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Abstract
The objective of this study was to develop preservative-free morphine preparations for spinal

injection to relieve pain for the patients who were not able to use the formulations with preservatives.
From preliminary study of 14 formulations, it was found that preparations containing active ingredient,
water, sodium chloride, and pH adjusted to approximately 4 were promising for long-term stability
study. Therefore, four preparations of morphine sulphate injection at a concentration of 10 mg/ml were
prepared. Each formulation was divided into 2 groups with and without flushing with nitrogen gas, prior
to ampoule sealing. The prepared solution was filtered through 0.22 µm membrane filter under laminar
airflow hood using aseptic technique and filled into 1 ml amber glass ampoules. The samples were
kept at 25 ÌC/50%RH condition. Physical and chemical stability and sterility of the samples were tested
periodically for 12 months. It was found that the most stable preparation was the formulation containing
morphine and water for injection. Ninety eight percenst of morphine was found during the storage
period. However, color change in all samples was observed since 6 months of storage. Degraded
product was observed in most of the samples since 6 months after storage according to the peak
found in the HPLC chromatograms. Interestingly, all preparations with nitrogen flushing into the
ampoules prior to sealing were more stable than those without flushing.  All samples were still sterile
as compared to the control samples during the study period.
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∫∑§—¥¬àÕ
     «—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È‡æ◊ËÕæ—≤π“°“√µ—Èßµ”√—∫¬“©’¥¡Õ√åøïπ∑’Ë‰¡à¡’ “√∂πÕ¡ ‚¥¬„™â©’¥‡¢â“‰¢ —πÀ≈—ß
‡æ◊ËÕ√–ß—∫ª«¥ ”À√—∫ºŸâªÉ«¬ °√≥’∑’Ë‰¡à “¡“√∂„™â¬“©’¥∑’Ë¡’ “√∂πÕ¡‰¥â ‡√‘Ë¡µâπ‰¥â¡’°“√∑¥ Õ∫ ‡æ◊ËÕÀ“ “√™à«¬∑’Ë
 “¡“√∂„™â„πµ”√—∫®“°°“√∑¥ Õ∫·≈–ª√–‡¡‘π§«“¡§ßµ—«„π√–¬– —Èπ®”π«π 14 µ”√—∫ æ∫«à“ µ”√—∫∑’Ë¡’µ—«¬“ ”§—≠
πÈ” ‚´‡¥’¬¡§≈Õ‰√¥å ·≈–ª√—∫ pH ¢Õßµ”√—∫„Àâ‰¥âª√–¡“≥ 4 ¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë®–π”¡“‡µ√’¬¡µ”√—∫¬“·≈–»÷°…“
§«“¡§ßµ—«„π√–¬–¬“« ®“°π—Èπ®÷ß‰¥âµ—Èßµ”√—∫¬“©’¥¡Õ√åøïπ´—≈‡øµ®“°ªí®®—¬¥—ß°≈à“«∑’Ë§«“¡‡¢â¡¢âπ 10 mg/ml ∑—ÈßÀ¡¥
4  Ÿµ√µ”√—∫ ‚¥¬∑’Ë·µà≈– Ÿµ√µ”√—∫ ·∫àß‡ªìπ 2 µ”√—∫∑’Ë„ à°ä“´‰π‚µ√‡®π·≈–‰¡à„ à°ä“´‰π‚µ√‡®π„π¢—ÈπµÕπ°àÕπ
ªî¥ºπ÷°„π·Õ¡æŸ≈  “√≈–≈“¬¬“©’¥∂Ÿ°∫√√®ÿ„π·Õ¡æŸ≈ ’™“¢π“¥ 1 ml ´÷Ëß°√Õßª√“»®“°‡™◊ÈÕ¥â«¬ membrane
filter ¢π“¥ 0.22 µm ¿“¬„µâ laminar airflow hood ¥â«¬‡∑§π‘§ª≈Õ¥‡™◊ÈÕ ‡°Á∫µ—«Õ¬à“ß‰«â∑’Ë 25  ÌC §«“¡™◊Èπ —¡æ—∑∏å
√âÕ¬≈– 50 ∑”°“√∑¥ Õ∫§«“¡§ßµ—«∑“ß°“¬¿“æ ‡§¡’·≈–§«“¡ª√“»®“°‡™◊ÈÕ‡ªìπ™à«ßÊ ‡ªìπ√–¬–‡«≈“ 12 ‡¥◊Õπ
æ∫«à“µ”√—∫∑’Ë§ßµ—«¥’∑’Ë ÿ¥§◊Õµ”√—∫∑’Ë¡’‡©æ“–¡Õ√åøïπ·≈–πÈ” ”À√—∫‡µ√’¬¡¬“©’¥ (Water for Injection) ‡ªìπµ—«∑”
≈–≈“¬ ‚¥¬æ∫«à“¡’µ—«¬“ ”§—≠§ß‡À≈◊Õ√âÕ¬≈– 98 µ≈Õ¥√–¬–‡«≈“∑’Ë»÷°…“ Õ¬à“ß‰√°Á¥’‡¡◊ËÕ‡°Á∫‰«â 6 ‡¥◊Õπ æ∫«à“
∑ÿ°µ”√—∫¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß ’ ·≈–‡°◊Õ∫∑ÿ°µ”√—∫¡’°“√µ√«®æ∫ “√‡ ◊ËÕ¡‚¥¬‡ÀÁπ‰¥â®“° peak ¢Õß “√„π
chromatogram º≈°“√∑¥≈Õß∑’Ëπà“ π„®§◊Õ ∑ÿ°µ”√—∫∑’Ë‡µ‘¡°ä“´‰π‚µ√‡®π≈ß„π·Õ¡æŸ≈°àÕπªî¥ºπ÷° ¡’§«“¡
§ßµ—«¥’°«à“µ”√—∫∑’Ë‰¡à‰¥â‡µ‘¡°ä“´‰π‚µ√‡®π πÕ°®“°π’È¬—ßæ∫«à“ µ—«Õ¬à“ß∑’Ë»÷°…“∑—ÈßÀ¡¥¡’§«“¡ª√“»®“°‡™◊ÈÕ
µ≈Õ¥√–¬–‡«≈“∑’Ë»÷°…“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡

§” ”§—≠: ¡Õ√åøïπ ¬“©’¥  “√°—π‡ ’¬

∫∑π”
¡Õ√åøïπ‡ªìπ¬“∑’Ë∂Ÿ°‡≈◊Õ°„™â (Drug of choice)

®“°Õß§å°“√Õπ“¡—¬‚≈° ”À√—∫√—°…“ºŸâªÉ«¬‚√§¡–‡√Áß
∑’Ë¡’§«“¡‡®Á∫ª«¥√–¥—∫ª“π°≈“ß®π∂÷ß√ÿπ·√ß ‡¡◊ËÕ„™â
¬“Õ◊Ëπ‰¡à‰¥âº≈ (WHO, 1986) ¡Õ√åøïπ∑’Ë„Àâ„π√Ÿª·∫∫
¬“©’¥π—Èπ ªí®®ÿ∫—π¡’„™â∑’Ë§«“¡·√ß 10 mg/ml ¢π“¥
∫√√®ÿ 1 ml ÷́Ëß„Àâ‰¥âÀ≈“¬∑“ß ‡™àπ °“√©’¥‡¢â“‡ âπ
(intravenous injection) À√◊Õ©’¥‡¢â“°≈â“¡ (intramus-
cular injection) Õ¬à“ß‰√°Á¥’¡Õ√åøïπ¡’ªí≠À“§«“¡
§ßµ—«‡¡◊ËÕÕ¬Ÿà„π “√≈–≈“¬§◊Õ “¡“√∂‡°‘¥ªØ‘°‘√‘¬“
ÕÕ°´‘ ‡¥™—π‰¥â “√‡ ◊ËÕ¡ 2 ™π‘¥∑’Ë ”§—≠§◊Õ
pseudomorphine ·≈– morphine N-oxide πÕ°®“°
π’È pH ¢Õß “√≈–≈“¬°Á¡’º≈µàÕ§«“¡§ßµ—«¢Õß¬“ ‚¥¬
¡Õ√åøïπ§ßµ—«¥’∑’Ë pH ª√–¡“≥ 4 À√◊ÕµË”°«à“ (Connors
et al., 1986; Plotkowiak et al., 2004) Õ¬à“ß‰√
°Áµ“¡ºŸâªÉ«¬Õ“®¡’Õ“°“√·æâ®“° “√™à«¬∑’ËÕ¬Ÿà„πµ”√—∫
¬“©’¥ ∑’ËÕ“®∑”„Àâ‡°‘¥Õ—πµ√“¬·°àºŸâªÉ«¬‰¥âÀ“°·æ∑¬å
µâÕß°“√©’¥¡Õ√åøïπ‡¢â“‰¢ —πÀ≈—ß  ”À√—∫µ”√—∫¬“
¡Õ√åøïπ´—≈‡øµ∑’Ë‰¡à‰¥â„ à “√∂πÕ¡ ‡ªìπ∑’Ë¬Õ¡√—∫«à“¡’
§«“¡ª≈Õ¥¿—¬ ”À√—∫°“√„Àâ¬“·∫∫ intrathecal/

epidural injection (McQuay, 1990; Grouls et al.,
1999; Gaudette and Weaver, 2003)

pH ¢Õß “√≈–≈“¬‡ªìπªí®®—¬ ”§—≠∑’Ë¡’º≈µàÕ
§«“¡§ßµ—«¢Õß¬“ ´÷Ëßæ∫«à“¡Õ√åøïπ¡’§«“¡§ßµ—«
¥’„π™à«ß pH 3-5 À“° pH  Ÿß‡°‘π‰ªÕ“®¡’ªí≠À“
§«“¡§ßµ—« ‚¥¬‡©æ“–‡¡◊ËÕ‡°Á∫‰«âπ“πÊ À√◊Õ„π
 ¿“«–‡√àß (Gleditsch and Waaler, 2001) ¥—ßπ—Èπ
°“√µ—Èßµ”√—∫∑’Ë‰¡à¡’ “√∂πÕ¡ ·µà§«∫§ÿ¡ pH ¢Õß
 “√≈–≈“¬„ÀâÕ¬Ÿà„π pH ∑’Ë¡Õ√åøïπ¡’§«“¡§ßµ—«®÷ß‡ªìπ
 ‘Ëß∑’Ë®”‡ªìπ (Connors et al., 1986; Gleditsch and
Waaler, 2001; Preechagoon et al., 2005)
‚¥¬°“√„™â “√≈–≈“¬∫—ø‡øÕ√å ∑’Ë‡À¡“– ¡·≈–‡¢â“°—∫
√à“ß°“¬‰¥â‡™àπ phosphate ·≈– sodium chloride
‡æ◊ËÕª√—∫ tonicity „Àâ‡À¡“– ¡°—∫°“√„™â©’¥‡¢â“‰¢ —πÀ≈—ß
(Portenoy, 1993)

ß“π«‘®—¬¢Õßµà“ßª√–‡∑»∑’Ë¡’°“√»÷°…“°“√µ—Èß
µ”√—∫¡Õ√åøïπ∑’Ë‰¡à¡’ “√∂πÕ¡À√◊Õ “√Õ◊Ëπ∑’ËÕ“®‡ªìπ
Õ—πµ√“¬ ‚¥¬„™â phosphate À√◊Õ citrate buffers
æ∫«à“¡Õ√åøïπ¡’§«“¡§ßµ—«¥’ µ”√—∫∑’Ë¡’®”Àπà“¬·≈â«
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„πµà“ßª√–‡∑» ‡™àπ Duramorph® (morphine sulphate
injection USP ¡’ pH ª√–¡“≥ 2.5-6.5) ·≈–
Infumorph® (Morphine sulphate sterile solution
pH ª√–¡“≥ 2.5-6.5) ‚¥¬∑’Ë Duramorph® ¡’
sodium chloride ·≈– water for injection „πµ”√—∫
‡∑à“π—Èπ ß“π«‘®—¬π’È¡’§«“¡·µ°µà“ß®“°ß“π«‘®—¬Õ◊Ëπ§◊Õ
¡’°“√»÷°…“°“√µ—Èßµ”√—∫¬“∑’Ë pH 3-5 ´÷Ëßæ∫«à“
¡Õ√åøïπ¡’§«“¡§ßµ—«¥’ ·≈–„™â “√∫—ø‡øÕ√å∑’Ë‡¢â“‰¥â
°—∫√à“ß°“¬‰¥â °“√æ—≤π“µ”√—∫¬“π’È®÷ßµâÕß°“√µ—Èß
µ”√—∫¬“∑’Ë¡’§«“¡§ßµ—«·≈– “¡“√∂π”‰ª„™â‰¥â®√‘ß
À“°π”‰ªº≈‘µ„π¢—ÈπÕÿµ “À°√√¡ ‡æ◊ËÕ‡ªìπ∑“ß‡≈◊Õ°
„ÀâºŸâªÉ«¬‰¥â√—∫¬“∑’Ë¡’§ÿ≥¿“æ √“§“∂Ÿ°·≈–≈¥§«“¡‡ ’Ë¬ß
¢Õß°“√·æâ ·≈–‡ªìπ°“√æ÷Ëßæ“µπ‡Õß ≈¥°“√π”‡¢â“
®“°µà“ßª√–‡∑»

«—µ∂ÿª√– ß§å

1. »÷°…“ªí®®—¬∑’Ë¡’º≈µàÕ§«“¡§ßµ—«¢Õßµ”√—∫
¬“©’¥¡Õ√åøïπ∑’Ëª√“»®“° “√°—π‡ ’¬

2. æ—≤π“µ”√—∫¬“©’¥¡Õ√åøïπ∑’Ëª√“»®“° “√
°—π‡ ’¬

3. »÷°…“§«“¡§ßµ—«∑“ß°“¬¿“æ ‡§¡’·≈–
§«“¡ª√“»®“°‡™◊ÈÕ¢Õßµ”√—∫¬“‡ªìπ‡«≈“ 1 ªï

«— ¥ÿÕÿª°√≥å
 “√‡§¡’

Morphine sulphate (B.P/U.S.P) ‡ªìπ
º≈‘µ¿—≥±å¢Õß∫√‘…—∑ Glaxo Welcome, Australia,
dibasic ammonium phosphate (HPLC grade),
methanol (AR grade), monobasic potassium phos-
phate (HPLC grade) ‡ªìπº≈‘µ¿—≥±å¢Õß∫√‘…—∑ BDH,
hydrochloric acid (AR grade), tryptic soy agar,
soybean-casein digest media ·≈– fluid thioglycolate
media ‡ªìπº≈‘µ¿—≥±å Himedia ®“°∫√‘…—∑ Bank Trad-
ing, Co. Ltd. ·≈– °ä“´‰π‚µ√‡®π‡ªìπº≈‘µ¿—≥±å®“°
∫√‘…—∑¢Õπ·°àπÕÕ° ‘́‡®π

‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å
HPLC system ª√–°Õ∫‰ª¥â«¬ Pump [Perkin-

Elmer series 200 LC S/N 291 N7031101, USA],
UV-detector [Perkin-Elmer 785 A, US/VIS S/N
007N7030306], Integrator [Perkin-Elmer S/N 541
N 732905], Column [4.6x250 mm C

18
 reversed-

phase column (Zorbax, 5-µm, Agilent technol-
ogy] ‡§√◊ËÕß¡◊ÕÕ◊Ëπ∑’Ë ”§—≠‰¥â·°à pH meter [Corning
ION, analyzer 250, SN 5081234] Autoclave [Auto
steam sterilizer, model H-88L4D, OMRON cor-
poration, Japan] Incubator [WTC binder Type B
400, Germany], Laminar air flow [ISSCO Lami-
nar flow model BV-123], ·≈– Amber glass am-
poules ¢π“¥ 1 ml (‰¥â√—∫°“√ π—∫ πÿπ®“°∫√‘…—∑
ANB laboratory)

«‘∏’°“√∑¥≈Õß
°“√»÷°…“°àÕπ°“√µ—Èßµ”√—∫¬“

°àÕπ∑’Ë®–¡’µ”√—∫¬“‡æ◊ËÕ»÷°…“§«“¡§ßµ—«„π
√–¬–¬“« ‰¥â¡’°“√∑¥ Õ∫‡∫◊ÈÕßµâπ‡æ◊ËÕ§âπÀ“ “√∑’Ë
‡À¡“– ¡∑’Ë®–„™â„πµ”√—∫ ÷́Ëß§«√‡¢â“°—∫√à“ß°“¬‰¥â
·≈–¡’º≈µàÕ§«“¡§ßµ—« ¥—ßπ—Èπµ”√—∫¬“®÷ßª√–°Õ∫
‰ª¥â«¬¡Õ√åøïπ§«“¡·√ß 10 mg/ml ·≈–πÈ”‡ªìπÀ≈—°
 “√‡µ‘¡·µàß∑’Ë„™â§◊Õ‚´‡¥’¬¡§≈Õ‰√¥å‡æ◊ËÕª√—∫ tonicity
¢Õßµ”√—∫„Àâ‡À¡“– ¡ ·≈– “√∫—ø‡øÕ√å‡æ◊ËÕ§«∫§ÿ¡ pH
¢Õß “√≈–≈“¬‡∑à“π—Èπ °“√‡µ√’¬¡µ”√—∫‰¥â‡µ√’¬¡∑’Ë
ÀâÕß§«∫§ÿ¡§«“¡ –Õ“¥ (clean room) ∑¥ Õ∫
§«“¡§ßµ—«‡∫◊ÈÕßµâπ„π√–¬– —Èπ ‚¥¬°“√‡°Á∫¬“‡µ√’¬¡ 14
µ”√—∫∫√√®ÿ„π·Õ¡æŸ≈ ’™“¢π“¥ 1 ml ‡°Á∫‰«â∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 2  —ª¥“Àå  —ß‡°µ°“√
‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èπ ‡™àπ °“√µ°µ–°Õπ pH  ’¢Õß
µ”√—∫¬“∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª ·≈–µ√«®«—¥ª√‘¡“≥µ—«¬“
 ”§—≠§ß‡À≈◊Õ

°“√‡µ√’¬¡µ”√—∫¬“‡æ◊ËÕ»÷°…“§«“¡§ßµ—«
√–¬–¬“«
°“√‡µ√’¬¡Õÿª°√≥å·≈–°“√‡µ√’¬¡µ”√—∫¬“

„π°“√‡µ√’¬¡µ”√—∫¬“¥—ß°≈à“« ‡ªìπ°“√‡µ√’¬¡¬“
ª√“»®“°‡™◊ÈÕ ¥—ßπ—ÈπÕÿª°√≥åµà“ßÊ ∑’Ë„™â„π°“√
‡µ√’¬¡¬“µâÕßºà“π°“√∑”§«“¡ –Õ“¥·≈–∑”°“√
¶à“‡™◊ÈÕ¥â«¬ hot air oven À√◊Õ autoclave ·≈â«·µà
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™π‘¥¢ÕßÕÿª°√≥å∑’Ë„™â ·≈–‡µ√’¬¡„πÀâÕß§«∫§ÿ¡§«“¡
 –Õ“¥ ‚¥¬‡©æ“–„π¢—ÈπµÕπ°“√°√Õß °“√∫√√®ÿ ·≈–
°“√ªî¥ºπ÷°µâÕß‡µ√’¬¡„π laminar airflow (Class 100)
¥â«¬‡∑§π‘§ª≈Õ¥‡™◊ÈÕ
     ‡µ√’¬¡µ”√—∫‚¥¬≈–≈“¬ºß¬“¡Õ√åøïπ¥â«¬ water
for injection „π∫’°‡°Õ√åª√‘¡“µ√ª√–¡“≥ 2 „π 3 ¢Õß
ª√‘¡“µ√∑’ËµâÕß„™â §π„Àâ≈–≈“¬¥â«¬·∑àß·°â«§π
®“°π—Èπ‡µ‘¡ “√∑’Ë¡’„πµ”√—∫„Àâ§√∫„π·µà≈–µ”√—∫ (µ“√“ß
∑’Ë 1) ·≈–ª√—∫ pH (∂â“¡’) π” “√≈–≈“¬∑’Ë‰¥â‰ª°√Õß
¥â«¬ membrane filter ¢π“¥√Ÿ‡ªî¥ 0.22 µm ‡æ◊ËÕ
∑”„Àâµ”√—∫ª√“»®“°‡™◊ÈÕ ∑”°“√‡µ‘¡°ä“´‰π‚µ√‡®π
°àÕπªî¥ºπ÷° (∂â“¡’) ®“°π—Èπ∫√√®ÿ„π amber glass

ampoule ¢π“¥ 1 ml °àÕπªî¥ π‘∑‚¥¬„™â pull seal-
ing technique ®“°π—Èππ” ampoule ∑’Ë‡µ√’¬¡‰¥â‰ª
∑¥ Õ∫°“√√—Ë« ¿“¬„µâ ¿“«– ÿ≠≠“°“» ‚¥¬°“√®ÿà¡
·Õ¡æŸ≈≈ß„π beaker ∑’Ë∫√√®ÿ “√≈–≈“¬ 1% methyl-
ene blue solution ®“°π—Èπ„ à≈ß„π vacuum cham-
ber µ—Èß∑‘Èß‰«â‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß‡æ◊ËÕ∑¥ Õ∫°“√√—Ë« ≈â“ß
·Õ¡æŸ≈„Àâ –Õ“¥ ·Õ¡æŸ≈∑’Ë¡’ ’πÈ”‡ß‘π„Àâ∑‘Èß‰ª ®“°
π—Èπµ√«®Õπÿ¿“§¥â«¬©“°¢“«¥”∑ÿ°µ—«Õ¬à“ß µ—«Õ¬à“ß
∑’Ëºà“π°“√∑¥ Õ∫ π”‰ª»÷°…“§«“¡§ßµ—«µàÕ‰ª ·µà≈–
µ”√—∫‡µ√’¬¡ª√–¡“≥ 300 ·Õ¡æŸ≈ µ”√—∫∑’Ë 1-4 ·≈–
µ”√—∫∑’Ë 5-8 ‡µ√’¬¡Àà“ß°—π 1  —ª¥“Àå

°“√»÷°…“§«“¡§ßµ—«
°“√»÷°…“§«“¡§ßµ—«∑“ß‡§¡’

‰¥âπ” √–∫∫ HPLC ¡“„™â‡æ◊ËÕÀ“ª√‘¡“≥¬“§ß
‡À≈◊Õ„πµ”√—∫ ‚¥¬¡’√–∫∫¥—ß∑’Ë‰¥â°≈à“«„πÀ—«¢âÕ
‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å  ”À√—∫ Mobile phase ∑’Ë„™â§◊Õ
methanol : πÈ” : acetic acid = 22.5 : 77.5 : 1
(v/v) ª√—∫ pH „Àâ‰¥â 4.0 ¥â«¬ 0.1 N NaOH
°√Õß¥â«¬ membrane filter ¢π“¥ 0.45 µm ·≈â«
‡∑≈ß„π¢«¥·°â«∑’Ë„™â∫√√®ÿ mobile phase π”‰ª
‰≈àÕ“°“»¥â«¬‡§√◊ËÕß sonicator ª√–¡“≥ 10 π“∑’
°àÕπ„™â ‚¥¬¡’ Injection volume §◊Õ 20 µl §«“¡‡√Á«
„π°“√¢—∫ mobile phase §◊Õ 1 ml/min §«“¡¬“«§≈◊Ëπ

1 5.0 - - - to 500 No

2 5.0 - - - to 500 Yes

3 5.0 3.8 - - to 500 No

4 5.0 3.8 - -- to 500 Yes

5 5.0 1.65 5 - to 500 No

6 5.0 1.65 5 - to 500 Yes

7 5.0 3.8 - ª√—∫ pH 4 to 500 No

8 5.0 3.8 - ª√—∫ pH 4 to 500 Yes

µ“√“ß∑’Ë 1 µ”√—∫¬“‡µ√’¬¡ morphine sulphate injection (10 mg/ml)

µ”√—∫ Morphine

sulphate (g)

Sodium

chloride (g)

Na
2
HPO

4
 (g) Hydrochloric

acid (0.1 N)

Water for

injection

(ml)

Nitrogen

gas

¢Õß UV detector ∑’Ë„™â§◊Õ 240 nm
°“√‡µ√’¬¡ “√¡“µ√∞“π·≈–°√“ø
¡“µ√∞“π

‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π¡Õ√åøïπ´—≈‡øµ §«“¡
‡¢â¡¢âπ 50, 100, 200, 250 µg/ml ®“° morphine
sulphate stock solution (1 mg/ml) ‚¥¬„™â mobile
phase ‡ªìπµ—«∑”≈–≈“¬ ‚¥¬°“√ªî‡ªµ “√≈–≈“¬ stock
solution ®”π«π 1, 2, 4 ·≈– 5 ml ·≈â«‡®◊Õ®“ß¥â«¬
mobile phase „π volumetric flask ¢π“¥ 20 ml
°√“ø¡“µ√∞“π‰¥â®“°°“√æ≈ÁÕµ°√“ø√–À«à“ß peak
area °—∫§«“¡‡¢â¡¢âπ (µg/ml) ¢Õß¡Õ√åøïπ ®“°π—Èπ
§”π«≥À“ ¡°“√§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ
·≈– peak area §”π«≥§à“ r2 ´÷Ëß¡’§à“ 0.999 ·≈–
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 ¡°“√∂¥∂Õ¬‡ âπµ√ß ( l inear regression
equation) ‡æ◊ËÕ§”π«≥ª√‘¡“≥¢Õß¬“ ́ ÷Ëß‰¥â§à“ ¡°“√
Y=8437.4X, ‚¥¬∑’Ë Y §◊Õæ◊Èπ∑’Ë„µâ°√“ø·≈– X §◊Õ §«“¡
‡¢â¡¢âπ (µg/ml)

°“√»÷°…“§«“¡§ßµ—«∑“ß°“¬¿“æ
°“√»÷°…“§«“¡§ßµ—«∑“ß°“¬¿“æ ‰¥â·°à°“√

«—¥§à“ pH ∑’Ë‡ª≈’Ë¬π·ª≈ß¢Õßµ”√—∫∑’Ë‡µ√’¬¡¢÷Èπµ≈Õ¥
√–¬–‡«≈“∑’Ë»÷°…“ √«¡∑—Èß≈—°…≥–∑“ß°“¬¿“æ«à“
‡ª≈’Ë¬π·ª≈ß‰ªÕ¬à“ß‰√ ‡™àπ  —ß‡°µ≈—°…≥–¢Õß ’ ·≈–
°“√µ°µ–°Õπ ‡ªìπµâπ

°“√∑¥ Õ∫§«“¡ª√“»®“°‡™◊ÈÕ
°“√∑¥ Õ∫π’È‡æ◊ËÕ∑√“∫§«“¡ª√“»®“°‡™◊ÈÕ¢Õß

µ”√—∫¬“ ‚¥¬Õ“»—¬ sterility test µ“¡¡“µ√∞“π USP
24 ¥â«¬«‘∏’ direct inoculation „π  laminar airflow
hood ‚¥¬„™â soybean casein broth ·≈– fluid
thioglycollate broth ‡ªìπ “√Õ“À“√‡≈’È¬ß‡™◊ÈÕ π”
µ—«Õ¬à“ß∑’Ë‡µ√’¬¡‰¥â (n=2) ‰ª incubate ∑’ËÕÿ≥À¿Ÿ¡‘ 25
·≈– 35 Ì´ µ“¡≈”¥—∫ ‡ªìπ‡«≈“ 7-14 «—π ‚¥¬‡ª√’¬∫
‡∑’¬∫°—∫ negative ·≈– positive control ‡™◊ÈÕ∑’Ë„™â
∑¥ Õ∫‰¥â·°à Staphylococcus aureus, Bacillus
subtilis, Candida albicans, Pseudomonas
aeruginosa ·≈– Clostridium perfingens  —ß‡°µ
§«“¡¢ÿàπ¢Õßµ—«Õ¬à“ß ·≈–‡ª√’¬∫‡∑’¬∫°—∫ positive,
negative ·≈– main control ‚¥¬ positive control
‡ªìπÕ“À“√§«∫§ÿ¡∑’Ë‰¡à‰¥â„ àµ—«Õ¬à“ß·µà‡æ“–‡™◊ÈÕ¥—ß°≈à“«
¢â“ßµâπ≈ß‰ª ∑—Èßπ’È‡æ◊ËÕ„Àâ¡—Ëπ„®«à“Õ“À“√ π—∫ πÿπ°“√
‡µ‘∫‚µ¢Õß‡™◊ÈÕ negative control §◊Õ°“√π”Õ“À“√
‡≈’È¬ß‡™◊ÈÕ‰ª incubate ‡æ◊ËÕ∑¥ Õ∫«à“Õ“À“√‡≈’È¬ß‡™◊ÈÕ
ª√“»®“°‡™◊ÈÕÀ√◊Õ‰¡à  à«π main control §◊Õ°“√
„ à‡™◊ÈÕ·≈–µ—«Õ¬à“ß≈ß‰ª„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ·≈â«π”‰ª
incubate ‡æ◊ËÕ∑¥ Õ∫«à“µ—«Õ¬à“ß¡’ “√∑’Ë®–‰ª¬—∫¬—Èß
°“√‡µ‘∫‚µ¢Õß‡™◊ÈÕÀ√◊Õ‰¡à

º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈
°“√æ—≤π“°“√µ—Èßµ”√—∫¬“

‰¥â∑¥≈Õß„™â Na
2
HPO

4
 ·≈– HCl ‡æ◊ËÕ„™â„π

°“√ª√—∫ pH ¢Õß “√≈–≈“¬ ·≈–„™â∫—ø‡øÕ√å∑’Ë‡¢â“
°—π‰¥â°—∫√à“ß°“¬‡æ◊ËÕ§«∫§ÿ¡ pH ¢Õß “√≈–≈“¬‰¥â·°à

NaH
2
PO, Na

2
HPO

4
,  KH

2
PO

4
 ·≈– sodium

acetate (Gaudette and Weaver, 2003) √«¡∑—Èß
°“√∑¥≈Õß„™â sodium chloride ‡æ◊ËÕ°“√ª√—∫
tonicity ¢Õß “√≈–≈“¬ ®“°°“√æ—≤π“ Ÿµ√µ”√—∫∑—Èß ‘Èπ
14  Ÿµ√ æ∫«à“ pH ¢Õßµ”√—∫¡’§«“¡·µ°µà“ß°—π
·µàÕ¬Ÿà„π™à«ß 3-7 ª√‘¡“≥¬“‡√‘Ë¡µâπÕ¬Ÿà∑’Ë 98-101%
µ”√—∫∑’Ë¡’ Na

2
HPO

4
, sodium chloride ·≈–ª√—∫ pH

¥â«¬ HCl À√◊Õµ”√—∫∑’Ë¡’‡©æ“–¬“°—∫πÈ” ¬—ß§ßµ—«¥’∑—Èß
∑“ß°“¬¿“æ·≈–‡§¡’„π™à«ß‡«≈“∑’Ë∑¥ Õ∫·≈–¬—ß¡’
ª√‘¡“≥¢Õß¬“§ß‡¥‘¡  à«πµ”√—∫∑’Ë„™â NaH

2
PO

4
 À√◊Õ

NaH
2
PO

4
 √à«¡°—∫ Na

2
HPO

4
 À√◊Õ Sodium acetate

À√◊Õ H
2
PO

4
 ‡°‘¥°“√‡ª≈’Ë¬π ’‡ªìπ ’‡À≈◊ÕßÕàÕπÊ À√◊Õ

¡’°“√µ°µ–°Õπ„π™à«ß‡«≈“∑’Ë∑¥ Õ∫

°“√µ—Èßµ”√—∫¬“
§«“¡§ßµ—«∑“ß°“¬¿“æ

®“°°“√µ—Èßµ”√—∫¬“‰¥â„™â‡∑§π‘§°“√ªî¥ºπ÷°
¥â«¬«‘∏’ pull sealing ´÷Ëß “¡“√∂ªî¥ºπ÷°‰¥â§àÕπ¢â“ß
 ¡∫Ÿ√≥å ‚¥¬‡¡◊ËÕπ”‰ª∑¥ Õ∫¥â«¬«‘∏’ vacuum test æ∫
«à“¡’‡ªÕ√å‡´Áπµå¢Õß°“√√—Ë«µË”°«à“ 5% ·≈–µ—«Õ¬à“ß∑’Ë
ºà“π°“√∑¥ Õ∫°Á‰¡àæ∫°“√ªπ‡ªóôÕπ¢Õß‡™◊ÈÕ ÷́Ëß
 —¡æ—π∏å°—∫°“√µ√«®‰¡àæ∫‡™◊ÈÕ„πµ—«Õ¬à“ßµ≈Õ¥√–¬–
‡«≈“∑’Ë»÷°…“
     º≈°“√∑¥ Õ∫§«“¡§ßµ—«¢Õßµ”√—∫¬“‡ªìπ‡«≈“
ª√–¡“≥ 12 ‡¥◊Õπ æ∫«à“µ”√—∫¬“∑—Èß 8 µ”√—∫∑’Ë
»÷°…“π—Èπ‰¡à¡’°“√µ°µ–°Õπ‡°‘¥¢÷Èπ„π∑ÿ°µ”√—∫µ≈Õ¥
‡«≈“∑’Ë»÷°…“ (µ“√“ß∑’Ë 2 ·≈– 3) µ”√—∫∑’Ë 1 ·≈– 2 ́ ÷Ëß
¡’‡©æ“–¡Õ√åøïπ·≈–πÈ”‡ªìπ à«πª√–°Õ∫ ¡’§«“¡
§ßµ—«¥’∑“ß°“¬¿“æ¥’∑’Ë ÿ¥ ·µà¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß
 ’¢Õßµ”√—∫®“°„ ‰¡à¡’ ’‡ªìπ ’‡À≈◊ÕßÕàÕπÊ µ—Èß·µà
 —ª¥“Àå∑’Ë 26  ”À√—∫ª√‘¡“≥¬“§ß‡À≈◊Õæ∫«à“¡’¡“°°«à“
96 ·≈– 98% µ“¡≈”¥—∫ µ”√—∫∑’Ë 3 ·≈– 4 æ∫«à“
·¡â‰¡à¡’°“√µ°µ–°Õπ ·µà¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß ’
µ—Èß·µà —ª¥“Àå∑’Ë 4 ·≈–‡ªìπ ’‡À≈◊Õß‡¢â¡®π‡ªìπ
πÈ”µ“≈ÕàÕπµ—Èß·µà —ª¥“Àå∑’Ë 26 °“√‡ª≈’Ë¬π·ª≈ß
‡ªìπ ’‡À≈◊Õß∑’Ë ‡°‘¥¢÷Èπ Õ¥§≈âÕß°—∫º≈°“√»÷°…“
§«“¡§ßµ—«∑“ß‡§¡’ ´÷Ëßæ∫«à“¡’ peak ¢Õß “√‡ ◊ËÕ¡
‡°‘¥¢÷Èπ‡¡◊ËÕµ√«®æ∫ ’„π “√≈–≈“¬  “√‡ ◊ËÕ¡¡’
retention time °àÕπ morphine §“¥«à“‡ªìπ oxidized
product ·¡â«à“¡’„πª√‘¡“≥πâÕ¬ ·µà°Á∑”„Àâ∫Õ°‰¥â«à“
µ”√—∫¬“‡À≈à“π’È¡’°“√‡ ◊ËÕ¡‡°‘¥¢÷Èπ (√Ÿª∑’Ë 1) µ”√—∫∑’Ë 5
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·≈– 6 ¡’º≈°“√»÷°…“§≈â“¬Ê °—∫µ”√—∫∑’Ë 1 ·≈– 2
´÷Ëß¡’ ’‡ª≈’Ë¬π‰ª„π —ª¥“Àå∑’Ë 22  à«πµ”√—∫∑’Ë 7 ·≈– 8
 “√≈–≈“¬‡ª≈’Ë¬π ’µ—Èß·µà —ª¥“Àå∑’Ë 13 ‚¥¬µ”√—∫∑’Ë 8
∑’Ë„ à°ä“´‰π‚µ√‡®π®–¡’ ’‡À≈◊Õß™â“°«à“µ”√—∫∑’Ë‰¡à¡’
°ä“´‰π‚µ√‡®π πÕ°®“°π’È¬—ßæ∫«à“‡¡◊ËÕµ—«Õ¬à“ß∑’Ë¡’
°“√‡ª≈’Ë¬π ’®“° ’‡À≈◊ÕßÕàÕπÊ ‡ªìπ ’‡À≈◊Õß‡¢â¡ æ∫
peak ¢Õß “√‡ ◊ËÕ¡∑’Ë Ÿß¢÷Èπ¥â«¬ °≈à“«‚¥¬√«¡ √ÿª‰¥â
«à“µ”√—∫∑’Ë 1, 2, 5 ·≈– 6 ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß ’
¢Õß “√≈–≈“¬¬“πâÕ¬°«à“µ”√—∫Õ◊ËπÊ

 ”À√—∫°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¢Õß pH æ∫
«à“¡’°“√‡ª≈’Ë¬π·ª≈ßπâÕ¬„π∑ÿ°µ”√—∫ (√Ÿª∑’Ë 2 ·≈– 3)
‚¥¬µ”√—∫∑’Ë 1 ·≈– 2 ¡’ pH Õ¬Ÿà„π™à«ß 5.2-5.6 ·≈–
¡’§à“§àÕπ¢â“ß§ß∑’Ëµ≈Õ¥√–¬–‡«≈“∑’Ë»÷°…“  à«πµ”√—∫∑’Ë
3 ·≈– 4 æ∫«à“ pH ¢Õß “√≈–≈“¬≈¥≈ß §◊Õ®“° 5.3
‡ªìπ 4.3 (µ”√—∫∑’Ë 3) ·≈–®“° 5.2 ‡ªìπ 4.4 (µ”√—∫∑’Ë
4)  ”À√—∫µ”√—∫∑’Ë 5 ·≈– 6 pH §àÕπ¢â“ß§ß∑’Ë‡™àπ
‡¥’¬«°—∫µ”√—∫∑’Ë 1 ·≈– 2 ÷́Ëß Õ¥§≈âÕß°—π°—∫º≈¢Õß
°“√‡ª≈’Ë¬π·ª≈ß¢Õß ’

µ“√“ß∑’Ë 2  ≈—°…≥–∑“ß°“¬¿“æ¢Õßµ”√—∫¬“∑’Ë 1-4 ‡¡◊ËÕ‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 25 ÌC ‡ªìπ‡«≈“ 1 ªï

≈—°…≥–∑“ß°“¬¿“æ ( —ª¥“Àå∑’Ë)
µ”√—∫∑’Ë

0 4 8 14 17 26 35 42 56

1 „  „  „  „  „  „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’
‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß

ÕàÕπÊ ÕàÕπÊ ÕàÕπÊ ÕàÕπÊ

2 „  „  „  „  „  „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’
‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß

ÕàÕπÊ ÕàÕπÊ ÕàÕπÊ ÕàÕπÊ

3 „  „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’
‰¡à¡’ ’ ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß

ÕàÕπÊ ÕàÕπÊ ‡¢â¡ ‡¢â¡ ‡¢â¡ ‡¢â¡ ‡¢â¡

4 „  „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’
‰¡à¡’ ’ ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß

ÕàÕπÊ ÕàÕπÊ ‡¢â¡ ‡¢â¡ ‡¢â¡ ‡¢â¡ ‡¢â¡

µ“√“ß∑’Ë 3  ≈—°…≥–∑“ß°“¬¿“æ¢Õßµ”√—∫¬“∑’Ë 5-8 ‡¡◊ËÕ‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 25 ÌC ‡ªìπ‡«≈“ 1 ªï

≈—°…≥–∑“ß°“¬¿“æ ( —ª¥“Àå∑’Ë)
µ”√—∫∑’Ë

0 4 10 13 22 31 37 44 58

5 „  „  „  „  „  „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’
‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß

ÕàÕπÊ ÕàÕπÊ ÕàÕπÊ ÕàÕπÊ ÕàÕπÊ

6 „  „  „  „  „  „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’
‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß

ÕàÕπÊ ÕàÕπÊ ÕàÕπÊ ÕàÕπÊ ÕàÕπÊ

7 „  „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’
‰¡à¡’ ’ ‰¡à¡’ ’ ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß

‡¢â¡ ‡¢â¡ ‡¢â¡ ‡¢â¡ ‡¢â¡

8 „  „  „  „  „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’ „  ¡’ ’
‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‰¡à¡’ ’ ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß ‡À≈◊Õß

ÕàÕπÊ ‡¢â¡ ‡¢â¡ ‡¢â¡ ‡¢â¡
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√Ÿª∑’Ë 1  ‚§√¡“‚µ·°√¡¢Õß a:  “√¡“µ√∞“π morphine ∑’Ë§«“¡‡¢â¡¢âπ 200 ug/ml;

b: µ—«Õ¬à“ßµ”√—∫¬“ Ÿµ√∑’Ë 3 ‡¡◊ËÕ‡°Á∫‰«â 56   —ª¥“Àå

√Ÿª∑’Ë 2  pH ¢Õßµ”√—∫¡Õ√åøïπ‡¡◊ËÕ‡°Á∫‰«â 1 ªï (µ”√—∫∑’Ë 1-4, mean±S.D., n=3)

BA
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§«“¡§ßµ—«∑“ß‡§¡’
‡¡◊ËÕ∑”°“√∑¥ Õ∫ª√‘¡“≥µ—«¬“ ”§—≠§ß‡À≈◊Õ

·≈â«æ∫«à“µ≈Õ¥√–¬–‡«≈“°“√»÷°…“∑ÿ°µ”√—∫¡’
ª√‘¡“≥µ—«¬“ ”§—≠§ß‡À≈◊Õ¡“°°«à“√âÕ¬≈– 90 ‚¥¬
µ”√—∫∑’Ë 2 ¡’ª√‘¡“≥µ—«¬“ ”§—≠‡À≈◊ÕÕ¬Ÿà¡“°∑’Ë ÿ¥∂÷ß
√âÕ¬≈– 98 ·≈–‰¡àæ∫«à“¡’ peak Õ◊Ëπ„¥¬°‡«âπ peak
¢Õß¬“ ¢≥–∑’Ëµ”√—∫∑’Ë 1 ¡’ª√‘¡“≥¬“§ß‡À≈◊Õ
ª√–¡“≥√âÕ¬≈– 96 µ”√—∫∑’Ë 3 ·≈– 4 ¡’ª√‘¡“≥µ—«¬“
§ß‡À≈◊ÕµË” ÿ¥∑’Ëª√–¡“≥√âÕ¬≈– 92 ∑—Èß 2 µ”√—∫ ¢≥–
∑’Ëµ”√—∫∑’Ë 5-8 ¡’ª√‘¡“≥µ—«¬“ ”§—≠§ß‡À≈◊Õ¡“°°«à“
√âÕ¬≈– 96 (√Ÿª∑’Ë 4 ·≈– 5) ·¡â«à“∑ÿ°µ”√—∫®–¡’
ª√‘¡“≥µ—«¬“ ”§—≠¡“°°«à“√âÕ¬≈– 90 „π™à«ß
√–¬–‡«≈“∑’Ë‡°Á∫√—°…“ ·µàæ∫«à“ ’¢Õßµ”√—∫¡’°“√
‡ª≈’Ë¬π·ª≈ß‡ªìπ ’‡À≈◊Õß

‡ªìπ∑’Ëπà“ π„®«à“µ”√—∫∑’Ë¡’πÈ”‡ªìπµ—«∑”≈–≈“¬
Õ¬à“ß‡¥’¬« (µ”√—∫∑’Ë 1 ·≈– 2) ¡’§«“¡§ßµ—«¥’°«à“
µ”√—∫Õ◊ËπÊ ‡≈Á°πâÕ¬ (µ”√—∫∑’Ë 5-8) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
°—∫™à«ß‡«≈“∑¥ Õ∫∑’Ë„°≈â‡§’¬ß°—π ∑—Èß∑’Ëπà“®–¡’ªí≠À“
§«“¡§ßµ—«¡“°°«à“ ‡π◊ËÕß®“° pH ¢Õß “√≈–≈“¬¬“
¡’§à“ª√–¡“≥ 5.3-5.5 ¢≥–∑’Ëµ”√—∫∑’Ë 5-8 ¡’ pH ∑’Ë

√Ÿª∑’Ë 3  pH ¢Õßµ”√—∫¡Õ√åøïπ‡¡◊ËÕ‡°Á∫‰«â 1 ªï (µ”√—∫∑’Ë 5-8, mean±S.D., n=3)

‡ªìπ°√¥¡“°°«à“ (ª√–¡“≥ 4.2-4.4) ́ ÷Ëß®“° pH-rate
profile ¢Õß¡Õ√åøïπæ∫«à“¬“¡’§«“¡§ßµ—«¥’∑’Ë pH µË”
°«à“ 4 ·≈–§ßµ—«¥’„π°√¥¡“°°«à“‡ªìπ°≈“ß·≈–¥à“ß
(Connors et al., 1986) ·≈–®“°º≈°“√»÷°…“§«“¡
§ßµ—«¢Õß¡Õ√åøïπ„πµ”√—∫¬“πÈ”‡æ◊ËÕ√—∫ª√–∑“π °Áæ∫
«à“µ”√—∫∑’Ë¡’ pH 4 ¡’§«“¡§ßµ—«¥’°«à“µ”√—∫∑’Ë¡’ pH 6
(Preechagoon et al., 2005) ·µà„π°“√»÷°…“π’Èæ∫«à“
°“√„™â∫—ø‡øÕ√å§«∫§ÿ¡ pH ·≈–°“√„™â HCl ‡æ◊ËÕª√—∫
pH ¢Õß “√≈–≈“¬¬“„Àâ‰¥â 4 °≈—∫¡’§«“¡§ßµ—«πâÕ¬
°«à“°“√„™âπÈ”‡ªìπµ—«∑”≈–≈“¬Õ¬à“ß‡¥’¬«„πµ”√—∫ °“√
‡ ◊ËÕ¡¢Õß¡Õ√åøïπ∑’Ë¡“°°«à“¥—ß°≈à“« Õ“®‡°‘¥®“°°“√
∑’Ë¡Õ√åøïπ¡’ªØ‘°‘√‘¬“°—∫ “√π’È„π “√≈–≈“¬ °√≥’π’È
µâÕß∑”°“√»÷°…“‡™‘ß≈÷°µàÕ‰ª ´÷Ëßº≈°“√∑¥≈Õßπ’ÈÕ“®
·µ°µà“ß®“°º≈°“√»÷°…“„πµ”√—∫¬“πÈ”‡æ◊ËÕ√—∫ª√–∑“π
∑’Ë¡’ “√™à«¬·≈–µ—«∑”≈–≈“¬√à«¡Õ◊ËπÕ’°À≈“¬™π‘¥„π
µ”√—∫ ·≈– pH ‰¡à„™àªí®®—¬‡¥’¬«∑’Ë àßº≈µàÕ§«“¡
§ßµ—«¢Õß¡Õ√åøïπ Õ¬à“ß‰√°Á¥’º≈°“√»÷°…“„π§√—Èßπ’È
 Õ¥§≈âÕß°—∫º≈°“√»÷°…“∑’Ë‰¥â¡’°“√»÷°…“¡“·≈â«
(Grom and Bander, 1995) ´÷Ëßæ∫«à“µ”√—∫¡Õ√åøïπ
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(§«“¡‡¢â¡¢âπ Ÿß∑’Ë 50 mg/ml) ∑’Ë‡µ√’¬¡¢÷Èπ∑’Ë¡’πÈ”
 ”À√—∫‡µ√’¬¡¬“©’¥‡ªìπµ—«∑”≈–≈“¬ ¡’Õ“¬ÿ Ÿß ÿ¥∑’Ë‡«≈“
6 ‡¥◊Õπ ‡∑à“°—π°—∫µ”√—∫∑’Ë»÷°…“„π§√—Èßπ’È
      à«πµ”√—∫∑’Ë¡’ sodium chloride (µ”√—∫ 3 ·≈–
4) ∑’Ë„™â‡æ◊ËÕª√—∫ tonicity ¢Õß “√≈–≈“¬ °≈—∫æ∫
«à“¬“¡’§«“¡§ßµ—«πâÕ¬°«à“µ”√—∫Õ◊ËπÊ ∑—ÈßÊ ∑’Ë pH ¡’
§à“∑’Ë„°≈â‡§’¬ß°—π‡¡◊ËÕ‡µ√’¬¡‡ √Á®„À¡àÊ Õ¬à“ß‰√°Á¥’
‡ÀÁπ‰¥âÕ¬à“ß™—¥‡®π«à“µ”√—∫∑’Ë¡’ sodium chloride ¡’ pH
∑’Ë≈¥≈ß¡“°°«à“µ”√—∫Õ◊ËπÊ ‡¡◊ËÕ‡°Á∫‰«âπ“πÊ ‡™àπ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫µ”√—∫∑’Ë 1 ·≈– 2 (∑’Ë‰¡à¡’ sodium
chloride) ‚¥¬ pH ®“°‡√‘Ë¡µâπ∑’Ë 5.3 ≈¥≈ß‡ªìπ 4.3 ∑’Ë
‡«≈“ 56  —ª¥“Àå (√Ÿª∑’Ë 3 ·≈– 4) ∑—Èß∑’Ë®“° pH-rate
profile æ∫«à“¡Õ√åøïπ¡’§«“¡§ßµ—«¥’¢÷Èπ‡√◊ËÕ¬Ê ‡¡◊ËÕ pH
‡ªìπ°√¥‡æ‘Ë¡¢÷Èπ ÷́Ëß°√≥’π’È‡ªìπ ‘Ëß∑’Ëπà“ π„®∑’Ë®–
∑”°“√»÷°…“‡æ‘Ë¡‡µ‘¡µàÕ‰ª«à“ sodium chloride ·≈–
ª√‘¡“≥∑’Ë„™â„πµ”√—∫ ¡’º≈µàÕ§«“¡§ßµ—«¢Õß¡Õ√åøïπ
‡æ’¬ß„¥ Õ¬à“ß‰√°Á¥’ µ”√—∫¡’‡©æ“–¡Õ√åøïπ·≈–πÈ”∑’Ë
‰¡à‰¥âª√—∫ pH À√◊Õ tonicity °Á‰¡à‡ªìπªí≠À“∑’Ë®–π”
‰ª„™â©’¥‡¢â“‰¢ —πÀ≈—ß ‡π◊ËÕß®“°ª√‘¡“≥∑’Ë©’¥πâÕ¬¡“°
(Intrasipinal injection : 1-10 mg (bolus dose) ·≈–
intrathecal (subarachnoid) : 0.1-1.5 mg (Ander-
son et al., 2002)

      °“√‡µ‘¡À√◊Õ‰¡à‡µ‘¡°ä“´‰π‚µ√‡®π≈ß‰ª„πµ”√—∫
∑’Ë¡’ Ÿµ√‡¥’¬«°—π ∑”„Àâ¡Õ√åøïπ¡’§«“¡§ßµ—«∑’Ë§«“¡
·µ°µà“ß°—π ‡™àπ√–À«à“ßµ”√—∫∑’Ë 1 ·≈– 2 ‚¥¬µ”√—∫∑’Ë
1 ∑’Ë‰¡à‰¥â¡’°“√‡µ‘¡°ä“´‰π‚µ√‡®π æ∫«à“¬“¡’§«“¡
§ßµ—«πâÕ¬°«à“µ”√—∫∑’Ë  2 ∑’Ë ‰¥â¡’°“√‡µ‘¡°ä“´
‰π‚µ√‡®π≈ß‰ª °≈à“«§◊Õ¡’¬“§ß‡À≈◊Õ√âÕ¬≈– 96 ·≈–
98 µ“¡≈”¥—∫∑’Ë‡«≈“ 42  —ª¥“Àå ·≈–º≈°“√„ à°ä“´
‰π‚µ√‡®ππ’È °Á‡ªìπ‰ª„π·π«∑“ß‡¥’¬«°—π„π∑ÿ°µ”√—∫
∑’Ë»÷°…“ · ¥ß„Àâ‡ÀÁπ«à“ °ä“´‰π‚µ√‡®π∑’Ë‡µ‘¡≈ß‰ª‰≈à
Õ“°“»π—Èπ ∑”„Àâª√‘¡“≥°ä“´ÕÕ°´‘‡®π„πµ”√—∫·≈–
∫√‘‡«≥ head space ¢Õß·Õ¡æŸ≈≈¥≈ß  àßº≈„Àâ°“√
‡ ◊ËÕ¡¢Õß¡Õ√åøïπ®“°ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π≈¥≈ß‰ª¥â«¬
(Connors et al., 1986) πÕ°®“°π’È¬—ß —ß‡°µ‰¥â®“°
°“√∑’Ëµ”√—∫∑’Ë„ à°ä“´‰π‚µ√‡®π ¡’°“√‡ª≈’Ë¬π·ª≈ß
¢Õß ’¢Õßµ”√—∫‡ªìπ ’‡À≈◊ÕßÕàÕπ™â“°«à“µ”√—∫∑’Ë‰¡à‰¥â„ à
º≈°“√∑¥≈Õßπ’È‡ªìπª√–‚¬™πå¡“° ∑’Ë “¡“√∂π”‰ª
ª√–¬ÿ°µå„™â‰¥â°—∫°“√µ—Èßµ”√—∫¬“∑’Ë¡’ªí≠À“°“√‡ ◊ËÕ¡
¥â«¬ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π

√Ÿª∑’Ë 4  ‡ªÕ√å‡´Áπµå¡Õ√åøïπ§ß‡À≈◊Õ‡¡◊ËÕ‡°Á∫‰«â 1 ªï (µ”√—∫∑’Ë 1-4, mean±S.D., n=4)
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°“√∑¥ Õ∫§«“¡ª√“»®“°‡™◊ÈÕ
®“°°“√∑¥ Õ∫∑ÿ°µ”√—∫‡ªìπ‡«≈“ 12 ‡¥◊Õπ

æ∫«à“∑ÿ°µ”√—∫¡’§«“¡§ßµ—«µ—Èß·µà‡√‘Ë¡µâπ ‚¥¬‡¡◊ËÕ
∑”°“√∑¥ Õ∫§«“¡ª√“»®“°‡™◊ÈÕ ‰¡àæ∫«à“¡’µ”√—∫
„¥À√◊Õµ—«Õ¬à“ß„¥¡’‡™◊ÈÕ¢÷Èπ ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
 “√Õ“À“√§«∫§ÿ¡∑—Èß 3 ª√–‡¿∑ ‰¡àæ∫«à“¡’‡™◊ÈÕ¢÷Èπ∑’Ë
negative control æ∫«à“‡™◊ÈÕ‡µ‘∫‚µ‰¥â„π positive con-
trol  à«π main control æ∫«à“¡’‡™◊ÈÕ¢÷Èπ‰¥â º≈°“√
∑¥≈Õß∑’Ë‰¥â®“° “√Õ“À“√∑’Ë‡µ√’¬¡„πµ—«Õ¬à“ß§«∫§ÿ¡
¥—ß°≈à“« ∑”„Àâ¡—Ëπ„®«à“º≈°“√»÷°…“„πµ—«Õ¬à“ß∑ÿ°
µ”√—∫¡’§«“¡∂Ÿ°µâÕß ·≈–‡™◊ËÕ∂◊Õ‰¥â«à“°“√∑’Ë‰¡à¡’‡™◊ÈÕ
¢÷Èπ„πµ—«Õ¬à“ßπ—Èπ ‡π◊ËÕß®“°‰¡à¡’‡™◊ÈÕ„πµ—«Õ¬à“ß®√‘ß ‰¡à„™à
‡π◊ËÕß®“°Õ“À“√‡≈’È¬ß‡™◊ÈÕ‰¡à‡À¡“– ¡À√◊Õµ—«Õ¬à“ß¡’
°“√¬—∫¬—Èß°“√‡µ‘∫‚µ¢Õß‡™◊ÈÕ

√Ÿª∑’Ë 5  ‡ªÕ√å‡´Áπµå¡Õ√åøïπ§ß‡À≈◊Õ‡¡◊ËÕ‡°Á∫‰«â 1 ªï (µ”√—∫∑’Ë 5-8, mean±S.D., n=4)

 √ÿªº≈°“√«‘®—¬
®“°°“√∑¥≈ÕßæÕ √ÿª‰¥â«à“ ¬“©’¥¡Õ√åøïπ∑’Ë

‰¡à¡’ “√∂πÕ¡ µ”√—∫∑’Ë¡’§«“¡§ßµ—«¥’∑’Ë ÿ¥∑’Ë ¿“«–
°“√‡°Á∫∑’Ë 25 ÌC §«“¡™◊Èπ —¡æ—∑∏å√âÕ¬≈– 50 §◊Õ
µ”√—∫∑’Ë„™âπÈ” ”À√—∫‡µ√’¬¡¬“©’¥‡ªìπµ—«∑”≈–≈“¬ ÷́Ëß
 “¡“√∂‡°Á∫‰¥âπ“π 1 ªï ·¡â®–æ∫«à“¡’°“√‡ª≈’Ë¬π ’
‡≈Á°πâÕ¬·µà¡Õ√åøïπ§ß‡À≈◊Õ„πµ”√—∫¡’¡“°°«à“√âÕ¬≈– 98
·≈–µ√«®‰¡àæ∫ “√‡ ◊ËÕ¡ °“√‡µ‘¡°ä“´‰π‚µ√‡®π„π
·Õ¡æŸ≈ ’™“ “¡“√∂≈¥°“√‡ ◊ËÕ¡¢Õß¬“‰¥â ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫µ”√—∫∑’Ë¡’ Ÿµ√‡À¡◊Õπ°—π·µà‰¡à‡µ‘¡°ä“´
‰π‚µ√‡®π ´÷Ëß§“¥«à“®–≈¥°“√‡ ◊ËÕ¡®“°ªØ‘°‘√‘¬“
ÕÕ°´‘‡¥™—π º≈°“√»÷°…“π’È¡’§ÿ≥§à“‡æ’¬ßæÕ∑’Ë®–π”
‰ª∑¥ Õ∫„π¢—Èπ°“√‡µ√’¬¡µ”√—∫∑’Ë¡’ª√‘¡“≥¡“°‰¥â
¢âÕ‡ πÕ·π–§◊Õ°“√∑¥ Õ∫‡æ◊ËÕÀ“™π‘¥·≈–ª√‘¡“≥
 “√‡ ◊ËÕ¡∑’Ë‡°‘¥¢÷Èπ
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°‘µµ‘°√√¡ª√–°“»
ß“π«‘ ®— ¬π’È ‰¥â √— ∫ß∫ª√–¡“≥Õÿ¥Àπÿπ®“°

∑ÿ π Õÿ ¥ À πÿ π ∑—Ë « ‰ ª ¡ À “ «‘ ∑ ¬ “ ≈— ¬ ¢ Õ π · °à π
ª√–®”ªïß∫ª√–¡“≥ 2548 ¢Õ¢Õ∫§ÿ≥§≥–‡¿ —™»“ µ√å
¡À “ «‘ ∑ ¬ “≈— ¬ ¢Õπ·°à π∑’Ë ‰ ¥â ‡ Õ◊È Õ ‡ øóô Õ   ∂ “π∑’Ë
·≈–Õÿª°√≥å„π°“√¥”‡π‘πß“π«‘®—¬ ¢Õ¢Õ∫§ÿ≥
¿°. ‡°…¡ °“≠®π«ß»å ∫√‘…—∑ ANB laboratory
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