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Abstract
Boonleang, J.1

Fluorescence derivatization of clarithromycin for high performance liquid
chromatographic determination with fluorescence detection
Songklanakarin J. Sci. Technol., 2007, 29(2) : 427-440

Clarithromycin  (CAM)  is  a  semisynthetic  macrolide  antibiotic  whose  chemical  structure  has  no
suitable chromophore for highly sensitive and accurate direct determination. The aim of this study was to
derivatize CAM with fluorescence-labeling compounds capable of enhancing the sensitivity of CAM determ-
ination.  Two  fluorescence-labeling  compounds  were  used  in  this  study,  9-fluorenylmethyloxycarbonyl
chloride (FMOC-Cl) and 1-naphthylisocyanate (NIC), both of which gave the fluorescent derivatives of CAM
with approximately the same fluorescence intensity. The derivatization reactions in the concentration range
studied (0.1-2.4 µµµµµg/ml) were reproducible with coefficient of variation of less than 6.01% and the fluorescence
responses were linearly proportional to CAM concentration with r2 of greater than 0.99. The reaction of
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Fluorescence derivatization of clarithromycin
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CAM with FMOC-Cl optimally occurred in a solvent mixture of acetonitrile and phosphate buffer pH 7.5
(4:1 volume ratio) at 40oC for 40 min. The optimum derivatization reaction of CAM with NIC took place in
acetonitrile with triethylamine as catalyst at 30oC for 60 min. It was mild and quantitative giving CAM-NIC
fluorescent derivative, which is more stable at room temperature than CAM-FMOC derivative. This deriv-
atization should, therefore, be more applicable for highly sensitive CAM determination especially for the
study involving the analysis of several samples.

Key words : clarithromycin, fluorescence derivatization, 9-fluorenylmethyloxycarbonyl
chloride, 1-naphthylisocyanate

∫∑§—¥¬àÕ

®ÿµ‘¡“ ∫ÿ≠‡≈’È¬ß

°“√ √â“ßÕπÿæ—π∏å∑’Ë “¡“√∂ø≈ŸÕÕ‡√ ´å‰¥â¢Õß§≈“√‘‚∑√¡—¬´‘π‡æ◊ËÕ„™â„π°“√µ√«®«—¥ª√‘¡“≥

‚¥¬«‘∏’‰Œ‡ªÕ√åøÕ√å·¡π ǻ≈‘§«‘¥‚§√¡“‚∑°√“øï
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§≈“√‘‚∑√¡—¬´‘π‡ªìπ¬“ªØ‘™’«π–°÷Ëß —ß‡§√“–Àå„π°≈ÿà¡·¡§‚§√‰≈¥å  ´÷Ëß‚§√ß √â“ß‚¡‡≈°ÿ≈‰¡à¡’‚§√‚¡øÕ√å∑’Ë

‡À¡“– ¡ ∑”„Àâ°“√µ√«®«‘‡§√“–Àåª√‘¡“≥„πµ—«Õ¬à“ß∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß§≈“√‘‚∑√¡—¬´‘πµË”Ê ‰¡à “¡“√∂∑”‰¥âÕ¬à“ß

∂Ÿ°µâÕß·¡àπ¬”  °“√»÷°…“π’È®÷ß‰¥â∑”°“√¥—¥·ª≈ß‚§√ß √â“ß∑“ß‡§¡’ ‚¥¬°“√∑”ªØ‘°‘√‘¬“°—∫ 9-fluorenylmethyloxy-

carbonyl chloride (FMOC-Cl) ·≈– 1-naphthylisocyanate (NIC) ‰¥âÕπÿæ—π∏å∑’Ë “¡“√∂ø≈ŸÕÕ‡√ ´å‰¥â ‚¥¬Õπÿæ—π∏å∑’Ë

‰¥â®“°ªØ‘°‘√‘¬“∑—Èß Õß¡’§«“¡ “¡“√∂„π°“√ø≈ŸÕÕ‡√ ´å„°≈â‡§’¬ß°—π ªØ‘°‘√‘¬“„π™à«ß§«“¡‡¢â¡¢âπ∑’Ë∑”°“√»÷°…“ (0.1-

2.4 ‰¡‚§√°√—¡/¡≈.)  ¡’§«“¡§ß∑’Ë ·¡àπ¬” ‚¥¬¡’§à“ —¡ª√– ‘∑∏‘Ï¢Õß§«“¡‡∫’Ë¬ß‡∫ππâÕ¬°«à“ 6.01%  ·≈–¡’§«“¡

 —¡æ—π∏å‡ªìπ‡ âπµ√ß°—∫§«“¡‡¢â¡¢âπ¢Õß§≈“√‘‚∑√¡—¬´‘π ‚¥¬¡’§à“ r
2
  Ÿß°«à“ 0.99   ¿“«–∑’Ë‡À¡“– ¡„π°“√∑”

ªØ‘°‘√‘¬“√–À«à“ß§≈“√‘‚∑√¡—¬´‘π°—∫ FMOC-Cl ‡°‘¥„π “√≈–≈“¬º ¡¢Õß acetonitrile ·≈–øÕ ‡ø ∫—ø‡øÕ√å pH

7.5 „πÕ—µ√“ à«π 4:1 (‚¥¬ª√‘¡“µ√) ∑’ËÕÿ≥À¿Ÿ¡‘ 40
 o
C π“π 40 π“∑’ ·≈– ¿“«–∑’Ë‡À¡“– ¡„π°“√∑”ªØ‘°‘√‘¬“°—∫ NIC

‡°‘¥„π acetonitrile  ‚¥¬¡’ triethylamine ‡ªìπµ—«‡√àßªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 30
 o
C π“π 60 π“∑’  ´÷Ëß°“√‡°‘¥ªØ‘°‘√‘¬“

°—∫ NIC  “¡“√∂‡°‘¥‰¥âßà“¬°«à“  ·≈–„ÀâÕπÿæ—π∏å∑’Ë¡’§«“¡§ßµ—«∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π°«à“Õπÿæ—π∏å¢Õß§≈“√‘‚∑√¡—¬´‘π°—∫

FMOC-Cl ®÷ß‡ªìπªØ‘°‘√‘¬“∑’Ë¡’§«“¡‡À¡“– ¡„π°“√π”‰ª„™â„π°“√µ√«®«‘‡§√“–Àåª√‘¡“≥§≈“√‘‚∑√¡—¬´‘π ‚¥¬‡©æ“–

„π°“√»÷°…“∑’ËµâÕßµ√«®«‘‡§√“–Àåµ—«Õ¬à“ß‡ªìπ®”π«π¡“°

§≈“√‘‚∑√¡—¬´‘π (clarithromycin, CAM) ‡ªìπ¬“
ªØ‘™’«π–°÷Ëß —ß‡§√“–Àåµ—«„À¡à„π°≈ÿà¡·¡§‚§√‰≈¥å (macro-
lide) ‚¥¬¡’‚§√ß √â“ßÀ≈—°‡ªìπ«ß·≈§‚µπ∑’Ë¡’¢π“¥ 14 Õ–µÕ¡
(14-membered lactone ring) µàÕÕ¬Ÿà°—∫πÈ”µ“≈ cladinose
·≈–πÈ”µ“≈ desosamine ¥â«¬æ—π∏–‰°≈‚§ ‘́¥‘° (glycosidic
bond) ∑’Ëµ”·Àπàß C-3 ·≈– C-5 µ“¡≈”¥—∫ (Figure 1;
Merck Index, 1996)  CAM ‰¥â®“°°“√¥—¥·ª≈ß
‚§√ß √â“ß¢ÕßÕ‘√‘ ‚∑√¡—¬´‘π (erythromycin) ∑’Ëµ”·Àπàß
C-6 ‚¥¬°“√·∑π∑’ËÀ¡Ÿà‰Œ¥√Õ°´‘≈„πÕ‘√‘ ‚∑√¡—¬´‘π¥â«¬À¡Ÿà
‡¡∏Õ°´‘≈ (methoxyl group) ∑”„Àâ CAM ¡’§«“¡§ßµ—«

„π ¿“«–°√¥‡æ‘Ë¡¢÷Èπ  àßº≈„Àâ™’«ª√–‚¬™πå¢Õß¬“‡¡◊ËÕ„Àâ‚¥¬
«‘∏’√—∫ª√–∑“π (oral bioavailability) √«¡∑—Èß§ÿ≥ ¡∫—µ‘Õ◊ËπÊ
∑“ß‡¿ —™®≈π»“ µ√å¥’°«à“Õ‘√‘ ‚∑√¡—¬´‘π  §ÿ≥ ¡∫—µ‘æ‘‡»…
‰¥â·°à §«“¡ “¡“√∂„π°“√°√–®“¬µ—«‡¢â“ Ÿà‡´≈≈å·≈–‡π◊ÈÕ‡¬◊ËÕ
‰¥â¥’ ·≈– “¡“√∂°√–®“¬µ—«Õ¬Ÿà „π‡π◊ÈÕ‡¬◊ËÕ‰¥â‡ªìπ‡«≈“π“π
∑”„Àâ¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√¶à“‡™◊ÈÕ∑’ËÕ¬Ÿà„π‡π◊ÈÕ‡¬◊ËÕµà“ßÊ ‚¥¬
‰¡à®”‡ªìπµâÕß∫√‘À“√¬“∫àÕ¬§√—Èß (Gerald et al., 2002;
Markham et al., 1996)

CAM ¡’ƒ∑∏‘Ï¶à“‡™◊ÈÕ·∫§∑’‡√’¬‰¥âÕ¬à“ß°«â“ß¢«“ß∑—Èß
™π‘¥ gram-positive ·≈– gram-negative  “¡“√∂„™â„π
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°“√√—°…“°“√µ‘¥‡™◊ÈÕ„π√–∫∫∑“ß‡¥‘πÀ“¬„® à«π∫π·≈– à«π
≈à“ß °“√µ‘¥‡™◊ÈÕ„π√–∫∫ ◊∫æ—π∏ÿå °“√µ‘¥‡™◊ÈÕ¢Õßº‘«Àπ—ß·≈–
‚§√ß √â“ß¢Õßº‘«Àπ—ß „™â„π°“√√—°…“·≈–ªÑÕß°—π°“√µ‘¥‡™◊ÈÕ
·∫∫°√–®—¥°√–®“¬®“° Mycobacterium avium complex
(MAC) „πºŸâªÉ«¬∑’Ë¡’°“√µ‘¥‡™◊ÈÕ HIV (Human Immuno-
deficiency Virus) πÕ°®“°π’È¬—ß„™â√à«¡°—∫¬“¶à“‡™◊ÈÕµ—«Õ◊ËπÊ
„π°“√√—°…“°“√µ‘¥‡™◊ÈÕ©«¬‚Õ°“ πÕ°‡Àπ◊Õ®“° MAC „π
ºŸâªÉ«¬‚√§‡Õ¥ åÀ√◊ÕºŸâªÉ«¬∑’Ë‰¥â√—∫¬“°¥√–∫∫¿Ÿ¡‘§ÿâ¡°—π  CAM
∂Ÿ°π”¡“„™â√à«¡°—∫ amoxycillin À√◊Õ¬“ªØ‘™’«π–µ—«Õ◊Ëπ ·≈–
¬“∑’Ë¬—∫¬—Èß°“√À≈—Ëß°√¥ (H

2
-receptor antagonist) ‡™àπ

lansoprazole À√◊Õ omeprazole „π·ºπ°“√√—°…“¡“µ√∞“π
¢Õß°“√√—°…“‚√§·º≈„π°√–‡æ“–Õ“À“√·≈–≈”‰ â∑’Ë¡’§«“¡
 —¡æ—π∏å°—∫°“√µ‘¥‡™◊ÈÕ Helicobacter pylori (Gerald et
al., 2002; Markham et al., 1996)

‡π◊ËÕß®“°‚§√ß √â“ß‚¡‡≈°ÿ≈¢Õß CAM ‰¡à¡’‚§√‚¡øÕ√å
(chromophore) ∑’Ë‡À¡“– ¡  °“√¥Ÿ¥°≈◊π· ß “¡“√∂‡°‘¥
¢÷Èπ‰¥â‡©æ“–∑’Ë§«“¡¬“«§≈◊ËπµË”Ê (< 210 nm) ‚¥¬¡’§à“
§«“¡ “¡“√∂„π°“√¥Ÿ¥°≈◊π· ßπâÕ¬¡“°  °“√µ√«®«—¥‚¥¬
«‘∏’π’È®÷ß¡’§«“¡‰«„π°“√µ√«®«—¥µË”¡“° (Morgan et al.,
1990; Gorski et al., 1991; Morgan et al., 1991; Erah
et al., 1996) ‰¡à “¡“√∂„™â„π°“√µ√«®«—¥ª√‘¡“≥ CAM
„πµ—«Õ¬à“ß¢Õß‡À≈«™’«¿“æ∑’Ë¡’ª√‘¡“≥¬“µË”¡“°Ê ‰¥â  °“√
µ√«®«—¥∑“ß‡§¡’‰øøÑ“‡ªìπ«‘∏’∑’Ë „Àâ§«“¡‰«„π°“√µ√«®«—¥
 Ÿß   “¡“√∂„™â„π°“√«‘‡§√“–Àåª√‘¡“≥ CAM „πµ—«Õ¬à“ß

¢Õß‡À≈«™’«¿“æ (Chu et al., 1991; Hedenmo et al.,
1995; Kees et al., 1998; Taninaka et al., 2000; Choi
et al., 2001; Niopas et al., 2001; Pappa-Louisi et al.,
2001; Wibawa et al., 2003) ·µà¡’¢âÕ‡ ’¬§◊Õ „Àâº≈°“√
«‘‡§√“–Àå‰¡à ¡Ë”‡ ¡Õ (low reproducibility) ‡π◊ËÕß®“°
§«“¡‰«„π°“√µ√«®«—¥¢ÕßÕ‘‡≈°‚∑√¥≈¥≈ß‡√◊ËÕ¬Ê  ‡¡◊ËÕ∑”
°“√µ√«®«—¥µ—«Õ¬à“ß‡ªìπ®”π«π¡“° ‡π◊ËÕß®“°°“√ – ¡¢Õß
µ—«Õ¬à“ß∑’ËÕ‘‡≈°‚∑√¥  °“√µ√«®«—¥‚¥¬«‘∏’ LC-MS ¡’§«“¡
®”‡æ“–‡®“–®ß √«¡∑—Èß§«“¡‰«„π°“√µ√«®«—¥ Ÿß ·≈– “¡“√∂
«‘‡§√“–Àåµ—«Õ¬à“ß‰¥âÕ¬à“ß√«¥‡√Á« (Rooyen et al., 2002;
Lerner et al., 2000) Õ¬à“ß‰√°Áµ“¡‡§√◊ËÕß LC-MS ‡ªìπ
‡§√◊ËÕß¡◊Õ∑’Ë¡’√“§“·æß¡“°  ÀâÕßªØ‘∫—µ‘°“√ à«π„À≠à®÷ß‰¡à¡’
‡§√◊ËÕß¡◊Õπ’È ”À√—∫ß“π«‘‡§√“–Àå  πÕ°®“°π’È§à“„™â®à“¬„π°“√
«‘‡§√“–Àå‚¥¬«‘∏’ LC-MS ¡’√“§“ Ÿß¡“°

°“√µ√«®«—¥ª√‘¡“≥‚¥¬«‘∏’ø≈ŸÕÕ‡√ ‡´π´å‡ªìπÕ’°
«‘∏’Àπ÷Ëß∑’Ë¡’§«“¡®”‡æ“–‡®“–®ß §«“¡·¡àπ¬”„π°“√«‘‡§√“–Àå
·≈–§«“¡‰«„π°“√µ√«®«—¥ Ÿß¡“°  ®÷ß‡ªìπ«‘∏’∑’Ë‡À¡“– ¡
 ”À√—∫°“√µ√«®«—¥ª√‘¡“≥ CAM „π°“√»÷°…“∑’ËµâÕß°“√
§«“¡‰«„π°“√µ√«®«—¥ Ÿß ‚¥¬µâÕß∑”°“√¥—¥·ª≈ß‚§√ß √â“ß
¢Õß CAM „Àâ¡’ à«π∑’Ë “¡“√∂ø≈ŸÕÕ‡√ ´å‰¥â °“√µ√«®«—¥
ª√‘¡“≥¬“ªØ‘™’«π–„π°≈ÿà¡·¡§‚§√‰≈¥å‚¥¬«‘∏’ø≈ŸÕÕ‡√ ‡´π ǻ
∑’Ë¡’√“¬ß“π„π«“√ “√ (Torano et al., 1998) ‡ªìπ°“√ √â“ß
Õπÿæ—π∏å‚¥¬„™â 9-fluorenylmethyloxycarbonyl chloride
‡ªìπ “√µ‘¥©≈“°ø≈ŸÕÕ‡√ ‡´π´å  ·≈–„™âÕ‘√‘‚∑√¡—¬´‘π ·≈–

Figure 1.  Chemical structure of clarithromycin
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√Õ°´‘ ‚∑√¡—¬´‘π (roxithromycin) ‡ªìπ¬“µâπ·∫∫  ‰¥â
Õπÿæ—π∏å§“√å∫Õ‡πµ‡Õ ‡∑Õ√å∑’Ë‰¡à§àÕ¬§ßµ—«  ‚¥¬ “¡“√∂‡°Á∫
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‰¥âπ“π‡æ’¬ß 4 ™—Ë«‚¡ß (ª√‘¡“≥¬“§ß‡À≈◊Õ
ª√–¡“≥ 95%) ∑”„Àâ‰¡à “¡“√∂∑”°“√µ√«®«‘‡§√“–Àåµ—«Õ¬à“ß
®”π«π¡“°Ê ‰¥âÕ¬à“ß∂Ÿ°µâÕß·¡àπ¬” °“√«‘®—¬π’È®÷ß‰¥âª√–¬ÿ°µå
ªØ‘°‘√‘¬“¥—ß°≈à“« √«¡∑—Èß»÷°…“°“√ √â“ßÕπÿæ—π∏å§“√å∫“‡¡µ-
‡Õ ‡∑Õ√å¢Õß CAM ´÷Ëßπà“®–¡’§«“¡§ßµ—«¥’°«à“Õπÿæ—π∏å
§“√å∫Õ‡πµ‡Õ ‡∑Õ√å ‚¥¬„™â 1-naphthylisocyanate ‡ªìπ
 “√µ‘¥©≈“°ø≈ŸÕÕ‡√ ‡´π´å  ‚¥¬∑”°“√»÷°…“ ¿“«–∑’Ë
‡À¡“– ¡„π°“√ √â“ßÕπÿæ—π∏å¥—ß°≈à“« ‡æ◊ËÕ„Àâ‰¥âÕπÿæ—π∏å∑’Ë¡’
§«“¡ “¡“√∂„π°“√ø≈ŸÕÕ‡√ ´å Ÿß ·≈–¡’§«“¡§ßµ—«¥’
 “¡“√∂π”‰ª„™â„π°“√µ√«®«‘‡§√“–Àåµ—«Õ¬à“ß∑’Ë¡’§«“¡‡¢â¡¢âπ
¢Õß CAM µË”Ê ‰¥âÕ¬à“ß∂Ÿ°µâÕß·¡àπ¬” ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß
„π°“√»÷°…“∑’ËµâÕß∑”°“√µ√«®«‘‡§√“–Àåµ—«Õ¬à“ß‡ªìπ®”π«π
¡“° ‡™àπ „π°“√»÷°…“‡¿ —™®≈π»“ µ√å¢Õß¬“„πª√–™“°√
‰∑¬  √«¡∑—Èß°“√µ√«®µ‘¥µ“¡√–¥—∫§«“¡‡¢â¡¢âπ¢Õß¬“„π
ºŸâªÉ«¬ ‚¥¬‡©æ“–ºŸâªÉ«¬‚√§‡Õ¥ å  ºŸâªÉ«¬∑’Ë√—∫ª√–∑“π¬“°¥
√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬  ºŸâªÉ«¬∑’Ë°“√∑”ß“π¢Õßµ—∫·≈–
‰µº‘¥ª°µ‘ ‡æ◊ËÕª√—∫√–¥—∫¬“„Àâ‡À¡“– ¡

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

1.  “√‡§¡’

Acetonitrile (HPLC grade) ·≈– methanol
(HPLC grade) ®“° Lab-Scan Co. Ltd., Thailand,
clarithromycin (CAM) ‰¥â√—∫®“° Unison Laborator-
ies, Co. Ltd., Thailand, 1-naphthylisocyanate (NIC),
9-fluorenylmethyloxycarbonyl chloride (FMOC-Cl)
·≈– glycine ®“° Sigma-Aldrich, Singapore À√◊Õ
USA,  1-hexanesulfonic acid sodium salt  ·≈–
triethylamine (TEA) ®“° Fluka, USA, potassium
dihydrogen phosphate (KH

2
PO

4
) ®“° Riedel-deHaen,

Germany ·≈– potassium hydroxide ®“° Merck,
Germany  “√‡§¡’∑’Ë„™â‡ªìπ analytical À√◊Õ HPLC grade
 —Ëß´◊ÈÕ·≈–π”¡“„™â‚¥¬µ√ß ‚¥¬‰¡à¡’°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï‡æ‘Ë¡‡µ‘¡

2.  “√≈–≈“¬¡“µ√∞“π

2.1  “√≈–≈“¬ µÁÕ° CAM „π acetonitrile §«“¡

‡¢â¡¢âπ 1000 ‰¡‚§√°√—¡/¡≈. ‡µ√’¬¡‚¥¬™—Ëß “√¡“µ√∞“π
CAM  ®”π«π 25 ¡°.   ≈–≈“¬·≈–ª√—∫ª√‘¡“µ√¥â«¬
acetonitrile „Àâ§√∫ 25 ¡≈.„π¢«¥ª√—∫ª√‘¡“µ√

2.2  “√≈–≈“¬  CAM  „π  acetonitrile  §«“¡
‡¢â¡¢âπ 10 ‰¡‚§√°√—¡/¡≈. : ‡®◊Õ®“ß®“° “√≈–≈“¬ µÁÕ°
CAM

2.3  “√≈–≈“¬  CAM  „π  acetonitrile  §«“¡
‡¢â¡¢âπ 0.1, 0.4, 1.0, 1.6 ·≈– 2.4 ‰¡‚§√°√—¡/¡≈. :
‡®◊Õ®“ß®“° “√≈–≈“¬ CAM „π acetonitrile §«“¡‡¢â¡¢âπ
10 ‰¡‚§√°√—¡/¡≈.

3. ‡§√◊ËÕß¡◊Õ·≈– ¿“«–°“√∑¥≈Õß∑“ß‚§√¡“‚∑°√“øï

‡§√◊ËÕß High Performance Liquid Chromato-
graphy (HPLC, Agilent 1100 Series, Agilent Tech-
nologies, USA) ª√–°Õ∫¥â«¬ªíö¡¥Ÿ¥µ—«∑”≈–≈“¬§«“¡¥—π
 Ÿß ‡§√◊ËÕß©’¥ “√Õ—µ‚π¡—µ‘ ‡§√◊ËÕß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘¢Õß§Õ≈—¡πå
‡§√◊ËÕßµ√«®«—¥™π‘¥ø≈ŸÕÕ‡√ ‡´π´å ∑’Ë§«“¡¬“«§≈◊Ëπ°√–µÿâπ
(λex) 275 nm ·≈–«—¥°“√ª≈àÕ¬· ß∑’Ë§«“¡¬“«§≈◊Ëπ (λem)
318 nm ‡¡◊ËÕ„™â FMOC-Cl „π°“√ √â“ßÕπÿæ—π∏å ·≈–„™â
λex ∑’Ë 225 nm λem ∑’Ë 362 nm ‡¡◊ËÕ„™â NIC „π°“√
 √â“ßÕπÿæ—π∏å ‡§√◊ËÕß§Õ¡æ‘«‡µÕ√åæ√âÕ¡‚ª√·°√¡ Chemst-
ation  ”À√—∫§«∫§ÿ¡°“√∑”ß“π·≈–ª√–¡«≈º≈  §Õ≈—¡πå∑’Ë
„™â„π°“√µ‘¥µ“¡ªØ‘°‘√‘¬“‡ªìπ™π‘¥ C

18
 (Hypersil BDS C

18

150 x 4.6 ¡¡.  ¢π“¥Õπÿ¿“§ 5 ‰¡§√Õπ  Thermo
Electron Corporation, USA) ‚¡∫“¬‡ø ∑’Ë„™â„π°“√»÷°…“
¡’ 2 ™π‘¥ §◊Õ

1.  “√º ¡¢Õß acetonitrile ·≈– 0.1% w/v
hexanesulfonic acid sodium salt

2.  “√º ¡¢Õß  acetonitrile  ·≈–  0.05 M
KH

2
PO

4
 0.1% v/v TEA º ¡Õ¬Ÿà¥â«¬ pH 7.5 „πÕ—µ√“

°“√‰À≈∑’Ë‡À¡“– ¡ ‚¥¬∑”°“√°√Õßºà“π·ºàπ°√Õß‡¡¡‡∫√π
¢π“¥ 0.22 ‰¡§√Õπ ·≈–∑”°“√‰≈àÕ“°“»ÕÕ°‚¥¬«‘∏’‡¢¬à“
¥â«¬§≈◊Ëπ‡ ’¬ß§«“¡∂’Ë Ÿß (ultra sonication) °àÕππ”¡“„™â

4. «‘∏’°“√∑¥≈Õß

°“√»÷°…“π’È‰¥â∑¥≈Õß»÷°…“ªØ‘°‘√‘¬“∑’Ë„™â „π°“√ √â“ß
Õπÿæ—π∏å∑’Ëø≈ŸÕÕ‡√ ´å‰¥â¢Õß CAM  ‚¥¬„™â “√µ‘¥©≈“°
ø≈ŸÕÕ‡√ ‡´π´å (fluorescence-labeling compounds) 2
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™π‘¥ §◊Õ FMOC-Cl ´÷Ëß®—¥Õ¬Ÿà„π°≈ÿà¡ carbonyl chloride
·≈– NIC ´÷Ëß®—¥Õ¬Ÿà„π°≈ÿà¡ isocyanate ‚¥¬¡’¢—ÈπµÕπ°“√
»÷°…“¥—ßπ’È

4.1 °“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√‡°‘¥ªØ‘°‘√‘¬“
√–À«à“ß CAM °—∫ FMOC-Cl

4.1.1 »÷°…“º≈¢Õßµ—«°≈“ß∑’Ë „ ™â „π°“√∑”
ªØ‘°‘√‘¬“  ‰¥â·°à  acetonitrile   “√º ¡¢Õß acetonitrile
·≈– 0.1M KH

2
PO

4
 pH 6.5, pH 7.5 ·≈– pH 8.5 ·≈–

º≈¢ÕßÕ—µ√“ à«π‚¥¬ª√‘¡“µ√¢Õß acetonitrile µàÕ 0.1M
KH

2
PO

4

4.1.2 »÷°…“Õ—µ√“‡√Á«„π°“√‡°‘¥ªØ‘°‘√‘¬“ ‚¥¬
∑”°“√µ‘¥µ“¡°“√‡°‘¥Õπÿæ—π∏å CAM-FMOC ∑’Ë‡«≈“µà“ßÊ
‚¥¬«‘∏’ HPLC ‚¥¬„™â ¿“«–°“√∑¥≈Õß∑’Ë‡À¡“– ¡

4.1.3 »÷°…“§«“¡§ßµ—«¢ÕßÕπÿæ—π∏å CAM-
FMOC ‡¡◊ËÕµ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‚¥¬∑”°“√µ‘¥µ“¡°“√
‡ª≈’Ë¬π·ª≈ß¢Õßª√‘¡“≥Õπÿæ—π∏å CAM-FMOC ∑’Ë‡«≈“
µà“ßÊ À≈—ß®“°ªØ‘°‘√‘¬“ ‘Èπ ÿ¥‚¥¬«‘∏’ HPLC

4.1.4 »÷°…“ linearity ·≈– reproducibility
¢ÕßªØ‘°‘√‘¬“ ∑”°“√∑¥≈Õß‚¥¬„™â§«“¡‡¢â¡¢âπ¢Õß CAM
µà“ßÊ °—π ®”π«π 5 §«“¡‡¢â¡¢âπ „π™à«ß 0.1-2.4 ‰¡‚§√-
°√—¡/¡≈. ‚¥¬·µà≈–§«“¡‡¢â¡¢âπ∑”°“√∑¥≈Õß´È”‡ªìπ®”π«π
5 §√—Èß ‡ª√’¬∫‡∑’¬∫¢π“¥æ◊Èπ∑’Ëæ’§ (peak area) ¢ÕßÕπÿæ—π∏å
CAM-FMOC ∑’Ë‰¥â®“°°“√∑¥≈Õß´È”„π·µà≈–§«“¡‡¢â¡¢âπ

4.2 °“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√‡°‘¥ªØ‘°‘√‘¬“
√–À«à“ß CAM °—∫ NIC  ∑”°“√»÷°…“„π∑”πÕß‡¥’¬«°—∫
¢âÕ 4.1

4.3 ª√–‡¡‘π§«“¡‡À¡“– ¡¢ÕßªØ‘°‘√‘¬“∑’Ë®–„™â„π
°“√ √â“ßÕπÿæ—π∏å∑’Ëø≈ŸÕÕ‡√ ´å‰¥â¢Õß CAM „π‡√◊ËÕßµàÕ‰ªπ’È

4.3.1 Õ—µ√“‡√Á«„π°“√‡°‘¥ªØ‘°‘√‘¬“
4.3.2  ¿“«–∑’Ë „™â„π°“√∑”ªØ‘°‘√‘¬“
4.3.3 §«“¡§ßµ—«¢ÕßÕπÿæ—π∏å∑’Ë‰¥â∑’ËÕÿ≥À¿Ÿ¡‘

ÀâÕß
4.3.4 Fluorescence intensity, linearity

·≈– reproducibility ¢ÕßªØ‘°‘√‘¬“
ªØ‘°‘√‘¬“∑’Ë‡≈◊Õ°„™â„π°“√ √â“ßÕπÿæ—π∏å∑’Ëø≈ŸÕÕ-

‡√ ´å‰¥â¢Õß CAM ®–µâÕß “¡“√∂‡°‘¥‰¥âßà“¬ „π ¿“«–∑’Ë‰¡à
√ÿπ·√ß (mild condition)  ªØ‘°‘√‘¬“‡°‘¥‰¥â§àÕπ¢â“ß ¡∫Ÿ√≥å
(quantitative) À√◊Õ„Àâº≈§ß∑’Ë‰¡à‡ª≈’Ë¬π·ª≈ß (reproduc-

ible)  Õπÿæ—π∏å∑’Ë‰¥â¡’§«“¡§ßµ—«¥’∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß  ¡’§«“¡
 “¡“√∂„π°“√ø≈ŸÕÕ‡√  ǻ‰¥â¥’   ·≈–‡°‘¥¢÷Èπ„πª√‘¡“≥∑’Ë
 —¡æ—π∏å‚¥¬µ√ß°—∫ª√‘¡“≥ CAM „πªØ‘°‘√‘¬“

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

1.  ¿“«–∑’Ë‡À¡“– ¡„π°“√‡°‘¥ªØ‘°‘√‘¬“√–À«à“ß CAM

°—∫ FMOC-Cl ·≈– ¿“«–∑“ß HPLC ∑’Ë‡À¡“– ¡„π

°“√µ‘¥µ“¡ªØ‘°‘√‘¬“

 ¿“«–„π°“√∑”ªØ‘°‘√‘¬“√–À«à“ß CAM ·≈– FMOC-
Cl ∑’Ë∑”°“√»÷°…“ ‰¥â·°à

1.1  ¿“«–∑’Ëª√“»®“°πÈ”
a) ∑”ªØ‘°‘√‘¬“‚¥¬„™â acetonitrile ‡ªìπµ—«°≈“ß

„π°“√∑”ªØ‘°‘√‘¬“„π ¿“«–∑’Ë¡’ TEA ‚¥¬„™â®”π«π ¡¡Ÿ≈
¢Õß CAM : FMOC-Cl : TEA „πÕ—µ√“ à«π 1:3:3 ∑’Ë
Õÿ≥À¿Ÿ¡‘ 45oC

b) ∑”ªØ‘°‘√‘¬“‚¥¬„™â acetonitrile ‡ªìπµ—«°≈“ß
„π°“√∑”ªØ‘°‘√‘¬“„π ¿“«–∑’Ë¡’ TEA ‚¥¬„™â®”π«π ¡¡Ÿ≈
¢Õß CAM : FMOC-Cl : TEA „πÕ—µ√“ à«π 1:200:500
∑’ËÕÿ≥À¿Ÿ¡‘ 45oC

1.2  ¿“«–∑’Ë¡’πÈ”
∑”ªØ‘°‘√‘¬“‚¥¬„™â “√º ¡¢Õß acetonitrile ·≈–

0.1M KH
2
PO

4
 pH 7.5 ‡ªìπµ—«°≈“ß„π°“√∑”ªØ‘°‘√‘¬“

‚¥¬„™â®”π«π ¡¡Ÿ≈¢Õß CAM : FMOC-Cl „πÕ—µ√“ à«π
1:200 ∑’ËÕÿ≥À¿Ÿ¡‘ 40oC

°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èπ„πªØ‘°‘√‘¬“‰¥â∂Ÿ°µ‘¥µ“¡
‚¥¬ HPLC ‚¥¬ ¿“«–°“√∑¥≈Õß‡√‘Ë¡µâπ‰¥â‡≈◊Õ°„™â«‘∏’ ion-
paired reversed-phase HPLC ‚¥¬„™â ‚¡∫“¬‡ø ‡ªìπ
 “√≈–≈“¬º ¡¢Õß acetonitrile °—∫ 0.1% w/v sodium
hexanesulfonate pH 3.8 ‡ªìπ pairing agent ·≈–
∑”°“√µ√«®«—¥‚¥¬‡§√◊ËÕßµ√«®«—¥™π‘¥ø≈ŸÕÕ‡√ ‡´π´å∑’Ë λex
275 nm ·≈– λem 318 nm  ®“°°“√∑¥≈Õßæ∫«à“
‚§√¡“‚∑·°√¡¢Õß reaction mixture ·≈– blank mixture
( “√º ¡∑’Ë¡’ à«πª√–°Õ∫‡À¡◊Õπ reaction mixture ¬°‡«âπ
‰¡à¡’ CAM)  „π∑ÿ°ªØ‘°‘√‘¬“¡’≈—°…≥–°“√‡ª≈’Ë¬π·ª≈ß∑’Ë
‡À¡◊Õπ°—π ¥—ß· ¥ß„π Figure 2a, 2b, 3a ·≈– 3b · ¥ß
«à“°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èπ‰¡à‰¥â‡°‘¥®“°ªØ‘°‘√‘¬“¢Õß CAM
°—∫ FMOC-Cl ·µà‡°‘¥®“°°“√‡ª≈’Ë¬π·ª≈ß¢Õßµ—« FMOC-
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Figure 2. Chromatogram of blank mixture (a) and reaction mixture (b) of CAM, FMOC-Cl
and TEA with the molar ratio of 1:200:500. HPLC conditions: Column C

18
 at

room temperature with mobile phase of acetonitrile - 0.1% w/v sodium hexane
sulfonate pH 3.8 (50:50 v/v) at 1 ml/min.

Cl ‡Õß
‡π◊ËÕß®“° FMOC-Cl ‡ªìπ “√∑’Ë “¡“√∂‡°‘¥ªØ‘°‘√‘¬“

‰Œ‚¥√‰≈´‘ ‰¥âßà“¬ ¥—ßπ—Èπ„π°“√»÷°…“‡√‘Ë¡µâπ®÷ß‰¥â„™â ¿“«–∑’Ë
ª√“»®“°πÈ”‡ªìπ ¿“«–„π°“√∑”ªØ‘°‘√‘¬“ ‚¥¬„™â TEA ‡ªìπ
µ—«‡√àßªØ‘°‘√‘¬“  ®“°°“√»÷°…“æ∫«à“∑’Ë ¿“«–¥—ß°≈à“«‰¡à¡’
Õπÿæ—π∏å CAM-FMOC ‡°‘¥¢÷Èπ ´÷Ëß “‡ÀµÿÕ“®‡°‘¥®“°°“√
‡ ◊ËÕ¡ ≈“¬¢Õß FMOC-Cl „π ¿“«–¥à“ß‚¥¬°“√‡°‘¥ªØ‘-
°‘√‘¬“ β-elimination ‰¥â‡ªìπ 9-methylene-9H-fluorene
´÷Ëß¡’§à“ retention time „°≈â‡§’¬ß°—∫ FMOC-Cl

‡¡◊ËÕ„™âµ—«°≈“ß∑’Ë¡’πÈ”‡ªìπ à«πª√–°Õ∫µ“¡ ¿“«–°“√
∑¥≈Õß„π¢âÕ 1.2 æ∫«à“ FMOC-Cl ‡°‘¥°“√‰Œ‚¥√‰≈´‘ ‰¥â
Õ¬à“ß√«¥‡√Á« ‚¥¬¡’°“√≈¥≈ß¢Õßæ’§ FMOC-Cl ·≈–¡’°“√
‡æ‘Ë¡¢÷Èπ¢Õßæ’§¢Õß 9-fluorenemethanol (FMOC-OH)
´÷Ëß‡ªìπº≈‘µ¿—≥±å∑’Ë‡°‘¥®“°°“√‰Œ‚¥√‰≈´‘ ¢Õß FMOC-Cl

Õ¬à“ß™—¥‡®π  ∑—Èß„π  reaction mixture  ·≈–„π  blank
mixture ¥—ß‚§√¡“‚∑·°√¡∑’Ë· ¥ß„π Figure 3a ·≈– 3b
Õ¬à“ß‰√°Áµ“¡¡’√“¬ß“π°“√‡°‘¥Õπÿæ—π∏å CAM-FMOC ®“°
 ¿“«–°“√∑¥≈Õß¥—ß°≈à“« (Torano et al., 1998)

‡¡◊ËÕæ‘®“√≥“∂÷ß§«“¡§ßµ—«¢ÕßÕπÿæ—π∏å CAM-FMOC
∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“  “√π’È‰¡àπà“®–§ßµ—«„π ¿“«–¥à“ß ‚¥¬
®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß„π∑”πÕß‡¥’¬«°—∫°“√‡ª≈’Ë¬π·ª≈ß
¢Õß FMOC-Cl „π ¿“«–¥à“ß  ¥—ßπ—Èπ®÷ß‰¡à‰¥â∑”°“√»÷°…“
ªØ‘°‘√‘¬“„π ¿“«–¥à“ßµàÕ „π ¿“«–°√¥∑’Ë pH 3.8 CAM-
FMOC ‡°‘¥°“√‰Œ‚¥√‰≈ ‘́ ‰¥â‡ªìπ FMOC-OH, CO

2
 ·≈–

CAM (Hermanson, 1996)  ¥—ßπ—Èπ·¡â®–‡°‘¥ CAM-
FMOC ¢÷Èπ„πªØ‘°‘√‘¬“ ·µà‡π◊ËÕß®“° ¿“«–∑’Ë‡ªìπ°√¥§àÕπ
¢â“ß Ÿß¢Õß‚¡∫“¬‡ø  Õ“®∑”„Àâ CAM-FMOC ‡°‘¥°“√
‡ ◊ËÕ¡ ≈“¬‰¥â ®÷ß‰¥â∑”°“√∑¥≈Õß‡ª≈’Ë¬π pH ¢Õß‚¡∫“¬
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‡ø ‡ªìπ pH 6.5 ‚¥¬„™â ¿“«–„π°“√∑”ªØ‘°‘√‘¬“µ“¡¢âÕ 1.2
æ∫«à“‚§√¡“‚∑·°√¡¢Õß reaction mixture ¡’æ’§∑’Ë‡æ‘Ë¡¢÷Èπ
®“°‚§√¡“‚∑·°√¡¢Õß blank mixture ´÷Ëßπà“®– —¡æ—π∏å
°—∫æ’§¢Õß CAM-FMOC ∑’Ë‡°‘¥¢÷Èπ„πªØ‘°‘√‘¬“ ¥—ß· ¥ß„π
Figure 4a ·≈– 4b πÕ°®“°π’È‰¥â∑”°“√∑¥≈Õßª√—∫ ¿“«–
°“√∑¥≈Õß¢Õß HPLC ‡æ◊ËÕ„Àâ‰¥â ¿“«–°“√∑¥≈Õß∑’Ë¥’∑’Ë ÿ¥
‡æ◊ËÕ„™â „π°“√µ‘¥µ“¡ªØ‘°‘√‘¬“ æ∫«à“‡¡◊ËÕ„™â√–∫∫ ionic
suppression reversed-phase HPLC ‚¥¬„™â‚¡∫“¬‡ø 
‡ªìπ “√º ¡¢Õß acetonitrile ·≈– 0.05 M KH

2
PO

4
 ∑’Ë¡’

0.1% v/v TEA pH 7.5 „πÕ—µ√“ à«π 60:40 ∑’ËÕ—µ√“°“√
‰À≈ 2 ¡≈./π“∑’ ·≈–Õÿ≥À¿Ÿ¡‘¢Õß§Õ≈—¡πå‡ªìπ 50oC ®–„Àâ
≈—°…≥–‚§√¡“‚∑·°√¡∑’Ë¥’∑’Ë ÿ¥¥—ß· ¥ß„π Figure 5 ®÷ß„™â
 ¿“«–°“√∑¥≈Õß¥—ß°≈à“«„π°“√µ‘¥µ“¡ªØ‘°‘√‘¬“‡æ◊ËÕ»÷°…“
 ¿“«–∑’Ë¥’∑’Ë ÿ¥„π°“√∑”ªØ‘°‘√‘¬“√–À«à“ß CAM ·≈– “√µ‘¥

©≈“°ø≈ŸÕÕ‡√ ‡´π´å
1.3 º≈¢Õß pH µàÕªØ‘°‘√‘¬“√–À«à“ß CAM °—∫

FMOC-Cl
∑”°“√»÷°…“º≈¢Õß pH µàÕ°“√‡°‘¥ªØ‘°‘√‘¬“

√–À«à“ß CAM °—∫ FMOC-Cl ‚¥¬„™â ¿“«–„π°“√∑”
ªØ‘°‘√‘¬“µ“¡¢âÕ 1.2  ·≈–„™â “√≈–≈“¬∫—ø‡øÕ√å 0.1M
KH

2
PO

4
 ∑’Ë pH 6.5, 7.5 ·≈– 8.5  º≈°“√∑¥≈Õß· ¥ß

„π Figure 6 æ∫«à“∑’Ë pH 7.5 ªØ‘°‘√‘¬“‡°‘¥¢÷Èπ‰¥â¥’∑’Ë ÿ¥
‚¥¬ªØ‘°‘√‘¬“‡°‘¥¢÷Èπ ¡∫Ÿ√≥å¿“¬„π‡«≈“ª√–¡“≥ 40 π“∑’

1.4 º≈¢ÕßÕ—µ√“ à«π (‚¥¬ª√‘¡“µ√) √–À«à“ß aceto-
nitrile ·≈– 0.1M KH

2
PO

4
 pH 7.5 µàÕªØ‘°‘√‘¬“√–À«à“ß

CAM °—∫ FMOC-Cl
∑”°“√»÷°…“ªØ‘°‘√‘¬“√–À«à“ß  CAM  °—∫

FMOC-Cl ‡¡◊ËÕ„™âÕ—µ√“ à«π (‚¥¬ª√‘¡“µ√) √–À«à“ß aceto-

Figure 3. Chromatogram of blank mixture (a) and reaction mixture (b) of CAM, FMOC-Cl
and 0.1M KH2PO4 pH 7.5 with the molar ratio of 1:200:500. HPLC conditions:
Column C18 at room temperature with mobile phase of acetonitrile - 0.1% w/v
sodium hexane sulfonate pH 3.8 (50:50 v/v) at 1 ml/min.
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nitrile ·≈– 0.1M KH
2
PO

4
 pH 7.5 ‡ªìπ 4:1, 6:1, 8:1

·≈– 10:1  æ∫«à“°“√‡°‘¥ªØ‘°‘√‘¬“√–À«à“ß CAM ·≈–
FMOC-Cl ‡¡◊ËÕ„™âÕ—µ√“ à«πµà“ßÊ ¥—ß°≈à“« ‰¡à¡’§«“¡·µ°
µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠  ·µà‡π◊ËÕß®“°∑’ËÕ—µ√“ à«π 4:1 „Àâ
≈—°…≥–‚§√¡“‚∑·°√¡∑’Ë¥’∑’Ë ÿ¥ ‚¥¬æ’§∑’Ë‰¥â¡’≈—°…≥–·§∫
·≈– ¡¡“µ√ ´÷Ëß®–∑”„Àâ°“√µ√«®«—¥ª√‘¡“≥∑”‰¥âÕ¬à“ß
∂Ÿ°µâÕß·¡àπ¬” Õ—µ√“ à«ππ’È®÷ß∂Ÿ°‡≈◊Õ°„™â„π°“√ √â“ßÕπÿæ—π∏å
CAM-FMOC

®“°º≈°“√»÷°…“ªí®®—¬µà“ßÊ µàÕªØ‘°‘√‘¬“√–À«à“ß
CAM °—∫ FMOC-Cl æ∫«à“ªØ‘°‘√‘¬“‡°‘¥‰¥â¥’∑’Ë ÿ¥„π “√
≈–≈“¬º ¡¢Õß acetonitrile °—∫ 0.1M KH

2
PO

4
 pH 7.5

„πÕ—µ√“ à«π 4:1 ‚¥¬ª√‘¡“µ√ ∑’ËÕÿ≥À¿Ÿ¡‘ 40oC ‡ªìπ‡«≈“
40 π“∑’  πÕ°®“°π’È FMOC-Cl ∑’Ë‡À≈◊Õ„πªØ‘°‘√‘¬“∂Ÿ°
°”®—¥‚¥¬°“√‡µ‘¡ glycine (Bahrami et al., 2005) ´÷Ëß

∑”„Àâ‰¥â ‚§√¡“‚∑·°√¡∑’Ë –Õ“¥¢÷Èπ ·≈– —≠≠“≥°“√µÕ∫
 πÕß Ÿß¢÷Èπ ‚¥¬ glycine  “¡“√∂∑”ªØ‘°‘√‘¬“°—∫ FMOC-
Cl ‰¥âÕ¬à“ß√«¥‡√Á«∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß (ª√–¡“≥ 1 π“∑’)

2.  ¿“«–∑’Ë‡À¡“– ¡„π°“√‡°‘¥ªØ‘°‘√‘¬“√–À«à“ß CAM

°—∫ NIC

‡π◊ËÕß®“° “√®”æ«° isocyanate ¡’§«“¡«àÕß‰«„π
°“√‡°‘¥‰Œ‚¥√‰≈´‘  Ÿß¡“°  °“√∑”ªØ‘°‘√‘¬“®÷ß‰¡à§«√„™â
µ—«°≈“ß∑’Ë¡’πÈ”‡ªìπ à«πª√–°Õ∫   ¿“«–„π°“√∑”ªØ‘°‘√‘¬“
√–À«à“ß CAM °—∫ NIC ∑’Ë∑”°“√»÷°…“‰¥â·°à

2.1  ¿“«–∑’Ë‰¡à¡’ TEA ‡ªìπµ—«‡√àßªØ‘°‘√‘¬“
∑”ªØ‘°‘√‘¬“‚¥¬„™â acetonitrile ‡ªìπµ—«°≈“ß

„π°“√∑”ªØ‘°‘√‘¬“ ‚¥¬„™â®”π«π ¡¡Ÿ≈¢Õß CAM : NIC
„πÕ—µ√“ à«π 1:100 ∑’ËÕÿ≥À¿Ÿ¡‘ 30, 40, 50 ·≈– 60oC

Figure 4. Chromatogram of blank mixture (a) and reaction mixture (b) of CAM, FMOC-Cl
and 0.1M KH2PO4 pH 7.5 with the molar ratio of 1:200:500. HPLC conditions:
Column C18 at room temperature with mobile phase of acetonitrile - 0.1% w/v
sodium hexane sulfonate pH 6.5 (50:50 v/v) at 1 ml/min.
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2.2  ¿“«–∑’Ë¡’ TEA ‡ªìπµ—«‡√àßªØ‘°‘√‘¬“
∑”ªØ‘°‘√‘¬“‚¥¬„™â acetonitrile ‡ªìπµ—«°≈“ß

„π°“√∑”ªØ‘°‘√‘¬“ „π ¿“«–∑’Ë¡’ TEA ‚¥¬„™â®”π«π ¡¡Ÿ≈
¢Õß CAM : NIC : TEA  „πÕ—µ√“ à«π 1 : 100 : 20 ∑’Ë
Õÿ≥À¿Ÿ¡‘ 30, 40, ·≈– 50oC

≈—°…≥–‚§√¡“‚∑·°√¡®“°°“√µ‘¥µ“¡ªØ‘°‘√‘¬“√–À«à“ß
CAM °—∫ NIC ‚¥¬«‘∏’ HPLC ‚¥¬µ√«®«—¥∑’Ë λex 225
nm ·≈– λem 362 nm · ¥ß„π Figure 7a ·≈– 7b ®–
‡ÀÁπ«à“‚§√¡“‚∑·°√¡¢Õß reaction mixture ¡’æ’§‡æ‘Ë¡¢÷Èπ
®“°‚§√¡“‚∑·°√¡¢Õß blank mixture ∑’Ë‡«≈“ª√–¡“≥ 5.4
π“∑’ ´÷Ëßπà“®– —¡æ—π∏å°—∫æ’§¢ÕßÕπÿæ—π∏å CAM-NIC ∑’Ë
‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“

°“√‡°‘¥ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ „π ¿“«–∑’Ë‰¡à¡’ ·≈–
¡’ TEA ‡ªìπµ—«‡√àßªØ‘°‘√‘¬“ · ¥ß„π Figure 8 ·≈– Figure
9 µ“¡≈”¥—∫ ®–‡ÀÁπ«à“„π ¿“«–∑’Ë‰¡à¡’ TEA ªØ‘°‘√‘¬“‡°‘¥™â“

·≈–Õ—µ√“‡√Á«„π°“√‡°‘¥ªØ‘°‘√‘¬“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ
Õ¬à“ß‰√°Áµ“¡Õπÿæ—π∏å CAM-NIC ∑’Ë‰¥â‰¡à§ßµ—«∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß
÷́Ëß —ß‡°µ‰¥â®“°°“√≈¥≈ß¢Õß§à“æ◊Èπ∑’Ë „µâæ’§¢ÕßÕπÿæ—π∏å

CAM-NIC ‡¡◊ËÕ∑”ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 60oC ¥—ßπ—Èπ®÷ß‰¡à
§«√„™âÕÿ≥À¿Ÿ¡‘ ŸßÊ „π°“√∑”ªØ‘°‘√‘¬“ „π ¿“«–∑’Ë¡’ TEA
ªØ‘°‘√‘¬“¥”‡π‘π‰ªÕ¬à“ß√«¥‡√Á«·≈– ¡∫Ÿ√≥å  ‚¥¬∑’ËÕÿ≥À¿Ÿ¡‘
30oC ªØ‘°‘√‘¬“‡°‘¥¢÷Èπ ¡∫Ÿ√≥å¿“¬„π 1 ™—Ë«‚¡ß ·≈–Õπÿæ—π∏å
CAM-NIC ¡’§«“¡§ßµ—«¥’  ®÷ß„™â ¿“«–π’È „π°“√ √â“ß
Õπÿæ—π∏å CAM-NIC „π°“√»÷°…“µàÕ¡“

3. º≈‘µ¿—≥±å¢ÕßªØ‘°‘√‘¬“√–À«à“ß CAM °—∫ FMOC-Cl

·≈–°—∫ NIC

®“°≈—°…≥–‚§√¡“‚∑·°√¡¢Õß reaction mixture
¢Õß CAM °—∫ FMOC-Cl ·≈– CAM °—∫ NIC ∑’Ë· ¥ß
„π Figure 5 ·≈– Figure 7 µ“¡≈”¥—∫ ®–‡ÀÁπ«à“¡’æ’§

Figure 5. Chromatogram of blank mixture (a) and reaction mixture (b) of CAM, FMOC-Cl
and 0.1M KH2PO4 pH 7.5 with the molar ratio of 1:200:500. HPLC conditions:
Column C18 at 50oC with mobile phase of acetonitrile - 0.05 M KH2PO4 containing
0.1%v/v TEA pH 7.5 (60:40 v/v) at 2 ml/min and fluorescence detection with λλλλλex
275 nm and λλλλλem 318 nm.
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Figure 6. Effect of pH on the reaction between CAM and FMOC-Cl (reaction medium:
mixture of  acetonitrile and 0.1M KH

2
PO

4
 buffer with varying pH at 40oC).

Figure 7. Chromatogram of blank mixture (a) and reaction mixture (b) of CAM and NIC in
acetonitrile. HPLC conditions: Column C18 at 50oC with mobile phase of aceto-
nitrile - 0.05 M KH2PO4 containing 0.1%v/v TEA pH 7.5 (60:40 v/v) at 2 ml/min
and fluorescence detection with λλλλλex 225 nm and λλλλλem 362 nm.

À≈—°¢Õßº≈‘µ¿—≥±å‡°‘¥¢÷Èπ‡æ’¬ßæ’§‡¥’¬« · ¥ß«à“º≈‘µ¿—≥±å
∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“®–¡’‡æ’¬ßº≈‘µ¿—≥±å‡¥’¬« ‰¡à„™à “√º ¡
¢Õß ‚¡‚π-, ‰¥- ·≈– ‰µ√-‡Õ ‡∑Õ√å ∑’Ë‡°‘¥®“°°“√∑”
ªØ‘°‘√‘¬“¢ÕßÀ¡Ÿà‰Œ¥√Õ°´‘≈∑ÿµ‘¬¿Ÿ¡‘ ∑’Ë¡’Õ¬Ÿà 3 À¡Ÿà„π‚¡‡≈°ÿ≈
¢Õß CAM πÕ°®“°π’È®“°√“¬ß“π°“√»÷°…“§«“¡«àÕß‰«¢Õß
À¡Ÿà‰Œ¥√Õ°´‘≈„π‚¡‡≈°ÿ≈¢ÕßÕ‘√‘‚∑√¡—¬´‘π (Flynn et al.,
1954) ´÷Ëß‡ªìπ¬“µâπ·∫∫¢Õß CAM æ∫«à“À¡Ÿà‰Œ¥√Õ°´‘≈∑’Ë

Õ¬Ÿà∫ππÈ”µ“≈ desosamine ‡ªìπÀ¡Ÿà∑’Ë¡’§«“¡«àÕß‰« Ÿß ÿ¥
·≈–ªØ‘°‘√‘¬“°“√‡°‘¥‡Õ ‡∑Õ√å®–‡°‘¥∑’Ëµ”·Àπàßπ’È‡°◊Õ∫ 100%
¥—ßπ—Èπº≈‘µ¿—≥±å∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“¢Õß CAM °—∫ FMOC-
Cl  ·≈–°—∫  NIC  ®÷ß§«√‡ªìπ™π‘¥‚¡‚π-‡Õ ‡∑Õ√å  ´÷Ëß
 —¡æ—π∏å°—∫§à“ retention time ¢Õßº≈‘µ¿—≥±å∑’Ë¡’§à“‰¡à Ÿß
π—° ´÷Ëß∂â“‡ªìπ ‰¥-‡Õ ‡∑Õ√å À√◊Õ ‰µ√-‡Õ ‡∑Õ√å ∑’Ë¡’§«“¡
‡ªìπ¢—È«µË”°«à“ ‚¡‚π-‡Õ ‡∑Õ√å §à“ retention time „π√–∫∫
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Figure  8. Effect of temperature on the reaction of CAM with NIC. The reaction
was performed in acetonitrile without TEA.

Figure 9 Effect of temperature on the reaction of CAM with NIC. The reaction
was performed in acetonitrile with TEA as catalyst.

reversed-phase HPLC ®–¡’§à“ Ÿß°«à“π’È¡“° (Snyder et
al., 1979)

4. §«“¡§ßµ—«¢ÕßÕπÿæ—π∏å  CAM-FMOC  ·≈–  CAM-

NIC ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

®“°°“√»÷°…“‚¥¬µ—Èß reaction mixture À≈—ß®“°∑’Ë
‰¥â∑”ªØ‘°‘√‘¬“‡ √Á® ‘Èπ·≈â«‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈–∑”°“√µ√«®

µ‘¥µ“¡°“√‡ª≈’Ë¬π·ª≈ß∑’Ë√–¬–‡«≈“µà“ßÊ ‚¥¬«‘∏’ HPLC
‡ªìπ‡«≈“¡“°°«à“ 10 ™—Ë«‚¡ß æ∫«à“Õπÿæ—π∏å CAM-FMOC
¡’‡ ∂’¬√¿“æ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‰¥âπ“πª√–¡“≥ 4 ™—Ë«‚¡ß ‚¥¬¡’
ª√‘¡“≥ CAM-FMOC ‡À≈◊ÕÕ¬Ÿà 96%  à«πÕπÿæ—π∏å CAM-
NIC  “¡“√∂§ßµ—«∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‰¥âπ“πª√–¡“≥ 16 ™—Ë«‚¡ß
‚¥¬¡’ª√‘¡“≥ CAM-NIC ‡À≈◊ÕÕ¬Ÿà 96%
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Table 1. Fluorescence intensity and coefficient of variation (CV) of the reaction of CAM
with FMOC-Cl and CAM with NIC (n = 5)

            Fluorescence intensity (mean±SD, n= 5)   CV (%)

CAM-FMOC CAM-NIC CAM-FMOC CAM-NIC
(λλλλλex 275, λλλλλem 318) (λλλλλex 225, λλλλλem 362)

0.1   192.29±11.44 182.29±6.38 5.95 3.32
0.4   761.13±45.74   731.13±36.23 6.01 4.76
1.0 2029.73±78.14 2140.73±80.78 3.85 3.98
1.6   3254.70±113.91 3105.60±90.16 3.50 2.77
2.4   4891.22±102.23   4791.22±138.91 2.09 2.84

CAM Concentration
(µµµµµg/ml)

5. Fluorescence intensity, reproducibility ·≈– linear-

ity ¢ÕßªØ‘°‘√‘¬“√–À«à“ß CAM °—∫ FMOC-Cl ·≈–

CAM °—∫ NIC

®“°°“√»÷°…“°“√‡°‘¥ªØ‘°‘√‘¬“¢Õß CAM °—∫ FMOC-
Cl ·≈– CAM °—∫ NIC „π™à«ß§«“¡‡¢â¡¢âπ 0.1-2.4
‰¡‚§√°√—¡/¡≈.  ®”π«π 5 §«“¡‡¢â¡¢âπ  ‚¥¬·µà≈–§«“¡
‡¢â¡¢âπ∑”°“√∑¥≈Õß´È” 5 §√—Èß §à“ reproducibility ´÷Ëß
æ‘®“√≥“®“°§à“ —¡ª√– ‘∑∏å¢Õß§«“¡·ª√ª√«π (coefficient
of variation, % CV) ¢Õß§à“ fluorescence intensity
æ∫«à“¡’§à“Õ¬Ÿà√–À«à“ß 2.09-6.01 ·≈– 2.77-4.76  ”À√—∫
ªØ‘°‘√‘¬“√–À«à“ß CAM °—∫ FMOC-Cl ·≈– CAM °—∫
NIC µ“¡≈”¥—∫ ¥—ß· ¥ß„π Table 1  ·≈–„π™à«ß§«“¡
‡¢â¡¢âπ¥—ß°≈à“«§à“æ◊Èπ∑’Ë„µâæ’§¢ÕßÕπÿæ—π∏å∑’Ë‰¥â¡’§«“¡ —¡æ—π∏å
‡ªìπ‡ âπµ√ß°—∫§«“¡‡¢â¡¢âπ¢Õß CAM ‚¥¬¡’§à“ —¡ª√– ‘∑∏‘Ï
°“√µ—¥ ‘π„® (coefficient of determination, r2) ‡ªìπ
0.9991 ·≈– 0.9981  ”À√—∫ªØ‘°‘√‘¬“√–À«à“ß CAM °—∫
FMOC-Cl ·≈– CAM °—∫ NIC µ“¡≈”¥—∫ ‚¥¬∑’ËÕπÿæ—π∏å
CAM-FMOC ·≈– CAM-NIC ¡’§«“¡ “¡“√∂„π°“√
ø≈ŸÕÕ‡√  ǻ„°≈â‡§’¬ß°—π

 √ÿªº≈°“√∑¥≈Õß

°“√ √â“ßÕπÿæ—π∏å∑’Ëø≈ŸÕÕ‡√ ´å‰¥â¢Õß CAM ‚¥¬°“√
∑”ªØ‘°‘√‘¬“°—∫ NIC  “¡“√∂‡°‘¥‰¥âßà“¬°«à“°“√∑”ªØ‘°‘√‘¬“
°—∫ FMOC-Cl ‚¥¬°“√‡°‘¥ªØ‘°‘√‘¬“°—∫ NIC µâÕß∑”„π
µ—«°≈“ß∑’Ëª√“»®“°πÈ”  ‚¥¬¡’ TEA ‡ªìπµ—«‡√àßªØ‘°‘√‘¬“
ªØ‘°‘√‘¬“ “¡“√∂‡°‘¥‰¥âÕ¬à“ß√«¥‡√Á«  ·≈– ¡∫Ÿ√≥å∑’ËÕÿ≥À¿Ÿ¡‘

ÀâÕß  à«π°“√‡°‘¥ªØ‘°‘√‘¬“°—∫ FMOC-Cl µâÕß∑”∑’ËÕÿ≥À¿Ÿ¡‘
40oC  „πµ—«°≈“ß∑’Ë‡ªìπ “√º ¡¢Õß  acetonitrile  ·≈–
0.1M KH

2
PO

4
 pH 7.5 „πÕ—µ√“ à«π 4:1 (‚¥¬ª√‘¡“µ√)

·¡â«à“∑—Èß NIC ·≈– FMOC-Cl  “¡“√∂‡°‘¥ªØ‘°‘√‘¬“°—∫
CAM ‰¥âÕ¬à“ß§ß∑’Ë ·¡àπ¬” (reproducible) „ÀâÕπÿæ—π∏å∑’Ë
¡’§«“¡ “¡“√∂„π°“√ø≈ŸÕÕ‡√ ´å„°≈â‡§’¬ß°—π ·≈–°“√‡°‘¥
ªØ‘°‘√‘¬“¡’§«“¡ —¡æ—π∏å‡ªìπ‡ âπµ√ß°—∫ª√‘¡“≥ CAM ·µà
Õπÿæ—π∏å CAM-NIC ¡’§«“¡§ßµ—«∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π°«à“
Õπÿæ—π∏å CAM-FMOC ¥—ßπ—ÈπªØ‘°‘√‘¬“„π°“√ √â“ßÕπÿæ—π∏å
CAM-NIC ®÷ß¡’§«“¡‡À¡“– ¡„π°“√π”‰ª„™â „π°“√
«‘‡§√“–Àåª√‘¡“≥ CAM ¡“°°«à“Õπÿæ—π∏å CAM-FMOC
‚¥¬‡©æ“–„π°“√»÷°…“∑’ËµâÕß«‘‡§√“–Àåµ—«Õ¬à“ß‡ªìπ®”π«π
¡“°Ê ‡™àπ „π°“√»÷°…“∑“ß‡¿ —™®≈π»“ µ√å ·≈–°“√»÷°…“
™’« ¡¡Ÿ≈¢Õß¬“  πÕ°®“°π’È¬—ß “¡“√∂ª√–¬ÿ°µåªØ‘°‘√‘¬“
¥—ß°≈à“«„π°“√«‘‡§√“–Àåª√‘¡“≥¬“„π°≈ÿà¡·¡§‚§√‰≈¥åµ—«Õ◊Ëπ
‰¥âÕ’°¥â«¬
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