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Original Article

°“√æ—≤π“·≈–μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õß«‘∏’«‘‡§√“–Àå

Sildenafil √Ÿª·∫∫¬“‡¡Á¥

ª√– ‘∑∏‘Ï ‚Õ¿“…*

 ÿ¿“≥’ ¥«ß∏’√ª√’™“*

®‘μμ‘¡“ ¥“∫∑Õß*

* ”π—°¬“·≈–«—μ∂ÿ‡ æμ‘¥ °√¡«‘∑¬“»“ μ√å°“√·æ∑¬å

AbstractDetermination of sildenafil in tablet formulations using high performance liquid chromatography

method was developed. The chromatograph was equipped with PDA detector at a wavelength of 254 nm.

The analysis was performed on Hypersil Gold C18, 5-μm, 4.6- x 150-mm column by isocratic elution using a

mixture of methanol and 0.01 M ammonium acetate (60:40, v/v) as a mobile phase at a flow rate of 1.2 ml

per minute. Validation was conducted according to the ICH guideline Topic Q2(R1) Validation of Analytical

Procedures. Specificity indicated that sildenafil peak was not interfered by its degradation product peaks

from any stress conditions. Linearity was demonstrated over the concentration range of 0.15-0.35 mg per ml

of sildenafil with correlation coefficient (r) equal to 0.99999. Recovery performed at three concentration levels

of sildenafil were in the range of 80.0-120.0%. The percentage mean recovery of sildenafil was 99.9 (%RSD

= 0.2). Precision was achieved as repeatability was 0.2% and intermediate precision was 0.3%. The method

was robust when HPLC conditions such as the HPLC column, the ratio of mobile phase, the column temperature

and even the flow rate, were changed. This method was successfully validated and useful for the quantitative

assay and quality control of sildenafil products under the project çThe Quality Assurance of Medicine for

the Universal Health Care Coverage Schemeé in fiscal year 2560.

Key words : sildenafil tablets, HPLC, method validation
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∫∑§—¥¬àÕ «‘∏’‚§√¡“‚∑°√“øï™π‘¥¢Õß‡À≈«ª√– ‘∑∏‘¿“æ Ÿß∑’Ëæ—≤π“¢÷Èπ ”À√—∫«‘‡§√“–Àåª√‘¡“≥ sildenafil √Ÿª·∫∫

¬“‡¡Á¥ ª√–°Õ∫¥â«¬§Õ≈—¡πå™π‘¥ Hypersil Gold C18 ¢π“¥ 4.6- × 150-¡‘≈≈‘‡¡μ√ ¢π“¥Õπÿ¿“§ 5 ‰¡‚§√‡¡μ√  “√

≈–≈“¬μ—«æ“ª√–°Õ∫¥â«¬ à«πº ¡¢Õß methanol ·≈– 0.01 M ammonium acetate „πÕ—μ√“ à«π 60 : 40 ‚¥¬

ª√‘¡“μ√ Õ—μ√“°“√‰À≈¢Õß “√≈–≈“¬μ—«æ“ 1.2 ¡‘≈≈‘≈‘μ√μàÕπ“∑’ μ√«®«—¥¥â«¬‡§√◊ËÕßμ√«®«—¥™π‘¥ PDA ∑’Ë§«“¡¬“«

§≈◊Ëπ 254 π“‚π‡¡μ√ ¥”‡π‘π°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õß«‘∏’μ“¡·π«∑“ß¢Õß ICH-Q2 (R1) æ∫«à“«‘∏’¡’§«“¡®”‡æ“–

‡®“–®ß ‰¡àæ∫°“√√∫°«π°“√«‘‡§√“–Àå®“° “√ ≈“¬μ—«¢Õß sildenafil ∑’Ë‡°‘¥®“°°“√‡√àß„Àâ ≈“¬μ—«¥â«¬ ¿“«–μà“ßÊ ¡’

§«“¡‡ªìπ‡ âπμ√ß„π™à«ß 0.15-0.35 ¡‘≈≈‘°√—¡μàÕ¡‘≈≈‘≈‘μ√‚¥¬§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (Correlation coefficient, r)

‡∑à“°—∫ 0.99999 °“√∑¥ Õ∫§«“¡·¡àπ∑’Ë§«“¡‡¢â¡¢âπ “¡√–¥—∫„π™à«ß 80.0-120.0% æ∫«à“§à“‡©≈’Ë¬√âÕ¬≈–¢Õß°“√

°≈—∫§◊π‡∑à“°—∫ 99.9 (%RSD = 0.2) °“√∑¥ Õ∫§«“¡‡∑’Ë¬ß¢Õß«‘∏’æ∫«à“ §à“√âÕ¬≈–¢Õß§à“‡∫’Ë¬ß‡∫π¡“μ√∞“π —¡æ—∑∏å

®“°°“√∑¥ Õ∫§«“¡∑«π È́”‰¥â ‡∑à“°—∫ 0.2 ·≈–§à“√âÕ¬≈–¢Õß§à“‡∫’Ë¬ß‡∫π¡“μ√∞“π —¡æ—∑∏å®“°°“√∑¥ Õ∫ intermediate

precision ‡∑à“°—∫ 0.3 «‘∏’«‘‡§√“–Àå¡’§«“¡∑πμàÕ°“√‡ª≈’Ë¬π·ª≈ß ¿“«–μà“ßÊ∑’Ë∑¥ Õ∫ §◊Õ §Õ≈—¡πå Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå Õ—μ√“

 à«π¢Õß “√≈–≈“¬μ—«æ“·≈–Õ—μ√“°“√‰À≈¢Õß “√≈–≈“¬μ—«æ“ ®“°º≈°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õß«‘∏’∫àß™’È«à“«‘∏’

∑’Ëæ—≤π“¢÷Èπ‰¥â¡“μ√∞“π  “¡“√∂π”«‘∏’¥—ß°≈à“«‰ªμ√«®«‘‡§√“–Àåª√‘¡“≥ sildenafil √Ÿª·∫∫¬“‡¡Á¥„π‚§√ß°“√ √â“ßÀ≈—°

ª√–°—π§ÿ≥¿“æ·≈–¡“μ√∞“π∫√‘°“√¥â“π¬“ ª√–®”ªïß∫ª√–¡“≥ 2560

∫∑π”

¬“ sildenafil √Ÿâ®—°·æ√àÀ≈“¬„π™◊ËÕ°“√§â“ Viagra® ‚¥¬¬“¥—ß°≈à“«ÕÕ° Ÿà∑âÕßμ≈“¥„πªï æ.». 2541 „™â‡æ◊ËÕ√—°…“

‚√§À¬àÕπ ¡√√∂¿“æ∑“ß‡æ»„π‡æ»™“¬ ®—¥‡ªìπ¬“„π°≈ÿà¡ Phosphodiesterase-5 inhibitors (PDE-5 inhibitors) ¡’

‚§√ß √â“ßÀ≈—°‡ªìπ heterocyclic nitrogen-containing double-bond system ÷́Ëß§≈â“¬°—∫ purine base „π‚§√ß √â“ß

¢Õß cyclic guanosine monophosphate (cGMP)(1) ¥—ß¿“æ∑’Ë 1 ∑Ì“„Àâ¬“°≈ÿà¡π’È¬—∫¬—Èß‡Õπ‰´¡å PDE-5 „πμÌ“·Àπàß

‡¥’¬«°—∫ cGMP ·∫∫·¢àß¢—π (reversible competitive antagonist) ÷́Ëß°“√¬—∫¬—Èß PDE-5 ®–∑”„Àâ‰¡à¡’°“√∑”≈“¬ cGMP

π”‰ª Ÿà°“√¢¬“¬¢ÕßÀ≈Õ¥‡≈◊Õ¥·¥ß·≈–‡≈◊Õ¥‰À≈‡¢â“‰ª„π corpora carvernosum ¡“°¢÷Èπ‡°‘¥°“√·¢Áßμ—«¢ÕßÕß§™“μ

μ“¡¡“ μ“¡ª√–°“»°√–∑√«ß “∏“√≥ ÿ¢ ‡√◊ËÕß ¬“§«∫§ÿ¡æ‘‡»… ©∫—∫∑’Ë 35 ¢âÕ 1 ®—¥¬“„π°≈ÿà¡ PDE-5 inhibitors ‡ªìπ

¬“§«∫§ÿ¡æ‘‡»…(3) μâÕß„™â¿“¬„μâ°“√¥Ÿ·≈¢Õß·æ∑¬åÀ√◊Õ —Ëß®à“¬‚¥¬·æ∑¬å‡∑à“π—Èπ·≈–„π∫—≠™’¬“À≈—°·Ààß™“μ‘ æ.» 2559

®—¥¬“ sildenafil Õ¬Ÿà„πª√–‡¿∑ ß ®“°¢âÕ¡Ÿ≈¢Õß ”π—°ß“π§≥–°√√¡°“√Õ“À“√·≈–¬“ ≥ «—π∑’Ë 17 ¡’π“§¡ 2559

¡’∑–‡∫’¬π¬“®”π«π 14 ‡≈¢∑–‡∫’¬π ∑’Ëºà“π¡“‰¡àæ∫¢âÕ¡Ÿ≈¥â“π§ÿ≥¿“æ¬“¥—ß°≈à“«„πª√–‡∑»‰∑¬ Õ“®‡π◊ËÕß®“°¬—ß‰¡à¡’«‘∏’

«‘‡§√“–Àå∑—Èß„πμ”√“¬“¢Õßª√–‡∑» À√—∞Õ‡¡√‘°“ (USP) À√◊Õμ”√“¬“¢Õßª√–‡∑» À√“™Õ“≥“®—°√ (BP) À√◊Õμ”√“¬“Õ◊Ëπ

∑’Ë√—∞¡πμ√’ª√–°“» ®“°°“√ ”√«®§«“¡μâÕß°“√¢ÕßºŸâ¡’ à«π‡°’Ë¬«¢âÕß„π°“√„™â¬“ æ∫«à“‚√ßæ¬“∫“≈¡’§«“¡μâÕß°“√∑√“∫

§ÿ≥¿“æ¬“ sildenafil ™π‘¥‡¡Á¥∑’Ë¡’„™â„π‚√ßæ¬“∫“≈ ¥—ßπ—Èπ ”π—°¬“·≈–«—μ∂ÿ‡ æμ‘¥®÷ß‰¥âæ—≤π“«‘∏’«‘‡§√“–Àå‡æ◊ËÕπ”‰ª„™â

«‘‡§√“–Àåª√‘¡“≥μ—«¬“ ”§—≠¥—ß°≈à“«„π‚§√ß°“√ √â“ßÀ≈—°ª√–°—π§ÿ≥¿“æ·≈–¡“μ√∞“π∫√‘°“√¥â“π¬“ ª√–®”ªïß∫ª√–¡“≥

2560 «‘∏’«‘‡§√“–Àå∑’Ëæ—≤π“¢÷Èππ’È¥—¥·ª≈ß¡“®“°«‘∏’μ√«®æ‘ Ÿ®πå‡Õ°≈—°…≥å¬“°≈ÿà¡ PDE-5 inhibitors „π¢Õß°≈“ß¬“§¥’´÷Ëß

ºŸâπ‘æπ∏å‰¥â¥”‡π‘π°“√‡ √Á® ¡∫Ÿ√≥å·≈â« ·≈–μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õß«‘∏’μ“¡·π«∑“ß International Conference on

Harmonization of Technical Requirement for Registration of Pharmaceuticals for Human Use. Validation of

analytical procedures: text and methodology Q2(R1). Geneva: ICH Steering Committee(4) (ICH-Q2 (R1)
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«— ¥ÿ·≈–«‘∏’°“√

‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å

1. High Performance Liquid Chromatograph (HPLC) with PDA Detector : Model Waters 2695-1996-

Empower º≈‘μ¿—≥±å¢Õß Waters, Millipore Corporation, USA

2. High Performance Liquid Chromatograph (HPLC) with PDA Detector : Model Agilent 1100 Series

º≈‘μ¿—≥±å¢Õß Agilent, Germany

3. Analytical Balance : Model XPE 205, Mettler Toledo, Switzerland §«“¡≈–‡Õ’¬¥ 0.00001 °√—¡

Model MX5, Mettler Toledo, Switzerland §«“¡≈–‡Õ’¬¥ 0.000001 °√—¡

Model MS3002S, Mettler Toledo, Switzerland §«“¡≈–‡Õ’¬¥ 0.01 °√—¡

4. Column : Hypersil Gold C18, 5 mm, 4.6 x 150 mm

SunFire C18, 5 mm, 4.6 x 150 mm

5. ‡§√◊ËÕß·°â« class A

6. Nylon syring filter 0.45 μm

 “√¡“μ√∞“π

Sildenafil Citrate: DMSc

 “√‡§¡’

1. Ammonium Acetate : AR grade

2. Methanol : HPLC grade

3. Water : High Purity

μ—«Õ¬à“ß

μ—«Õ¬à“ß¬“‡¡Á¥ sildenafil ¢π“¥§«“¡·√ß 100 ¡‘≈≈‘°√—¡μàÕ‡¡Á¥

Placebo ª√–°Õ∫¥â«¬Õß§åª√–°Õ∫Õ◊Ëπ∑’Ë¡’„π Ÿμ√μ”√—∫ ‚¥¬‰¡à¡’μ—«¬“ sildenafil ®“°∫√‘…—∑ºŸâº≈‘μ

¿“æ∑’Ë 1  ‚§√ß √â“ß∑“ß‡§¡’¢Õß¬“ Sildenafil ·≈– cGMP(2)
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«‘∏’°“√∑¥ Õ∫

 ¿“«–¢Õß√–∫∫‚§√¡“‚∑°√“ø

Column - Hypersil Gold C18, 5 mm, 4.6 x 150 mm

Column temperature - 30 °C

Flow rate - 1.2 ml/minute

Mobile phase - Methanol : 0.01 M Ammonium acetate 60 : 40 (v/v)

Detector - PDA 254 nm

Injection volume - 10 μl

0.01 M Ammonium acetate solution

(CH
3
COONH

4
 : 77.084)

≈–≈“¬ ammonium acetate ª√–¡“≥ 0.77 °√—¡ „ππÈ” 1000 ¡‘≈≈‘≈‘μ√

μ“√“ß∑’Ë 1  ¿“«–¢Õß√–∫∫‚§√¡“‚∑°√“ø

Standard solution

™—Ëß “√¡“μ√∞“π sildenafil citrate ª√–¡“≥ 5 ¡‘≈≈‘°√—¡ („Àâ∑√“∫πÈ”Àπ—°∑’Ë·πàπÕπ) ≈ß„π volumetric flask

¢π“¥ 20 ¡‘≈≈‘≈‘μ√ ‡μ‘¡ mobile phase ª√–¡“≥ 15 ¡‘≈≈‘≈‘μ√ ‡¢¬à“®π≈–≈“¬À¡¥ ‡®◊Õ®“ß¥â«¬ mobile phase ®π§√∫

ª√‘¡“μ√°√Õßºà“π·ºàπ°√Õß nylon ¢π“¥ 0.45 ‰¡‚§√‡¡μ√

Sample solution

™—Ëß‡¡Á¥¬“®”π«π 20 ‡¡Á¥ ∫¥≈–‡Õ’¬¥ ™—Ëßºß¬“„Àâ¡’μ—«¬“ sildenafil citrate ª√–¡“≥ 50 ¡‘≈≈‘°√—¡ („Àâ∑√“∫

πÈ”Àπ—°∑’Ë·πàπÕπ) ≈ß„π volumetric flask ¢π“¥ 200 ¡‘≈≈‘≈‘μ√ ‡μ‘¡ mobile phase ª√–¡“≥ 150 ¡‘≈≈‘≈‘μ√ π”‰ª

‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“ 15 π“∑’ ‡®◊Õ®“ß¥â«¬ mobile phase ®π§√∫ª√‘¡“μ√ °√Õßºà“π·ºàπ°√Õß nylon ¢π“¥ 0.45

‰¡‚§√‡¡μ√

°“√«‘‡§√“–Àå

π” standard solution ·≈– sample solution ‰ª©’¥«‘‡§√“–Àå¥â«¬«‘∏’ HPLC ¿“¬„μâ ¿“«–μ“¡μ“√“ß∑’Ë 1

°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õß«‘∏’«‘‡§√“–Àå (Method validation)

1. °“√∑¥ Õ∫§«“¡®”‡æ“–‡®“–®ß¢Õß«‘∏’ (Selectivity/Specificity)

Standard solution : ™—Ëß “√¡“μ√∞“π sildenafil citrate ª√–¡“≥ 5 ¡‘≈≈‘°√—¡ („Àâ∑√“∫πÈ”Àπ—°∑’Ë·πàπÕπ) ≈ß„π

volumetric flask ¢π“¥ 20 ¡‘≈≈‘≈‘μ√ ‡μ‘¡ mobile phase ª√–¡“≥ 15 ¡‘≈≈‘≈‘μ√ ‡¢¬à“®π≈–≈“¬À¡¥ ‡®◊Õ®“ß¥â«¬ mobile

phase ®π§√∫ª√‘¡“μ√ °√Õßºà“π·ºàπ°√Õß nylon ¢π“¥ 0.45 ‰¡‚§√‡¡μ√

Sample solution1 : ™—Ëß placebo „Àâ¡’πÈ”Àπ—°‡∑’¬∫‡∑à“°—∫π”Àπ—°μ—«Õ¬à“ß∑’Ë¡’μ—«¬“ sildenafil citrate ª√–¡“≥ 5

¡‘≈≈‘°√—¡ („Àâ∑√“∫πÈ”Àπ—°∑’Ë·πàπÕπ) ≈ß„π volumetric flask ¢π“¥ 20 ¡‘≈≈‘≈‘μ√ ‡μ‘¡ mobile phase ª√–¡“≥

15 ¡‘≈≈‘≈‘μ√ π”‰ª‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“ 20 π“∑’ ‡®◊Õ®“ß¥â«¬ mobile phase ®π§√∫ª√‘¡“μ√ °√Õßºà“π·ºàπ°√Õß nylon

¢π“¥ 0.45 ‰¡‚§√‡¡μ√

Sample solution2 : ™—Ëß placebo „Àâ¡’πÈ”Àπ—°„°≈â‡§’¬ß Sample solution1 ·≈– “√¡“μ√∞“π sildenafil citrate

ª√–¡“≥ 5 ¡‘≈≈‘°√—¡ („Àâ∑√“∫πÈ”Àπ—°∑’Ë·πàπÕπ) ≈ß„π volumetric flask ¢π“¥ 20 ¡‘≈≈‘≈‘μ√ ‡μ‘¡ mobile phase

ª√–¡“≥ 15 ¡‘≈≈‘≈‘μ√ π”‰ª‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“ 20 π“∑’ ‡®◊Õ®“ß¥â«¬ mobile phase ®π§√∫ª√‘¡“μ√ °√Õßºà“π·ºàπ°√Õß
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nylon ¢π“¥ 0.45 ‰¡‚§√‡¡μ√

Stress test : ™—Ëß “√¡“μ√∞“π sildenafil citrate ª√–¡“≥ 5 ¡‘≈≈‘°√—¡ („Àâ∑√“∫πÈ”Àπ—°∑’Ë·πàπÕπ) ≈ß„π test tube

π”¡“∑”„Àâ ≈“¬μ—«„π ¿“«–μà“ßÊÀ≈—ß®“°π—Èπ pipet mobile phase ª√‘¡“μ√ 20 ¡‘≈≈‘≈‘μ√ ≈ß„π test tube ‡¢¬à“®π

≈–≈“¬À¡¥°√Õß “√≈–≈“¬ºà“π·ºàπ°√Õß nylon ¢π“¥ 0.45 ‰¡‚§√‡¡μ√

 ¿“«–μà“ßÊ∑’Ë∑”„Àâ‡°‘¥°“√ ≈“¬μ—«(5)

- Moisture : ‡μ‘¡πÈ” 2-3 À¬¥ º ¡„Àâ‡¢â“°—π·≈–π”‰ª∑”„Àâ√âÕπª√–¡“≥ 80 °C ‡«≈“ 6 ™—Ë«‚¡ß

- Temperature degradation : π”‰ª∑”„Àâ√âÕπª√–¡“≥ 80 °C ‡«≈“ 6 ™—Ë«‚¡ß

- Oxidation : ‡μ‘¡ 3% hydrogen peroxide 2-3 À¬¥ º ¡„Àâ‡¢â“°—π·≈–π”‰ª∑”„Àâ√âÕπª√–¡“≥ 80 °C ‡«≈“

35 π“∑’

- Acid hydrolysis : ‡μ‘¡ 3 N hydrochloric acid 2-3 À¬¥ º ¡„Àâ‡¢â“°—π·≈–π”‰ª∑”„Àâ√âÕπª√–¡“≥ 80 °C

‡«≈“ 6 ™—Ë«‚¡ß ·∫àß¡“∑”„Àâ‡ªìπ°≈“ß¥â«¬ Sodium hydroxide solution °àÕπ©’¥‡¢â“ HPLC

- Basic hydrolysis : ‡μ‘¡ 5 N Sodium hydroxide 2-3 À¬¥ º ¡„Àâ‡¢â“°—π·≈–π”‰ª∑”„Àâ√âÕπª√–¡“≥ 80 °C

‡«≈“ 6 ™—Ë«‚¡ß ·∫àß¡“∑”„Àâ‡ªìπ°≈“ß¥â«¬ hydrochloric acid solution °àÕπ©’¥‡¢â“ HPLC

- Photolysis : π”μ—«Õ¬à“ß‰ª©“¬· ß‚¥¬«“ß„μâÀ≈Õ¥ø≈ŸÕÕ‡√ ‡´πμå™π‘¥‡¥‰≈∑å 8 ™—Ë«‚¡ß

- Blank  ”À√—∫∑¥ Õ∫°“√‡√àß°“√ ≈“¬μ—«¢Õß¬“ sildenafil citrate „π ¿“«– oxidation, acid hydrolysis ·≈–

basic hydrolysis ‡μ√’¬¡‡À¡◊Õπ°—∫°“√‡μ√’¬¡°“√∑¥ Õ∫„π·μà≈– ¿“«–¥—ß°≈à“« ¬°‡«âπ‰¡à„ à “√¡“μ√∞“π

°“√«‘‡§√“–Àå

π” standard solution, sample solution1, sample solution2 ·≈– standard solution ∑’Ë∂Ÿ°‡√àß„Àâ ≈“¬μ—«¥â«¬ ¿“«–μà“ßÊ

‰ª©’¥«‘‡§√“–Àå¥â«¬«‘∏’ HPLC ¿“¬„μâ ¿“«–μ“¡μ“√“ß∑’Ë 1

‡°≥±å°“√¬Õ¡√—∫

Peak ¢Õß sildenafil ‰¡à∂Ÿ°√∫°«π®“° peak Õ◊ËπÊ ‚¥¬æ‘®“√≥“ ®“°§à“ resolution ‰¡àπâÕ¬°«à“ 2.0 ·≈– peak ¡’

§«“¡∫√‘ ÿ∑∏‘Ï

2. °“√∑¥ Õ∫§«“¡‡ªìπ‡ âπμ√ß·≈–™à«ß°“√«‘‡§√“–Àå (Linearity and Range)

™—Ëß “√¡“μ√∞“π sildenafil citrate ª√–¡“≥ 100 ¡‘≈≈‘°√—¡ („Àâ∑√“∫πÈ”Àπ—°∑’Ë·πàπÕπ) ≈ß„π volumetric flask

¢π“¥ 100 ¡‘≈≈‘≈‘μ√ ‡μ‘¡ mobile phase ª√–¡“≥ 70 ¡‘≈≈‘≈‘μ√ ‡¢¬à“®π≈–≈“¬À¡¥ ‡®◊Õ®“ß¥â«¬ mobile phase ®π§√∫

ª√‘¡“μ√ ®“°π—Èπ pipet  “√≈–≈“¬¥—ß°≈à“«ª√‘¡“μ√ 3, 4, 5, 6 ·≈– 7 ml ·¬°„ à≈ß„π volumetric flask ¢π“¥ 20 ml

ª√—∫ª√‘¡“μ√¥â«¬ mobile phase ÷́Ëß®–‰¥â “√≈–≈“¬¡“μ√∞“π 5 §«“¡‡¢â¡¢âπ‰¥â·°à 0.15, 0.2, 0.25, 0.3 ·≈– 0.35

mg/ml μ“¡≈”¥—∫ ∑”°“√‡μ√’¬¡§«“¡‡¢â¡¢âπ≈– 3 È́” °√Õß “√≈–≈“¬ºà“π·ºàπ°√Õß nylon ¢π“¥ 0.45 ‰¡‚§√‡¡μ√

°“√«‘‡§√“–Àå

π” standard solution ∑—Èß 5 §«“¡‡¢â¡¢âπ‰ª©’¥«‘‡§√“–Àå¥â«¬«‘∏’ HPLC ¿“¬„μâ ¿“«–μ“¡μ“√“ß∑’Ë 1

°“√§”π«≥

π”§à“æ◊Èπ∑’Ë„μâ peak ∑’Ë‰¥â®“°°“√©’¥ standard solution ·μà≈–√–¥—∫§«“¡‡¢â¡¢âπ¡“§”π«≥À“§à“‡©≈’Ë¬·≈–π”

‰ª √â“ß°√“ø§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ·≈–§à“‡©≈’Ë¬¢Õßæ◊Èπ∑’Ë„μâ peak ·≈â«§”π«≥À“ ¡°“√‡ âπμ√ß §à“§«“¡

≈“¥‡Õ’¬ß¢Õß°√“ø (slope) ·≈–§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (Correlation coefficient, r)

‡°≥±å°“√¬Õ¡√—∫

§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (Correlation coefficient, r) ‰¡àπâÕ¬°«à“ 0.995
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3. °“√∑¥ Õ∫§«“¡·¡àπ (Accuracy)

Standard solution : ‡μ√’¬¡‡À¡◊Õπ°—∫°“√‡μ√’¬¡ standard solution „πÀ—«¢âÕ°“√∑¥ Õ∫§«“¡®”‡æ“–‡®“–®ß¢Õß«‘∏’

Sample solution : ∑¥ Õ∫§«“¡·¡àπ¢Õß«‘∏’«‘‡§√“–Àå‚¥¬°“√ spiked placebo ∑’Ë 3 √–¥—∫§«“¡‡¢â¡¢âπ§◊Õ

0.2, 0.25 ·≈– 0.3‚¥¬™—Ëß placebo„Àâ¡’πÈ”Àπ—°‡∑’¬∫‡∑à“°—∫πÈ”Àπ—°μ—«Õ¬à“ß∑’Ë¡’μ—«¬“ sildenafil citrate ª√–¡“≥ 50

¡‘≈≈‘°√—¡ („Àâ∑√“∫πÈ”Àπ—°∑’Ë·πàπÕπ) ·≈– “√¡“μ√∞“π sildenafil citrate ª√–¡“≥ 40, 50 ·≈– 60 ¡‘≈≈‘°√—¡ („Àâ

∑√“∫πÈ”Àπ—°∑’Ë·πàπÕπ) ≈ß„π volumetric flask ¢π“¥ 200 ¡‘≈≈‘≈‘μ√ ‡μ‘¡ mobile phase ª√–¡“≥ 150 ¡‘≈≈‘≈‘μ√

π”‰ª‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“ 30 π“∑’ ‡®◊Õ®“ß¥â«¬ mobile phase ®π§√∫ª√‘¡“μ√ °√Õßºà“π·ºàπ°√Õß nylon ¢π“¥ 0.45

‰¡‚§√‡¡μ√ ∑”°“√∑¥ Õ∫§«“¡‡¢â¡¢âπ≈– 3 È́”

°“√«‘‡§√“–Àå

π” standard solution ·≈– sample solution ∑—Èß 3 √–¥—∫§«“¡‡¢â¡¢âπ‰ª©’¥«‘‡§√“–Àå¥â«¬«‘∏’ HPLC ¿“¬„μâ

 ¿“«–μ“¡μ“√“ß∑’Ë 1

°“√§”π«≥

§”π«≥À“ %Recovery ¥—ßπ’È

%Recovery =
 ª√‘¡“≥ “√∑’Ë«‘‡§√“–Àå‰¥â„π Spiked placebo 

× 100
                ª√‘¡“≥ “√∑’Ë‡μ‘¡≈ß‰ª

‡°≥±å°“√¬Õ¡√—∫

§à“‡©≈’Ë¬√âÕ¬≈–¢Õß°“√°≈—∫§◊πÕ¬Ÿà„π™à«ß 98.0-102.0 ·≈– %RSD ‰¡à¡“°°«à“ 2.0

4. °“√∑¥ Õ∫§«“¡‡∑’Ë¬ß (Precision)

4.1 §«“¡∑«π È́”‰¥â (Repeatability)

Standard solution : ‡μ√’¬¡‡À¡◊Õπ°—∫°“√‡μ√’¬¡ standard solution „πÀ—«¢âÕ°“√∑¥ Õ∫§«“¡®”‡æ“–‡®“–®ß¢Õß«‘∏’

Sample solution : ∫¥‡¡Á¥¬“®”π«π 20 ‡¡Á¥ ™—Ëßºß¬“„Àâ¡’μ—«¬“ sildenafil citrate ª√–¡“≥ 50 ¡‘≈≈‘°√—¡ („Àâ

∑√“∫πÈ”Àπ—°∑’Ë·πàπÕπ) ≈ß„π volumetric flask ¢π“¥ 200 ¡‘≈≈‘≈‘μ√ ‡μ‘¡ mobile phase ª√–¡“≥ 150 ¡‘≈≈‘≈‘μ√ π”

‰ª‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“ 15 π“∑’ ‡®◊Õ®“ß¥â«¬ mobile phase ®π§√∫ª√‘¡“μ√ °√Õßºà“π·ºàπ°√Õß nylon ¢π“¥ 0.45 ‰¡‚§√‡¡μ√

∑”°“√∑¥ Õ∫®”π«π 6 È́”

°“√«‘‡§√“–Àå

π” standard solution ·≈– sample solution ‰ª«‘‡§√“–Àå¥â«¬«‘∏’ HPLC ¿“¬„μâ ¿“«–μ“¡μ“√“ß∑’Ë 1

°“√§”π«≥

§”π«≥ª√‘¡“≥μàÕÀπà«¬¢Õß sildenafil „π·μà≈–μ—«Õ¬à“ß §”π«≥§à“‡©≈’Ë¬ª√‘¡“≥μàÕÀπà«¬·≈–§”π«≥§à“ relative

standard deviation (%RSD)

‡°≥±å°“√¬Õ¡√—∫

§à“ relative standard deviation (%RSD) ‰¡à¡“°°«à“ 2.0

4.2 Intermediate precision

¥”‡π‘π°“√∑¥ Õ∫‡™àπ‡¥’¬«°—∫°“√∑¥ Õ∫§«“¡∑«π È́”‰¥â‚¥¬‡ª≈’Ë¬ππ—°«‘‡§√“–Àå «—π∑’Ë«‘‡§√“–Àå ·≈–‡§√◊ËÕß¡◊Õ∑’Ë

„™â«‘‡§√“–Àå (HPLC) §”π«≥§à“‡©≈’Ë¬ª√‘¡“≥μàÕÀπà«¬¢Õß sildenafil ·≈–§”π«≥§à“ relative standard deviation (%RSD)

‡°≥±å°“√¬Õ¡√—∫

§à“ relative standard deviation (%RSD) ‰¡à¡“°°«à“ 2.0
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5. °“√∑¥ Õ∫§«“¡∑π¢Õß«‘∏’ (Robustness)

»÷°…“º≈°√–∑∫μàÕ°“√«‘‡§√“–Àå¬“®“°°“√‡ª≈’Ë¬π·ª≈ß ¿“«–μà“ßÊ¢Õß√–∫∫‚§√¡“‚∑°√“ø §◊Õ §Õ≈—¡πå Õ—μ√“

 à«π¢Õß “√≈–≈“¬μ—«æ“ Õÿ≥À¿Ÿ¡‘¢Õß§Õ≈—¡πå·≈–Õ—μ√“°“√‰À≈¢Õß “√≈–≈“¬μ—«æ“ ‚¥¬«‘‡§√“–Àåª√‘¡“≥ sildenafil

√Ÿª·∫∫¬“‡¡Á¥„π ¿“«–μà“ßÊ¥—ß°≈à“« ·≈–»÷°…“æ“√“¡‘‡μÕ√åμà“ßÊ∑’ËÕ“®¡’º≈°√–∑∫μàÕ§«“¡‡À¡“– ¡¢Õß√–∫∫

‚§√¡“‚∑°√“ø ‡™àπ retention time, tailing factor, theoretical plates ‡ª√’¬∫‡∑’¬∫°—∫ ¿“«–À≈—°¢Õß«‘∏’

6. °“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥ (Measurement uncertainty)

‡æ◊ËÕ„Àâ‡ªìπ‰ªμ“¡¡“μ√∞“π ISO/IEC 17025:2005 ∑’Ë°”Àπ¥„Àâ¡’°“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥ ¥—ß

π—Èπ„π°“√»÷°…“π’È®÷ß∑”°“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√μ√«®«‘‡§√“–Àå¬“ ‚¥¬§”π÷ß∂÷ß·À≈àß¢Õß§«“¡‰¡à·πàπÕπ

∑ÿ°·À≈àß ·≈–‡ªìπ‰ªμ“¡·π«∑“ß°“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√μ√«®«‘‡§√“–Àå¥â“π¬“·≈–«—μ∂ÿ‡ æμ‘¥(6,7) §«“¡

‰¡à·πàπÕπ¢Õß°“√«—¥‡ªìπ§à“√«¡¢Õßº≈°√–∑∫∑—ÈßÀ¡¥∑’Ë¡’μàÕº≈∑¥ Õ∫‡™‘ßª√‘¡“≥‚¥¬·À≈àß∑’Ë¡“¢Õß§«“¡‰¡à·πàπÕπ

¢Õß°“√«‘‡§√“–Àåª√‘¡“≥ sildenafil √Ÿª·∫∫¬“‡¡Á¥ æ‘®“√≥“‰¥â®“° Ÿμ√§”π«≥¥—ßπ’È

ª√‘¡“≥ sildenafil (¡‘≈≈‘°√—¡μàÕ‡¡Á¥) = Au × Wtstd ×  P  × V200 × 474.58 × Av.Wt/tablet

                                                    As    V20    100          666.70     Wt. taken

Au = æ◊Èπ∑’Ë„μâæ’§ sildenafil „π “√≈–≈“¬μ—«Õ¬à“ß

As = æ◊Èπ∑’Ë„μâæ’§ sildenafil „π “√≈–≈“¬¡“μ√∞“π

Wtstd = πÈ”Àπ—°¢Õß≈“√¡“μ√∞“π (¡‘≈≈‘°√—¡)

V20 = Volumetric flask ¢π“¥ 20 ¡‘≈≈‘≈‘μ√

P = §«“¡∫√‘ ÿ∑∏‘Ï¢Õß “√¡“μ√∞“π (% purity)

V200 = Volumetric flask ¢π“¥ 200 ¡‘≈≈‘≈‘μ√

474.58 = πÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß sildenafil

666.70 = πÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß sildenafil citrate

Av.Wt/tablet = πÈ”Àπ—°‡©≈’Ë¬μàÕ‡¡Á¥ (°√—¡)

Wt. taken = πÈ”Àπ—°ºß¬“∑’Ë„™â„π°“√«‘‡§√“–Àå (°√—¡)

º≈

1. °“√∑¥ Õ∫§«“¡®”‡æ“–‡®“–®ß¢Õß«‘∏’ (Selectivity/Specificity)

¿“¬„μâ ¿“«–¢Õß√–∫∫‚§√¡“‚∑°√“ø∑’Ëæ—≤π“¢÷Èπæ∫æ’§¢Õß sildenafil ∑’Ë‡«≈“ª√–¡“≥ 6.0 π“∑’ (¿“æ∑’Ë 2)

¿“æ∑’Ë 2  ‚§√¡“‚∑·°√¡¢Õß “√≈–≈“¬¡“μ√∞“π
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®“°°“√»÷°…“§«“¡®”‡æ“–‡®“–®ß¢Õß«‘∏’∑’Ëæ—≤π“¢÷Èπ‚¥¬°“√©’¥ placebo, diluent ·≈– sildenafil citrate ∑’Ë‡√àß

„Àâ‡°‘¥°“√ ≈“¬μ—«∑’Ë ¿“«–μà“ßÊ ‡ª√’¬∫‡∑’¬∫°—∫ “√≈–≈“¬¡“μ√∞“π sildenafil citrate æ∫«à“æ’§¢Õß sildenafil ‰¡à

∂Ÿ°√∫°«π®“° diluent ·≈– placebo ¥—ß¿“æ∑’Ë 3 (A) ∂÷ß 3 (C)  “¡“√∂·¬° “√ ≈“¬μ—«¢Õß sildenafil ∑’Ë‡°‘¥°“√

 ≈“¬μ—«®“° ¿“«– oxidation ·≈– acid hydrolysis ÕÕ°®“°æ’§¢Õß sildenafil ‰¥âÕ¬à“ß ¡∫Ÿ√≥å¥â«¬§à“ resolution ‡∑à“°—∫

7.6 ·≈– 15.0 μ“¡≈”¥—∫ ¥—ß¿“æ∑’Ë 3 (G) ·≈– 3 (I) μ“¡≈”¥—∫ ∑’Ë ¿“«– moisture, temperature, photolysis ·≈–

basic hydrolysis μ√«®‰¡àæ∫ “√ ≈“¬μ—« ¥—ß¿“æ∑’Ë 3 (D) ∂÷ß 3 (F) ·≈– 3 (H) æ’§¢Õß sildenafil ∫√‘ ÿ∑∏‘Ï∑ÿ° ¿“«–

°“√∑¥ Õ∫¥—ßμ“√“ß∑’Ë 2

¿“æ∑’Ë 3 ‚§√¡“‚∑·°√¡¢Õßμ—«∑”≈–≈“¬ (A), placebo (B),  “√¡“μ√∞“π„π placebo (C),  “√¡“μ√∞“π„π ¿“«–

‡√àß„Àâ‡°‘¥°“√ ≈“¬μ—«¥â«¬ moisture hydrolysis (D), temperature degradation (E), photolysis (F), oxidation

·≈– blank (G), basic hydrolysis ·≈– blank (H), acid hydrolysis ·≈– blank (I)
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Retention Purity of sildenafil peak Match spectrum of sildenafil

time degraded
PDA PDA PDA

Stress condition degraded substances Purity Purity Purity
match match match

substances (%) Angle Threshold Flag
Angle Threshold Flag

(mins)

Moisture ND* - 0.032 0.254 no 0.035 1.012 no

Temperature ND - 0.035 0.249 no 0.033 1.012 no

Oxidation 4.05 8.06 0.034 0.253 no 0.031 1.013 no

Acid 2.06 4.82 0.033 0.254 no 0.033 1.013 no

Base ND - 0.033 0.251 no 0.032 1.013 no

Photolysis ND - 0.035 0.250 no 0.041 1.013 no
*Not detected

μ“√“ß∑’Ë 2 · ¥ß ¿“«–∑’Ë»÷°…“°“√ ≈“¬μ—«¢Õß sildenafil ·≈– “√ ≈“¬μ—«∑’Ëμ√«®æ∫

2. §«“¡‡ªìπ‡ âπμ√ß·≈–™à«ß¢Õß°“√«‘‡§√“–Àå (Linearity and Range)

¡◊ËÕ©’¥ “√≈–≈“¬¡“μ√∞“π 5 §«“¡‡¢â¡¢âπ ‰¥â·°à 0.15, 0.2, 0.25, 0.3 ·≈– 0.35 mg/ml μ“¡≈”¥—∫ æ∫«à“

§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ·≈–æ◊Èπ∑’Ë„μâæ’§¡’≈—°…≥–‡ªìπ‡ âπμ√ßμ≈Õ¥™à«ß§«“¡‡¢â¡¢âπ∑’Ë«‘‡§√“–Àå ‚¥¬¡’

§à“ —¡ª√– ‘∑∏å À —¡æ—π∏å (Correlation coefficient, r) ‡∑à“°—∫ 0.99999 (¿“æ∑’Ë 4)

¿“æ∑’Ë 4  §«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ·≈–æ◊Èπ∑’Ë„μâæ’§¢Õß sildenafil citrate

3. °“√∑¥ Õ∫§«“¡§«“¡·¡àπ (Accuracy)

º≈®“°°“√©’¥ “√≈–≈“¬ placebo ∑’Ë‡μ‘¡ “√¡“μ√∞“π sildenafil citrate ∑’Ë 3 √–¥—∫§«“¡‡¢â¡¢âπ §◊Õ √âÕ¬≈– 80,

100 ·≈– 120 · ¥ß§à“√âÕ¬≈–¢Õß°“√§◊π°≈—∫¥—ßμ“√“ß∑’Ë 3
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√–¥—∫§«“¡‡¢â¡¢âπ ª√‘¡“≥ ª√‘¡“≥
√âÕ¬≈–

(√âÕ¬≈–¢Õß§«“¡  “√¡“μ√∞“π∑’Ë‡μ‘¡  “√¡“μ√∞“π∑’Ë
¢Õß°“√§◊π°≈—∫

§à“‡©≈’Ë¬ %RSD

‡¢â¡¢âπ∑’Ë∑¥ Õ∫) (¡‘≈≈‘°√—¡) μ√«®æ∫ (¡‘≈≈‘°√—¡)

44.57 44.66 100.19

80 42.14 42.12 99.96 99.98 0.20

44.98 44.88 99.78

52.00 52.03 100.07

100 50.68 50.69 100.02 100.00 0.08

50.93 50.89 99.91

60.98 60.82 99.74

120 61.36 61.33 99.95 99.79 0.14

61.93 61.74 99.69

§à“‡©≈’Ë¬√âÕ¬≈–¢Õß°“√§◊π°≈—∫  99.92 0.16

μ“√“ß∑’Ë 3 · ¥ßº≈°“√∑¥ Õ∫§«“¡·¡àπ (Accuracy)

4. °“√∑¥ Õ∫§«“¡‡∑’Ë¬ß (Precision)

4.1 §«“¡∑«π È́”‰¥â (Repeatability)

º≈°“√©’¥ “√≈–≈“¬μ—«Õ¬à“ß§«“¡‡¢â¡¢âπª√–¡“≥ 0.25 ¡‘≈≈‘°√—¡μàÕ¡‘≈≈‘≈‘μ√ ®”π«π 6 μ—«Õ¬à“ß ‚¥¬§”π«≥À“

ª√‘¡“≥¢Õß sildenafil μàÕ‡¡Á¥ ·≈–§à“√âÕ¬≈–¢Õß§à“‡∫’Ë¬ß‡∫π¡“μ√∞“π —¡æ—∑∏å (%RSD) ¥—ßμ“√“ß∑’Ë 4

μ“√“ß∑’Ë 4 º≈°“√∑¥ Õ∫§«“¡∑«π È́”‰¥â

μ—«Õ¬à“ß∑’Ë ª√‘¡“≥ sildenafil (¡‘≈≈‘°√—¡μàÕ‡¡Á¥)

1 90.99

2 91.33

3 91.55

4 91.34

5 91.40

6 91.31

‡©≈’Ë¬ 91.32

%RSD 0.20

4.2 Intermediate precision

‡¡◊ËÕ«‘‡§√“–Àåμ—«Õ¬à“ß 1  Ÿμ√μ”√—∫ ‚¥¬‡ª≈’Ë¬π·ª≈ß «—π∑’Ë ‡§√◊ËÕß¡◊Õ·≈–π—°«‘‡§√“–Àå º≈°“√«‘‡§√“–Àå ¥—ßμ“√“ß∑’Ë 5
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5. °“√∑¥ Õ∫§«“¡∑π¢Õß«‘∏’ (Robustness)

°“√∑¥ Õ∫§«“¡∑π¢Õß«‘∏’‚¥¬‡ª≈’Ë¬π·ª≈ß ¿“«–μà“ßÊ¢Õß√–∫∫‚§√¡“‚∑°√“ø «‘‡§√“–Àåª√‘¡“≥ sildenafil

√Ÿª·∫∫¬“‡¡Á¥∑’Ë ¿“«–μà“ßÊ¥—ß°≈à“« ·≈–»÷°…“æ“√“¡‘‡μÕ√åμà“ßÊ∑’Ë¡’º≈°√–∑∫μàÕ§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø

‡™àπ retention time, tailing factor, theoretical plates ‡ª√’¬∫‡∑’¬∫°—∫ ¿“«–À≈—°¢Õß«‘∏’ º≈°“√∑¥ Õ∫¥—ßμ“√“ß∑’Ë 6

μ“√“ß∑’Ë 5 º≈°“√∑¥ Õ∫ Intermediate precision

√“¬°“√        ª√‘¡“≥ sildenafil (¡‘≈≈‘°√—¡μàÕ‡¡Á¥)

∑’Ë∑¥ Õ∫ 1 2 3 4 5 6 ‡©≈’Ë¬ %RSD ‡©≈’Ë¬ %RSD

π—°«‘‡§√“–Àå∑’Ë 1 90.99 91.33 91.55 91.34 91.40 91.31 91.32 0.20

‡§√◊ËÕß∑’Ë 1

π—°«‘‡§√“–Àå∑’Ë 2 91.51 91.82 91.60 91.65 92.11 91.82 91.75 0.23

‡§√◊ËÕß∑’Ë2

91.5367 0.32

μ“√“ß∑’Ë 6 º≈°“√∑¥ Õ∫§«“¡∑π¢Õß«‘∏’

     º≈°“√∑¥ Õ∫§«“¡∑π¢Õß«‘∏’

 ¿“«–¢Õß√–∫∫‚§√¡“‚∑°√“ø Retention Theoretical Tailing     ª√‘¡“≥´‘≈‡¥π“øî≈ (¡‘≈≈‘°√—¡μàÕ‡¡Á¥)

time plates factor §à“‡©≈’Ë¬ (n = 6) %RSD

HPLC column No.1* 6.18 6609 1.4 91.32 0.20

No.2 10.95 6553 1.1 91.41 0.17

Õÿ≥À¿Ÿ¡‘¢Õß column (°C) 25 6.72 5983 1.5 91.27 0.18

30* 6.18 6609 1.4 91.32 0.20

35 5.71 7207 1.3 91.25 0.11

Flow rate (ml/minute) 1.0 7.40 7398 1.5 91.39 0.16

1.2* 6.18 6609 1.4 91.32 0.20

1.4 5.30 5982 1.3 91.25 0.22

MeOH : Buffer 55:45 9.99 7016 1.5 91.29 0.30

60:40* 6.18 6609 1.4 91.32 0.20

65:35 4.12 6255 1.4 91.25 0.38
*À¡“¬∂÷ß  ¿“«–À≈—°¢Õß√–∫∫‚§√¡“‚∑°√“ø∑’Ë„™â‡ª√’¬∫‡∑’¬∫‡¡◊ËÕ‡ª≈’Ë¬π·ª≈ß ¿“«–μà“ßÊ

6. °“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥ (Measurement uncertainty)

°“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥¢Õß«‘∏’«‘‡§√“–Àå ‰¥â·À≈àß∑’Ë¡“¢Õß§«“¡‰¡à·πàπÕπ¥—ßπ’È ®“°°“√™—Ëß

 “√¡“μ√∞“π·≈–μ—«Õ¬à“ß ‡§√◊ËÕß·°â««—¥ª√‘¡“μ√∑’Ë„™â  —≠≠“≥°“√μ√«®«—¥¢Õß‡§√◊ËÕß¡◊Õμ√«®«‘‡§√“–Àå ·≈– §«“¡∑«π

´È”‰¥â¢Õß«‘∏’ (repeatability) º≈°“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√μ√«®«‘‡§√“–Àå ‰¥â§à“§«“¡‰¡à·πàπÕπ‡∑à“°—∫

0.8520 ·≈–§à“§«“¡‰¡à·πàπÕπ¢¬“¬ ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95% (k = 2) ‡∑à“°—∫ 1.7% ‡¡◊ËÕº≈μ√«®«‘‡§√“–Àåª√‘¡“≥

sildenafil ‡∑à“°—∫ 92.6% ¢Õßª√‘¡“≥∑’Ë·®âß ¥—ßπ—Èπ®÷ß√“¬ß“πº≈°“√μ√«®«‘‡§√“–Àå‡ªìπ 92.6 ± 1.7% ¢Õßª√‘¡“≥∑’Ë·®âß

¥—ßμ“√“ß∑’Ë 7
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μ“√“ß∑’Ë 7 °“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«‘‡§√“–Àå sildenafil √Ÿª·∫∫¬“‡¡Á¥

Components Value, xi Unit
Standard uncertainty, Relative standard

u(xi) uncertainty, u(xi)/xi

1. Standard

Wstd 6.270 mg 0.000000502 0.0000000801

Volumetric flaskstd 20 ml 0.067330033 0.0033665020

Peak area (As) 3035732 - 5123.6 0.0000168776

Purity - - - -

2. Sample

Av.Wt/unit 0.50991 g 0.000000794 0.0000015581

Wsample 0.25915 g 0.000007778 0.0000300142

Volumetric flasksample 200 ml 0.351188458 0.0017555942

Peak area (Au) 3247599.5 - 2711 0.0008347700

3. Repeatability 91.32 mg/tablet 0.745624 0.0081649750

Sumsquare relative standard uncertainty 0.0000846298

Combine standard uncertainty 0.0091994440

Standard uncertainty (Uc): 0.0091994440 x 92.62 0.8520837940

Expanded uncertainty (U): k = 2, 2 x 0.8520837940 1.7041675890

Report value: 92.6 ± 1.7% la.

«‘®“√≥å

‡π◊ËÕß®“°¬—ß‰¡à¡’«‘∏’«‘‡§√“–Àå¬“‡¡Á¥ sildenafil „πμ”√“¬“¢Õßª√–‡∑» À√—∞Õ‡¡√‘°“ (USP 39) À√◊Õ μ”√“¬“¢Õß

ª√–‡∑» À√“™Õ“≥“®—°√ (BP 2017) À√◊Õμ”√“¬“Õ◊Ëπ∑’Ë√—∞¡πμ√’ª√–°“» ®÷ß¬—ß‰¡à¡’«‘∏’¡“μ√∞“π ”À√—∫°“√μ√«®«‘‡§√“–Àå

¬“¥—ß°≈à“« πÕ°®“°π’È¬—ß‰¡à‡§¬ ”√«®§ÿ≥¿“æ¢Õß¬“‡¡Á¥ sildenafil ∑’Ë¡’„πª√–‡∑»‰∑¬ ª√–°Õ∫°—∫ºŸâ¡’ à«π‡°’Ë¬«¢âÕß„π

°“√®—¥À“¬“®“°‚√ßæ¬“∫“≈μà“ßÊ∑’ËμâÕß°“√∑√“∫§ÿ≥¿“æ¬“ sildenafil ¥—ßπ—Èπ ”π—°¬“·≈–«—μ∂ÿ‡ æμ‘¥®÷ß‰¥â§—¥‡≈◊Õ°¬“

¥—ß°≈à“«‡æ◊ËÕμ√«®§ÿ≥¿“æ„π‚§√ß°“√ √â“ßÀ≈—°ª√–°—π§ÿ≥¿“æ·≈–¡“μ√∞“π∫√‘°“√¥â“π¬“ ª√–®”ªïß∫ª√–¡“≥ 2560

·≈–∑”°“√æ—≤π“«‘∏’«‘‡§√“–Àå‡æ◊ËÕ√Õß√—∫‚§√ß°“√¥—ß°≈à“«

«‘∏’«‘‡§√“–Àåª√‘¡“≥ sildenafil ∑’Ëæ—≤π“¢÷Èππ’È§◊Õ«‘∏’‚§√¡“‚∑°√“øï™π‘¥¢Õß‡À≈«ª√– ‘∑∏‘¿“æ Ÿß‚¥¬„™â§Õ≈—¡πå

™π‘¥ hypersil Gold C18 ¢π“¥ 4.6- × 150-¡‘≈≈‘‡¡μ√ ¢π“¥Õπÿ¿“§ 5 ‰¡‚§√‡¡μ√ ∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬ 

 “√≈–≈“¬μ—«æ“ª√–°Õ∫¥â«¬ à«πº ¡¢Õß methanol ·≈– 0.01 M ammonium acetate „πÕ—μ√“ à«π 60 : 40 ‚¥¬

ª√‘¡“μ√ Õ—μ√“°“√‰À≈¢Õß “√≈–≈“¬μ—«æ“ 1.2 ¡‘≈≈‘≈‘μ√μàÕπ“∑’ μ√«®«—¥¥â«¬‡§√◊ËÕßμ√«®«—¥™π‘¥ PDA ∑’Ë§«“¡¬“«

§≈◊Ëπ 254 π“‚π‡¡μ√

¥”‡π‘π°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õß«‘∏’«‘‡§√“–Àåª√‘¡“≥μ—«¬“ sildenafil μ“¡·π«∑“ß ICH-Q2 (R1) æ∫«à“«‘∏’

¡’§«“¡®”‡æ“–‡®“–®ß ‰¡àæ∫°“√√∫°«π°“√«‘‡§√“–Àå®“° diluent, placebo ·≈– “√ ≈“¬μ—«¢Õß sildenafil ∑’Ë‡°‘¥®“°

°“√‡√àß„Àâ ≈“¬μ—«¥â«¬ ¿“«–μà“ßÊ ∑’Ë ¿“«– oxidation æ∫ “√ ≈“¬μ—« ·≈– sildenafil ∑’Ë retention time ‡∑à“°—∫ 4.1 ·≈–

6.0 π“∑’ μ“¡≈”¥—∫ §à“ resolution ‡∑à“°—∫ 7.6 ·≈–·μà≈–æ’§¡’§«“¡∫√‘ ÿ∑∏‘Ï ∑’Ë ¿“«– acid hydrolysis æ∫ “√ ≈“¬μ—«
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·≈– sildenafil ∑’Ë retention time ‡∑à“°—∫ 2.1 ·≈– 6.0 π“∑’ μ“¡≈”¥—∫ §à“ resolution ‡∑à“°—∫ 15.0 ·μà≈–æ’§¡’§«“¡

∫√‘ ÿ∑∏‘Ï ∫àß™’È«à“ “√ ≈“¬μ—«¿“¬„μâ ¿“«– oxidation ·≈– acid hydrolysis ‰¡à√∫°«π peak ¢Õß sildenafil ∑’Ë ¿“«–

moisture, temperature, photolysis ·≈– basic hydrolysis μ√«®‰¡àæ∫ “√ ≈“¬μ—«·≈– peak ¢Õß sildenafil ¡’§«“¡

∫√‘ ÿ∑∏‘Ï

°“√∑¥ Õ∫§«“¡‡ªìπ‡ âπμ√ß·≈–™à«ß¢Õß°“√«‘‡§√“–Àå æ∫«à“ ¡’§«“¡‡ªìπ‡ âπμ√ß„π™à«ß 0.15-0.35 ¡‘≈≈‘°√—¡μàÕ

¡‘≈≈‘≈‘μ√ ‚¥¬§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (Correlation coefficient, r) ‡∑à“°—∫ 0.99999 Õ¬Ÿà„π‡°≥±å°“√¬Õ¡√—∫

°“√∑¥ Õ∫§«“¡·¡àπ¢Õß«‘∏’ æ∫«à“§à“‡©≈’Ë¬√âÕ¬≈–¢Õß°“√°≈—∫§◊π∑’Ë 3 √–¥—∫§«“¡‡¢â¡¢âπÕ¬Ÿà„π™à«ß 99.7-100.0

§à“‡©≈’Ë¬√«¡‡∑à“°—∫ 99.9 ·≈– %RSD ‡∑à“°—∫ 0.2 Õ¬Ÿà„π‡°≥±å°“√¬Õ¡√—∫

°“√∑¥ Õ∫§«“¡‡∑’Ë¬ß¢Õß«‘∏’ º≈°“√∑¥ Õ∫§«“¡∑«π È́”‰¥â ·≈– intermediate precision æ∫«à“ %RSD ‡∑à“°—∫

0.2 ·≈– 0.3 μ“¡≈”¥—∫ Õ¬Ÿà„π‡°≥±å°“√¬Õ¡√—∫

°“√∑¥ Õ∫§«“¡∑π¢Õß«‘∏’ ‚¥¬‡ª≈’Ë¬π·ª≈ß ¿“«–μà“ßÊ §◊Õ §Õ≈—¡πå Õÿ≥À¿Ÿ¡‘ Õ—μ√“ à«π¢Õß “√≈–≈“¬μ—«æ“

·≈–Õ—μ√“°“√‰À≈¢Õß “√≈–≈“¬μ—«æ“‡ª√’¬∫‡∑’¬∫°—∫ ¿“«–À≈—°¢Õß«‘∏’ æ∫«à“°“√‡ª≈’Ë¬π·ª≈ß ¿“«–¥—ß°≈à“«‰¡à¡’º≈

°√–∑∫μàÕ°“√μ√«®«‘‡§√“–Àåª√‘¡“≥μ—«¬“ sildenafil ‚¥¬æ‘®“√≥“®“° %RPD ÷́Ëß‰¡à¡“°°«à“ 2.0 ∫àß™’È«à“«‘∏’∑’Ëæ—≤π“¢÷Èπ

¡’§«“¡∑πμàÕ ¿“«–∑’Ë‡ª≈’Ë¬π·ª≈ß

°“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥ ‡æ◊ËÕ„Àâ‡ªìπ‰ªμ“¡¡“μ√∞“π ISO/IEC 17025:2005 ∑’Ë°”Àπ¥„Àâ¡’

°“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥·≈–μâÕß “¡“√∂√“¬ß“π§à“§«“¡‰¡à·πàπÕπ¢Õßº≈°“√∑¥ Õ∫‰¥âÀ“°‡ªìπ

§«“¡μâÕß°“√¢Õß≈Ÿ°§â“ ®“°°“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ„π°“√«‘‡§√“–Àåª√‘¡“≥ sildenafil √Ÿª·∫∫¬“‡¡Á¥¥â«¬«‘∏’

∑’Ëæ—≤π“¢÷Èπ‰¥â§à“§«“¡‰¡à·πàπÕπ‡∑à“°—∫ 0.8520 ·≈–§à“§«“¡‰¡à·πàπÕπ¢¬“¬ ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95% (k = 2) ‡∑à“°—∫

1.7%

 √ÿª

«‘∏’«‘‡§√“–Àåª√‘¡“≥μ—«¬“ sildenafil „π¬“‡¡Á¥ ‚¥¬«‘∏’ HPLC ª√–°Õ∫¥â«¬ §Õ≈—¡πå™π‘¥ Hypersil Gold C18

¢π“¥ 4.6- × 150-¡‘≈≈‘‡¡μ√ ¢π“¥Õπÿ¿“§ 5 ‰¡‚§√‡¡μ√ ∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬   “√≈–≈“¬μ—«æ“ª√–°Õ∫¥â«¬

 à«πº ¡¢Õß methanol ·≈– 0.01 M ammonium acetate „πÕ—μ√“ à«π 60 : 40 ‚¥¬ª√‘¡“μ√ Õ—μ√“°“√‰À≈¢Õß

 “√≈–≈“¬μ—«æ“ 1.2 ¡‘≈≈‘≈‘μ√μàÕπ“∑’ μ√«®«—¥¥â«¬‡§√◊ËÕßμ√«®«—¥™π‘¥ PDA ∑’Ë§«“¡¬“«§≈◊Ëπ 254 π“‚π‡¡μ√ ‡ªìπ«‘∏’∑’Ë

‰¥âμ√«® Õ∫§«“¡∂Ÿ°μâÕßμ“¡·π«∑“ß ICH-Q2 (R1) æ∫«à“¡’§«“¡®”‡æ“–‡®“–®ß ·¡àπ¬” ∂Ÿ°μâÕß  “¡“√∂π”‰ª„™â„π

°“√μ√«®«‘‡§√“–Àåª√‘¡“≥ sildenafil „π¬“‡¡Á¥‰¥âμ“¡«—μ∂ÿª√– ß§å
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π‘æπ∏åμâπ©∫—∫

Original Article

Semi-quantification of aggregate in erythropoietin pharmaceutical formulations

using size exclusion chromatography/SDS-PAGE/Western Blotting

Yanika Rattanasuwan*

Pinyapat Tansin*

Boontarika Boonyapiwat*

*Bureau of Drug and Narcotic, Department of Medical Sciences

Abstract Aggregate in erythropoietin (EPO) products may cause lower activity, anaphylactoid reaction and

important adverse drug reactions in patients. The quantification of aggregate by using size exclusion chromatography

(SEC) is a test item recommeded in British Pharmacopoeia 2016 (BP) for erythropoietin product; however,

the method cannot be used to analyze the aggregate in EPO containing human serum albumin due to the

interference between albumin and aggregate peaks. The combination of three methods (SEC/SDS-PAGE/Western

Blotting) was studied to analyze aggregate in EPO samples. SEC was employed to prepare 2% aggregate

standard, which is the limit of aggregate for EPO production stated in BP. SDS-PAGE/Western Blotting

was used for semi-quantitating aggregate in EPO samples by comparing the density of aggregate bands with that

of 2% aggregate standard. The results showed that the method was specific to the aggregate in EPO samples

as there was no band appearing for the human serum albumin. In this study, three EPO samples were used. Two

EPO samples contained albumin, while another did not consist of albumin. The aggregate in all three EPO

samples was 0.42, 0.33 and 0.27%, respectively. It demonstrated that the aggregate in three EPO products

conformed to the limit of BP 2016. The results of the study confirmed that the method was reliable and

applicable for semi-quantitation of aggregate in EPO sample with and without human serum albumin.

Keywords: Erythropoietin, Size exclusion chromatography, SEC, SDS-PAGE, Western Blotting, aggregate,

dimers and related substances of higher molecular mass
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Introduction

Recombinant human erythropoietin (rhEPO), one of blockbuster biotechnological medicines, is a well-known

glycoprotein hormone that regulates red blood cell formation(1, 2). Storage in inadequate physicochemical environ-

ment conditions such as high temperature can induce the formation of aggregate(3). The aggregate in EPO

formulation is a possible cause of pure red cell aplasia, a fatal adverse drug reaction for EPO treatment(4). In

addition, EPO aggregate may cause lower activity and anaphylactoid reaction(5, 6). Size exclusion chromatography

(SEC) is recommended by British Pharmacopoeia (BP) to test dimers and related substances of higher molecular

mass or aggregate in erythropoietin products(7). However, the SEC method could not be applied to analyze

aggregate in erythropoietin products containing human serum albumin as a stabilizer due to the interference of

albumin with aggregate peaks(7, 8). Moreover, the SEC method for the determination of aggregate in BP suggests

the usage of UV detector at wavelength 280 nm which is unspecific with erythropoietin because it is a general optical

absorption for all proteins including human albumin(9). Nowadays, more than 90% of EPO products in Thai

pharmaceutical markets contain human serum albumin in their formulations. Therefore, SEC/SDS-polyacrylamide

gel electrophoresis (SDS-PAGE)/Western Blotting was studied to quantify aggregate in EPO formulation. The method

is based on SDS-PAGE/Western Blotting technique to solve the albumin interference problem. SDS-PAGE is a

common method of separating compounds based on their molecular weights, and Western Blotting is an important

analytical technique which is used to transfer protein from SDS polyacrylamide gel to an adsorbent membrane and

detect protein of interest by specific antibody(10). The utilization of these three combined analytical methods has not

been reported for the determination of aggregate in erythropoietin products.

∫∑§—¥¬àÕ °“√‡°“–°≈ÿà¡ (aggregate) „π¬“Õ’√‘‚∑√‚æÕ‘μ‘π‡ªìπ “‡ÀμÿÀπ÷Ëß∑’Ë∑”„Àâ§«“¡·√ß¢Õß¬“≈¥≈ß ·≈–¬—ß∑”„Àâ‡°‘¥

ªØ‘°√‘¬“ anaphylactoid √«¡∂÷ßÕ“°“√‰¡àæ÷ßª√– ß§å®“°°“√„™â¬“·°àºŸâªÉ«¬ °“√μ√«®«‘‡§√“–Àåª√‘¡“≥ aggregate μ“¡μ”√“

ø“√å¡“‚§‡ªï¬¢Õß  À√“™Õ“≥“®—°√ √–∫ÿ„Àâ„™âÀ≈—°°“√‚§√¡“‚∑°√“øï‚¥¬·¬°μ“¡¢π“¥‚¡‡≈°ÿ≈ ´÷ËßÀ—«¢âÕ«‘‡§√“–Àåπ’È

‡ªìπÀπ÷Ëß„πÀ—«¢âÕ°“√μ√«®«‘‡§√“–Àå ”À√—∫¬“©’¥Õ’√‘‚∑√‚æÕ‘μ‘π Õ¬à“ß‰√°Á¥’«‘∏’π’È‰¡à “¡“√∂„™â‡æ◊ËÕ«‘‡§√“–Àå¬“Õ’√‘‚∑√-

‚æÕ‘μ‘π∑’Ë¡’Õ—≈∫Ÿ¡‘π‡ªìπ à«πª√–°Õ∫„πμ”√—∫‰¥â ‡π◊ËÕß®“° peak ¢ÕßÕ—≈∫Ÿ¡‘π´âÕπ∑—∫°—∫ peak ¢Õß aggregate ¥—ßπ—Èπ

„π°“√»÷°…“π’È®÷ßπ”‡∑§π‘§«‘∏’°“√«‘‡§√“–Àå®”π«π 3 «‘∏’°“√¡“„™â ‰¥â·°à‡∑§π‘§‚§√¡“‚∑°√“øï·∫∫·¬°μ“¡¢π“¥‚¡‡≈°ÿ≈

 ”À√—∫°“√‡μ√’¬¡ “√¡“μ√∞“π aggregate ∑’Ë 2% ÷́Ëß‡ªìπ§à“°“√¬Õ¡√—∫ Ÿß ÿ¥„Àâ¡’‰¥â„πº≈‘μ¿—≥±å¬“Õ‘√‘‚∑√‚æÕ‘μ‘π

∑’Ë°”Àπ¥„πø“√å¡“‚§‡ªï¬ ‡∑§π‘§ SDS-PAGE ·≈– ‡∑§π‘§ Western Blotting  ”À√—∫°“√«‘‡§√“–Àå°÷Ëßª√‘¡“≥‚¥¬‡ª√’¬∫‡∑’¬∫

§«“¡‡¢â¡¢âπ¢Õß·∂∫ aggregate „πμ—«¬“Õ’√‘‚∑√‚æÕ‘μ‘π°—∫ “√¡“μ√∞“π aggregate ∑’Ë 2% º≈°“√«‘‡§√“–Àåæ∫«à“ «‘∏’π’È

¡’§«“¡®”‡æ“–μàÕ aggregate ¢ÕßÕ’√‘‚∑√‚æÕ‘μ‘π ´÷Ëß‰¡àª√“°Ø·∂∫¢ÕßÕ—≈∫Ÿ¡‘π‡°‘¥¢÷Èπ  ”À√—∫°“√«‘‡§√“–Àåμ—«Õ¬à“ß

¬“Õ’√‘‚∑√‚æÕ‘μ‘π 3 μ—«Õ¬à“ß ‚¥¬ 2 „π 3 μ—«Õ¬à“ß‡ªìπ¬“Õ’√‘‚∑√‚æÕ‘μ‘π∑’Ë¡’Õ—≈∫Ÿ¡‘π„π Ÿμ√μ”√—∫ ·≈–Õ’°Àπ÷Ëßμ—«Õ¬à“ß∑’Ë

‰¡à¡’Õ—≈∫Ÿ¡‘π º≈°“√∑¥ Õ∫μ—«Õ¬à“ß∑—Èß 3 μ—«Õ¬à“ßæ∫«à“ ¡’ª√‘¡“≥ aggregate ∑’Ë 0.42 0.33 ·≈– 0.27% μ“¡≈”¥—∫ ®“°

°“√»÷°…“· ¥ß„Àâ‡ÀÁπ«à“μ—«Õ¬à“ß¬“Õ’√‘‚∑√‚æÕ‘μ‘π 3 μ—«Õ¬à“ßπ’È¡’ª√‘¡“≥ aggregate ‡ªìπ‰ªμ“¡¡“μ√∞“πμ”√“¬“¢Õß

 À√“™Õ“≥“®—°√ Õ’°∑—Èß«‘∏’π’È¡’§«“¡πà“‡™◊ËÕ∂◊Õ·≈– “¡“√∂ª√–¬ÿ°μå„™â„π°“√«‘‡§√“–Àå°÷Ëßª√‘¡“≥‡æ◊ËÕÀ“ aggregate „π

μ—«¬“Õ’√‘‚∑√‚æÕ‘μ‘π„π Ÿμ√μ”√—∫∑—Èß™π‘¥∑’Ë¡’·≈–‰¡à¡’Õ—≈∫Ÿ¡‘π‡ªìπÕß§åª√–°Õ∫
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Materials and Methods

Chemical and reagents

Disodium hydrogen phosphate, potassium dihydrogen phosphate, sodium hydroxide, sodium chloride, hydro-

chloric acid 37% were purchased from Carlo Erba (Val-de-Reuil, France). Potassium chloride was from Merck

(Massachusetts, USA). SDS, bromophenol blue, glycine, tris, 30% acrylamide/bis solution (37.5:1), isopropanol, 2-

mercaptoethanol, TEMED, ammonium persulfate, Tris, tween-20, nonfat dry milk, blotting filter paper, colorimetric

AP substrate reagent kit, and Goat Anti-Mouse IgG-AP Conjugate (secondary antibody) were obtained from Bio-Rad

Laboratories LTD. (California, USA). Nitrocellulose blotting membrane and molecular weight markers were from GE

Healthcare (Uppsala, Sweden). Glycerol was bought from Sigma-Aldrich (Missouri, USA). Mouse monoclonal

antibody to erythropoietin (primary antibody) was from R&D Systems, Inc. (Minnesota, USA). Erythropoietin

standard was obtained from European Directorate for the Quality of Medicines and Health Care, EDQM). Erythro-

poietin samples were received from the EPO import companies.

Size exclusion chromatography for preparation of aggregate standard

- Preparation of aggregate standard

Aggregate or dimers and related substance of higher molecular weight (DSHW) standard of EPO was

prepared at the same concentration as tested samples by using reconstituted erythropoietin BRP standard with mobile

phase and heated at 55 °C for 7 days.

- Preparation of mobile phase

Mobile phase consisted of 8.1 mM of disodium hydrogen phosphate, 1.5 mM of potassium dihydrogen

phosphate and 4 M of sodium chloride at pH 7.4.

- Chromatographic condition

A liquid chromatography system, 214 nm UV detector was performed for size exclusion high performance

liquid chromatograph method. A TSK gel G3000 SWXL column (30 cm x 7.8 mm, 5 μm particle size) with TSK

gel SWXL Type guard column (4 cm × 6 mm, 7 μm particle size) was used for separation. To get the appropriate

consequences, isocratic mobile phase at flow rate 0.5 ml/minute was used. SEC-HPLC was used to quantify the

%DSHW standard. Afterwards, heated EPO was diluted to obtain 2%DSHW standard which is the limit of aggregate

in erythropoietin injection stated in British Pharmacopoeia 2016(7).

Semi-quantification of by SDS-PAGE/Western Blotting

- SDS-PAGE

Resolving and stacking gels were prepared at the concentrations of 12.5 and 4% (w/v), respectively. The

resolving gel mixture (2 gels) consisted of 4.125 ml of 30% acrylamide/bis solution (37.5:1), 2.5 ml of 2 M Tris

buffer at pH 8.8, 100 μl of 10% (w/v) SDS, 3.225 ml of water, 100 μl of 10% (w/v) ammonium persulfate and

10 μl of TEMED. The stacking gel (2 gels) contained 1.32 ml of 30% acrylamide/bis solution (37.5:1), 2.5 ml of

0.5 M Tris buffer at pH 6.8, 100 μl of 10% (w/v) SDS, 6.0 ml of water, 50 μl of 10% (w/v) ammonium persulfate

and 10 μl of TEMED. 5x sample buffer (10 ml) contained 1.2 ml of Tris-HCl pH 6.8, 2.5 ml of glycerol, 2 ml of

10% (w/v) SDS, 0.5 ml of 2-mercaptoethanol, 1 ml of 1% (w/v) bromophenol blue and 2.8 ml of water. Running
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buffer was composed of 14.42 g of glycine, 3 g of Tris and 1 g of SDS dissolving to the volume of water at 1000

ml. The EPO sample, DSHW standard at 2%, EPO standard or human serum albumin was mixed with 5x sample

buffer at ratio of 4:1. The mixture was heated at 100 °C for 6 minutes before loading into gel. The gel was run

in a chamber containing the running buffer at 200 Volt until the dye-front was about 5 mm from the bottom.

- Western Blotting

The protein on the polyacrylamide gel was then transferred onto nitrocellulose membrane by using the Mini

Trans-Blot® Electrophoretic Transfer Cell at 100 Volt for 1 hour. The ratios of primary and secondary antibody and

incubation periods in Western Blotting step were performed according to our previous study(11). The blotted

nitrocellulose membrane was firstly incubated with primary and secondary antibodies at ratios of 1:400 and 1:1000,

respectively. The incubation period for each primary and secondary antibody was 60 minutes. The immunoreactivity

of antibody and specific protein was detected using the AP conjugate substrate kit. The density of aggregate bands

in EPO samples was measured for the reflective density comparing with that of aggregate band of 2% DSHW

standard by using GS-900 Calibrated Densitometer (Bio-Rad Laboratories LTD., California, USA).

Results and discussion

Quantification of EPO Aggregation by Size-exclusion Chromatography

Size-exclusion chromatography (SEC) is a technique for separating protein mixtures depending on their

molecular sizes, therefore, SEC was applied to quantify the amount of DSHW standard in term of percentage.

The SEC chromatograms showed that the peaks of DSHW standard and monomer appeared at retention time of

17.78 and 19.86 minutes, respectively (Figure 1). The resolutions between these two peaks for all six injections

(1.47 ± 0.036) were more than 0.8, which were in line with the acceptance criteria of BP 2016(7). The resolution

values proved that the EPO monomer could be well separated from the DSHW peak. The relative standard

deviation (RSD) of six injections was 7.09, which was less than the RSD limit of BP 2016 at 10%. The aggregate

standard was quantified and diluted with mobile phase to attain DSHW at 2%, which is the limit suggested in BP

2016 for erythropoietin drug product.

Semi-quantification of DSHW in EPO formulation by SDS-PAGE/Western Blotting

When human serum albumin was run on the SDS-PAGE/Western Blotting (Lane 2, Figure 2), it had no band

appearing on the membrane. This proved that the antibodies used in the experiment was specific to the protein of

interest. Additionally, an EPO sample containing human serum albumin (Lane 4) and 2% DSHW (Lane 3) visually

displayed 1 and 2 bands, consecutively (Figure 2). An EPO sample demonstrated a monomer EPO band at

molecular weight between 31-38 kDa, which conform to the molecular weight of EPO structure. On the other

hand, 2% DSHW lane contained a monomer EPO band and an aggregate band at molecular weight between 52-76

kDa (Figure 2). One aggregate band shown on the SDS-PAGE/Western Blotting in the 2% DSHW lane (Lane 3)

conformed to one peak of aggregate occurring in the chromatogram of SEC-HPLC (Figures 1 and 2).
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Figure 1 SEC-HPLC Chromatogram of aggregate(1) and monomer EPO(2)

Figure 2 SDS-PAGE/Western Blotting: (Lane 1 and 5) Molecular Weight Marker; (Lane 2) Human Serum

Albumin; (Lane 3) 2% DSHW; (Lane 4) EPO Sample containing human serum albumin
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Figure 3 SDS-PAGE/Western Blotting: (Lane 1 and 7) Molecular weight marker; (Lane 2) Unheated EPO Standard;

(Lane 3) 2% DSHW; (Lane 4-5) EPO Sample Brand 1-2 (with human serum albumin), (Lane 6) EPO

Sample Brand 3 (without human serum albumin)

Unheated EPO
2% DSHW

EPO Sample EPO Sample EPO Sample

Sample standard
(Lane 3)

Brand 1 Brand 2 Brand 3

(Lane 2) (Lane 4) (Lane 5) (Lane 6)

Reflective density 8.18 1741.74 364.29 286.03 238.04

of aggregate band

Table 1 Reflective density measurement for aggregate in unheated EPO standard, 2% DSHW and three EPO

samples from SDS-PAGE/Western Blotting in Figure 3

The aggregate band of unheated EPO standard was not visible, while those of all three EPO samples slightly

appeared on the blotting (Figure 3). It was clear that the aggregate band of 2% DSHW visually displayed the highest

density band comparing to other aggregate bands of unheated EPO standard and samples (Figure 3). However, when

the density values of aggregate bands were measured using Calibrated Densitometer, it demonstrated that the density

of unheated EPO standard, 2% DHSW and all three EPO samples (Brands 1-3) was 8.18, 1741.74, 364.29, 286.03

and 238.04, respectively (Table 1). Aggregation of protein naturally occurs under the tropical climate; thus, the

stabilizer is commonly added into the formulation to prevent this problem. The density of unheated EPO standard

could be recorded by densitometer since the EPO standard was dissolved with mobile phase, which did not contain

any stabilizer. Even though the EPO standard was reconstituted with mobile phase for a short period of time before

performing the experiment, it was possible that the aggregate was produced with low quantity until it could not be

visually noticed. The density of aggregate bands for all three EPO samples was lower than that of 2% DSHW;
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consequently, it confirmed that the aggregate in all samples was lower than 2%. Furthermore, the aggregate in all

EPO samples (Brands 1-3 or Lanes 4-6), calculated in terms of percentage by comparing with that of 2% DSHW, was

0.42, 0.33 and 0.27%, respectively. The results proved that all EPO samples conformed to the limit by BP 2016.

Conclusion

The SEC/SDS-PAGE/Western Blotting has an advantage as it can solve the interference problem of albumin

and aggregate peaks using only SEC method. The combined method is specific and reliable to detect the aggregate

of EPO. Therefore, the SEC/SDS-PAGE/Western Blotting can be used as a method for semi-quantitation of aggregate

in EPO formulation with and without human serum albumin. It can be concluded that the technique is suitable to

determine the aggregate of EPO products in Thai pharmaceutical markets.
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»“ μ√“®“√¬å ¥√.π“¬·æ∑¬åæ≈√—μπå «‘‰≈√—μπå ‡ªìπ»“ μ√“®“√¬å√ÿàπ„À¡à∑’Ë¡’§«“¡√Ÿâ·≈–§«“¡‡™’Ë¬«™“≠‡ªìπÕ¬à“ß

 Ÿß¥â“π‚√§¡“≈“‡√’¬∑’Ë‡ªìπªí≠À“∑“ß “∏“√≥ ÿ¢¢Õßª√–‡∑»‰∑¬

¡“≈“‡√’¬‡ªìπ‚√§‡¢μ√âÕπ∑’Ë‡°‘¥®“°ª√ ‘μ∑’Ë¡’§«“¡ ”§—≠¡“°∑’Ë ÿ¥„π‚≈° ‡π◊ËÕß®“°„π·μà≈–ªï¡’ºŸâªÉ«¬¡“≈“‡√’¬

ªï≈–ª√–¡“≥ 200 ≈â“π§π ·≈–‡ ’¬™’«‘μªï≈–‡°◊Õ∫ 1 ≈â“π§π ®–‡ÀÁπ‰¥â«à“‰¡à¡’‚√§®“°ª√ ‘μμ—«„¥∑’Ë∑”„Àâ§π‡®Á∫ªÉ«¬

·≈–‡ ’¬™’«‘μ‰¥â¡“°‡∑à“¡“≈“‡√’¬ ¡“≈“‡√’¬¬—ß§ß‡ªìπ 1 „π 5 ‚√§∑’Ë∑”„Àâª√–™“°√‡®Á∫ªÉ«¬¡“°‡ªìπÕ—π¥—∫μâπÊ ¢Õß‚≈°

(Õ—π‰¥â·°à ªÕ¥∫«¡ ∑âÕß√à«ß HIV «—≥‚√§ ·≈–¡“≈“‡√’¬)

„πª√–‡∑»‰∑¬¡“≈“‡√’¬¬—ß§ß‡ªìπªí≠À“∑’Ë ”§—≠¢Õßª√–‡∑» „π·μà≈–ªï¡’ºŸâªÉ«¬π—∫À¡◊Ëπ§π πÕ°®“°π’È∫√‘‡«≥

™“¬·¥π‰∑¬-°—¡æŸ™“°Á∂◊Õ«à“‡ªìπ∫√‘‡«≥∑’Ë¡’‡™◊ÈÕ¡“≈“‡√’¬¥◊ÈÕ¬“¡“°∑’Ë ÿ¥„π‚≈° „πª√–«—μ‘»“ μ√å¢Õß‡™◊ÈÕ¡“≈“‡√’¬∑’Ë¥◊ÈÕ¬“

°Á¡—°®–‡√‘Ë¡∫√‘‡«≥π’È·≈–°√–®“¬‰ª∫√‘‡«≥Õ◊ËπÊ¢Õß‚≈° ¥—ßπ—Èπ°“√§«∫§ÿ¡°“√√—°…“¢Õß¡“≈“‡√’¬„πª√–‡∑»‰∑¬‚¥¬

‡©æ“–Õ¬à“ß¬‘Ëß∫√‘‡«≥™“¬·¥π‰∑¬-°—¡æŸ™“ ®÷ß¡’§«“¡ ”§—≠¡“°∑’ËÕß§å°“√Õπ“¡—¬‚≈°·≈–°√–∑√«ß “∏“√≥ ÿ¢ª√–‡∑»

‰∑¬„Àâ§«“¡‡Õ“„®„ à¡“‚¥¬μ≈Õ¥
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»“ μ√“®“√¬å ¥√.π“¬·æ∑¬åæ≈√—μπå «‘‰≈√—μπå ‰¥â∑ÿà¡‡∑μ≈Õ¥√–¬–‡«≈“π“π°«à“ 20 ªï „π°“√»÷°…“«‘®—¬‚√§

¡“≈“‡√’¬ ∑—Èß∑“ß¥â“πæ¬“∏‘°”‡π‘¥ æ¬“∏‘ ¿“æ æ¬“∏‘ √’√«‘∑¬“¢Õß‚√§¡“≈“‡√’¬ μ≈Õ¥®π°“√√—°…“ºŸâªÉ«¬¡“≈“‡√’¬∑’Ë¥◊ÈÕ¬“

„π°“√»÷°…“«‘®—¬¥â“πæ¬“∏‘°”‡π‘¥ æ¬“∏‘ ¿“æ æ¬“∏‘ √’√«‘∑¬“¢Õß‚√§¡“≈“‡√’¬ ‰¥â»÷°…“æ∫«à“„πºŸâªÉ«¬

¡“≈“‡√’¬√ÿπ·√ß∫“ß√“¬®–¡’ gram-negative septicemia √à«¡¥â«¬ ‡™◊ËÕ«à“‡™◊ÈÕ∫“ß à«π¡“®“°≈”‰ â (bacterial translocation)

»“ μ√“®“√¬å ¥√.π“¬·æ∑¬åæ≈√—μπå «‘‰≈√—μπå ·≈–§≥–‰¥â«‘®—¬æ∫«à“„πºŸâªÉ«¬¡“≈“‡√’¬√ÿπ·√ß¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß°“√´÷¡ºà“π

¢Õß≈”‰ â¡“°¢÷Èπ (increased intestinal permeability)(1) ÷́Ëßπà“®–‡ªìπ “‡Àμÿ∑”„Àâ‡°‘¥ gram-negative bacteremia „π

ºŸâªÉ«¬¡“≈“‡√’¬√ÿπ·√ß‰¥â μàÕ¡“Õß§å°“√Õπ“¡—¬‚≈°‰¥â·π–π” guidelines (WHO, 2010)(2) °“√√—°…“¡“≈“‡√’¬„À¡à‚¥¬·π–π”

„Àâ antibacterial drugs √à«¡¥â«¬„πºŸâªÉ«¬¡“≈“‡√’¬√ÿπ·√ß∑’Ë¡’™ÁÕ§À√◊ÕÕ“°“√∑√ÿ¥≈ß ‡æ◊ËÕªÑÕß°—π/√—°…“ bacterial sepsis

∑’ËÕ“®‡°‘¥√à«¡‰¥â πÕ°®“°π’È¬—ß‰¥â»÷°…“æ∫«à“„πºŸâªÉ«¬¡“≈“‡√’¬∑’Ë¡’¥’´à“π (jaundice) ¡—°æ∫√à«¡°—∫¿“«–·∑√° ấÕπ¢Õß

¡“≈“‡√’¬Õ◊ËπÊ(3) ‡™àπ ‰μ«“¬ πÈ”∑à«¡ªÕ¥ ™ÁÕ§ ¥—ßπ—Èπ ∂â“æ∫ºŸâªÉ«¬¡“≈“‡√’¬∑’Ë¡’¥’´à“π ®–μâÕßÀ“«à“¡’¿“«–·∑√°´âÕπ

¢Õß¡“≈“‡√’¬Õ¬à“ßÕ◊Ëπ√à«¡¥â«¬‡ ¡Õ „πªí®®ÿ∫—πÕß§å°“√Õπ“¡—¬‚≈°∂◊Õ«à“°“√æ∫¥’´à“π (√à«¡°—∫¿“«–·∑√°´âÕπ¡“≈“‡√’¬

Õ◊ËπÊ) ‡ªìπ criteria Õ—πÀπ÷Ëß¢Õß¡“≈“‡√’¬√ÿπ·√ß (WHO 2000, 2006, 2010, 2012, 2014)(2,4-7) ·≈–¬—ßæ∫«à“„πºŸâªÉ«¬

¡“≈“‡√’¬√ÿπ·√ß®–¡’ microsomal metabolism ¢Õßμ—∫≈¥≈ß(8) ¥—ßπ—Èπ°“√„Àâ¬“∑’Ëºà“π hepatic microsomal metabolism

„πºŸâªÉ«¬¡“≈“‡√’¬√ÿπ·√ß§«√μâÕßª√—∫¬“

„π°“√»÷°…“«‘®—¬¥â“π°“√√—°…“ »“ μ√“®“√¬å ¥√.π“¬·æ∑¬åæ≈√—μπå «‘‰≈√—μπå ‰¥â√à«¡°—∫§≥–ºŸâ«‘®—¬®“°Àπà«¬

‚√§‡¢μ√âÕπ„π¿“«–«‘°ƒμ»÷°…“§âπ§«â“ Ÿμ√¬“√—°…“¡“≈“‡√’¬À≈“¬ Ÿμ√‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√√—°…“·≈–≈¥°“√¥◊ÈÕ¬“

‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß¬“„π°≈ÿà¡∑’Ëº ¡°—∫ artemisinin (artemisinin combination therapy; ACT) ‚¥¬§≥–ºŸâ«‘®—¬∑’Ë¡’»“ μ√“®“√¬å

¥√.π“¬·æ∑¬åæ≈√—μπå «‘‰≈√—μπå ‡ªìπºŸâ√à«¡«‘®—¬√à«¡°—∫ »“ μ√“®“√¬åπ“¬·æ∑¬å»√™—¬ À≈ŸÕ“√’¬å ÿ«√√≥ Õ¥’μÀ—«Àπâ“§≥–«‘®—¬

(‡ ’¬™’«‘μ·≈â«) ‰¥â√“¬ß“πª√– ‘∑∏‘¿“æ∑’Ë¥’¬‘Ëß¢Õß¬“ artesunate √à«¡°—∫ mefloquine „π°“√√—°…“ºŸâªÉ«¬øí≈´‘ª√—¡

¡“≈“‡√’¬Õ—π‡ªìπ√“¬ß“π·√°¢Õß‚≈°μ—Èß·μàªï æ.». 2535 (Lancet 1992;339:821-4)(9) ÷́ËßμàÕ¡“Õß§å°“√Õπ“¡—¬‚≈°·≈–

°√–∑√«ß “∏“√≥ ÿ¢¢Õßª√–‡∑»‰∑¬‰¥âπ”‰ª„™â‡ªìπ guidelines (WHO 2006, 2010)(2,5) „π°“√√—°…“ºŸâªÉ«¬¡“≈“‡√’¬

Õ¬à“ß°«â“ß¢«“ß∑”„ÀâºŸâªÉ«¬¡“≈“‡√’¬·≈–ºŸâªÉ«¬¡“≈“‡√’¬∑’Ë‡ ’¬™’«‘μ∑—Ë«‚≈°·≈–„πª√–‡∑»‰∑¬≈¥≈ß¡“°Õ¬à“ß‡ÀÁπ‰¥â™—¥ ·≈–

 “¡“√∂ªÑÕß°—π°“√¥◊ÈÕ¬“‰¥â¥’(10,11)*

πÕ°®“°π’È„πªï æ.». 2551 (Korean J Parasitol 2008;46:65-70)(12) »“ μ√“®“√¬å ¥√.π“¬·æ∑¬åæ≈√—μπå

«‘‰≈√—μπå ·≈–§≥–ºŸâ«‘®—¬®“°§≥–‡«™»“ μ√å‡¢μ√âÕπ ‰¥â«‘®—¬æ∫«à“°“√„Àâ ACT „π°“√√—°…“øí≈´‘ª“√—¡¡“≈“‡√’¬‚¥¬‰¡à„Àâ

single dose of primaquine ‡¡◊ËÕ√—°…“¥â«¬ ACT ¥—ß∑’ËÕß§å°“√Õπ“¡—¬‚≈°·π–π”„π guidelines „π°“√√—°…“ºŸâªÉ«¬¡“≈“‡√’¬

ªï æ.». 2549 (§.». 2006)(5) Õ“®‰¡à “¡“√∂ªÑÕß°—π°“√·æ√à°√–®“¬¢Õß‚√§‚¥¬ gametocytes ‰¥â¥’æÕ‡π◊ËÕß®“° À≈—ß„Àâ

ACT §√∫·≈â« 3 «—π‚¥¬‰¡à„Àâ single dose of primaquine æ∫«à“¬—ß¡’ gametocytes Õ¬Ÿà„π°√–· ‡≈◊Õ¥À≈“¬«—π∫“ß√“¬

æ∫ gametocytes „π‡≈◊Õ¥π“π∂÷ß 1 ‡¥◊ÕπÀ≈—ß„Àâ ACT ÷́ËßºŸâªÉ«¬Õ“®·æ√à°√–®“¬‡™◊ÈÕ‚√§μàÕ‰ª‰¥â®“°∂Ÿ°¬ÿß°âπª≈àÕß°—¥

∂â“ºŸâªÉ«¬Õ¬Ÿà„πæ◊Èπ∑’Ë∑’Ë¡’¡“≈“‡√’¬√–∫“¥ μàÕ¡“„πªï æ.». 2553 (§.». 2010)(2) Õß§å°“√Õπ“¡—¬‚≈°‰¥â‡ª≈’Ë¬π guidelines

„π°“√√—°…“ºŸâªÉ«¬¡“≈“‡√’¬„À¡à ‚¥¬„Àâ single dose of primaquine æ√âÕ¡°—∫„Àâ ACT ·≈–·π–π”„Àâ„™â∑—Ë«‚≈°(2,13)

_____________

*¢âÕ¡Ÿ≈®“°Õß§å°“√Õπ“¡—¬‚≈°√–∫ÿ«à“ „πªï æ.». 2533 (§.». 1992) °àÕπ∑’Ë®–¡’°“√»÷°…“ ACT §√—Èß·√°¢Õß‚≈°„πªï æ.». 2535

(Lancet 1992;339:821-4) æ∫ºŸâªÉ«¬¡“≈“‡√’¬∑—Ë«‚≈°ª√–¡“≥ 285 ≈â“π§π ·≈–‡ ’¬™’«‘μª√–¡“≥ 1-2 ≈â“π§π(10); ®“°π—Èπ„πªï æ.». 2549

(§.» 2006) Õß§å°“√Õπ“¡—¬·π–π”„Àâ„™â ACT ∑—Ë«‚≈°; „πªïæ.». 2555 (§.». 2012) æ∫ºŸâªÉ«¬¡“≈“‡√’¬∑—Ë«‚≈°≈¥≈ß‡À≈◊Õª√–¡“≥ 198

≈â“π§π ·≈–‡ ’¬™’«‘μª√–¡“≥ 584,000 §π(1)
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‡ªìπ∑’Ëª√–®—°…å«à“ º≈°“√»÷°…“«‘®—¬¢Õß »“ μ√“®“√¬å ¥√.π“¬·æ∑¬åæ≈√—μπå «‘‰≈√—μπå ·≈–§≥– ¡’º≈μàÕ§«“¡

‡¢â“„®‚√§¡“≈“‡√’¬√ÿπ·√ß·≈–‰¡à√ÿπ·√ß¡“°¢÷Èπ μ≈Õ¥®π¡’º≈μàÕ°“√√—°…“·≈–°“√§«∫§ÿ¡°“√√–∫“¥¢Õß¡“≈“‡√’¬∑—Ë«‚≈°

·≈–ª√–‡∑»‰∑¬ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß “¡“√∂≈¥Õ—μ√“ªÉ«¬·≈–‡ ’¬™’«‘μ®“°¡“≈“‡√’¬≈ß‰¥â¡“° ‡ªìπ§ÿ≥Ÿª°“√·°à«ß°“√

«‘∑¬“»“ μ√å°“√·æ∑¬å ·≈– “∏“√≥ ÿ¢¢Õß‚≈°·≈–¢Õßª√–‡∑»‰∑¬Õ¬à“ß¬‘Ëß

2. Àπ—ß ◊Õ«‘™“°“√ °“√√—°…“ºŸâªÉ«¬¡“≈“‡√’¬„πª√–‡∑»‰∑¬

»“ μ√“®“√¬å ¥√.π“¬·æ∑¬åæ≈√—μπå «‘‰≈√—μπå ‰¥â√—∫‡™‘≠®“°√“™«‘∑¬“≈—¬Õ“¬ÿ√·æ∑¬å·Ààßª√–‡∑»‰∑¬ „Àâ√à«¡

π‘æπ∏å·π«∑“ß‡«™ªØ‘∫—μ‘„π°“√√—°…“ºŸâªÉ«¬¡“≈“‡√’¬ „πª√–‡∑»‰∑¬ æ.». 2557(14) ‚¥¬π‘æπ∏å√à«¡°—∫ ”π—°‚√§μ‘¥μàÕ

π”‚¥¬·¡≈ß °√¡§«∫§ÿ¡‚√§ °√–∑√«ß “∏“√≥ ÿ¢ ´÷ËßÀπ—ß ◊Õ‡≈à¡π’È ”À√—∫·æ∑¬å·≈–Õ“¬ÿ√·æ∑¬å„™â„π°“√¥Ÿ·≈√—°…“

ºŸâªÉ«¬¡“≈“‡√’¬∑—Ë«ª√–‡∑»‰∑¬

3. √à«¡æ—≤π“¬“√—°…“¡“≈“‡√’¬√ÿπ·√ß

»“ μ√“®“√¬å ¥√.π“¬·æ∑¬åæ≈√—μπå «‘‰≈√—μπå ·≈–π—°«‘®—¬Õ◊Ëπ Ê ®“°§≥–‡«™»“ μ√å‡¢μ√âÕπ ‰¥â√—∫°“√

¢Õ∫§ÿ≥®“°Õß§å°“√Õπ“¡—¬‚≈° (WHO) „π°“√«‘®—¬æ—≤π“¬“ rectal artesunate ®π°√–∑—Ëß United States Food and Drug

Agency (USFDA) ¬Õ¡√—∫®¥∑–‡∫’¬π«à“ rectal artesunate ‡ªìπ¬“∑’Ë„π°“√„™â„π°“√√—°…“ºŸâªÉ«¬¡“≈“‡√’¬∑’Ë©ÿ°‡©‘π‰¥â

®”π«πºŸâªÉ«¬¡“≈“‡√’¬·≈–ºŸâªÉ«¬¡“≈“‡√’¬∑’Ë‡ ’¬™’«‘μ„πª√–‡∑»‰∑¬≈¥≈ß¡“°π—∫μ—Èß·μà¡’°“√π”

artemisinin combination therapy (ACT) ¡“„™â„π°“√√—°…“ºŸâªÉ«¬¡“≈“‡√’¬„πª√–‡∑»‰∑¬ (M1 =

ºŸâªÉ«¬¡“≈“‡√’¬·≈–‡ªìπμà“ß™“μ‘∑’ËÕ¬Ÿà„πª√–‡∑»‰∑¬μ—Èß·μà 6 ‡¥◊Õπ¢÷Èπ‰ª; M2 = ºŸâªÉ«¬¡“≈“‡√’¬·≈–

‡ªìπμà“ß™“μ‘∑’ËÕ¬Ÿà„πª√–‡∑»‰∑¬πâÕ¬°«à“ 6 ‡¥◊Õπ)

¢âÕ¡Ÿ≈®“°:  ”π—°§«∫§ÿ¡‚√§μ‘¥μàÕπ”‚¥¬·¡≈ß °√–∑√«ß “∏“√≥ ÿ¢ (BVBD)
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»“ μ√“®“√¬å ¥√.π“¬·æ∑¬åæ≈√—μπå «‘‰≈√—μπå ¡’º≈ß“π«‘®—¬·≈–∫∑§«“¡«‘™“°“√μ’æ‘¡æå„π«“√ “√«‘™“°“√·≈–

Àπ—ß ◊Õ«‘™“°“√π“π“™“μ‘√–À«à“ß ªï §.».1991-2017 „π™◊ËÕ Polrat Wilairatana ®“°∞“π¢âÕ¡Ÿ≈ Scopus ®”π«π 187 ‡√◊ËÕß

¡’ h-index = 34; ¡’°“√Õâ“ßÕ‘ß (Time cited) μ—Èß·μà §.». 1991-2017 = 3,947 §√—Èß (≥ «—π∑’Ë 15 °ÿ¡¿“æ—π∏å æ.». 2560)
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