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Abstract  The Ultra Performance Liquid Chromatography (UPLC) was developed and validated for

determination of Norfloxacin raw material. The chromatographic conditions using Acquity UPLC BEH C18

column, 2.1 × 100 mm, 1.7 µm, column maintained at 30 °C, using 0.1% trifluoroacetic acid solution and

acetonitrile mixed by gradient system as a mobile phase, flow rate 0.4 mL/min, runtime 14 minutes per

injection and PDA detector at 265 nm. The chromatographic system suitability meets the suitability requirements

of the United States Pharmacopoeia 41th revision (USP41). The specificity and selectivity were proved by

good separation of Norfloxacin from other related compounds including Norfloxacin related compound A,

Norfloxacin related compound E, Norfloxacin related compound H, Norfloxacin related compound K and

degradation products. The relationship between concentration and area under curve was linear over the range of

5 to 25 µg of Norfloxacin per mL with the correlation coefficient of 0.99998. The accuracy of the results

assessed by percentage recoveries of three concentration levels i.e. 5, 15 and 25 µg/mL were 100.05, 100.83

and 101.12, respectively. The system precision, performed by 3 standard solutions gave % RSD of 0.10, 0.16

and 0.15. The intermediate precision was no statistical difference of the results when the analysts, instruments

and days were changed. The variations of different batches of column, column temperature, injection volume,

concentration of acid in mobile phase, and flow rate did not affect the chromatographic system suitability.

Limit of detection and limit of quantitation were 0.06 and 0.18 µg/mL, respectively. The UPLC method

for determination of Norfloxacin raw material is simple, specific, accurate, precise, and robust. It reduces

working time and reagent expense. In addition, the advantage of using not extremely high column temperature

is to prolong the column life time. Therefore, the proposed method is suitable for use as a standard method for

the determination of Norfloxacin raw material.
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∫∑§—¥¬àÕ °“√«‘‡§√“–Àåª√‘¡“≥πÕ√åø≈Õ°´“´‘π„π«—µ∂ÿ¥‘∫¥â«¬‡∑§π‘§¬Ÿæ’·Õ≈´’‰¥âæ—≤π“¢÷Èπ·≈–ºà“π°“√µ√«® Õ∫

§«“¡∂Ÿ°µâÕß¢Õß«‘∏’ √–∫∫¬Ÿæ’·Õ≈ ’́∑’Ëæ—≤π“¢÷Èπ„™â§Õ≈—¡πå Acquity UPLC BEH ™π‘¥ C18 ¢π“¥ 2.1 × 100 ¡‘≈≈‘‡¡µ√

¢π“¥Õπÿ¿“§ 1.7 ‰¡‚§√‡¡µ√ Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå 30 Õß»“‡´≈‡´’¬   “√≈–≈“¬µ—«æ“‡ªìπ “√≈–≈“¬°√¥‰µ√ø≈ŸÕÕ‚√-

Õ–´’µ‘° §«“¡‡¢â¡¢âπ√âÕ¬≈– 0.1 ·≈–Õ–‡´‚∑‰π‰∑√≈åº ¡°—π·∫∫‡°√‡¥’¬π Õ—µ√“°“√‰À≈ 0.4 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ ·≈–

µ√«®«—¥¥â«¬‚ø‚µ‰¥‚Õ¥·Õ‡√¬å∑’Ë§«“¡¬“«§≈◊Ëπ 265 π“‚π‡¡µ√ „™â‡«≈“ 14 π“∑’µàÕ°“√©’¥ “√·µà≈–§√—Èß «‘∏’«‘‡§√“–Àå∑’Ë

æ—≤π“¢÷Èππ’È¡’§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“øµ“¡¢âÕ°”Àπ¥¢Õßµ”√“¬“¢Õß À√—∞Õ‡¡√‘°“©∫—∫æ‘¡æå§√—Èß∑’Ë 41

(USP41) º≈°“√µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’æ∫«à“ ¡’§«“¡®”‡æ“–‡®“–®ß°—∫πÕ√åø≈Õ°´“´‘π  “¡“√∂·¬°ÕÕ°®“° “√

 ≈“¬µ—«µà“ßÊ ‰¥â·°à Norfloxacin related compound A, Norfloxacin related compound E, Norfloxacin related com-

pound H, Norfloxacin related compound K ·≈–Õ◊ËπÊ ™à«ß§«“¡‡¢â¡¢âπ∑’Ëπ”‰ª √â“ß‡ âπ°√“ø¡“µ√∞“π§«“¡ —¡æ—π∏å

√–À«à“ß§«“¡‡¢â¡¢âπ¢ÕßπÕ√åø≈Õ°´“´‘π·≈–æ◊Èπ∑’Ë„µâæ’§æ∫«à“‡ªìπ —¥ à«π‚¥¬µ√ßµ≈Õ¥™à«ß 5 ∂÷ß 25 ‰¡‚§√°√—¡µàÕ

¡‘≈≈‘≈‘µ√ ¡’§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å ‡∑à“°—∫ 0.99998 °“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’· ¥ß¥â«¬§à“√âÕ¬≈–°“√§◊π°≈—∫

¢ÕßπÕ√åø≈Õ°´“ ‘́π ∑’Ë 3 √–¥—∫§«“¡‡¢â¡¢âπ 5, 15 ·≈– 25 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‡∑à“°—∫√âÕ¬≈– 100.05, 100.83

·≈– 101.12 µ“¡≈”¥—∫ °“√∑¥ Õ∫§«“¡·¡àπ¢Õß√–∫∫¥â«¬ “√≈–≈“¬¡“µ√∞“π 3 µ—«Õ¬à“ß ¡’§à“√âÕ¬≈–¢Õß§à“‡∫’Ë¬ß‡∫π

¡“µ√∞“π —¡æ—∑∏å ‡∑à“°—∫ 0.10, 0.16 ·≈– 0.15 °“√∑¥ Õ∫§«“¡‡∑’Ë¬ß‚¥¬°“√‡ª≈’Ë¬π·ª≈ß«—π π—°«‘‡§√“–Àå ·≈–

‡§√◊ËÕß¡◊Õæ∫«à“º≈°“√«‘‡§√“–Àå‰¡à¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘Õ¬à“ß¡’π—¬ ”§—≠ «‘∏’«‘‡§√“–Àå¡’§«“¡∑πµàÕ°“√‡ª≈’Ë¬π·ª≈ß

 ¿“«–°“√∑¥ Õ∫‰¥â·°à °“√‡ª≈’Ë¬π√ÿàπ°“√º≈‘µ¢Õß§Õ≈—¡πå Õÿ≥À¿Ÿ¡‘¢Õß§Õ≈—¡πå ª√‘¡“µ√ “√≈–≈“¬∑’Ë©’¥ §«“¡‡¢â¡¢âπ

¢Õß°√¥„π “√≈–≈“¬µ—«æ“ ·≈–Õ—µ√“°“√‰À≈¢Õß “√≈–≈“¬µ—«æ“ ¢’¥®”°—¥¢Õß°“√µ√«®æ∫·≈–¢’¥®”°—¥¢Õß°“√À“

‡™‘ßª√‘¡“≥‡∑à“°—∫ 0.06 ·≈– 0.18 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫ «‘∏’«‘‡§√“–Àåª√‘¡“≥πÕ√åø≈Õ°´“´‘π„π«—µ∂ÿ¥‘∫

¥â«¬¬Ÿæ’·Õ≈ ’́®÷ß‡ªìπ«‘∏’∑’Ëßà“¬ √«¥‡√Á« ¡’§«“¡®”‡æ“–‡®“–®ß ¡’§«“¡·¡àπ §«“¡‡∑’Ë¬ß §«“¡∑π „Àâº≈°“√«‘‡§√“–Àå∑’Ë¡’

§«“¡πà“‡™◊ËÕ∂◊Õ  “¡“√∂≈¥‡«≈“„π°“√∑”ß“π ª√–À¬—¥§à“„™â®à“¬ ≈¥ª√‘¡“≥°“√„™â “√‡§¡’ πÕ°®“°π’È °“√„™âß“π

§Õ≈—¡πå∑’ËÕÿ≥À¿Ÿ¡‘‰¡à Ÿß‡°‘π‰ª¬—ß “¡“√∂¬◊¥Õ“¬ÿ§Õ≈—¡πå «‘∏’∑’Ëæ—≤π“¢÷Èπ®÷ß¡’§«“¡‡À¡“– ¡ “¡“√∂„™â‡ªìπ«‘∏’¡“µ√∞“π

°“√«‘‡§√“–Àåª√‘¡“≥πÕ√åø≈Õ°´“ ‘́π„π«—µ∂ÿ¥‘∫¬“‰¥â

°ÿ≠·®§”: πÕ√åø≈Õ°´“ ‘́π, ¬Ÿæ’·Õ≈ ’́

∫∑π”

πÕ√åø≈Õ°´“ ‘́π (Norfloxacin) ‡ªìπ¬“ªØ‘™’«π–°≈ÿà¡ø≈ŸÕÕ‚√§«‘‚π‚≈π (Fluoroquinolone) ¡’°≈‰°°“√ÕÕ°ƒ∑∏‘Ï

¬—∫¬—Èß°“√ —ß‡§√“–Àå DNA ºà“π°√–∫«π°“√¬—∫¬—Èß‡Õπ‰´¡å¥’‡ÕÁπ‡Õ‰®‡√  (DNA gyrase) πÕ√åø≈Õ°´“´‘π‡ªìπ¬“µâ“π‡™◊ÈÕ

·∫§∑’‡√’¬∑’Ë¡’°“√„™â·æ√àÀ≈“¬„π°“√√—°…“‚√§µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥·°√¡≈∫ ‰¥â·°à °“√µ‘¥‡™◊ÈÕ¢Õß√–∫∫∑“ß‡¥‘π

ªí  “«–·≈–Õ«—¬«– ◊∫æ—π∏ÿå ‡™àπ °√–‡æ“–ªí  “«–Õ—°‡ ∫ °√«¬‰µÕ—°‡ ∫ ÀπÕß„π ·≈–°“√µ‘¥‡™◊ÈÕ¢Õß√–∫∫∑“ß‡¥‘π

Õ“À“√ (1)

°“√«‘‡§√“–Àåª√‘¡“≥πÕ√åø≈Õ°´“ ‘́π„π«—µ∂ÿ¥‘∫µ“¡µ”√“¬“¢Õß À√—∞Õ‡¡√‘°“©∫—∫æ‘¡æå§√—Èß∑’Ë 41 (USP41) (2)

°”Àπ¥ª√‘¡“≥πÕ√åø≈Õ°´“ ‘́π„π«—µ∂ÿ¥‘∫‰¡àπâÕ¬°«à“√âÕ¬≈– 98.0 ·≈–‰¡à‡°‘π√âÕ¬≈– 102.0 ¢Õß norfloxacin, calculated

on the dried basis ¥â«¬«‘∏’‰Œ‡ªÕ√åøÕ√å·¡π ǻ≈‘§«‘¥‚§√¡“‚∑°√“øï (High Performance Liquid Chromatography, HPLC)

„™â§Õ≈—¡πå™π‘¥ L60 ∑’Ë¡’Õπÿ¿“§‡ªìπ spherical, porous silica gel, the surface has been covalently modified with alkyl

amide groups and endcapped ¢π“¥ 4.6 × 250 ¡‘≈≈‘‡¡µ√, 5 ‰¡§√Õπ Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå 60 Õß»“‡´≈‡ ’́¬   “√≈–≈“¬

µ—«æ“ (mobile phase) ‡ªìπ√–∫∫ gradient ª√–°Õ∫¥â«¬ “√≈–≈“¬πÈ” pH 2.0 ·≈– acetonitrile Õ—µ√“°“√‰À≈ (flow
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rate) 1.4 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ ª√‘¡“µ√°“√©’¥ 20 ‰¡‚§√≈‘µ√ µ√«®«—¥∑’Ë§«“¡¬“«§≈◊Ëπ 265 π“‚π‡¡µ√ «‘∏’¥—ß°≈à“«

„™â§Õ≈—¡πåæ‘‡»…∑’Ë‰¡à¡’„πÀâÕßªØ‘∫—µ‘°“√∑—Ë«‰ª Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå Ÿß∂÷ß 60 Õß»“‡´≈‡ ’́¬  ¡’º≈∑”„ÀâÕ“¬ÿ°“√„™âß“π¢Õß

§Õ≈—¡πå —Èπ≈ß ·≈–„™â‡«≈“π“π 25 π“∑’µàÕ°“√©’¥ “√·µà≈–§√—Èß  ¿“«–¥—ß°≈à“«‡æ◊ËÕ„Àâæ’§ Norfloxacin ∑’ËÕ¬Ÿà„°≈â°—∫æ’§

 “√ ≈“¬µ—« Norfloxacin related compound E  “¡“√∂·¬°ÕÕ°®“°°—π‰¥âÕ¬à“ß ¡∫Ÿ√≥å ‰¡à co-elute ‚¥¬¢âÕ°”Àπ¥

§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø°”Àπ¥§à“ resolution √–À«à“ß Norfloxacin ·≈– Norfloxacin related compound

E ‰¡àπâÕ¬°«à“ 2.0 (2) ·≈–§à“ resolution √–À«à“ß Norfloxacin related compound A °—∫ Norfloxacin related compound

H ‰¡àπâÕ¬°«à“ 3.0 (2)

®“°ªí®®—¬¥—ß°≈à“« ºŸâ«‘®—¬®÷ß‰¥âπ”¢âÕ°”Àπ¥§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø®“° USP41 ¡“æ—≤π“«‘∏’

«‘‡§√“–Àå¥â«¬ Ultra Performance Liquid Chromatography (UPLC) „™â§Õ≈—¡πå UPLC ™π‘¥ C18 ·≈–‡§√◊ËÕßµ√«®«—¥™π‘¥

Photo Diode Array (PDA) ‡æ◊ËÕ “¡“√∂µ√«® Õ∫§«“¡∫√‘ ÿ∑∏‘Ï (spectral purity testing) ¢Õßæ’§ Norfloxacin ·≈–

Related compounds ∑—Èß 4 ™π‘¥∑’Ë·¬°‰¥â ‚¥¬„™â∑ƒ…Æ’ Spectral Contrast Principles (3) ÷́Ëß‡ªìπ°“√·ª≈ßº≈®“°§à“°“√

¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπµà“ßÊ (spectra) ¡“Õ¬Ÿà„π√Ÿª‡«°‡µÕ√å (vector) ·≈–‡ª√’¬∫‡∑’¬∫ª√‘¡“≥∑’Ë·µ°µà“ß¢Õß‡«°‡µÕ√å

¥—ß°≈à“« ‡«°‡µÕ√å¡’§ÿ≥ ¡∫—µ‘ 2 ª√–°“√§◊Õ §«“¡¬“« (length) ·≈–∑‘»∑“ß (direction) §«“¡¬“«‡ªìπ —¥ à«πµ“¡

ª√‘¡“≥§«“¡‡¢â¡¢âπ  à«π∑‘»∑“ß‰¡à¢÷Èπ°—∫§«“¡‡¢â¡¢âπ‰¥â®“° relative absorbance ∑’Ë∑ÿ°§«“¡¬“«§≈◊Ëπ §à“¢Õß¡ÿ¡∑’Ë„™â

‡ª√’¬∫‡∑’¬∫·≈–ª√–‡¡‘πº≈ peak purity ‰¥â·°à spectral contrast angle, purity angle ·≈– purity threshold ‚¥¬ spectral

contrast angle §◊Õ °“√À“§à“¡ÿ¡„π√Ÿª·∫∫‡«°‡µÕ√å∑’Ë°√–∑”∑ÿ°Ê §«“¡¬“«§≈◊Ëπ∑’ËµâÕß°“√·≈–®–°√–∑”∑’Ë∑ÿ°æ◊Èπ∑’Ëæ’§

∑’Ë‡°‘¥¢÷Èπ¢Õß “√ª√–°Õ∫π—Èπ purity angle §◊Õ§à“‡©≈’Ë¬∂à«ßπÈ”Àπ—°¢Õß spectral contrast angle ∑—ÈßÀ¡¥  à«π purity

threshold §◊Õº≈√«¡¢Õß°“√À“§à“¡ÿ¡„π√Ÿª·∫∫‡«°‡µÕ√å∑’Ë°√–∑”∑ÿ°Ê §«“¡¬“«§≈◊Ëπ„π à«π∑’Ë‡ªìπº≈¡“®“° detector

noise, photometric error, µ—«∑”≈–≈“¬∑’Ë„™â À√◊Õ°“√«‘‡§√“–Àå∑’Ë “√≈–≈“¬¡’§«“¡‡¢â¡¢âπ Ÿß°«à“ 1 AU ‚¥¬À“° purity

angle ¡’§à“πâÕ¬°«à“ purity threshold ·ª≈«à“ spectrum peak π—Èπ∫√‘ ÿ∑∏‘Ï (spectrally homogeneous) ·≈–µ√«® Õ∫

§«“¡∂Ÿ°µâÕß¢Õß«‘∏’∑’Ëæ—≤π“¢÷Èπµ“¡ ICH guideline(4) UPLC ¡’À≈—°°“√·¬° “√‡™àπ‡¥’¬«°—∫ HPLC ·µà¡’ª√– ‘∑∏‘¿“æ

„π°“√·¬°¥’°«à“ „™âª√‘¡“≥¢Õß “√≈–≈“¬µ—«æ“πâÕ¬°«à“ ·≈–‡«≈“∑’Ë„™â„π°“√«‘‡§√“–Àå —Èπ°«à“ HPLC

«— ¥ÿ·≈–«‘∏’°“√

‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å

1. Ultra Performance Liquid Chromatograph º≈‘µ¿—≥±å¢Õß Acquity UPLC® H-Class System, Waters  À√—∞Õ‡¡√‘°“

ª√–°Õ∫¥â«¬ Quaternary Solvent Manager, Sample Manager FTN, Photo Diode Array Detector, µŸâ§«∫§ÿ¡

Õÿ≥À¿Ÿ¡‘¢Õß§Õ≈—¡πå ·≈–‚ª√·°√¡ª√–¡«≈º≈ Empower III

2. §Õ≈—¡πå Acquity UPLC BEH C18 ¢π“¥ 2.1 × 100 ¡‘≈≈‘‡¡µ√ ∫√√®ÿÕπÿ¿“§¢π“¥ 1.7 ‰¡‚§√‡¡µ√ º≈‘µ¿—≥±å¢Õß

Waters  À√—∞Õ‡¡√‘°“ Batch No. 0216330731 ·≈– 0347392551

3. Ultra-Microbalance §«“¡≈–‡Õ’¬¥ 0.0001 ¡‘≈≈‘°√—¡ º≈‘µ¿—≥±å¢Õß Mettler Toledo  «‘ ‡´Õ√å·≈π¥å

4. µŸâÕ∫√âÕπ·∫∫ Ÿ≠≠“°“» º≈‘µ¿—≥±å¢Õß Heraeus ‡¬Õ√¡π’

5. ‡§√◊ËÕß«—¥§«“¡‡ªìπ°√¥-¥à“ß º≈‘µ¿—≥±å¢Õß Metrohm  «‘ ‡´Õ√å·≈π¥å

 “√‡§¡’

1. πÈ” HPLC-quality Type I

2. Acetonitrile, HPLC grade º≈‘µ¿—≥±å¢Õß Honeywel
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3. Trifluoroacetic acid (TFA) 99% AR grade º≈‘µ¿—≥±å¢Õß Sigma Aldrich

4. Hydrochloric acid 37% AR grade º≈‘µ¿—≥±å¢Õß Carlo Erba

5. Hydrogen peroxide 30% AR grade º≈‘µ¿—≥±å¢Õß Merck

6. Sodium hydroxide AR grade º≈‘µ¿—≥±å¢Õß Merck

7. ortho-Phosphoric acid 85% AR grade º≈‘µ¿—≥±å¢Õß Merck

 “√¡“µ√∞“π

1. Norfloxacin USPRS Lot I0M497 §«“¡∫√‘ ÿ∑∏‘Ï 0.994 mg of C
16
H

18
FN

3
O

3
 per mg on the dried basis

2. Norfloxacin impurity A Ph.Eur.RS Batch no. 1.3

3. Norfloxacin related compound E USPRS Lot F000E0 §«“¡∫√‘ ÿ∑∏‘Ï 100.0% on the as is basis

4. Norfloxacin related compound K USPRS Lot F000G0 §«“¡∫√‘ ÿ∑∏‘Ï 100.0% on the as is basis

5. Norfloxacin related compound H USPRS Lot F000F0 §«“¡∫√‘ ÿ∑∏‘Ï 100.0% on the as is basis

µ—«Õ¬à“ß

Norfloxacin Batch No. 130701 ®“° Zhejiang Xinchang Guobang Vet-Pharma, China

°“√‡µ√’¬¡ “√≈–≈“¬

- °“√‡µ√’¬¡ “√≈–≈“¬ 0.1% Trifluoroacetic acid

ªî‡ªµ Trifluoroacetic acid 0.5 ¡‘≈≈‘≈‘µ√ „ππÈ” ·≈–ª√—∫ª√‘¡“µ√‡ªìπ 500 ¡‘≈≈‘≈‘µ√¥â«¬πÈ” °√Õß¥â«¬·ºàπ°√Õß

¢π“¥ 0.22 ‰¡‚§√‡¡µ√

- °“√‡µ√’¬¡µ—«∑”≈–≈“¬

º ¡ “√≈–≈“¬πÈ”∑’Ëª√—∫§«“¡‡ªìπ°√¥-¥à“ß‡∑à“°—∫ 2.0 ¥â«¬ phosphoric acid ·≈– acetonitrile „π —¥ à«π 95:5

°“√µ√«®«‘‡§√“–Àåª√‘¡“≥¥â«¬‡§√◊ËÕß UPLC H-Class „™â ¿“«–¥—ßπ’È

§Õ≈—¡πå: Acquity UPLC BEH C18 ¢π“¥ 2.1 × 100 ¡‘≈≈‘‡¡µ√ Õπÿ¿“§ 1.7 ‰¡‚§√‡¡µ√

Õÿ≥À¿Ÿ¡‘¢Õß§Õ≈—¡πå: 30 Õß»“‡´≈‡ ’́¬ 

 “√≈–≈“¬µ—«æ“: ‡ªìπ√–∫∫ gradient

π“∑’∑’Ë Õ—µ√“°“√‰À≈ (¡‘≈≈‘≈‘µ√µàÕπ“∑’) % (0.1% trifluoroacetic acid) % acetonitrile

0 0.4 89 11

7.5 0.4 88 12

8 0.4 48 52

11 0.4 48 52

11.5 0.4 10 90

12 0.4 89 11

14 0.4 89 11

‡§√◊ËÕßµ√«®«—¥: PDA 265 π“‚π‡¡µ√

ª√‘¡“µ√∑’Ë©’¥: 2 ‰¡‚§√≈‘µ√
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°“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’«‘‡§√“–Àå (Method Validation)

1. °“√∑¥ Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø (Chromatographic system suitability)

 “√≈–≈“¬ ”À√—∫µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø (System suitability solution) §◊Õ  “√≈–≈“¬

º ¡¢Õß “√¡“µ√∞“π Norfloxacin §«“¡‡¢â¡¢âπ 100 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘µ√ ·≈– Related compounds 4 ™π‘¥ §◊Õ Norfloxacin

impurity A (Norfloxacin related compound A), Norfloxacin related compound E, Norfloxacin related compound H

·≈– Norfloxacin related compound K „πµ—«∑”≈–≈“¬ ‚¥¬§«“¡‡¢â¡¢âπ¢Õß Related compounds ·µà≈–™π‘¥‡∑à“°—∫ 5

‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ °√Õß “√≈–≈“¬ºà“π·ºàπ°√Õß¢π“¥ 0.22 ‰¡‚§√‡¡µ√

©’¥ “√≈–≈“¬ ”À√—∫µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø ·≈– “√≈–≈“¬·µà≈–™π‘¥ ”À√—∫µ√«®

æ‘ Ÿ®πå‡Õ°≈—°…≥å µ√«® Õ∫ª√– ‘∑∏‘¿“æ¢Õß§Õ≈—¡πå·≈–æ“√“¡‘‡µÕ√åµà“ßÊ ‡™àπ retention time, resolution, tailing factor

·≈– theoretical plate ́ ÷Ëß§”π«≥µ“¡«‘∏’¢Õß USP ‚¥¬‚ª√·°√¡Õ—µ‚π¡—µ‘¢Õß‡§√◊ËÕß UPLC ‚¥¬§à“ resolution √–À«à“ßæ’§

Norfloxacin related compound E ·≈– Norfloxacin ‰¡àπâÕ¬°«à“ 2.0 (2), §à“ resolution √–À«à“ßæ’§ Norfloxacin related

compound A ·≈– Norfloxacin related compound H ‰¡àπâÕ¬°«à“ 3.0 (2), §à“ tailing factor ‰¡à‡°‘π 2.0 ·≈– theoretical

plate ‰¡àπâÕ¬°«à“ 5,000 (µàÕ 10 ‡´πµ‘‡¡µ√)

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

™—Ëß “√¡“µ√∞“π Norfloxacin 5 ¡‘≈≈‘°√—¡ (™—Ëß„Àâ¡’§«“¡∂Ÿ°µâÕß 0.0001 ¡‘≈≈‘°√—¡) ≈ß„π¢«¥ª√—∫ª√‘¡“µ√¢π“¥

100.0 ¡‘≈≈‘≈‘µ√ ª√—∫ª√‘¡“µ√¥â«¬µ—«∑”≈–≈“¬ ®“°π—Èπªî‡ªµ “√≈–≈“¬¥—ß°≈à“« 3.0 ¡‘≈≈‘≈‘µ√ ∑”„Àâ ≈“¬µ—«„π ¿“«–

µà“ßÊ ª√—∫ª√‘¡“µ√¥â«¬µ—«∑”≈–≈“¬‡ªìπ 10.0 ¡‘≈≈‘≈‘µ√ °√Õß “√≈–≈“¬ºà“π·ºàπ°√Õß¢π“¥ 0.22 ‰¡‚§√‡¡µ√ π”¡“

©’¥´È” 2 §√—Èß µ√«® Õ∫°“√ ≈“¬µ—«∑’Ë‡°‘¥¢÷Èπ §à“ retention time ·≈– resolution ¢Õß “√ ≈“¬µ—«∑’Ë‡°‘¥¢÷Èπ®–µâÕß·¬°

®“°æ’§ Norfloxacin Õ¬à“ß™—¥‡®π  ¿“«–µà“ßÊ ∑’Ë∑¥ Õ∫ ¡’¥—ßπ’È

1. ‡µ‘¡ hydrochloric acid 37% ®”π«π 2.0 ¡‘≈≈‘≈‘µ√ µâ¡∑’ËÕÿ≥À¿Ÿ¡‘ 100 °C ‡ªìπ‡«≈“ 6 ™—Ë«‚¡ß

2. ‡µ‘¡ 0.1N sodium hydroxide solution ®”π«π 5.0 ¡‘≈≈‘≈‘µ√ µâ¡∑’ËÕÿ≥À¿Ÿ¡‘ 100 °C ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß

3. ‡µ‘¡ hydrogen peroxide 30% ®”π«π 4.0 ¡‘≈≈‘≈‘µ√ µâ¡∑’ËÕÿ≥À¿Ÿ¡‘ 100 °C ‡ªìπ‡«≈“ 6 ™—Ë«‚¡ß

4. µâ¡∑’ËÕÿ≥À¿Ÿ¡‘ 100 °C ‡ªìπ‡«≈“ 6 ™—Ë«‚¡ß

5. µ—Èß‰«â„Àâ∂Ÿ°· ß·¥¥ 1 ·≈– 2 ™—Ë«‚¡ß

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

‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π Norfloxacin §«“¡‡¢â¡¢âπ 25 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ „πµ—«∑”≈–≈“¬ (™—Ëß„Àâ¡’§«“¡

∂Ÿ°µâÕß 0.0001 ¡‘≈≈‘°√—¡) ®“°π—Èπªî‡ªµ “√≈–≈“¬¥—ß°≈à“« 2.0, 4.0, 6.0 ·≈– 8.0 ¡‘≈≈‘≈‘µ√ ≈ß„π¢«¥ª√—∫ª√‘¡“µ√

¢π“¥ 10.0 ¡‘≈≈‘≈‘µ√ ª√—∫ª√‘¡“µ√¥â«¬µ—«∑”≈–≈“¬ ‰¥â “√≈–≈“¬¡“µ√∞“π Norfloxacin §«“¡‡¢â¡¢âπ 5, 10, 15, 20 ·≈–

25 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ °√Õß “√≈–≈“¬ºà“π·ºàπ°√Õß¢π“¥ 0.22 ‰¡‚§√‡¡µ√

©’¥ “√≈–≈“¬¡“µ√∞“π Norfloxacin ∑—Èß 5 √–¥—∫§«“¡‡¢â¡¢âπ ·µà≈–§«“¡‡¢â¡¢âπ©’¥´È” 6 §√—Èß ∑¥ Õ∫ È́” 3

«—π  √â“ß‡ªìπ°√“ø¡“µ√∞“π§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß Norfloxacin °—∫æ◊Èπ∑’Ë„µâæ’§ §”π«≥§à“ —¡ª√– ‘∑∏‘Ï

 À —¡æ—π∏å (correlation coefficient, r) §à“∑’Ë‰¥â§«√¡’§à“„°≈â‡§’¬ßÀ√◊Õ‡∑à“°—∫ 1 §”π«≥§à“§«“¡≈“¥‡Õ’¬ß¢Õß°√“ø (slope)

·≈–®ÿ¥∑’Ë‡ âπ°√“øµ—¥·°π Y (y-intercept)
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4. °“√∑¥ Õ∫§«“¡·¡àπ (Accuracy)

°“√‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π Norfloxacin ¡’«‘∏’‡µ√’¬¡µ“¡¢âÕ 3. Linearity and Range

°“√‡µ√’¬¡ “√≈–≈“¬µ—«Õ¬à“ß

‡µ√’¬¡ “√≈–≈“¬µ—«Õ¬à“ß Norfloxacin §«“¡‡¢â¡¢âπ 5, 15 ·≈– 25 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ „πµ—«∑”≈–≈“¬ (™—Ëß

„Àâ¡’§«“¡∂Ÿ°µâÕß 0.0001 ¡‘≈≈‘°√—¡) ‡µ√’¬¡·µà≈–√–¥—∫§«“¡‡¢â¡¢âπ®”π«π 3 È́” (9 determinations) °√Õß “√≈–≈“¬

ºà“π·ºàπ°√Õß¢π“¥ 0.22 ‰¡‚§√‡¡µ√

©’¥ “√≈–≈“¬µ—«Õ¬à“ß Norfloxacin ∑—Èß 3 √–¥—∫§«“¡‡¢â¡¢âπ ·µà≈– “√≈–≈“¬µ—«Õ¬à“ß©’¥´È” 3 §√—Èß §”π«≥ª√‘¡“≥

Norfloxacin ∑’Ëµ√«®æ∫„π·µà≈–¥—∫®“°‡ âπ°√“ø¡“µ√∞“π„π«—π‡¥’¬«°—π ‡ªìπ§à“√âÕ¬≈–°“√§◊π°≈—∫ (%Recovery) À“

§à“‡©≈’Ë¬¢Õß°“√§◊π°≈—∫ ·≈–§à“√âÕ¬≈–¢Õß§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π —¡æ—∑∏å (% RSD) ¢Õß°“√§◊π°≈—∫ ∑ÿ°√–¥—∫§«“¡‡¢â¡¢âπ

§à“√âÕ¬≈–¢Õß°“√§◊π°≈—∫§«√Õ¬Ÿà„π™à«ß 98.0-102.0 ·≈– %RSD ‰¡à‡°‘π 2.0 (5)

5. °“√∑¥ Õ∫§«“¡‡∑’Ë¬ß (Precision)

5.1 §«“¡∑«π È́”‰¥â (Repeatability)

5.1.1 §«“¡‡∑’Ë¬ß¢Õß√–∫∫ (System precision)

©’¥ “√≈–≈“¬¡“µ√∞“π Norfloxacin ∑’Ë¡’§«“¡‡¢â¡¢âπ 15 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ (™—Ëß„Àâ¡’§«“¡∂Ÿ°µâÕß 0.0001

¡‘≈≈‘°√—¡) ®”π«π 3 µ—«Õ¬à“ß ·µà≈–µ—«Õ¬à“ß©’¥´È” 6 §√—Èß §”π«≥§à“‡©≈’Ë¬¢Õßæ◊Èπ∑’Ë„µâæ’§ ·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π —¡æ—∑∏å

‚¥¬ % RSD µâÕß‰¡à‡°‘π 0.73 (2) ·≈–§à“ tailing factor ‰¡à‡°‘π 2.0 (2)

5.1.2 §«“¡‡∑’Ë¬ß¢Õß«‘∏’ (Method precision)

§”π«≥§à“ %RSD ¢Õß√âÕ¬≈–¢Õß°“√§◊π°≈—∫¢Õß “√≈–≈“¬∑—Èß 3 √–¥—∫§«“¡‡¢â¡¢âπ¢Õß°“√∑¥ Õ∫§«“¡·¡àπ

„π¢âÕ 4. ‚¥¬ % RSD µâÕß‰¡à‡°‘π 2.0

5.2 Intermediate precision

©’¥ “√≈–≈“¬¡“µ√∞“π Norfloxacin ·≈– “√≈–≈“¬µ—«Õ¬à“ß ∑’Ë¡’§«“¡‡¢â¡¢âπ 15 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ∑”

°“√∑¥ Õ∫ 2 «—π «—π≈– 10 µ—«Õ¬à“ß ·µà≈–µ—«Õ¬à“ß©’¥´È” 3 §√—Èß ‚¥¬„™âπ—°«‘‡§√“–Àå 2 §π 2 §Õ≈—¡πå ·≈– 2 ‡§√◊ËÕß¡◊Õ

§”π«≥√âÕ¬≈–¢Õßª√‘¡“≥ Norfloxacin ‡∑’¬∫°—∫ “√≈–≈“¬¡“µ√∞“π, % RSD ¢Õß·µà≈–«—π ·≈– % RPD √–À«à“ß«—π

6. °“√∑¥ Õ∫§«“¡§ß ¿“æ¢Õß “√≈–≈“¬¡“µ√∞“π·≈– “√≈–≈“¬µ—«Õ¬à“ß

©’¥ “√≈–≈“¬¡“µ√∞“π·≈– “√≈–≈“¬µ—«Õ¬à“ß Norfloxacin §«“¡‡¢â¡¢âπ 15 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ∑ÿ°Ê 1 ™—Ë«‚¡ß

µàÕ‡π◊ËÕß°—π‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß §”π«≥ª√‘¡“≥ Norfloxacin ‡ª√’¬∫‡∑’¬∫°—∫ª√‘¡“≥∑’Ë‡«≈“ 0 ™—Ë«‚¡ß ‚¥¬„Àâª√‘¡“≥

∑’Ë 0 ™—Ë«‚¡ß (°“√©’¥§√—Èß∑’Ë 1) §‘¥‡ªìπ 100% ª√‘¡“≥∑’Ëæ∫„π‡«≈“µà“ßÊ ‰¡à§«√πâÕ¬°«à“ 98% °“√∑¥ Õ∫π’È‡æ◊ËÕ»÷°…“

§«“¡§ß ¿“æ¢Õß “√≈–≈“¬¡“µ√∞“π·≈– “√≈–≈“¬µ—«Õ¬à“ß„π√–À«à“ß∑”°“√∑¥ Õ∫

7. °“√∑¥ Õ∫§«“¡∑π¢Õß«‘∏’ (Robustness)

∑¥ Õ∫§«“¡∑π¢Õß«‘∏’«‘‡§√“–Àå‚¥¬°“√ª√—∫‡ª≈’Ë¬π ¿“«–¢Õß√–∫∫ UPLC °“√‡ª≈’Ë¬π‡§√◊ËÕß UPLC ·≈–π—°«‘‡§√“–Àå

7.1 §«“¡§ß ¿“æ¢Õß§Õ≈—¡πå

µ√«® Õ∫ª√– ‘∑∏‘¿“æ¢Õß§Õ≈—¡πå ‚¥¬∑”°“√∫—π∑÷°§à“ Theoretical plate „π«—π‡√‘Ë¡µâπ ·≈–„π√–À«à“ß°“√

∑¥ Õ∫®π®∫°“√∑¥≈Õß ÷́Ëß§«√¡’§à“‰¡àπâÕ¬°«à“ 5,000 π—∫®”π«π§√—Èß∑’Ë©’¥ “√≈–≈“¬¡“µ√∞“π·≈– “√≈–≈“¬µ—«Õ¬à“ß

„π°“√∑¥ Õ∫∑—ÈßÀ¡¥

7.2 º≈°√–∑∫¢Õß°“√‡ª≈’Ë¬π·ª≈ß ¿“«–¢Õß√–∫∫ UPLC

 ¿“«–∑’Ë‡ª≈’Ë¬π·ª≈ßµà“ßÊ ¢Õß‡§√◊ËÕß UPLC ¡’¥—ßπ’È

7.2.1 ‡ª≈’Ë¬π§Õ≈—¡πå ‚¥¬„™â§Õ≈—¡πå®”π«π 2 √ÿàπ°“√º≈‘µ¢Õß Acquity UPLC BEH C18 ¢π“¥ 2.1 × 100
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¡‘≈≈‘‡¡µ√ ∫√√®ÿÕπÿ¿“§ 1.7 ‰¡‚§√‡¡µ√ º≈‘µ®“° Waters ‰Õ√å·≈π¥å ‰¥â·°à §Õ≈—¡πå Batch No. 0216330731 ·≈–

0347392551

7.2.2 Õÿ≥À¿Ÿ¡‘¢Õß§Õ≈—¡πå ‡ªìπ 29 °C, 30 °C ·≈– 31 °C

7.2.3 ª√‘¡“µ√¢Õß “√≈–≈“¬∑’Ë©’¥‡ªìπ 1, 2 ·≈– 2.5 ‰¡‚§√≈‘µ√

7.2.4 Õ—µ√“°“√‰À≈¢Õß “√≈–≈“¬µ—«æ“ 0.35, 0.4 ·≈– 0.45 ¡‘≈≈‘≈‘µ√µàÕπ“∑’

7.2.5 §«“¡‡¢â¡¢âπ¢Õß trifluoroacetic acid „π “√≈–≈“¬µ—«æ“‡ªìπ 0.09%, 0.1% ·≈– 0.11%

∑¥ Õ∫‚¥¬°“√©’¥ “√≈–≈“¬ ”À√—∫µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø ©’¥ ¿“«–≈– 3 È́” ‡æ◊ËÕ

µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫„π ¿“«–∑’Ë‡ª≈’Ë¬π·ª≈ßµà“ßÊ ¢Õß UPLC ¥Ÿ§à“æ“√“¡‘‡µÕ√å retention time, tailing

factor, theoretical plate ·≈– resolution

 “√≈–≈“¬ ”À√—∫µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫§«√¡’§à“ resolution √–À«à“ßæ’§ Norfloxacin °—∫ Norfloxacin

related compound E ‰¡àπâÕ¬°«à“ 2.0 (2) ·≈–§à“ resolution √–À«à“ßæ’§ Norfloxacin related compound A °—∫ Norfloxacin

related compound H ‰¡àπâÕ¬°«à“ 3.0 (2)

8. ¢’¥®”°—¥¢Õß°“√µ√«®æ∫ (Limit of Detection) ·≈–¢’¥®”°—¥¢Õß°“√À“‡™‘ßª√‘¡“≥ (Limit of Quantitation)

°“√À“§à“¢’¥®”°—¥¢Õß°“√µ√«®æ∫·≈–¢’¥®”°—¥¢Õß°“√À“‡™‘ßª√‘¡“≥ “¡“√∂∑”‰¥âÀ≈“¬«‘∏’ ‰¥â·°à

8.1 °“√§”π«≥®“° slope ·≈– intercept ¢Õß‡ âπ°√“ø¡“µ√∞“π(4) „π¢âÕ 3. ÷́Ëß§à“ Limit of Detection (LOD)

·≈– Limit of Quantitation (LOQ) §”π«≥‰¥â®“° ¡°“√∑’Ë 1 ·≈– 2 µ“¡≈”¥—∫

 Limit of Detection = 3.3σ/ S (1)

 Limit of Quantitation = 10σ/ S (2)

 ‚¥¬ σ = SD ¢Õß Y-intercept

S = §à“‡©≈’Ë¬¢Õß slope

§à“∑’Ë‰¥â®“°°“√§”π«≥¥—ß°≈à“«®–‡ªìπ·π«∑“ß°“√π”‰ª©’¥æ‘ Ÿ®πå‡æ◊ËÕÀ“§à“ LOD ·≈– LOQ µ“¡«‘∏’°“√¢âÕ 8.2

8.2 §à“ LOD ·≈– LOQ ‰¥â®“°°“√∑¥ Õ∫À“§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ Norfloxacin ∑’Ë©’¥·≈â«„Àâ§à“ signal-

to-noise ‡∑à“°—∫À√◊Õ¡“°°«à“ 3 ·≈– 10 µ“¡≈”¥—∫

º≈°“√∑¥ Õ∫

1. °“√∑¥ Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø (Chromatographic system suitability)

®“°°“√©’¥ “√≈–≈“¬ ”À√—∫µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø æ∫«à“√–∫∫‚§√¡“‚∑°√“ø

 “¡“√∂·¬°æ’§ Norfloxacin ÕÕ°®“°æ’§ Related compounds ∑—Èß 4 ™π‘¥®“°°—π‰¥âÕ¬à“ß™—¥‡®π (√Ÿª∑’Ë 1) ª√–°Õ∫°—∫

°“√„™â‡§√◊ËÕßµ√«®«—¥™π‘¥ Photo Diode Array (PDA) ‡ªìπ°“√¬◊π¬—π«à“ Spectrum ¢Õßæ’§ Norfloxacin ¡’§«“¡∫√‘ ÿ∑∏‘Ï

(spectrally homogeneous) ‚¥¬¡’§à“ purity angle πâÕ¬°«à“ purity threshold πÕ°®“°π’È Spectrum ¢Õßæ’§ Related

compounds ∑—Èß 4 ™π‘¥°Á¡’§«“¡∫√‘ ÿ∑∏‘Ï∑ÿ°æ’§‡™àπ°—π

Retention time ¢Õßæ’§ Norfloxacin related compound K, Norfloxacin related compound E, Norfloxacin,

Norfloxacin related compound A ·≈– Norfloxacin related compound H ‡∑à“°—∫ 3.68, 5.69, 6.09, 9.97 ·≈– 10.12

π“∑’ µ“¡≈”¥—∫

Resolution √–À«à“ßæ’§ Norfloxacin °—∫ Norfloxacin related compound E ‡∑à“°—∫ 2.27 (‰¡àπâÕ¬°«à“ 2.0) (2)

·≈–§à“ resolution √–À«à“ßæ’§ Norfloxacin related compound A °—∫ Norfloxacin related compound H ‡∑à“°—∫ 4.29

(‰¡àπâÕ¬°«à“ 3.0) (2)
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Tailing factor ¢Õß∑ÿ°æ’§πâÕ¬°«à“ 2.0

Theoretical plate ¢Õßæ’§ Norfloxacin related compound K, Norfloxacin related compound E, Norfloxacin,

Norfloxacin related compound A ·≈– Norfloxacin related compound H ‡∑à“°—∫ 22894, 29988, 14231, 1489343

·≈– 1356990 µ“¡≈”¥—∫ (¡“°°«à“ 5,000 µàÕ 10 ‡´πµ‘‡¡µ√)

√Ÿª∑’Ë 1  ‚§√¡“‚∑·°√¡ ”À√—∫µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø

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

®“°°“√π” “√≈–≈“¬¡“µ√∞“π Norfloxacin §«“¡‡¢â¡¢âπ 15 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√¡“∑”„Àâ ≈“¬µ—«„π ¿“«–µà“ßÊ

§”π«≥À“ª√‘¡“≥ Norfloxacin ‡∑’¬∫°—∫ “√≈–≈“¬∑’Ë‰¡à∂Ÿ°∑”„Àâ ≈“¬µ—« æ∫°“√ ≈“¬µ—« Ÿß ÿ¥¿“¬„µâ ¿“«–· ß·¥¥‡ªìπ

‡«≈“ 1 ·≈– 2 ™—Ë«‚¡ß ¡’°“√ ≈“¬µ—«¢Õß Norfloxacin √âÕ¬≈– 25.1 ·≈–√âÕ¬≈– 100 µ“¡≈”¥—∫  ¿“«–‡ªìπ°√¥¿“¬„µâ

§«“¡√âÕπæ∫°“√ ≈“¬µ—«√âÕ¬≈– 12.6  ¿“«–ÕÕ° ‘́‡¥™—Ëπ¿“¬„µâ§«“¡√âÕπ ·≈– ¿“«–¥à“ß¿“¬„µâ§«“¡√âÕπ¡’°“√ ≈“¬µ—«

√âÕ¬≈– 4.0 ·≈– 3.6 µ“¡≈”¥—∫ Norfloxacin ¡’§«“¡∑πµàÕ ¿“«–¿“¬„µâ§«“¡√âÕπ (µâ¡ 100 °C, 6 ™—Ë«‚¡ß) ¡’°“√ ≈“¬

µ—«‡æ’¬ß√âÕ¬≈– 0.6 ¢Õßª√‘¡“≥ Norfloxacin ‡√‘Ë¡µâπ (µ“√“ß∑’Ë 1, √Ÿª∑’Ë 2)

®“° ¿“«–¢Õß√–∫∫ UPLC ∑’Ë‰¥â æ∫«à“ “√ ≈“¬µ—«∑’Ë‡°‘¥¢÷Èπ„π ¿“«–µà“ßÊ ‰¡à√∫°«πæ’§¢Õß Norfloxacin · ¥ß

«à“√–∫∫¡’§«“¡®”‡æ“–‡®“–®ß°—∫ Norfloxacin ·≈–§à“ peak purity ¢Õßæ’§ Norfloxacin ¡’§«“¡∫√‘ ÿ∑∏‘Ï ‰¡à¡’°“√ªπ

‡ªóôÕπ¢Õß “√Õ◊Ëπ (no co-elute) ‚¥¬¡’§à“ purity angle πâÕ¬°«à“ purity threshold

√âÕ¬≈–        √âÕ¬≈–¢Õß “√ ≈“¬µ—«∑’Ë‡°‘¥¢÷Èπ∑’Ë relative retention time µà“ßÊ

 ¿“«– NFX 0.10 0.11 0.16 0.22 0.39 0.49 0.55 0.62 0.67 1.47 1.48 1.51 1.56

HCl 37% + µâ¡ 100 °C, 6 ™¡. 87.4 - - - 1.4 - - - 9.1 1.3 - 0.8 - -

0.1N NaOH + µâ¡ 100 °C, 2 ™¡. 96.9 0.4 2.3 - - - - - 0.4 - - - - -

H
2
O

2
 30% + µâ¡ 100 °C, 6 ™¡. 96.0 - - 1.5 - - - - 1.6 - - 0.6 0.3 -

µâ¡ 100 °C, 6 ™¡. 99.4 - 0.6 - - - - - - - - - - -

· ß·¥¥ 1 ™¡. 74.9 - 0.4 - - 0.3 2.0 0.3 9.9 3.4 0.5 7.4 0.6 0.3

µ“√“ß∑’Ë 1  · ¥ßª√‘¡“≥¢Õß Norfloxacin (NFX) ·≈–√âÕ¬≈–¢Õß “√ ≈“¬µ—«∑’Ë‡°‘¥¢÷Èπ„π ¿“«–µà“ßÊ
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√Ÿª∑’Ë 2 ‚§√¡“‚∑·°√¡¢Õß “√ ≈“¬µ—«∑’Ë‡°‘¥¢÷Èπ„π ¿“«–µà“ßÊ ‡ª√’¬∫‡∑’¬∫°—∫‚§√¡“‚∑·°√¡¢Õß “√≈–≈“¬ Norfloxacin

„π ¿“«–ª°µ‘

1. Non treated: Norfloxacin 100.0%

2. Treated with 37%HCl-2mL and boiled at 100 ÌC for 6 hrs: Norfloxacin 87.4%

6. Treated with sunlight for 1 hr: Norfloxacin 74.9%

5. Treated with boiled at 100 ÌC for 6 hrs: Norfloxacin 99.4%

4. Treated with 30% H
2
O

2
-4mL and boiled at 100 °°°°°C for 6 hrs: Norfloxacin 96.0%

3. Treated with 0.1N NaOH solution-5mL and boiled at 100 °°°°°C for 2 hrs: Norfloxacin 96.9%
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3. °“√∑¥ Õ∫§«“¡‡ªìπ‡ âπµ√ß·≈–™à«ß¢Õß°“√«‘‡§√“–Àå (Linearity and Range)

®“°°“√©’¥ “√≈–≈“¬¡“µ√∞“π Norfloxacin §«“¡‡¢â¡¢âπ 5, 10, 15, 20 ·≈– 25 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ“¡

≈”¥—∫ ∑”´È” 3 «—π ·≈â« √â“ß°√“ø¡“µ√∞“π æ∫«à“§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß Norfloxacin ·≈–æ◊Èπ∑’Ë

„µâæ’§¡’≈—°…≥–‡ªìπ‡ âπµ√ßµ≈Õ¥™à«ß§«“¡‡¢â¡¢âπ∑’Ë∑¥ Õ∫ ¡’§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å‡∑à“°—∫ 0.99999, 0.99996

·≈– 0.99999 µ“¡≈”¥—∫ (√Ÿª∑’Ë 3)

4. °“√∑¥ Õ∫§«“¡·¡àπ (Accuracy)

 “√≈–≈“¬µ—«Õ¬à“ß Norfloxacin 3 √–¥—∫§«“¡‡¢â¡¢âπ 5, 15 ·≈– 25 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ÷́Ëß‡µ√’¬¡√–¥—∫§«“¡

‡¢â¡¢âπ≈– 3 µ—«Õ¬à“ß ·≈–©’¥´È” 3 §√—Èß §”π«≥ª√‘¡“≥ Norfloxacin „π “√≈–≈“¬µ—«Õ¬à“ß∑’Ëµ√«®æ∫®“°‡ âπ°√“ø

 “√≈–≈“¬¡“µ√∞“π„π«—π‡¥’¬«°—π §”π«≥√âÕ¬≈–¢Õß°“√§◊π°≈—∫ (% recovery) æ∫«à“§à“√âÕ¬≈–¢Õß°“√§◊π°≈—∫„π∑ÿ°

√–¥—∫§«“¡‡¢â¡¢âπÕ¬Ÿà„π‡°≥±å∑’Ë¬Õ¡√—∫‰¥â„π™à«ß 98.0 - 102.0 ·≈– %RSD ‰¡à‡°‘π 2.0 (5) (µ“√“ß∑’Ë 2)

√Ÿª∑’Ë 3  °√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß Norfloxacin ·≈–æ◊Èπ∑’Ë„µâæ’§

√–¥—∫
§«“¡‡¢â¡¢âπ §«“¡‡¢â¡¢âπ∑’Ëµ√«®æ∫ √âÕ¬≈–¢Õß°“√§◊π°≈—∫ Average

% RSD
(µµµµµg/mL)  (µµµµµg/mL) (%recovery) %recovery

Low 5.3781 5.3500 99.48 100.05 0.61

5.4011 5.4384 100.69

5.4098 5.4093 99.99

Medium 14.9856 15.0895 100.69 100.83 0.13

15.5040 15.6366 100.86

16.3610 16.5159 100.95

High 27.4666 27.7681 101.10 101.12 0.20

26.1963 26.4412 100.93

26.3966 26.7487 101.33

µ“√“ß∑’Ë 2 · ¥ß√âÕ¬≈–¢Õß°“√§◊π°≈—∫
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5. °“√∑¥ Õ∫§«“¡‡∑’Ë¬ß (Precision)

5.1 §«“¡∑«π È́”‰¥â (Repeatability)

5.1.1 §«“¡‡∑’Ë¬ß¢Õß√–∫∫ (System precision)

®“°°“√©’¥ “√≈–≈“¬¡“µ√∞“π Norfloxacin §«“¡‡¢â¡¢âπª√–¡“≥ 15 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ (™—Ëß„Àâ¡’§«“¡

∂Ÿ°µâÕß 0.0001 ¡‘≈≈‘°√—¡) „πµ—«∑”≈–≈“¬ ®”π«π 3 µ—«Õ¬à“ß ·µà≈–µ—«Õ¬à“ß©’¥´È” 6 §√—Èß æ∫«à“ %RSD ¢Õßæ◊Èπ∑’Ë

„µâæ’§ Norfloxacin‰¡à‡°‘π 0.73 (2) (µ“√“ß∑’Ë 3) ·≈–§à“ tailing factor ¢Õß “√≈–≈“¬¡“µ√∞“π‰¡à‡°‘π 2.0 (2) ‚¥¬§à“

tailing factor ‡∑à“°—∫ 1.20, 1.19, 1.20 µ“¡≈”¥—∫

§√—Èß∑’Ë
æ◊Èπ∑’Ë„µâæ’§ Norfloxacin

µ—«Õ¬à“ß∑’Ë 1 µ—«Õ¬à“ß∑’Ë 2 µ—«Õ¬à“ß∑’Ë 3

1 401878.59 373876.41 352033.13

2 401883.33 373428.82 352235.29

3 401290.44 373532.89 350839.08

4 401494.02 374868.31 351944.71

5 401864.02 373899.03 352159.49

6 402486.84 374605.29 351815.45

Mean 401816.21 374035.12 351837.86

% RSD 0.10 0.16 0.15

µ“√“ß∑’Ë 3 º≈°“√∑¥ Õ∫§«“¡‡∑’Ë¬ß¢Õß√–∫∫ (System Precision)

5.1.2 §«“¡‡∑’Ë¬ß¢Õß«‘∏’ (Method precision)

§”π«≥ % RSD ¢Õß√âÕ¬≈–¢Õß°“√§◊π°≈—∫∑—Èß 3 √–¥—∫§«“¡‡¢â¡¢âπ¢Õß Norfloxacin ®“°°“√∑¥ Õ∫§«“¡

∂Ÿ°µâÕß„π¢âÕ 4 ‰¥â‡∑à“°—∫ 0.61, 0.13 ·≈– 0.20 µ“¡≈”¥—∫

5.2 Intermediate Precision

®“°°“√∑¥ Õ∫§«“¡·¡àπ·∫∫°“√∑” È́” ‚¥¬«‘‡§√“–Àå “√≈–≈“¬µ—«Õ¬à“ß™ÿ¥‡¥’¬«°—π«—π≈– 10 µ—«Õ¬à“ß ·µà≈–

µ—«Õ¬à“ß©’¥´È” 3 §√—Èß ∑”°“√∑¥ Õ∫ 2 «—π „™âπ—°«‘‡§√“–Àå 2 §π 2 §Õ≈—¡πå 2 ‡§√◊ËÕß¡◊Õ §”π«≥√âÕ¬≈–¢Õßª√‘¡“≥

Norfloxacin ‡∑’¬∫°—∫ “√≈–≈“¬¡“µ√∞“π æ∫«à“ % RSD ¢Õß°“√∑¥ Õ∫¿“¬„π«—π‡∑à“°—∫ 0.40 ·≈– 0.36 µ“¡≈”¥—∫

·≈– % RPD √–À«à“ß«—π‡∑à“°—∫ 0.23 · ¥ß«à“¡’§«“¡·¡àπ„π°“√∑” È́”¥’ (µ“√“ß∑’Ë 4)
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§√—Èß∑’Ë
                                                     ª√‘¡“≥ Norfloxacin (%)

«—π∑’Ë 1, π—°«‘‡§√“–Àå 1, ‡§√◊ËÕß∑’Ë 1, §Õ≈—¡πå∑’Ë 1 «—π∑’Ë 2, π—°«‘‡§√“–Àå 2, ‡§√◊ËÕß∑’Ë 2, §Õ≈—¡πå∑’Ë 2

1 100.25 99.21

2 100.11 99.64

3 99.44 99.46

4 99.76 100.26

5 99.41 99.11

6 99.57 99.82

7 99.69 100.12

8 100.40 99.46

9 100.45 99.67

10 99.56 99.59

§à“‡©≈’Ë¬ 99.87 99.63

% RSD 0.40 0.36

§à“‡©≈’Ë¬√–À«à“ß«—π                                               99.75

% RPD √–À«à“ß«—π                                               0.23

µ“√“ß∑’Ë 4 º≈°“√∑¥ Õ∫§«“¡‡∑’Ë¬ß (Intermediate Precision)

6. §«“¡§ß ¿“æ¢Õß “√≈–≈“¬¡“µ√∞“π·≈– “√≈–≈“¬µ—«Õ¬à“ß

®“°°“√∑¥ Õ∫©’¥ “√≈–≈“¬¡“µ√∞“π·≈– “√≈–≈“¬µ—«Õ¬à“ß∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß Norfloxacin ∑’Ë 15 ‰¡‚§√°√—¡

µàÕ¡‘≈≈‘≈‘µ√ ∑ÿ°Ê 1 ™—Ë«‚¡ß µàÕ‡π◊ËÕß°—π‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß æ∫«à“ “√≈–≈“¬∑—Èß Õß¡’§«“¡§ß ¿“æµ≈Õ¥°“√∑¥ Õ∫

√–¬–‡«≈“ 24 ™—Ë«‚¡ß ‚¥¬ª√‘¡“≥ Norfloxacin ∑’Ë‡«≈“ 24 ™—Ë«‚¡ß ¢Õß “√≈–≈“¬¡“µ√∞“π ·≈– “√≈–≈“¬µ—«Õ¬à“ß

‡∑à“°—∫ 99.60% ·≈– 99.65% µ“¡≈”¥—∫ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª√‘¡“≥∑’Ë®ÿ¥‡√‘Ë¡µâπ

7. °“√∑¥ Õ∫§«“¡∑π¢Õß«‘∏’«‘‡§√“–Àå (Robustness)

7.1 §«“¡§ß ¿“æ¢Õß§Õ≈—¡πå

®“°°“√µ√«® Õ∫ª√– ‘∑∏‘¿“æ¢Õß§Õ≈—¡πå Acquity UPLC BEH C18 ∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È‚¥¬∫—π∑÷°§à“

theoretical plate ¢Õß Norfloxacin ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 15 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘µ√ ‡¡◊ËÕ‡√‘Ë¡µâπ„™â ‡∑à“°—∫ 24,000 (µàÕ

10 ‡´πµ‘‡¡µ√) À≈—ß®“°®∫°“√∑¥ Õ∫æ∫«à“ ©’¥ “√≈–≈“¬µà“ßÊ ¡“°°«à“ 2,000 §√—Èß §à“ theoretical plate ≈¥≈ß‡À≈◊Õ

ª√–¡“≥ 95% ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“ theoretical plate ‡√‘Ë¡µâπ · ¥ß∂÷ß§«“¡∑π¢Õß§Õ≈—¡πå

7.2 º≈°√–∑∫¢Õß°“√‡ª≈’Ë¬π·ª≈ß ¿“«–¢Õß√–∫∫ UPLC

®“°°“√∑¥≈Õß‡ª≈’Ë¬π·ª≈ß ¿“«–µà“ßÊ ¢Õß√–∫∫ UPLC ·≈–©’¥ “√≈–≈“¬µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß

√–∫∫ ·µà≈– ¿“«–©’¥ È́” 3 §√—Èß ·≈â«µ√«® Õ∫§à“æ“√“¡‘‡µÕ√åµà“ßÊ ‡™àπ retention time, resolution, tailing factor ·≈–

theoretical plate ¡’º≈°“√∑¥ Õ∫¥—ßπ’È
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7.2.1 °“√„™â§Õ≈—¡πå 2 √ÿàπ°“√º≈‘µ¢Õß Acquity UPLC BEH C18 ¢π“¥ 2.1 × 100 ¡‘≈≈‘‡¡µ√ ∫√√®ÿÕπÿ¿“§

¢π“¥ 1.7 ‰¡‚§√‡¡µ√ æ∫«à“§Õ≈—¡πå∑—Èß Õß “¡“√∂·¬°æ’§ Norfloxacin ÕÕ°®“°æ’§Õ◊ËπÊ ‰¥â¥’ ¡’§à“ resolution √–À«à“ß

æ’§ Norfloxacin ·≈– Norfloxacin related compound E ¡“°°«à“ 2.0, §à“ resolution √–À«à“ßæ’§ Norfloxacin related

compound A ·≈– Norfloxacin related compound H ¡“°°«à“ 3.0, tailing factor ‰¡à‡°‘π 2.0 ·≈– theoretical plate  Ÿß

°«à“ 10,000 (µàÕ 10 ‡´πµ‘‡¡µ√) (µ“√“ß∑’Ë 5)

Acquity BEH C18 Peak RRT Resolution Tailing factor Theoretical plate

Norfloxacin related compound K 0.61 - 1.13 22894

Batch No.
Norfloxacin related compound E 0.94 17.53 1.09 29988

0216330731
Norfloxacin 1.0 2.27 1.79 14231

Norfloxacin related compound A 1.45 24.84 1.10 1489343

Norfloxacin related compound H 1.47 4.29 1.13 1356990

Norfloxacin related compound K 0.60 - 1.07 20688

Batch No.
Norfloxacin related compound E 0.93 16.04 1.07 24197

0347392551
Norfloxacin 1.0 2.62 1.38 17601

Norfloxacin related compound A 1.59 33.42 1.12 1315828

Norfloxacin related compound H 1.61 4.21 1.13 1225132

µ“√“ß∑’Ë 5 · ¥ßº≈¢Õß°“√‡ª≈’Ë¬π Batch ¢Õß§Õ≈—¡πå

7.2.2 º≈°√–∑∫µàÕ°“√‡ª≈’Ë¬π·ª≈ß ¿“«–Õ◊ËπÊ ª√–‡¡‘π‚¥¬§à“ resolution √–À«à“ßæ’§ Norfloxacin °—∫ Norfloxacin

related compound E ·≈–§à“ resolution √–À«à“ßæ’§ Norfloxacin related compound A °—∫ Norfloxacin related

compound H ¢Õß “√≈–≈“¬ ”À√—∫µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫ æ∫«à“¡’§à“ resolution ¡“°°«à“ 2.0 ·≈– 3.0

µ“¡≈”¥—∫ ·≈–°“√µ√«® Õ∫§«“¡∫√‘ ÿ∑∏‘Ï (peak purity testing) (3) ¢Õßæ’§ Norfloxacin „π “√≈–≈“¬µ—«Õ¬à“ß æ∫«à“

æ’§ Norfloxacin ∫√‘ ÿ∑∏‘Ï “¡“√∂·¬°®“°æ’§∑’ËÕ¬Ÿàµ‘¥°—π‰¥âÕ¬à“ß ¡∫Ÿ√≥å ‚¥¬§à“ resolution √–À«à“ßæ’§ Norfloxacin ·≈–

æ’§ Norfloxacin related compound E ¡’§à“¡“°°«à“ 2.0 (µ“√“ß∑’Ë 6)
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8. ¢’¥®”°—¥¢Õß°“√µ√«®æ∫ (Limit of Detection) ·≈–¢’¥®”°—¥¢Õß°“√À“‡™‘ßª√‘¡“≥ (Limit of Quantitation)

8.1 ‡¡◊ËÕ§”π«≥¢’¥®”°—¥¢Õß°“√µ√«®æ∫·≈–¢’¥®”°—¥¢Õß°“√À“‡™‘ßª√‘¡“≥¢Õß Norfloxacin §”π«≥‰¥â®“° slope

·≈– Y-intercept ¢Õß ¡°“√‡ âπµ√ß®“°º≈„π¢âÕ 3. · ¥ß√“¬≈–‡Õ’¬¥„πµ“√“ß∑’Ë 7

                    º≈°“√∑¥ Õ∫§«“¡‡ªìπ‡ âπµ√ß·≈–™à«ß°“√«‘‡§√“–Àå
°“√§”π«≥ LOD ·≈– LOQ

                                     (Linearity and Range)

Standard Curve Correlation Coefficient Slope Y-intercept

«—π∑’Ë 1 0.99999 24189.37 2019.77

«—π∑’Ë 2 0.99996 24277.27 -1127.52

«—π∑’Ë 3 0.99999 24179.05 228.29

§à“‡©≈’Ë¬ 0.99998 24215.23 373.51

SD 1578.66

µ“√“ß∑’Ë 7 °“√§”π«≥¢’¥®”°—¥¢Õß°“√µ√«®æ∫·≈–¢’¥®”°—¥¢Õß°“√À“‡™‘ßª√‘¡“≥¢Õß Norfloxacin

LOD = 3.3σ/ S

= 0.21 µg/mL

LOQ = 10σ/ S

= 0.65 µg/mL

σ = SD ¢Õß Y-intercept

S = §à“‡©≈’Ë¬¢Õß slope

‚¥¬§à“ LOD, LOQ ∑’Ë‰¥â®“°°“√§”π«≥¥â«¬«‘∏’¥—ß°≈à“«„™â‡ªìπ·π«∑“ß‡æ◊ËÕæ‘ Ÿ®πåÀ“§à“ LOD ·≈– LOQ ¢Õß

Norfloxacin µ“¡«‘∏’°“√¢âÕ 8.2

8.2 ®“°°“√∑¥ Õ∫©’¥ “√≈–≈“¬ Norfloxacin æ∫«à“ Limit of Detection (LOD) ¡’§à“‡∑à“°—∫ 0.06 ‰¡‚§√°√—¡

µàÕ¡‘≈≈‘≈‘µ√ (S/N = 3.36) ·≈– Limit of Quantitation (LOQ) ¡’§à“‡∑à“°—∫ 0.18 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ (RSD = 2.79%,

n = 6, S/N = 10.81)

                                                                                    Resolution

     ¿“«–¢Õß‡§√◊ËÕß UPLC Norfloxacin related compound E Norfloxacin related compound A V/S

V/S Norfloxacin (NLT 2.0) Norfloxacin related compound H (NLT 3.0)

Õÿ≥À¿Ÿ¡‘¢Õß§Õ≈—¡πå 29 2.37 4.27

(°C) 30 2.22 4.41

31 2.09 4.51

ª√‘¡“µ√¢Õß 1.0 2.63 4.38

 “√≈–≈“¬∑’Ë©’¥ 2.0 2.22 4.41

(‰¡‚§√≈‘µ√) 2.5 2.05 4.38

Õ—µ√“°“√‰À≈¢Õß 0.35 2.37 4.39

 “√≈–≈“¬µ—«æ“ 0.40 2.22 4.41

(¡‘≈≈‘≈‘µ√µàÕπ“∑’) 0.45 2.08 4.68

% TFA „π
0.09 2.08 4.43

 “√≈–≈“¬µ—«æ“
0.10 2.22 4.41

0.11 2.28 4.39

µ“√“ß∑’Ë 6 · ¥ßº≈¢Õß°“√‡ª≈’Ë¬π·ª≈ß ¿“«–¢Õß‡§√◊ËÕß UPLC
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9. °“√ª√–¬ÿ°µå„™â«‘∏’«‘‡§√“–Àå

®“°°“√∑¥ Õ∫À“ª√‘¡“≥ Norfloxacin „πµ—«Õ¬à“ßÕ◊Ëπ¢ÕßºŸâº≈‘µµà“ß∫√‘…—∑ ®”π«π 1 µ—«Õ¬à“ß æ∫«à“«‘∏’«‘‡§√“–Àå

¥â«¬ UPLC π’È “¡“√∂·¬°æ’§ Norfloxacin ÕÕ°®“°æ’§Õ◊ËπÊ‰¥âÕ¬à“ß ¡∫Ÿ√≥å Spectrum ¢Õßæ’§ Norfloxacin ¡’§«“¡

∫√‘ ÿ∑∏‘Ï (spectrally homogeneous) ¡’§à“ purity angle πâÕ¬°«à“ purity threshold

«‘®“√≥åº≈

ºŸâ«‘®—¬‰¥âπ”¢âÕ°”Àπ¥§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø (Suitability requirements) ¢Õß°“√«‘‡§√“–ÀåÀ—«¢âÕ

Organic impurities ·≈– Assay ¢Õß¡Õ‚π°√“ø Norfloxacin USP41 ¡“‡ªìπ·π«∑“ß°“√æ—≤π“«‘∏’«‘‡§√“–Àåª√‘¡“≥

Norfloxacin „π«—µ∂ÿ¥‘∫¥â«¬ UPLC ‚¥¬„™â‡§√◊ËÕßµ√«®«—¥™π‘¥ PDA ·≈–µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’∑’Ëæ—≤π“¢÷Èπµ“¡

ICH guideline ¢âÕ°”Àπ¥§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø¡’§«“¡ ”§—≠Õ¬à“ß¬‘Ëß‡π◊ËÕß®“°· ¥ß∂÷ß§«“¡®”‡æ“–

‡®“–®ß¢Õß«‘∏’ ºŸâ«‘®—¬‰¥â‡µ√’¬¡§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ ”À√—∫µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø

 ”À√—∫°“√«‘‡§√“–Àå¥â«¬ UPLC „Àâ¡’§«“¡‡¢â¡¢âπ‡∑à“°—∫∑’Ë√–∫ÿ„π¡Õ‚π°√“ø Norfloxacin USP41  “√≈–≈“¬ ”À√—∫

µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“øª√–°Õ∫¥â«¬  “√≈–≈“¬º ¡¢Õß “√¡“µ√∞“π Norfloxacin §«“¡

‡¢â¡¢âπ 100 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘µ√ ·≈– Related compounds 4 ™π‘¥ ‰¥â·°à Norfloxacin related compound A,

Norfloxacin related compound E, Norfloxacin related compound H ·≈–Norfloxacin related compound K §«“¡

‡¢â¡¢âπ¢Õß Related compounds ·µà≈–™π‘¥‡∑à“°—∫ 5 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√  “√≈–≈“¬ ”À√—∫µ√«® Õ∫§«“¡

‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø¡’§«“¡‡¢â¡¢âπ¢Õß Norfloxacin  Ÿß°«à“ Related compounds ª√–¡“≥ 10 ‡∑à“ ‚¥¬¡’

¢âÕ°”Àπ¥§◊Õ§à“ resolution √–À«à“ßæ’§ Norfloxacin °—∫ Norfloxacin related compound E ‰¡àπâÕ¬°«à“ 2.0 ·≈–

§à“ resolution √–À«à“ßæ’§ Norfloxacin related compound A °—∫ Norfloxacin related compound H ‰¡àπâÕ¬°«à“ 3.0

®“°°“√æ—≤π“«‘∏’«‘‡§√“–Àåæ∫«à“√–∫∫∑’Ëæ—≤π“¢÷Èπ‚¥¬„™â§Õ≈—¡πå UPLC ™π‘¥ C18 ·≈–§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå∑’Ë 30

Õß»“‡´≈‡´’¬  ¡’§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“øµ“¡¢âÕ°”Àπ¥ §◊Õæ’§ Norfloxacin ¡’§«“¡∫√‘ ÿ∑∏‘Ï (Spectrally

homogeneous)  “¡“√∂·¬°æ’§ Norfloxacin °—∫æ’§ Norfloxacin related compound E ‰¥âÕ¬à“ß ¡∫Ÿ√≥å ¡’§à“ resolution

¡“°°«à“ 2.0 ·≈–æ’§ Norfloxacin related compound A °—∫æ’§ Norfloxacin related compound H ¡’§à“ resolution

¡“°°«à“ 4.0 πÕ°®“°π’È related compounds ∑—Èß 4 ™π‘¥°Á¡’§«“¡∫√‘ ÿ∑∏‘Ï∑ÿ°æ’§‡™àπ°—π «‘∏’«‘‡§√“–Àåª√‘¡“≥ Norfloxacin

„π«—µ∂ÿ¥‘∫¥â«¬ UPLC π’È®÷ß “¡“√∂π”‰ªæ—≤π“«‘∏’«‘‡§√“–Àå Organic impurities „π«—µ∂ÿ¥‘∫ Norfloxacin µàÕ‰ª‰¥â

°“√∑¥ Õ∫§«“¡‡∑’Ë¬ß¢Õß√–∫∫ (System precision) ®“°°“√©’¥ “√≈–≈“¬¡“µ√∞“π Norfloxacin ®”π«π 3 µ—«Õ¬à“ß

·µà≈–µ—«Õ¬à“ß©’¥ È́” 6 §√—Èß æ∫«à“ %RSD ¢Õßæ◊Èπ∑’Ë„µâæ’§ Norfloxacin ∑—Èß 3 µ—«Õ¬à“ß‰¡à‡°‘π 0.73(2) · ¥ß∂÷ß§«“¡

‡∑’Ë¬ß¢Õß√–∫∫∑’Ë¥’ ·≈–¡’§à“ tailing factor ‰¡à‡°‘π 2.0 (2) º≈°“√»÷°…“ ¿“«–µà“ßÊ ∑’Ë∑”„Àâ‡°‘¥°“√ ≈“¬µ—« (forced

degradation studies) (6) æ∫«à“ “√ ≈“¬µ—«∑’Ë‡°‘¥¢÷Èπ®“° ¿“«–µà“ßÊ ‰¡à√∫°«πæ’§ Norfloxacin ·≈–‡¡◊ËÕ¥Ÿ§à“ peak

purity ¢Õß Norfloxacin ¡’§à“ purity angle πâÕ¬°«à“ purity threshold π—Ëπ§◊Õæ’§ Norfloxacin ∫√‘ ÿ∑∏‘Ï ‰¡à¡’°“√ªπ‡ªóôÕπ

¢Õß “√Õ◊Ëπ„πæ’§π’È ªí®®—¬À≈—°∑’Ë∑”„Àâ‡°‘¥°“√ ≈“¬µ—« Ÿß ÿ¥§◊Õ ¿“«–¿“¬„µâ· ß·¥¥‡ªìπ‡«≈“ 1 ·≈– 2 ™—Ë«‚¡ß ¡’°“√

 ≈“¬µ—«¢Õß Norfloxacin √âÕ¬≈– 25.1 ·≈–√âÕ¬≈– 100 µ“¡≈”¥—∫  ¿“«–‡ªìπ°√¥¿“¬„µâ§«“¡√âÕπæ∫°“√ ≈“¬µ—«

√âÕ¬≈– 12.6  ¿“«–ÕÕ° ‘́‡¥™—Ëπ¿“¬„µâ§«“¡√âÕπ ·≈– ¿“«–¥à“ß¿“¬„µâ§«“¡√âÕπ¡’°“√ ≈“¬µ—«√âÕ¬≈– 4.0 ·≈– 3.6 µ“¡

≈”¥—∫ Norfloxacin ¡’§«“¡∑πµàÕ ¿“«–¿“¬„µâ§«“¡√âÕπ (µâ¡ 100 ÌC, 6 ™—Ë«‚¡ß) ¡’°“√ ≈“¬µ—«πâÕ¬°«à“√âÕ¬≈– 1.0 ¢Õß

ª√‘¡“≥‡√‘Ë¡µâπ
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º≈∑¥ Õ∫§«“¡‡ªìπ‡ âπµ√ß„π™à«ß 5 ∂÷ß 25 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ‰¥â§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å ¡“°°«à“

0.99995 · ¥ß∂÷ß§«“¡‡ªìπ‡ âπµ√ß∑’Ë¥’¢Õß√–∫∫‚§√¡“‚∑°√“øïµ≈Õ¥™à«ß∑’Ë∑”°“√»÷°…“ °“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß‰¥â

§à“√âÕ¬≈–°“√§◊π°≈—∫∑’Ë 3 √–¥—∫§«“¡‡¢â¡¢âπ (low, medium, high) ‡∑à“°—∫ 100.05, 100.83 ·≈– 101.12 µ“¡≈”¥—∫

´÷ËßÕ¬Ÿà„π‡°≥±å∑’Ë¥’¬Õ¡√—∫‰¥â (‰¡à‡°‘π√âÕ¬≈– 98.0-102.0)(5) °“√∑¥ Õ∫§«“¡‡∑’Ë¬ß æ∫«à“¡’§«“¡‡∑’Ë¬ß¢Õß√–∫∫ (system

precision) ·≈–¡’§«“¡‡∑’Ë¬ß¢Õß«‘∏’ (method precision) ¡’°“√∑«π´È”‰¥â ‰¡à¡’§«“¡·µ°µà“ß¢Õß°“√∑¥ Õ∫®“°°“√«‘‡§√“–Àǻ È”

2 «—π ‚¥¬π—°«‘‡§√“–Àå 2 §π ¥â«¬‡§√◊ËÕß¡◊Õµà“ß™ÿ¥°—π

®“°º≈°“√∑¥ Õ∫§«“¡§ß ¿“æ¢Õß “√≈–≈“¬ Norfloxacin  “¡“√∂„™â‡ªìπ·π«∑“ß„π°“√°”Àπ¥√–¬–‡«≈“„π

°“√«‘‡§√“–Àåµ—«Õ¬à“ß  “√≈–≈“¬ Norfloxacin ¡’§«“¡§ß ¿“æ„π√–À«à“ß°“√∑¥ Õ∫π“π 24 ™—Ë«‚¡ß ‚¥¬¡’ª√‘¡“≥¡“°

°«à“√âÕ¬≈– 99.0 ‡¡◊ËÕ‡∑’¬∫°—∫ª√‘¡“≥∑’Ë®ÿ¥‡√‘Ë¡µâπ  ”À√—∫«‘∏’∑’Ëæ—≤π“¢÷Èππ’È„™â‡«≈“„π°“√«‘‡§√“–Àå 14 π“∑’µàÕ°“√©’¥ “√

·µà≈–§√—Èß ®÷ß‰¡à‡°‘¥ªí≠À“°“√ ≈“¬µ—«¢Õß¬“√–À«à“ß°“√«‘‡§√“–Àå °“√∑¥ Õ∫§«“¡∑π¢Õß«‘∏’«‘‡§√“–Àå (Robustness) ‚¥¬

°“√»÷°…“º≈°√–∑∫¢Õß°“√‡ª≈’Ë¬π·ª≈ß√ÿàπ°“√º≈‘µ§Õ≈—¡πå °“√‡ª≈’Ë¬π·ª≈ß ¿“«–¢Õß√–∫∫ UPLC ‰¥â·°à Õÿ≥À¿Ÿ¡‘

¢Õß§Õ≈—¡πå ª√‘¡“µ√°“√©’¥ Õ—µ√“°“√‰À≈¢Õß “√≈–≈“¬µ—«æ“ ·≈–√âÕ¬≈–¢Õß Trifluoroacetic acid „π “√≈–≈“¬

µ—«æ“ æ∫«à“¡’§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“øµ“¡¢âÕ°”Àπ¥¢Õß USP41 (2) ·≈–°“√µ√«® Õ∫§«“¡∫√‘ ÿ∑∏‘Ï

(peak purity testing) æ∫«à“æ’§ Norfloxacin ∫√‘ ÿ∑∏‘Ï (spectrally homogeneous) ‰¡à¡’ co-elute π—Ëπ§◊Õ‰¡à¡’°“√ªπ‡ªóôÕπ

¢Õß “√Õ◊Ëπ„πæ’§π’È °“√∑¥ Õ∫¢’¥®”°—¥¢Õß°“√µ√«®æ∫·≈–¢’¥®”°—¥¢Õß°“√À“‡™‘ßª√‘¡“≥¢Õß Norfloxacin ¡’§à“

‡∑à“°—∫ 0.06 ·≈– 0.18 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫

«‘∏’ UPLC ∑’Ëæ—≤π“¢÷Èππ’È‡ªìπ«‘∏’∑’Ëßà“¬ √«¥‡√Á« „™â‡«≈“«‘‡§√“–ÀåπâÕ¬  “¡“√∂≈¥ª√‘¡“≥°“√„™âµ—«∑”≈–≈“¬Õ‘π∑√’¬å

(organic solvent) °“√„™âß“π§Õ≈—¡πå∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬ ´÷Ëß‰¡à Ÿß‡°‘π‰ª®÷ß‡ªìπ°“√¬◊¥Õ“¬ÿ§Õ≈—¡πå

∫∑ √ÿª

«‘∏’«‘‡§√“–Àåª√‘¡“≥ Norfloxacin „π«—µ∂ÿ¥‘∫¥â«¬ UPLC ∑’Ëæ—≤π“¢÷Èππ’È¡’§«“¡‡À¡“– ¡¢Õß√–∫∫‚§√¡“‚∑°√“ø

µ“¡¢âÕ°”Àπ¥¢Õßµ”√“¬“¢Õß À√—∞Õ‡¡√‘°“©∫—∫æ‘¡æå§√—Èß∑’Ë 41 (USP41) ¡’§«“¡®”‡æ“–‡®“–®ß¢Õß«‘∏’ (selectivity/

specificity)  “¡“√∂·¬° Norfloxacin ÕÕ°®“° Related compounds 4 ™π‘¥‰¥â·°à Norfloxacin related compound A,

Norfloxacin related compound E, Norfloxacin related compound H, Norfloxacin related compound K ·≈– “√

 ≈“¬µ—«Õ◊ËπÊ Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ ¡’§«“¡·¡àπ (accuracy) §«“¡‡∑’Ë¬ß (precision) §«“¡‡ªìπ‡ âπµ√ß¢Õß™à«ß°“√«‘‡§√“–Àå

(linearity and range) √«¡∑—Èß§«“¡∑π (robustness) µ“¡À≈—°‡°≥±å°“√µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’«‘‡§√“–Àå¢Õß ICH

guideline «‘∏’¡’§«“¡∂Ÿ°µâÕßπà“‡™◊ËÕ∂◊Õ  –¥«° „™â‡«≈“«‘‡§√“–ÀåπâÕ¬  “¡“√∂≈¥ª√‘¡“≥°“√„™â “√‡§¡’ «‘∏’«‘‡§√“–Àåª√‘¡“≥

Norfloxacin „π«—µ∂ÿ¥‘∫¥â«¬ UPLC  “¡“√∂π”‰ª„™â‡ªìπ«‘∏’¡“µ√∞“π„πÀâÕßªØ‘∫—µ‘°“√

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫æ√–§ÿ≥ ¿≠.π‘¥“æ√√≥ ‡√◊Õßƒ∑∏‘ππ∑å ‡ªìπÕ¬à“ß Ÿß∑’Ë„Àâ§”·π–π”°“√∑”ß“π«‘®—¬ ·≈–‡ªìπ∑’Ëª√÷°…“¥â“π«‘™“°“√
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