿàπ‘«‡§≈’¬ ‡ªÑ“À¡“¬·≈–‡°‘¥°“√· ¥ßÕÕ°¢Õß¬’π‡ªìπ≈”¥—∫∂—¥¡“ (¢—ÈπµÕπ∑’Ë 5) ®÷ß
®–∑√“∫«à“¥’‡ÕÁπ‡Õ∂Ÿ°π” àß Ÿàπ‘«‡§≈’¬ ‰¥â ´÷Ëß°≈‰°·∑â®√‘ß¬—ß‰¡à∑√“∫·πà™—¥ ‚¥¬ªí®®—¬∑’Ë¡’º≈µàÕ°“√π” àß
¥’‡ÕÁπ‡Õ Ÿàπ‘«‡§≈’¬ „π¢—ÈπµÕπ ÿ¥∑â“¬ §◊Õ nuclease activity [21]

„πªí®®ÿ∫—π¡’°“√¬Õ¡√—∫«à“‰≈‚ª‚´¡‡ªìπµ—«°≈“ß„π°“√π” àß¬’π‡¢â“ Ÿà‡´≈≈å‚¥¬ºà“π°√–∫«π°“√
‡ÕÁπ‚¥‰´‚µ´‘  ‰≈‚ª‡æ≈Á°´å®–∑”„Àâºπ—ß¢Õß‡ÕÁπ‚¥‚´¡‡ ∂’¬√ àßº≈„Àâ‡°‘¥ø≈‘ªø≈ÁÕª (flip-flop) ¢Õß
øÕ ‚ø≈‘æ‘¥ ‚¡‡≈°ÿ≈¢ÕßøÕ ‚ø≈‘æ‘¥π’È®–‡°‘¥°“√°√–®“¬µ—«‰ª¬—ß‰≈‚ª‡æ≈Á°´å·≈–‡°‘¥Õ—πµ√°‘√‘¬“°—∫
‰¢¡—πª√–®ÿ∫«° ´÷Ëß‡ªìπ “‡Àµÿ∑”„Àâ¥’‡ÕÁπ‡Õ·¬°µ—«‡¢â“‰ª„π‰´‚∑æ≈“ ÷́¡ [19]

¡’√“¬ß“π°“√π”‰¢¡—π‡ªìπ°≈“ß (neutral lipid) ‡™àπ §Õ‡≈ ‡µÕ√Õ≈ (cholesterol) ‡ªìπ à«π
ª√–°Õ∫¢Õß‰≈‚ª‚´¡ª√–®ÿ∫«°„π°“√‡°‘¥‡ªìπ “√ Õß™—Èπ (bilayer) ´÷Ëß„™â„π°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å
‰¢¡—π‡ªìπ°≈“ß  “¡“√∂·∑√°µ—«Õ¬Ÿà√–À«à“ß™—Èπ¢Õß bilayer ‰¥â ‡π◊ËÕß®“°‰¡à¡’¢—È« πÕ°®“°π’È¬—ß™à«¬„Àâ‰≈‚ª‚´¡
¡’§«“¡‡ ∂’¬√·≈–‡æ‘Ë¡°“√‡¢â“°—π‰¥â°—∫‡¬◊ËÕÀÿâ¡‡´≈≈å‰¥â¥’¢÷Èπ [22]

≈—°…≥–¢Õß‰¢¡—πª√–®ÿ∫«°
‰¥â¡’√“¬ß“π§√—Èß·√°‚¥¬ Flegner [22] ∂÷ß°“√„™â‰¢¡—πª√–®ÿ∫«°™π‘¥ DOTMA (1) π”¥’‡ÕÁπ‡Õ

‡¢â“ Ÿà‡´≈≈åÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ·≈–‡ªìπ∑’Ë∑√“∫°—π«à“°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å®–¢÷Èπ°—∫§ÿ≥ ¡∫—µ‘∑“ß
‡§¡’‡™‘ßøî ‘° å (¢π“¥ §«“¡‡ ∂’¬√ ª√–®ÿ ÿ∑∏‘  —≥∞“π«‘∑¬“ ·≈–°“√ ≈“¬µ—«) ªí®®—¬Õ◊ËπÊ (‰¢¡—π√à«¡
(colipid) ¢π“¥¢Õß¥’‡ÕÁπ‡Õ º≈¢Õß´’√—¡ ·≈–æ≈—ßß“π»—°¬åÕÕ ‚¡µ‘°) ·≈–≈—°…≥–‚§√ß √â“ß¢Õß‚¡‡≈°ÿ≈
‰¢¡—πª√–®ÿ∫«°π—Èπ

‰¢¡—πª√–®ÿ∫«°‡ªìπ™’«‚¡‡≈°ÿ≈ª√–‡¿∑·Õ¡øî‰ø≈å (amphiphile) ∑’Ë¡’ª√–®ÿ ÿ∑∏‘‡ªìπ∫«° ‚¥¬
ª°µ‘®–ª√–°Õ∫¥â«¬ 3  à«πÀ≈—° §◊Õ 1)  à«πÀ—«∑’Ë¡’¢—È« (polar headgroup) ¡’ª√–®ÿ‡ªìπ∫«° ¡—°‡ªìπ “√
°≈ÿà¡‡Õ¡’π (amine) À√◊Õ°—«π‘¥’π (guanidine) ∑’Ë∂Ÿ°‚ª√‚µ‡π∑ (protonated) Õ“®‡ªìπ‰¢¡—π·∫∫ª√–®ÿ∫«°
‡™àπ monovalent lipid À√◊Õ‰¢¡—π·∫∫À≈“¬ª√–®ÿ (multivalent lipid) °Á‰¥â 2)  à«πÀ“ß∑’Ë‰¡à¡’¢—È« (hydro-
phobic tail) Õ“®‡ªìπ‚¡‡≈°ÿ≈¢Õß ‡µ’¬√Õ¬¥åÀ√◊ÕÀ¡Ÿà·Õ≈§‘≈ “¬‚´à¬“«∑’ËÕ‘Ë¡µ—« (saturated) À√◊Õ‰¡àÕ‘Ë¡µ—«
(unsaturated) 3)  à«π‡™◊ËÕ¡µàÕ (linker) ‡ªìπ à«π∑’Ë‡™◊ËÕ¡ à«πÀ—«∑’Ë¡’¢—È«°—∫ à«πÀ“ß∑’Ë‰¡à¡’¢—È«‡¢â“¥â«¬°—π¥â«¬
æ—π∏–‡Õ ‡∑Õ√å (ester) ‡Õ‰¡¥å (amide) Õ’‡∏Õ√å (ether) À√◊Õ§“√å∫“‡¡µ (carbamate)  à«ππ’È¡’§«“¡
 ”§—≠µàÕ‡ ∂’¬√¿“æ·≈–°“√ ≈“¬µ—«‰¥â„π√–∫∫∑“ß™’«¿“æ (√Ÿª∑’Ë 3) [19]
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√Ÿª∑’Ë 3  à«πª√–°Õ∫À≈—°¢Õß‰¢¡—πª√–®ÿ∫«°

µ—«Õ¬à“ßß“π«‘®—¬‰¢¡—πª√–®ÿ∫«°
 à«πÀ—«∑’Ë¡’¢—È« (Polar Headgroup)
µ—«Õ¬à“ß “√‰¢¡—πª√–®ÿ∫«°∑“ß°“√§â“∑’Ë¡’ª√–®ÿ‡¥’¬« ‡™àπ DOTMA (1) [22], DOTAP (2)

[23] ·≈– DC-Chol (3) [24-25] (√Ÿª∑’Ë 4 (°))  à«π “√‰¢¡—πª√–®ÿ∫«°∑’Ë¡’À≈“¬ª√–®ÿ ‡™àπ DOGS (4)
·≈– DOSPA (5) [26] (√Ÿª∑’Ë 4 (¢))

¡’√“¬ß“π°“√„™â‰¢¡—πª√–®ÿ∫«°À≈“¬™π‘¥∑’Ë¡’ à«πÀ—« ¡¡“µ√ (√Ÿª∑’Ë 4 (§)) „πªï §.». 1996
Vigneron ·≈–§≥– [27] ‰¥â√“¬ß“π°“√„™â BGTC (6) ´÷Ëß¡’ª√– ‘∑∏‘¿“æ∑’Ë Ÿß„π°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“ Ÿà
‡´≈≈å¢Õß —µ«å‡≈’È¬ß≈Ÿ°¥â«¬πÈ”π¡À≈“¬™π‘¥ ‡¡◊ËÕ¡’ à«πº ¡¢Õß DOPE ‡ªìπ‰¢¡—πµ—«™à«¬ (helper lipid)
µàÕ¡“„πªï §.». 1999 Tang ·≈–§≥– [28] ‰¥â√“¬ß“π°“√„™â dithiodiglycolic acid ‡ªìπ à«π‡™◊ËÕ¡µàÕ
™π‘¥„À¡à„π‚¡‡≈°ÿ≈¢Õß CHDTAEA (7) (√Ÿª∑’Ë 4 (§)) æ∫«à“‰≈‚ª‚´¡¢Õß CHDTAEA ¡’ª√– ‘∑∏‘¿“æ
 Ÿß°«à“ DC-Chol 2 ‡∑à“µàÕ‡´≈≈å CHO ·≈– 7 ‡∑à“µàÕ‡´≈≈å SKnSH „πªï §.». 2004 Aissaoui ·≈–§≥–
[29] ‰¥â√“¬ß“π∂÷ß “√ª√–°Õ∫‰¢¡—πª√–®ÿ∫«° BGBH-cholest-4-enone (8) ´÷Ëß¡’ à«π‡™◊ËÕ¡µàÕ‡ªìπ
acylhydrazone √–À«à“ß à«πÀ—«∑’Ë‡ªìπ°—«π‘¥’π°—∫ à«πÀ“ß cholestanone (√Ÿª∑’Ë 4 (§)) ¡’ª√– ‘∑∏‘¿“æ
°“√π” àß¬’π‡¢â“ Ÿà‡´≈≈å —µ«å‡≈’È¬ß≈Ÿ°¥â«¬πÈ”π¡·≈–„πÀπŸ „πªï‡¥’¬«°—π Yingyongnarongkul ·≈–§≥–
[30] ‰¥â —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«°´÷Ëß¡’ à«πÀ—«‡ªìπ°—«π‘¥’π 2 À¡Ÿà∑’Ë ¡¡“µ√ ·≈–¡’ à«πÀ“ß‡æ’¬ßÀπ÷Ëß “¬‚´à
(9) (√Ÿª∑’Ë 4 (§)) ÷́Ëß‚¥¬ª°µ‘·≈â«‰¢¡—πª√–®ÿ∫«°∑’Ë¡’À“ßÀπ÷Ëß “¬‚ à́¡—°¡’§«“¡‡ªìπæ‘… Ÿß ·µàæ∫«à“‰¢¡—π
9 π’È‰¡à¡’§«“¡‡ªìπæ‘…µàÕ‡´≈≈å HEK293T ‰¢¡—πª√–®ÿ∫«°™π‘¥„À¡à 10 ª√–°Õ∫¥â«¬  à«πÀ“ß‰¡à¡’¢—È« ·≈–
 à«πÀ—«∑’Ë¡’ª√–®ÿ +3 (√Ÿª∑’Ë 4 (§)) ‰¥â√“¬ß“π‚¥¬ U.-Broceta ·≈–§≥– [31] „πªï §.». 2008 ª√– ‘∑∏‘¿“æ
°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å‰¥â∑¥ Õ∫°—∫ CHO, COS7 ·≈– 16HBE14o „πªï∂—¥¡“ Kim ·≈–§≥– [32]
‰¥â —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«°™π‘¥„À¡à 11 ∑’Ë¡’ à«πÀ“ß‡ªìπ§Õ‡≈ ‡µÕ√Õ≈ ‚¥¬¡’æ—π∏–Õ’‡∏Õ√å‡™◊ËÕ¡ à«πÀ—«
°—∫ à«πÀ“ß °“√»÷°…“π’Èæ∫«à“æ—π∏–Õ’‡∏Õ√å¡’ª√– ‘∑∏‘¿“æ∑’Ë Ÿß°«à“æ—π∏–§“√å∫“‡¡µ ÷́Ëß¡’́ ’√—¡‡ªìπ à«πª√–°Õ∫

 à«πÀ—«
¡’¢—È«

 à«π
‡™◊ËÕ¡µàÕ

 à«πÀ“ß‰¡à¡’¢—È«

°√¥‰¢¡—π “¬‚ à́¬“« 
 ‡µ’¬√Õ¬¥å

‡Õ ‡∑Õ√å

‡Õ‰¡¥å

Õ’‡∏Õ√å

§“√å∫“‡¡µ

‡Õ¡’π

°—«π‘¥’π
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√Ÿª∑’Ë 4 √Ÿª·∫∫µà“ßÊ ¢Õß à«πÀ—«¡’¢—È«„π‚§√ß √â“ß‰¢¡—πª√–®ÿ∫«°
(°) ‰¢¡—πª√–®ÿ∫«°∑“ß°“√§â“∑’Ë¡’ª√–®ÿ‡¥’¬«
(¢) ‰¢¡—πª√–®ÿ∫«°∑’Ë¡’À≈“¬ª√–®ÿ
(§) ‰¢¡—πª√–®ÿ∫«°∑’Ë¡’ à«πÀ—« ¡¡“µ√
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 à«πÀ“ß∑’Ë‰¡à¡’¢—È« (Hydrophobic Tail)
‰¢¡—πª√–®ÿ∫«°À≈“¬™π‘¥¡’À“ß∑’Ë ¡¡“µ√ „πªï §.». 2002 Gaucheron ·≈–§≥– [33] ‰¥â

 —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«°™π‘¥„À¡à∑’Ë¡’ à«πÀ—«‡ªìπª√–®ÿ +2 ¡’À“ß 4  “¬‚ à́ TODMAC6 (12) (√Ÿª∑’Ë 5)
æ∫«à“ “√π’È™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å Õ’° 2 ªï∂—¥¡“ Mahidhar ·≈–§≥– [34]
‰¥â«—¥ª√– ‘∑∏‘¿“æ°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å¢Õß·Õ¡øî‰ø≈å —ß‡§√“–Àå∑’Ë¡’À¡Ÿà‰Œ¥√Õ° ‘́≈ 13 (√Ÿª∑’Ë 5) µàÕ
‡´≈≈å CHO, COS-1, HepG2 ·≈– MCF7 æ∫«à“√–¬–√–À«à“ßÀ¡Ÿà‰Œ¥√Õ° ‘́≈°—∫ª√–®ÿ∫«°∑’Ë‰π‚µ√‡®π ∂â“
√–¬–Àà“ß¡“°®–¡’ª√– ‘∑∏‘¿“æµË” „πªï §.». 2005 Sen ·≈–§≥– [35] ‰¥â√“¬ß“π°“√ —ß‡§√“–Àå‰¢¡—π
ª√–®ÿ∫«°∑’Ë¡’À“ß ¡¡“µ√ ·≈–¡’ à«πÀ—«‡ªìπ°—«π‘¥’π 14a-14c (√Ÿª∑’Ë 5) ·≈–¡’ª√– ‘∑∏‘¿“æ∑’Ë¥’„π°“√π”
 àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å CHO, COS-1, MCF-1, A549 ·≈– HepG2 „πªï §.». 2007 Bajaj ·≈–§≥– [36]
‰¥â —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«°™π‘¥∑’ËÀ“ß ¡¡“µ√‡ªìπ§Õ‡≈ ‡µÕ√Õ≈ 15 (√Ÿª∑’Ë 5) ‚¥¬¡’ à«π‡™◊ËÕ¡µàÕ‡ªìπ
oxyethylene ∑’Ë‡™◊ËÕ¡√–À«à“ßÀ¡Ÿà·Õ¡‚¡‡π’¬¡  “√∑’Ë —ß‡§√“–Àå‰¥âπ’È¡’ª√– ‘∑∏‘¿“æ°“√π” àß¬’π‡¢â“‡´≈≈å‰¥â¥’
∂÷ß·¡â®–¡’´’√—¡‡ªìπ à«πª√–°Õ∫

√Ÿª∑’Ë 5 ‰¢¡—πª√–®ÿ∫«°∑’Ë à«πÀ“ß‰¡à¡’¢—È« ¡¡“µ√
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„πªï §.». 2008 Mukherjee ·≈–§≥– [37] ‰¥â√“¬ß“π∂÷ß TRIS-lipid (16) (√Ÿª∑’Ë 5) ´÷Ëß¡’
 à«π¢ÕßÀ¡Ÿà‰Œ¥√Õ°´‘≈ 3 À¡Ÿà∑’Ë¡’°“√‡™◊ËÕ¡¢Õß tri-hydroxymethyl aminomethane (TRIS) æ∫«à“‰¢¡—π
ª√–®ÿ∫«°‚¡‡≈°ÿ≈π’È “¡“√∂π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å‰¥â¥’ ∂÷ß·¡â®–¡’´’√—¡‡ªìπÕß§åª√–°Õ∫∑’Ë Ÿß „πªï∂—¥¡“
Yingyongnarongkul ·≈–§≥– [38] ‰¥â —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«° 60 ™π‘¥ (17) (√Ÿª∑’Ë 5)  ”À√—∫
°“√π” àßæ≈“ ¡‘¥¥’‡ÕÁπ‡Õ (pCH110) ‡¢â“ Ÿà‡´≈≈å —µ«å‡≈’È¬ß≈Ÿ°¥â«¬πÈ”π¡ ‚§√ß √â“ß¡’ à«π¢Õß¬Ÿ‡√’¬ (urea)
‚¥¬¡’‡Õ¡’π 2 À¡Ÿà‡™◊ËÕ¡Õ–¡‘‚π°≈’‡´Õ√Õ≈·≈–‰¥‡Õ¡’π (diamine) ‡¢â“¥â«¬°—π ‰¢¡—πª√–®ÿ∫«°∑’Ë¡’
√–¬–√–À«à“ßÀ—«·≈–À“ß∑’Ë —Èπ®– “¡“√∂π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å HEK293 ‰¥â¡“°°«à“ “¬‚ à́∑’Ë¬“«°«à“ „πªï
‡¥’¬«°—ππ’È Suh ·≈–§≥– [39] ‰¥â —ß‡§√“–Àå DG (18) (√Ÿª∑’Ë 5)  ”À√—∫π” àß siRNA ‡¢â“ Ÿà‡´≈≈å¡–‡√Áß
A549, HeLa ·≈– WM266.4 æ∫«à“¡’ª√– ‘∑∏‘¿“æ Ÿß°«à“ Lipofectamine2000 Õ¬à“ßπâÕ¬ 2 ‡∑à“

‰¢¡—πª√–®ÿ∫«°∑’Ë¡’§Õ‡≈ ‡µÕ√Õ≈‡ªìπ à«πÀ≈—° (Cholesterol-Based Cationic Lipid)
¡’√“¬ß“π∂÷ß‰¢¡—πª√–®ÿ∫«°À≈“¬™π‘¥∑’Ë¡’§Õ‡≈ ‡µÕ√Õ≈‡ªìπ à«πÀ≈—° µ—«Õ¬à“ß‡™àπ „πªï §.».

2001 Choi ·≈–§≥– [40] ‰¥â‡ πÕ·≈–æ—≤π“‰¢¡—πª√–®ÿ∫«°∑’Ë¡’ à«π‰¡à¡’¢—È«‡ªìπ§Õ‡≈ ‡µÕ√Õ≈ ‚¥¬„Àâ
 à«πÀ—«‡ªìπ L-lysinamide (K-Chol, 19) À√◊Õ O-ornithinamide (O-Chol, 20) (√Ÿª∑’Ë 6) ‰¢¡—πª√–®ÿ
∫«°π’È “¡“√∂√«¡µ—«°—∫æ≈“ ¡‘¥¥’‡ÕÁπ‡Õ·≈–π” àß¬’π‡¢â“ Ÿà‡´≈≈å —µ«å‡≈’È¬ß≈Ÿ°¥â«¬πÈ”π¡‰¥â µàÕ¡“„πªï
§.». 2004 ‰¢¡—πª√–®ÿ∫«°∑’Ë “¡“√∂ ≈“¬µ—«‰¥â 21-22 (√Ÿª∑’Ë 6) ‰¥â√“¬ß“π‚¥¬ Lee ·≈–§≥– [41] ®“°
°“√»÷°…“‰¥â¡’°“√‡ª√’¬∫‡∑’¬∫°—∫ “√‰¢¡—πª√–®ÿ∫«°∑“ß°“√§â“ DOTMA (1), DC-Chol (3) ·≈– DOSPA
(5) æ∫«à“‰¢¡—π 21 ·≈– 22 ¡’ª√– ‘∑∏‘¿“æ∑’Ë¥’„π°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å ·≈–‡°◊Õ∫®–‰¡à‡ªìπæ‘…
µàÕ‡´≈≈å πÕ°®“°π’È‰¥â»÷°…“°“√ ≈“¬µ—«¢Õßæ—π∏–‡Õ ‡∑Õ√å‚¥¬‡∑§π‘§‚ª√µÕππ‘«‡§≈’¬√å·¡°‡πµ‘°‡√‚´·ππ´å
(1H NMR) °“√‰¡à‡ªìπæ‘…µàÕ‡´≈≈åπ—Èπ‡π◊ËÕß¡“®“°°“√ ≈“¬µ—«‰¥âßà“¬¢Õßæ—π∏–‡Õ ‡∑Õ√å ¿“¬„πªï‡¥’¬«°—π
Singh ·≈–§≥– [42] ‰¥â√“¬ß“π∂÷ß‰¢¡—πª√–®ÿ∫«° 24 (√Ÿª∑’Ë 6) ∑’Ë¡’ à«πÀ—«‡ªìπ β-alanine ‰¥â· ¥ß
§ÿ≥ ¡∫—µ‘°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å CHO, COS-1 ·≈– HepG2 ¡“°°«à“‰¢¡—πª√–®ÿ∫«° 23 (√Ÿª∑’Ë 6)
10-24 ‡∑à“ ∑’Ë¡’ à«πÀ—«‡ªìπ glycine ´÷Ëß¡’À¡Ÿà‡¡∑‘≈’π (methylene) πâÕ¬°«à“‡æ’¬ßÀπ÷ËßÀ¡Ÿà ·≈–¡’ à«πº ¡
¢Õß DOPE ‡ªìπ à«πª√–°Õ∫ „πªï §.». 2007 Kearns ·≈–§≥– [43] ‰¥â —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«°
4 ™π‘¥ §◊Õ DC-Chol (3), CAEC (25), MC-Chol (26) ·≈– TC-Chol (27) (√Ÿª∑’Ë 6)  “√‡À≈à“π’È¡’
°“√ª√—∫‡ª≈’Ë¬π à«π∑’Ë¡’¢—È«‚¥¬°“√∑”ªØ‘°‘√‘¬“‡¡∑‘‡≈™—π (methylation) 4 ™π‘¥ æ∫«à“‡©æ“– “√ 25 ·≈–
26  “¡“√∂π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å‰¥â „πªï∂—¥¡“ Bajaj ·≈–§≥– [44] ‰¥â√“¬ß“π‰¢¡—πª√–®ÿ∫«° 28
(√Ÿª∑’Ë 6) ´÷Ëß¡’ DMAP ‡ªìπ à«πÀ—«∑’Ë¡’¢—È««à“¡’ª√– ‘∑∏‘¿“æ∑’Ë Ÿß„π°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å ∂÷ß·¡â®–
¡’´’√—¡‡ªìπ à«πª√–°Õ∫ πÕ°®“°π’È Han ·≈–§≥– [45] ‰¥â —ß‡§√“–Àå COPA (29) (√Ÿª∑’Ë 6) ·≈–√“¬ß“π
ª√– ‘∑∏‘¿“æ∑’Ë Ÿß„π°“√π” àß siRNA ‡¢â“ Ÿà‡´≈≈å Hepal-6, A549 ·≈– HeLa „πªï 2009 ‚¥¬ Islam
·≈–§≥– [46] ‰¥â√“¬ß“π‰¢¡—πª√–®ÿ∫«°™π‘¥∑’Ë‡ªìπ«ß‡Œ∑‡∑Õ‚√‰´§≈‘° (heterocyclic) ¡’Õ–µÕ¡¢Õß
‰π‚µ√‡®π‡ªìπÕß§åª√–°Õ∫¢Õß«ß‰´‡§≈π (cyclen) ‡™◊ËÕ¡°—∫§Õ‡≈ ‡µÕ√Õ≈ 2 ‚¡‡≈°ÿ≈ ‚¥¬„™âæ—π∏–
§“√å∫“‡¡µ∑’Ë “¡“√∂ ≈“¬µ—«‰¥â∑“ß™’«¿“æ  “√ 30 (√Ÿª∑’Ë 6) π’È  “¡“√∂π” àß siRNA ‡¢â“ Ÿà‡´≈≈å‰¥â¥’



SWU Sci. J. Vol. 28 No. 1 (2012)192

√Ÿª∑’Ë 6 ‰¢¡—πª√–®ÿ∫«°∑’Ë¡’§Õ‡≈ ‡µÕ√Õ≈‡ªìπ à«πÀ≈—°
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°“√ —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«° (Synthesis of Cationic Lipids)
¡’«‘∏’°“√∑“ß‡§¡’ —ß‡§√“–Àå 2 «‘∏’À≈—°∑’Ë„™â„π°“√ —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«° §◊Õ °“√ —ß‡§√“–Àå

·∫∫ “√≈–≈“¬ (solution synthesis) ·≈–°“√ —ß‡§√“–Àå∫π«—Ø¿“§¢Õß·¢Áß (solid phase synthesis)
°“√ —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«°·∫∫ “√≈–≈“¬ (Solution Synthesis of Cationic Lipids)
°“√ —ß‡§√“–Àå·∫∫ “√≈–≈“¬∂◊Õ‡ªìπ«‘∏’æ◊Èπ∞“π∑“ß‡§¡’Õ‘π∑√’¬å —ß‡§√“–Àå∑’ËÕ“»—¬°“√‡°‘¥ªØ‘°‘√‘¬“

¢Õß “√µ—Èßµâπ·≈–√’‡Õ‡®πµå„πµ—«∑”≈–≈“¬ ‚¥¬„™â ¿“«–∑’Ë‡À¡“– ¡„π°“√‡°‘¥ªØ‘°‘√‘¬“„Àâ‰¥âº≈º≈‘µµ“¡
µâÕß°“√ µ—«Õ¬à“ßß“π«‘®—¬¢Õß°“√ —ß‡§√“–Àå·∫∫ “√≈–≈“¬¡’¥—ßπ’È

„πªï §.». 1999 Zimmer ·≈–§≥– [47] ‰¥âπ”‡ πÕß“π«‘®—¬„π°“√ÕÕ°·∫∫·≈–°“√‡µ√’¬¡
‰¢¡—πª√–®ÿ∫«° 31 ∑’Ë¡’§Õ‡≈ ‡µÕ√Õ≈‡ªìπ à«πÀ≈—°„π Scheme 1

Scheme 1 °“√ —ß‡§√“–Àå AH-Chol (31)

„πªï §.». 2006 Paul ·≈–§≥– [48] ‰¥â —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«° 32 (Scheme 2) ∑’Ë¡’
 à«π¢Õß·Õ‚√‡¡µ‘°‡™◊ËÕ¡√–À«à“ß “¬‚´à‰Œ‚¥√§“√å∫Õπ·≈–À¡Ÿà∑’Ë¡’ª√–®ÿ à«πÀ—«

Scheme 2 °“√ —ß‡§√“–Àå “√ 32
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„πªï∂—¥¡“ Gardner ·≈–§≥– [49] æ∫«à“®”π«π·≈–µ”·Àπàß¢Õßª√–®ÿ∫«°∑’ËÕ¬Ÿàµ“¡ à«π¢Õß
‚¡‡≈°ÿ≈æÕ≈‘‡Õ¡’π 33-39 ‰¥â· ¥ß∂÷ßª√– ‘∑∏‘¿“æ„π°“√π” àß¥’‡ÕÁπ‡Õ µ—«Õ¬à“ß°“√ —ß‡§√“–Àå‰¢¡—πª√–®ÿ
∫«° 33 · ¥ß¥—ß Scheme 3

Scheme 3 °“√ —ß‡§√“–Àå “√ 33

„πªï 2011 U.-Broceta ·≈–§≥– [50] ‰¥â —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«° 40 À¡Ÿà‰Œ¥√Õ° ‘́≈¢Õß
 “√µ—Èßµâπ∑”ªØ‘°‘√‘¬“°—∫ TBDMS-Cl ·≈–À¡Ÿà‡Õ¡’ππ”¡“∑”ªØ‘°‘√‘¬“µàÕ°—∫°√¥‰¢¡—π “¬‚´à¬“«À¡Ÿà silyl
∂Ÿ°°”®—¥ÕÕ°‚¥¬„™â TBAF ·≈–π”¡“‡™◊ËÕ¡µàÕ°—∫ N-tBoc-GABA ‚¥¬„™â§≈◊Ëπ‰¡‚§√‡«ø ®“°π—Èπ°”®—¥À¡Ÿà
N-Boc ÕÕ° ‚¥¬„™â ¿“«–∑’Ë‡ªìπ°√¥ TFA  “√º≈‘µ¿—≥±å∑’Ë‰¥â‡ªìπ‡°≈◊Õ¢Õß TFA (Scheme 4)

Scheme 4 °“√ —ß‡§√“–Àå “√ 40
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·≈–„πªï‡¥’¬«°—π Zhang ·≈–§≥– [51] ‰¥â —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«° 41 ∑’Ë¡’ à«πÀ—«¢Õß TACN
‡ªìπ à«π∑’Ë¡’¢—È« (Scheme 5) À≈—ß®“°ªÑÕß°—πÕ–µÕ¡‰π‚µ√‡®π¥â«¬À¡Ÿà Boc ·≈â« À¡Ÿà‰Œ¥√Õ° ‘́≈∑’Ë‡À≈◊Õ‰¥â
‡™◊ËÕ¡µàÕ°—∫°√¥§“√å∫Õ°´‘≈‘° ‚¥¬¡’ DCC ‡ªìπ “√§Ÿà§«∫ À¡Ÿà Boc ∂Ÿ°°”®—¥ÕÕ° ‚¥¬„™â TFA „πµ—«∑”≈–≈“¬
CH2Cl2 º≈°“√»÷°…“· ¥ß„Àâ‡ÀÁπ«à“À¡Ÿà oleoyl ¢Õß°√¥‰¢¡—π¡’ª√– ‘∑∏‘¿“æ∑’Ë¥’„π°“√π” àß¥’‡ÕÁπ‡Õ

Scheme 5 °“√ —ß‡§√“–Àå “√ 41

°“√ —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«°∫π«—Ø¿“§¢Õß·¢Áß (Solid Phase Synthesis of Cationic
Lipids)

°“√ —ß‡§√“–Àå∫π«—Ø¿“§¢Õß·¢Áß [52] À¡“¬∂÷ß °“√ —ß‡§√“–Àå´÷Ëß‡√‘Ë¡µâπ®“°°“√‡™◊ËÕ¡æ—π∏–
√–À«à“ß “√‡§¡’À√◊Õ “√¡—∏¬—πµ√å (intermediate) °—∫æÕ≈‘‡¡Õ√å§È”®ÿπ∑’Ë‰¡à≈–≈“¬ (insoluble polymer
support) ÷́Ëß‡ªìπ°“√ßà“¬„π¢—ÈπµÕπ°“√·¬° “√∑’ËµâÕß°“√ÕÕ°®“° “√µ—Èßµâπ∑’Ë¡“°‡°‘πæÕ·≈–µ—«∑”≈–≈“¬
¡’«‘∏’°“√‚¥¬∑—Ë«‰ª ¥—ß Scheme 6

Scheme 6 ·ºπ¿“æ· ¥ß«‘∏’°“√ —ß‡§√“–Àå∫π«—Ø¿“§¢Õß·¢Áß Pol: support, L: linker, P: synthetic
intermediate

ªï §.». 2004 Oliver ·≈–§≥– [53] ‰¥â —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«°∑’Ë¡’§Õ‡≈ ‡µÕ√Õ≈‡ªìπ
 à«πÀ≈—°‚¥¬«‘∏’°“√ —ß‡§√“–Àå∫π«—Ø¿“§¢Õß·¢Áß ´÷Ëß„Àâ√âÕ¬≈–º≈º≈‘µ¡“°°«à“ 87 ·≈–¡’§«“¡∫√‘ ÿ∑∏‘Ï
«‘∏’°“√ —ß‡§√“–Àå„™â‡√´‘π 2-chlorotrityl chloride (0.4 mmol/g) ‡ªìπæÕ≈‘‡¡Õ√å§È”®ÿπ·≈–À¡ŸàªÑÕß°—π
(protecting group)  ”À√—∫À¡Ÿà‡Õ¡’π™π‘¥ª∞¡¿Ÿ¡‘ (primary amine) ÷́Ëß¡’§«“¡®”‡æ“–‡®“–®ß §◊Õ
2-acetyldimedone (Dde-OH) ·ºπ°“√ —ß‡§√“–Àå· ¥ß„π Scheme 7 ‚¥¬„™â CDAN (42) ‡ªìπ
µ—«Õ¬à“ß„π°“√π”‡ πÕ ¥—ßπ’È
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Scheme 7 °“√ —ß‡§√“–Àå CDAN (42)

„πªï‡¥’¬«°—π Yingyongnarongkul ·≈–§≥– [30] ‰¥â√“¬ß“π°“√ —ß‡§√“–Àå “√π” àß¥’‡ÕÁπ‡Õ
‡¢â“‡´≈≈å®”π«π 3 §≈—ß (library) (9, 43, 44) ‚¥¬«‘∏’°“√ —ß‡§√“–Àå∫π«—Ø¿“§¢Õß·¢Áß‰¥â‡≈◊Õ°„™âµ—«‡™◊ËÕ¡
45 „π°“√ —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«°∑—Èß 3 §≈—ßπ’È ‰¢¡—πª√–®ÿ∫«° 89 ™π‘¥∑’Ë¡’æÕ≈‘‡Õ¡’π‡ªìπ à«πÀ≈—°‰¥â
∑¥ Õ∫‡∫◊ÈÕßµâπ ”À√—∫°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å µ—«Õ¬à“ß°“√ —ß‡§√“–Àå ”À√—∫§≈—ß 43 · ¥ß¥—ß Scheme 8

Scheme 8 °“√ —ß‡§√“–Àå “√ 43

„πªï §.». 2009 Yingyongnarongkul ·≈–§≥– [38] ‰¥â√“¬ß“π°“√ —ß‡§√“–Àå “√ 18
¥—ß Scheme 9 µàÕ‰ªπ’È
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Scheme 9 °“√ —ß‡§√“–Àå “√ 18

„πªï §.». 2010 Radchatawedchakoon ·≈–§≥– [54] ‰¥â —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«°™π‘¥∑’Ë
¡’ à«πÀ—«‰¡à ¡¡“µ√‚¥¬«—Ø¿“§¢Õß·¢Áßæ∫«à“‰¢¡—π 46 ¡’ª√– ‘∑∏‘¿“æ∑’Ë Ÿß„π°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å
HEK293 ·≈– PC3 ´÷Ëß«‘∏’°“√ —ß‡§√“–Àå· ¥ß‰¥â¥—ß Scheme 10

Scheme 10 °“√ —ß‡§√“–Àå “√ 46

·≈–„πªï∂—¥¡“π—°«‘®—¬°≈ÿà¡‡¥‘¡ [55] ‰¥â√“¬ß“π°“√ —ß‡§√“–Àå‰¢¡—πª√–®ÿ∫«°™π‘¥À“ß‰¡à ¡¡“µ√
(47-48) ‚¥¬„™â‡∑§π‘§‡¥’¬«°—π (Scheme 11) æ∫«à“‰¢¡—πª√–®ÿ∫«°∑’Ë¡’ à«π¢Õß§Õ‡≈ ‡µÕ√Õ≈Õ¬Ÿà
µ”·Àπàß°≈“ß¢Õß‚¡‡≈°ÿ≈¡’ª√– ‘∑∏‘¿“æ∑’Ë Ÿß„π°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å PC3 ·≈– HEK293 ‰¥â¥’‡¡◊ËÕ
‡∑’¬∫°—∫ Effectene®, DOTAP (2) ·≈– DC-Chol (3)



SWU Sci. J. Vol. 28 No. 1 (2012)198

Scheme 11 °“√ —ß‡§√“–Àå “√ 47-48

„πªï 2011 Liberska ·≈–§≥– [56] ‰¥â√“¬ß“π°“√ —ß‡§√“–Àå‰≈‚ª‡æª‰∑¥å∑’Ë¡’Õ“√å®‘π‘π
‡ªìπ à«πÀ≈—°¢Õß‚§√ß √â“ß 49 „™â°“√ —ß‡§√“–Àå·∫∫¢π“π (parallel synthesis) ∫π«—Ø¿“§¢Õß·¢Áß¥—ß
Scheme 12 ‚¥¬„™â§≈◊Ëπ‰¡‚§√‡«ø„π°“√‡™◊ËÕ¡ Fmoc-Arg(Pbf)-OH ·≈– DIC/HOBt °—∫ Rink
‡√´‘π À¡ŸàªÑÕß°—πÕ–¡‘‚π Fmoc ∂Ÿ°°”®—¥ÕÕ° ‚¥¬„™â 20% piperidine „π DMF ·≈–‡™◊ËÕ¡µàÕÀ¡ŸàÕ–¡‘‚π
°—∫ à«π‡™◊ËÕ¡µàÕ (spacer) ∑’Ë¡’°“√ —ß‡§√“–Àå‰«âµà“ßÀ“° ·≈– √â“ßæ—π∏–°—∫ à«πÀ“ß¢Õß°√¥ª“≈å¡‘µ‘°
 “√ª√–°Õ∫∑’Ë‰¥âπ’È‰¥â∑¥ Õ∫°“√π” àß¥’‡ÕÁπ‡Õ‡¢â“‡´≈≈å HeLa ·≈– HEK293T º≈°“√∑¥ Õ∫· ¥ß
ª√– ‘∑∏‘¿“æ„π√–¥—∫∑’Ë Ÿß
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Scheme 12 °“√ —ß‡§√“–Àå “√ 49

 √ÿª
¡’°≈ÿà¡π—°«‘®—¬®”π«π¡“°‰¥â„Àâ§«“¡ π„®»÷°…“ “√‰¢¡—πª√–®ÿ∫«° ∑—Èß„π¥â“π°“√æ—≤π“°“√

 —ß‡§√“–Àå·∫∫ “√≈–≈“¬À√◊Õ∫π«—Ø¿“§¢Õß·¢Áß ·≈–π” “√∑’Ë —ß‡§√“–Àå‰¥â‰ª»÷°…“ª√– ‘∑∏‘¿“æ°“√π” àß
¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å „πªí®®ÿ∫—πß“π«‘®—¬‡√◊ËÕß‰¢¡—πª√–®ÿ∫«°¬—ß‰¥â√—∫§«“¡ π„®∑’Ë®–¡’°“√æ—≤π“Õ¬à“ßµàÕ‡π◊ËÕß
·≈–ª√–¬ÿ°µå„™â„π°“√π” àß¬“ ·≈–‡ªìπ§«“¡À«—ß ”À√—∫¬’π∫”∫—¥„πÕπ“§µ
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Õ—°…√¬àÕ
A549 human lung adenocarcinoma epithelial
BGBH bis-guanidinium bis(2-aminoethyl)amine hydrazone
BGTC bis-guanidinium-tren-cholesterol
Boc tert-butyloxycarbonyl
CHDTAEA cholesteryl hemidithiodiglycol tris(aminoethyl)amine
CHO chinese hamster overy
COPA cholesteryloxypropan-1-amine
COS-1 African green monkey kidney
COS7 African Green Monkey SV40-transfûd kidney fibroblast
DC-Chol 3β-[N-(N′,N′-dimethylaminoethane)carbamoyl]cholesterol
DCC dicyclohexylcarbodiimide
DG dioleoylglutamide
DMAP 4-N,N′-dimetylaminopyridine
DOGS dioctadecylamido-glycylspermine
DOPE dioleoylphosphatidylethanolamine
DOSPA 2,3-dioleyloxy-N-[2(sperminecarboxamido)ethyl]-N,N-dimethyl-1-propanaminium

trifluoro acetate
DOTAP 1,2-dioleoyl-3-trimethylammoniumpropane
DOTMA N-(2,3-dioleyloxypropyl)-N,N,N-trimethyl ammonium chloride
GABA γ-aminobutyric acid
16HBE14o human bronchial epithelial
HEK293T human embryonic kidney
HeLa human cervical adenocarcinoma
HepG2 human hepatocellular liver carcinoma
MCF7 human breast adenocarcinoma
PC3 human prostate adenocarcinoma
SKnSH human neuroblastoma
TACN 1,4,7-triazacyclononane
TBAF tetrabutylammonium fluoride
TBDMS-Cl tert-butyldimethylsilyl chloride
TFA trifluoroacetic acid
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