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À≈—°°“√·≈–‡Àµÿº≈: Clozapine ‡ªìπ¬“√—°…“®‘µ‡¿∑°≈ÿà¡
atypical ´÷Ëßªí®®ÿ∫—ππ‘¬¡„™â„π§≈‘π‘°®‘µ‡«™∑—Ë«‚≈° ´÷Ëßªí®®ÿ∫—π
¬“∑’Ë¡’®”Àπà“¬„π∑âÕßµ≈“¥¡“®“°ºŸâº≈‘µÀ≈“¬∫√‘…—∑ ¥—ßπ—Èπ
‡æ◊ËÕª√–°—π∂÷ßª√– ‘∑∏‘º≈·≈–§«“¡ª≈Õ¥¿—¬¢Õß¬“ “¡—≠∑’Ë
®”Àπà“¬„πª√–‡∑»‰∑¬ ®÷ß¡’§«“¡®”‡ªìπ∑’Ë®–µâÕß»÷°…“
‡ª√’¬∫‡∑’¬∫™’« ¡¡Ÿ≈¢Õß¬“√–À«à“ßµ”√—∫∑¥ Õ∫·≈–µ”√—∫
Õâ“ßÕ‘ß
«—µ∂ÿª√– ß§å°“√«‘®—¬: ‡æ◊ËÕ»÷°…“«à“¬“‡µ√’¬¡ clozapine
2 µ”√—∫§◊Õ Clozapin® (∫√‘…—∑ø“√å¡“ —πµå·≈∫∫Õ√“µÕ√’ å®”°—¥
ª√–‡∑»‰∑¬) ·≈– Clozaril® (∫√‘…—∑‚π«“√åµ’   À√“™Õ“≥“®—°√)
¡’™’« ¡¡Ÿ≈°—πÀ√◊Õ‰¡à ‡¡◊ËÕ„ÀâºŸâªÉ«¬®‘µ‡¿∑√—∫ª√–∑“π„π¢π“¥
100 ¡° ∑ÿ° 12 ™¡. µ‘¥µàÕ°—π®π√–¥—∫¬“Õ¬Ÿà„π ¿“π–§ßµ—«
(steady state)
√Ÿª·∫∫°“√«‘®—¬: ‡ªìπ°“√»÷°…“·∫∫ ÿà¡‰¢«â ≈—∫ ¿“¬„µâ
 ¿“«–‰¡àµâÕßÕ¥Õ“À“√‚¥¬„Àâ¬“µ‘¥µàÕ°—πÀ≈“¬§√—Èß ´÷Ëß
‚§√ß°“√«‘®—¬π’È‰¥â√—∫°“√Õπÿ¡—µ‘®“°§≥–°√√¡°“√®√‘¬∏√√¡
°“√«‘®—¬„π¡ÿ…¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ·≈–§≥–°√√¡°“√
Õ“À“√·≈–¬“ °√–∑√«ß “∏“√≥ ÿ¢
ª√–™“°√∑’Ë»÷°…“: Õ“ “ ¡—§√™“¬‰∑¬∑’Ë‡ªìπºŸâªÉ«¬
‚√§®‘µ‡¿∑®”π«π 18 √“¬
«‘∏’°“√«‘®—¬: Õ“ “ ¡—§√∑ÿ°§π‰¥â√—∫¬“ Clozapin® À√◊Õ
Clozaril® „π¢π“¥ 100 ¡°. ∑ÿ° 12 ™¡. µ‘¥µàÕ°—π ‡ªìπ‡«≈“

Background: Clozapine is an atypical antipsychotic drug

that has been used world wide for the treatment of

schizophrenic patients. Several generic formulations of this

drug are now available.  In order to assure about the

efficacy and safety of the generic formulation, it is necessary

to compare the bioavailability between the generic and the

reference formulations after administration to the patients.

Purpose: To compare the bioavailabilty of two clozapine

formulations, Clozapin® (Pharmasant Laboratories Co.,

Ltd., Thailand) and Clozaril® (Novartis Pharmaceuticals,

UK) when administered to schizophrenic patients in the

dose of 100 mg every 12 hr until the drug reach steady

state.

Study design: Multiple dose steady state, randomized

crossover study under non-fasting condition. The study was

approved by the Ethics Review Board of the Khon Kaen

University and the Food and Drug Administration, Ministry

of Public Health.

Subject: 18 Male Thai schizophrenic patients

Methods: The subjects received 100 mg of either the

Clozapin® or Clozaril®  per oral bid for 7 days. At day 7 of

each study phase, the drug levels were reached the steady

state. Two hour after meal, the drug was administered and

blood samples were collected at 0, 0.5, 1, 1.5, 2, 2.5, 3, 4,
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«‘®‘µ√“ ∑—»π’¬°ÿ≈ ·≈–§≥– Wichittra Tassaneeyakul, et al.

π“π 7 «—π  ‡¡◊ËÕ√–¥—∫¬“‡¢â“ Ÿà¿“«– ∂“π–§ßµ—«·≈â« Õ“ “
 ¡—§√®–‰¥â√—∫¬“ clozapine 100 ¡°. À≈—ßÕ“À“√‡™â“ 2 ™¡.
‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥®“°À≈Õ¥‡≈◊Õ¥¥”∑’Ë·¢π∑’Ë‡«≈“ 0, 0.5, 1,
1.5, 2, 2.5, 3, 4, 6, 8, 10 ·≈– 12 ™¡. À≈—ß√—∫ª√–∑“π¬“
µ—«Õ¬à“ß‡≈◊Õ¥π”‰ª·¬°æ≈“ ¡à“·≈–‡°Á∫‰«â∑’Ë -80oC «‘‡§√“–Àå
√–¥—∫¬“ clozapine „πæ≈“ ¡à“‚¥¬«‘∏’ high performance
liquid chromatography ®“°π—Èπ§”π«≥§à“æ“√“¡‘‡µÕ√å∑“ß‡¿ —™-
®≈π»“ µ√å®“°√–¥—∫¬“„π‡≈◊Õ¥„π™à«ß‡«≈“µà“ßÊ ‚¥¬
æ“√“¡‘‡µÕ√å∑’Ë„™â‡æ◊ËÕµ—¥ ‘π§«“¡‡∑à“‡∑’¬¡°—π∑“ß™’« ¡¡Ÿ≈¢Õß
∑—Èß Õßµ”√—∫ ‰¥â·°à Õ—µ√“ à«π¢Õß§à“§«“¡‡¢â¡¢âπ¢Õß¬“ Ÿß ÿ¥
„πæ≈“ ¡à“ (C

max
) ·≈–æ◊Èπ∑’Ë„µâ‡ âπ°√“ø√–À«à“ß√–¥—∫¬“„π

æ≈“ ¡à“°—∫‡«≈“∑’Ë‡«≈“ 0 ∂÷ß 12 ™¡. (AUC
0-12

)
º≈°“√«‘®—¬: Õ“ “ ¡—§√∑ÿ°§π “¡“√∂∑πµàÕ¬“ clozapine ∑—Èß
2 µ”√—∫‰¥â¥’ ‚¥¬ª√“»®“°Õ“°“√‰¡àæ÷ßª√– ß§å√â“¬·√ß®“°
¬“µ≈Õ¥°“√∑¥≈Õß §à“ T

max
 terminal half-life ·≈– total plasma

clearance ¢Õß¬“∑’Ë‰¥â®“°°“√«‘®—¬§√—Èßπ’È¡’§à“„°≈â‡§’¬ß°—∫
√“¬ß“π°àÕπÀπâ“π’È æ“√“¡‘‡µÕ√å∑“ß‡¿ —™®≈π»“ µ√å∑—ÈßÀ¡¥
∑’Ë§”π«≥‰¥â®“°¬“∑—Èß 2 µ”√—∫¡’§à“„°≈â‡§’¬ß°—π ·≈–‰¡à
·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ́ ÷Ëß∫àß™’È§«“¡‡∑à“‡∑’¬¡°—π
∑“ß™’« ¡¡Ÿ≈¢Õß¬“‡µ√’¬¡∑—Èß 2 µ”√—∫∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ
90% ‚¥¬¡’§à“ —¥ à«π¢Õß LnC

max
 Õ¬Ÿà„πæ‘ —¬ 0.9453-1.1182

·≈–§à“ —¥ à«π¢Õß LnAUC
0-12

 Õ¬Ÿà„πæ‘ —¬ 0.9734-1.0889 ´÷Ëß
Õ¬Ÿà„π‡°≥±å¡“µ√∞“π∑’Ë∂◊Õ«à“¡’§«“¡‡∑à“‡∑’¬¡°—π∑“ß™’« ¡
¡Ÿ≈µ“¡∑’Ë ”π—°ß“π§≥–°√√¡°“√Õ“À“√·≈–¬“°”Àπ¥‰«â
(0.80-1.25)
 √ÿªº≈: º≈°“√«‘®—¬§√—Èßπ’È· ¥ß«à“ Clozapin® ́ ÷Ëß‡ªìπ¬“ “¡—≠
clozapine ‡¡◊ËÕ„Àâ‚¥¬«‘∏’√—∫ª√–∑“π·∫∫µàÕ‡π◊ËÕß„πºŸâªÉ«¬
®‘µ‡¿∑‰∑¬¡’™’« ¡¡Ÿ≈°—∫ Clozaril® ∑’Ë‡ªìπµ”√—∫Õâ“ßÕ‘ß

6, 8, 10 and 12 hr. Plasma was separated and stored at

-80oC until assay. The plasma concentration of clozapine

was determined by high performance liquid chromatography.

Pharmacokinetic parameters were calculated from the

plasma-concentration time profiles. The bioequivalence

between the two formulations was assessed from the peak

plasma concentrations (Cmax) and area under the

concentration-time curve (AUC0-12 ) ratios.

Results: All subjects well tolerated both clozapine

formulations. No serious adverse effects were reported.

The Tmax, terminal half-life and the total plasma

clearance of clozapine observed in the present study were

comparable to those observed in other previous reports.

All of the evaluated pharmacokinetic parameters between

the Test and Reference formulations were of comparable.

The 90% confident interval for the ratio of means for the

LnCmax (0.9453-1.1182) and LnAUC0-12 (0.9734-1.0889)

are within the guideline range of bioequivalence (0.80 to

1.25).

Conclusion: The result demonstrated that the Test

formulation, Clozapin® was bioequivalent to the Reference

formulation, Clozaril® when orally administered in multiple

ñdose to schizophrenic patients.
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∫∑π”

Clozapine ‡ªìπ¬“√—°…“‚√§®‘µ‡«™µâπ·∫∫„π°≈ÿà¡
atypical antipsychotics ´÷Ëß¡’‚§√ß √â“ß∑“ß‡§¡’·∫∫
dibenzodiazepine ¡’ª√– ‘∑∏‘º≈¥’ ”À√—∫√—°…“ºŸâªÉ«¬®‘µ‡¿∑
∫“ß√“¬ ‚¥¬‡©æ“–°≈ÿà¡ºŸâªÉ«¬∑’Ë‰¡àµÕ∫ πÕßµàÕ¬“√—°…“
®‘µ‡¿∑°≈ÿà¡‡°à“Ê ‡™àπ chlorpromazine À√◊Õ haloperidol1

πÕ°®“°π’È¬“ clozapine ¬—ß¡’¢âÕ¥’§◊Õ ∑”„Àâ‡°‘¥º≈¢â“ß‡§’¬ßµàÕ
√–∫∫ª√– “∑Õ◊Ëπ ‡™àπ Õ“°“√ extrapyramidal syndrome ·≈–
tardive dyskinesia πâÕ¬°«à“¬“°≈ÿà¡‡¥‘¡

Clozapine ÕÕ°ƒ∑∏‘Ï√—°…“ºà“π°≈‰°°“√¬—∫¬—Èßµ—«√—∫¢Õß
√–∫∫ª√– “∑ dopamine „π ¡Õß ‚¥¬¡’ƒ∑∏‘Ï®”‡æ“–‡®“–®ß
µàÕ√–∫∫ª√– “∑ limbic ·≈–¡’ —¥ à«π¢Õß°“√‡¢â“®—∫°—∫µ—«√—∫
serotonin (5-HT2A) µàÕ dopamine (D2)  Ÿß°«à“¬“√—°…“®‘µ
‡¿∑°≈ÿà¡‡¥‘¡2, 3  πÕ°®“°π’È¬—ß¡’§«“¡®”‡æ“–‡®“–®ß
(affinity)  ŸßµàÕµ—«√—∫ dopamine ™π‘¥ D1 ·≈– D4 ¡“°°«à“
¬“√—°…“®‘µ‡¿∑™π‘¥Õ◊Ëπ
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‡¡◊ËÕ„Àâ‚¥¬°“√√—∫ª√–∑“π clozapine ∂Ÿ°¥Ÿ¥´÷¡‰¥â¥’®“°
∑“ß‡¥‘πÕ“À“√ æ∫√–¥—∫¬“ Ÿß ÿ¥„π‡≈◊Õ¥∑’Ë ‡«≈“ 1.5-2 ™¡.
À≈—ß°“√√—∫ª√–∑“π Õ¬à“ß‰√°Áµ“¡º≈„π°“√ÕÕ°ƒ∑∏‘Ï¡—°æ∫
 Ÿß ÿ¥À≈—ß®“°‰¥â√—∫¬“‰ª·≈â«ª√–¡“≥  4 ™¡.4  ¬“ª√–¡“≥
95% “¡“√∂®—∫°—∫æ≈“ ¡“‚ª√µ’π‰¥â¥’ ¿“¬À≈—ß∂Ÿ°¥Ÿ¥´÷¡
®“°∑“ß‡¥‘πÕ“À“√¬“ª√–¡“≥ 50% ®–∂Ÿ°‡ª≈’Ë¬π√Ÿª°àÕπ
‡¢â“ Ÿà√–∫∫‰À≈‡«’¬π‡≈◊Õ¥∑—Ë«√à“ß°“¬ (pre-systemic metabolism)
‚¥¬‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß¬“∑’Ë ”§—≠§◊Õ cytochromes
P450 ‰¥â‡ªìπ‡¡‡∑∫Õ‰≈µå ”§—≠∑’Ë¢—∫ÕÕ°∑“ßªí  “«– ‰¥â·°à
clozapine N-oxide, N-desmethylclozapine ·≈– hydroxylated
derivatives ‚¥¬∑’Ë N-desmethylclozapine ¬—ß§ß¡’ƒ∑∏‘Ï∑“ß
‡¿ —™«‘∑¬“‡≈Á°πâÕ¬  à«π clozapine N-oxide ·≈– hydroxylated
derivatives ‰¡à¡’ƒ∑∏‘Ï∑“ß‡¿ —™«‘∑¬“4,5 ª√‘¡“≥¬“∑’Ë∂Ÿ°¢—∫ÕÕ°
∑“ßªí  “«–·≈–Õÿ®®“√–„π√Ÿª‡¥‘¡¡’‡æ’¬ß‡≈Á°πâÕ¬‡∑à“π—Èπ
§à“§√÷Ëß™’«‘µ¢Õß¬“π’È„π√à“ß°“¬¡’§à“π“πª√–¡“≥ 8-12 ™¡.

º≈»÷°…“‡¿ —™®≈π»“ µ√å¢Õß clozapine „πÕ“ “ ¡—§√
™“«‰∑¬∑’Ë¡’ ÿ¢¿“æ¥’  æ∫«à“À≈—ß®“°„Àâ¬“ clozapine „π¢π“¥
100 ¡°. §√—Èß‡¥’¬« §à“ C

max
 ¡’§à“ 315.75 + 81.98 π“‚π°√—¡/

¡≈. §à“ AUC
0-24

 ¡’§à“ 3,015.05 + 608.83 π“‚π°√—¡* ™¡./¡≈.
§à“ T

max
 ·≈– §à“ half-life ¡’§à“ 2.38 + 2.22 ·≈– 10.09 + 2.67

™¡., µ“¡≈”¥—∫6 ®“°√“¬ß“π°“√«‘®—¬‡¡◊ËÕ‡√Á«Ê π’È „πºŸâªÉ«¬
®‘µ‡¿∑™“¬‰∑¬∑’Ë„™â¬“ clozapine Õ¬à“ßµàÕ‡π◊ËÕß‚¥¬«‘∏’
√—∫ª√–∑“π„π¢π“¥ 100 ¡°. «—π≈– 2 §√—Èß ®π°√–∑—Ëß√–¥—∫
¬“∂÷ß ∂“π–§ßµ—« æ∫«à“‡«≈“∑’Ë√–¥—∫¬“ Ÿß ÿ¥„πæ≈“ ¡“
(T

max
) ¡’§à“ 1.97 + 0.58 ™¡. À≈—ß°“√√—∫ª√–∑“π ‚¥¬¡’

√–¥—∫¬“ Ÿß ÿ¥·≈–µË” ÿ¥„πæ≈“ ¡“‡∑à“°—∫ 551.26 + 240.16
π“‚π°√—¡/¡≈. ·≈–185.37 + 131.79 π“‚π°√—¡/¡≈. µ“¡≈”¥—∫
·≈–¡’§à“§√÷Ëß™’«‘µ„π√à“ß°“¬ ‡∑à“°—∫ 6.99 + 2.33 ™¡.7

‚¥¬ √ÿª clozapine ®—¥‡ªìπ¬“®”‡ªìπ∑“ß®‘µ‡«™´÷Ëß¡’
ª√– ‘∑∏‘º≈„π°“√√—°…“‚√§‰¥â¥’ ·≈–¡’¢âÕ∫àß„™â∑“ß°“√·æ∑¬å
∑’Ë™—¥‡®π ‡π◊ËÕß®“°¡’§ÿ≥ ¡∫—µ‘‡©æ“–µ—«¥—ß∑’Ë°≈à“«¡“·≈â« ·µà
ªí®®ÿ∫—π„πª√–‡∑»‰∑¬ clozapine „π√Ÿª·∫∫¬“‡µ√’¬¡∑’Ë‡ªìπ
‡¿ —™¿—≥±åπ”‡¢â“®“°µà“ßª√–‡∑»¡’√“§“§àÕπ¢â“ß·æß ∑”„Àâ
‡ªìπ¿“√–¥â“π§à“„™â®à“¬·°à∑ÿ°ΩÉ“¬∑’Ë‡°’Ë¬«¢âÕß ‡π◊ËÕß®“° ‘∑∏‘∫—µ√
∑’Ë„Àâ°“√§ÿâ¡§√Õß¬“µâπ·∫∫‰¥âÀ¡¥Õ“¬ÿ≈ß ¥—ßπ—Èπ°“√º≈‘µ¬“
clozapine „π√Ÿª·∫∫¬“ “¡—≠ (generic drug) ®÷ß™à«¬‡æ‘Ë¡
∑“ß‡≈◊Õ°„Àâ·°àºŸâªÉ«¬·≈–·æ∑¬å∑’ËµâÕß°“√„™â¬“π’È‡æ√“–¬“„π
√Ÿª·∫∫¬“ “¡—≠¡—°¡’√“§“¬àÕ¡‡¬“«å°«à“ Õ¬à“ß‰√°Áµ“¡‡æ◊ËÕ
‡ªìπÀ≈—°ª√–°—π¥â“π§ÿ≥¿“æ¢Õß¬“„Àâ·æ∑¬åºŸâ —Ëß„™â¬“·≈–
ºŸâªÉ«¬«à“¬“ clozapine ™π‘¥∑’Ë‡ªìπ¬“„À¡à·∫∫¬“ “¡—≠¡’
ª√– ‘∑∏‘¿“æ„π°“√√—°…“‚√§∑’Ë¥’‡∑à“‡∑’¬¡°—∫¬“µâπ·∫∫ ®÷ß
®”‡ªìπµâÕß¡’°“√»÷°…“‡ª√’¬∫‡∑’¬∫™’« ¡¡Ÿ≈√–À«à“ß¬“
clozapine ∑’Ëº≈‘µ®“°∫√‘…—∑¬“µâπ·∫∫°—∫µ”√—∫„À¡à∑’Ëº≈‘µ¢÷Èπ

¥—ßπ—Èπ„π°“√«‘®—¬§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“‡ª√’¬∫‡∑’¬∫
™’« ¡¡Ÿ≈¢Õß¬“ clozapine ∑’Ëº≈‘µ¢÷Èπ‚¥¬∫√‘…—∑¬“µà“ßª√–‡∑»
(µ”√—∫Õâ“ßÕ‘ß) °—∫µ”√—∫∑¥ Õ∫´÷Ëß‡ªìπ¬“ “¡—≠∑’Ëº≈‘µ‚¥¬
∫√‘…—∑ø“√å¡“ —πµå·≈∫∫Õ√“µÕ√’ å®”°—¥ ª√–‡∑»‰∑¬

«‘∏’°“√«‘®—¬

Õ“ “ ¡—§√
Õ“ “ ¡—§√∑’Ë‡¢â“√à«¡°“√«‘®—¬§√—Èßπ’È ª√–°Õ∫¥â«¬ºŸâªÉ«¬∑’Ë

‰¥â√—∫°“√«‘π‘®©—¬®“°®‘µ·æ∑¬å«à“ªÉ«¬‡ªìπ‚√§®‘µ‡¿∑‡¢â“√—∫°“√
√—°…“∑’Ë‚√ßæ¬“∫“≈®‘µ‡«™¢Õπ·°àπ√“™π§√‘π∑√å Õ”‡¿Õ‡¡◊Õß
®—ßÀ«—¥¢Õπ·°àπ ºŸâªÉ«¬∑ÿ°§π®–µâÕß‡¢â“√à«¡°“√«‘®—¬¥â«¬§«“¡
 ¡—§√„® ‚¥¬Õ“ “ ¡—§√À√◊ÕºŸâ¥Ÿ·≈∑’Ë‡°’Ë¬«¢âÕß®–‰¥â√—∫°“√
Õ∏‘∫“¬ ™’È·®ßÀ≈—°°“√·≈–¢—ÈπµÕπ°“√«‘®—¬∑’Ë®”‡ªìπ æ√âÕ¡≈ß
≈“¬¡◊Õ™◊ËÕ‡ªìπÀ≈—°∞“π (informed consent) Õ“ “ ¡—§√∑ÿ°√“¬
®–‰¥â√—∫°“√¥Ÿ·≈Õ¬à“ß„°≈â™‘¥®“°·æ∑¬å·≈–æ¬“∫“≈µ≈Õ¥™à«ß
°“√∑¥≈Õß

‚§√ß°“√«‘®—¬π’È‰¥â√—∫°“√‡ÀÁπ™Õ∫·≈–Õπÿ¡—µ‘‚¥¬§≥–
°√√¡°“√®√‘¬∏√√¡°“√∑¥≈Õß„π¡πÿ…¬å¢Õß¡À“«‘∑¬“≈—¬
¢Õπ·°àπ (HE460925) ‚¥¬¡’‡°≥±å„π°“√√—∫‡¢â“ (inclusion) ¥—ßπ’È
‡æ»™“¬  —≠™“µ‘‰∑¬ Õ“¬ÿ√–À«à“ß 18-45 ªï ¡’§à“ body mass
index Õ¬Ÿà„π™à«ß 18-24 À√◊Õ‰¡à‡°‘π +10% ¢Õß ideal body weight
·≈–‰¥â√—∫°“√«‘π‘®©—¬®“°·æ∑¬å«à“‡ªìπºŸâªÉ«¬®‘µ‡¿∑∑’Ë®”‡ªìπ
µâÕß‰¥â√—∫°“√√—°…“¥â«¬¬“ clozapine √«¡∑—Èß‡§¬‰¥â√—∫¬“
clozapine ¡“°àÕπ‡¢â“√à«¡°“√«‘®—¬ ‰¡à¡’ª√–«—µ‘·æâ¬“ clozapine
À√◊Õ ·æâ¬“™π‘¥Õ◊Ëπ„π°≈ÿà¡‡¥’¬«°—πÀ√◊Õ°≈ÿà¡„°≈â‡§’¬ß (benzo-
diazepines À√◊Õ atypical antipsychotics) ‚¥¬°“√´—°ª√–«—µ‘
°“√„™â¬“·≈–ª√–«—µ‘°“√‡®Á∫ªÉ«¬„πÕ¥’µÕ¬à“ß≈–‡Õ’¬¥ ‰¡à¡’
ª√–«—µ‘ À√◊Õ‡ªìπ‚√§‡°’Ë¬«¢âÕß°—∫ ‚√§µ—∫ ‚√§‰µ ‚√§√–∫∫
∑“ß‡¥‘πÕ“À“√ ‚√§√–∫∫À“¬„® √–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥
À√◊Õ√–∫∫‡≈◊Õ¥ µâÕß¡’º≈°“√µ√«®‡≈◊Õ¥ ·≈–§à“∑“ß‡§¡’§≈‘π‘°
Õ¬Ÿà„π‡°≥∑åª°µ‘ √«¡∑—Èß‰¡à¡’°“√µ‘¥‡™◊ÈÕ‰«√— µ—∫Õ—°‡ ∫∫’
πÕ°®“°π’È·≈â«Õ“ “ ¡—§√µâÕß‰¡à‡ªìπ‚√§æ‘… ÿ√“‡√◊ÈÕ√—ß À√◊Õ
µ‘¥ “√‡ æµ‘¥ ·≈–§«√ß¥°“√¥◊Ë¡‡§√◊ËÕß¥◊Ë¡∑’Ë¡’·Õ≈°ÕŒÕ≈å
Õ¬à“ßπâÕ¬ 2  —ª¥“Àå°àÕπ √–À«à“ß·≈–À≈—ß°“√∑¥≈Õß „π°√≥’
∑’ËÕ“ “ ¡—§√ Ÿ∫∫ÿÀ√’Ë§«√ß¥∫ÿÀ√’ËÕ¬à“ßπâÕ¬ 1 ‡¥◊Õπ°àÕπ
√–À«à“ß·≈–À≈—ß°“√∑¥≈Õß √«¡∑—Èß‰¡à‰¥â√—∫À√◊Õ„™â¬“™π‘¥„¥Ê
‚¥¬‡©æ“–¬“´÷Ëß¡’ƒ∑∏‘Ï°√–µÿâπ À√◊Õ¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å
cytochromes P450 À√◊Õ¬“°≈ÿà¡ benzodiazepines °àÕπ‡¢â“√à«¡
°“√∑¥≈Õß‰¡àπâÕ¬°«à“ 14 «—π „π√–À«à“ß°“√∑¥≈Õß ‡«âπ·µà
¬“∑’Ë§≥–·æ∑¬åºŸâ√—°…“·≈–ºŸâ«‘®—¬‡ÀÁπ«à“‰¡à¡’º≈µàÕ‡¿ —™-
®≈π»“ µ√å¢Õß clozapine

Õ“ “ ¡—§√®–∂Ÿ°§—¥ÕÕ°®“°°“√‡¢â“√à«¡°“√«‘®—¬„π°√≥’
∑’Ë‰¡à “¡“√∂ªØ‘∫—µ‘µ—«§√∫µ“¡‡ß◊ËÕπ‰¢¢Õß°“√∑¥≈Õß À√◊Õ
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«‘®‘µ√“ ∑—»π’¬°ÿ≈ ·≈–§≥– Wichittra Tassaneeyakul, et al.

¢Õ‡≈‘°°≈“ß§—π‰¡à«à“®–¥â«¬‡Àµÿº≈„¥Ê À√◊Õ‡°‘¥Õ“°“√‰¡àæ÷ß
ª√– ß§å®“°¬“√–À«à“ß°“√∑¥≈Õß·≈–/À√◊Õ·æ∑¬åºŸâ√—°…“
‡ÀÁπ ¡§«√„Àâ∂Õπµ—«

„π°“√»÷°…“§√—Èßπ’È¡’®”π«πÕ“ “ ¡—§√∑’Ë‡¢â“√à«¡°“√
«‘®—¬·≈–‰¥â¢âÕ¡Ÿ≈§√∫∂â«π 18 §π

º≈‘µ¿—≥±å∑’Ë∑”°“√∑¥ Õ∫
µ”√—∫Õâ“ßÕ‘ß (Reference Formulation): Clozaril®®®®®

(∫√‘…—∑‚π«“√åµ’   À√“™Õ“≥“®—°√) ¢π“¥ 100 ¡°. (√ÿàπ∑’Ëº≈‘µ
U0431, «—π∑’Ëº≈‘µ 06/03, «—πÀ¡¥Õ“¬ÿ 05/06)

µ”√—∫∑¥ Õ∫ (Test Formulation): Clozapin®®®®®

(∫√‘…—∑ø“√å¡“ —πµå·≈∫∫Õ√“µÕ√’ å®”°—¥ ª√–‡∑»‰∑¬) ¢π“¥
100 ¡°.  (√ÿàπ∑’Ëº≈‘µ 5/47, «—π∑’Ëº≈‘µ 14/7/04, «—πÀ¡¥Õ“¬ÿ
14/7/06)

‚¥¬µ”√—∫∑¥ Õ∫∑’Ë„™â„π°“√«‘®—¬§√—Èßπ’È∫√‘…—∑ºŸâº≈‘µ‰¥â ÿà¡
¡“®“°√ÿàπ∑’Ëº≈‘µ‰¡àµË”°«à“ 10% ¢Õßª√‘¡“≥„π√ÿàπ∑’Ë§“¥«à“
®–º≈‘µ®√‘ß ·≈–¡’ª√‘¡“≥µ—«¬“ ”§—≠¢Õßµ”√—∫∑¥ Õ∫·≈–
µ”√—∫Õâ“ßÕ‘ß·µ°µà“ß°—π‰¡à‡°‘π 5% √«¡∑—Èßºà“π°“√∑¥ Õ∫
§«“¡‡∑à“‡∑’¬¡∑“ß‡¿ —™°√√¡·≈â«

™π‘¥·≈–·∫∫·ºπ°“√∑¥≈Õß
°“√∑¥≈Õß§√—Èßπ’È‡ªìπ·∫∫ ÿà¡‰¢«â ≈—∫¿“¬„µâ ¿“«–∑’Ë

‰¡àµâÕßÕ¥Õ“À“√‚¥¬„Àâ¬“À≈“¬µ‘¥µàÕ°—πÀ≈“¬§√—Èß (multiple
dose steady state, two-way crossover bioequivalence study
under non-fasting condition) ‚¥¬·æ∑¬å®–π—¥À¡“¬ºŸâªÉ«¬∑’Ë
‰¥â√—∫°“√§—¥‡≈◊Õ°„Àâ‡¢â“√à«¡°“√«‘®—¬„Àâ‡¢â“√—∫°“√√—°…“∑’Ë
‚√ßæ¬“∫“≈µ≈Õ¥™à«ß¢Õß°“√∑¥≈Õß Õ“ “ ¡—§√·µà≈–§π
®–‰¥â√—∫¬“ clozapine ∑—Èß Õßµ”√—∫„π¢π“¥ 100 ¡°. ‚¥¬
√—∫ª√–∑“πÀ≈—ßÕ“À“√‡™â“ (08.00 π.) 1 ‡¡Á¥ ·≈–‡¬Áπ
(20.00 π.) 1 ‡¡Á¥ µ‘¥µàÕ°—π‡ªìπ‡«≈“π“π 7 «—π ‚¥¬«‘∏’ ÿà¡‡≈◊Õ°
≈”¥—∫°“√‰¥â√—∫¬“·µà≈–™π‘¥ ·≈â« ≈—∫„™â¬“Õ’°™π‘¥Àπ÷Ëß
À≈—ß®“°‰¥â√—∫¬“™π‘¥·√° ‚¥¬æ¬“∫“≈«‘™“™’æ®–‡ªìπºŸâ¥Ÿ·≈
°“√„Àâ¬“√«¡∑—Èß∫—π∑÷°¢âÕ¡Ÿ≈¢Õß°“√„Àâ¬“„π·µà≈–«—π
√«¡∑—Èßµ√«®«—¥ —≠≠“≥™’æ ∑ÿ° 12 ™¡. ‚¥¬®–¡’°“√®—¥‡µ√’¬¡
¬“ ·≈–Õÿª°√≥åµà“ßÊ ∑’Ë®”‡ªìπµâÕß„™â„π°√≥’©ÿ°‡©‘π ∂â“À“°
ºŸâªÉ«¬‡°‘¥Õ“°“√º‘¥ª°µ‘„¥Ê √–À«à“ß°“√∑¥≈Õß „π«—π∑’Ë 4,
5, 6 ·≈–«—π∑’Ë 11, 12, 13 ¢Õß°“√∑¥≈Õß ®–‡°Á∫‡≈◊Õ¥¢Õß
Õ“ “ ¡—§√§√—Èß≈–ª√–¡“≥ 5 ¡≈. °àÕπ√—∫ª√–∑“π¬“„π™à«ß
‡™â“‡æ◊ËÕµ√«®‡™Á§√–¥—∫¬“«à“Õ¬Ÿà„π™à«ß ∂“π–§ßµ—« À√◊Õ‰¡à

„π‡™â“«—π∑’Ë 7 ¢Õß°“√∑¥≈Õß Õ“ “ ¡—§√‰¥â√—∫Õ“À“√‡™â“
‡«≈“ª√–¡“≥ 06.00 π. À≈—ß®“°π—Èπ 2 ™¡. (ª√–¡“≥ 08.00 π.)
Õ“ “ ¡—§√®–∂Ÿ°‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥®“°À≈Õ¥‡≈◊Õ¥¥”∑’Ë·¢π
ºà“π IV catheter °àÕπ‰¥â√—∫¬“ (T = 0, À√◊Õ predose concen-

tration) ·≈–®“°π—Èπ∑ÿ°§π®–‰¥â√—∫ clozapine „π¢π“¥ 100 ¡°.
®”π«π 1 ‡¡Á¥ æ√âÕ¡πÈ”¥◊Ë¡ 200 ¡≈. √«¡∑—Èß‡°Á∫‡≈◊Õ¥ (ºà“π IV
catheter) ∑’Ë‡«≈“ 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, ·≈– 12 ™¡.
¿“¬À≈—ß√—∫ª√–∑“π¬“µ“¡≈”¥—∫ „π«—π∑’Ë 8-14 ¢Õß°“√∑¥≈Õß
Õ“ “ ¡—§√®–‰¥â√—∫°“√√—°…“‡À¡◊Õπ°—∫„π™à«ß 7 «—π·√°
µà“ß°—π‡æ’¬ß·§à™π‘¥¢Õß¬“ clozapine ∑’Ë®–¡’°“√‡ª≈’Ë¬π‡ªìπ
™π‘¥∑’Ëº≈‘µ®“°Õ’°∫√‘…—∑Àπ÷Ëß·∑π µ—«Õ¬à“ß‡≈◊Õ¥®–∂Ÿ°π”‰ª
ªíòπ·¬°‡°Á∫æ≈“ ¡à“ ·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ -80oC ‡æ◊ËÕ√Õ
°“√«‘‡§√“–Àå√–¥—∫¬“µàÕ‰ª

Õ“ “ ¡—§√∑ÿ°§π®–‰¥â√—∫Õ“À“√∑ÿ°¡◊ÈÕ´÷Ëß∑“ß‚√ßæ¬“∫“≈
À√◊Õ§≥–ºŸâ«‘®—¬®—¥‡µ√’¬¡„Àâ ‚¥¬Õ“À“√µ≈Õ¥™à«ß°“√∑¥≈Õß
‡¡◊ËÕ‰¥â√—∫¬“∑—Èß 2 ™π‘¥®–¡’§ÿ≥≈—°…≥–∑“ß‚¿™π“°“√„°≈â
‡§’¬ß°—π ‚¥¬‡©æ“–„π«—π∑’Ë¡’°“√‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥√–À«à“ß¡◊ÈÕ
Õ“À“√ Õ“ “ ¡—§√ “¡“√∂¥◊Ë¡πÈ”À√◊Õ¡’°‘®°√√¡‰¥âµ“¡ª°µ‘

°“√«‘‡§√“–Àåª√‘¡“≥¬“ clozapine „πæ≈“ ¡“
°“√«‘‡§√“–Àåª√‘¡“≥¬“ clozapine „πæ≈“ ¡“„™â‡∑§π‘§

high-performance liquid chromatography (HPLC) µ“¡«‘∏’
«‘‡§√“–Àå¢Õß Tassaneeyakul ·≈–§≥–7

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
¢âÕ¡Ÿ≈√–¥—∫¬“ clozapine „πæ≈“ ¡à“∑’Ë‡«≈“µà“ßÊ ®–∂Ÿ°

π”¡“§”π«≥‚¥¬ Pharmacokinetic software (Kinetica®) ‡æ◊ËÕ
ª√–¡“≥§à“æ“√“¡‘‡µÕ√å∑“ß‡¿ —™®≈π»“ µ√å∑’Ë ”§—≠µà“ßÊ
¥—ßµàÕ‰ªπ’È§◊Õ

C
min

= √–¥—∫¬“µË” ÿ¥„πæ≈“ ¡“
C

max
= √–¥—∫¬“ Ÿß ÿ¥„πæ≈“ ¡“

C
av

= √–¥—∫¬“‡©≈’Ë¬„πæ≈“ ¡“ ‚¥¬§”π«π®“°
AUC

0-12
/12 ™¡

T
max

= ‡«≈“∑’Ëæ∫√–¥—∫¬“ Ÿß ÿ¥„πæ≈“ ¡“
AUC

0-12
= æ◊Èπ∑’Ë„µâ‡ âπ°√“ø√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß¬“

„πæ≈“ ¡“°—∫‡«≈“ µ—Èß·µà‡√‘Ë¡‰¥â√—∫¬“ (0 ™¡.) ∂÷ß 12 ™¡.
% Fluctuation = 100 x [(C

max
-C

min
)/C

av
]

°“√‡ª√’¬∫‡∑’¬∫™’« ¡¡Ÿ≈¢Õß clozapine ∑—Èß Õßµ”√—∫
®–∑”‚¥¬

ë ∑¥ Õ∫À“§«“¡·µ°µà“ß¢Õß AUC
0-12

, C
max

, T
max

 ·≈–
% Fluctuation ∑’Ë‰¥â®“°µ”√—∫∑¥ Õ∫·≈–µ”√—∫µâπ·∫∫ ‚¥¬
„™â ∂‘µ‘«‘‡§√“–Àå ANOVA ·∫∫ two-way cross-over design ∑’Ë
√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95%

ë  √â“ß 90% confidence interval (Two one-sided test)
¢Õß —¥ à«πæ“√“¡‘‡µÕ√å¢Õß§à“ AUC

0-12
 ·≈– C

max
 √–À«à“ß

µ”√—∫∑¥ Õ∫·≈–µ”√—∫Õâ“ßÕ‘ß
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Bioequivalence of Clozapine Tablet in Thai Schizophrenic Patients
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•°“√»÷°…“™’« ¡¡Ÿ≈¢Õß¬“§≈Õ´“ªïπ™π‘¥‡¡Á¥„πºŸâªÉ«¬®‘µ‡¿∑‰∑¬

º≈°“√«‘®—¬

Õ“ “ ¡—§√∑’Ë‰¥â√—∫°“√§—¥‡≈◊Õ°‡¢â“√à«¡°“√«‘®—¬∑ÿ°§π
‰¥â√—∫°“√µ√«®√à“ß°“¬®“°·æ∑¬å √«¡∑—Èß¡’º≈µ√«®∑“ßÀâÕß
ªØ‘∫—µ‘°“√µà“ßÊ ∑’Ë∫àß™’È«à“¡’ ÿ¢¿“æ∑“ß°“¬·¢Áß·√ß Õ“ “ ¡—§√
∑’Ë¡’§ÿ≥ ¡∫—µ‘§√∫µ“¡‡°≥±å°“√√—∫‡¢â“®–∂Ÿ°√—∫‡¢â“√à«¡°“√
«‘®—¬·≈– ÿà¡„Àâ√—∫¬“∑—Èß Õßµ”√—∫µ“¡«‘∏’ randomized cross-over
„π°“√«‘®—¬§√—Èßπ’È‰¡àæ∫«à“¡’Õ“ “ ¡—§√√“¬„¥‡°‘¥Õ“°“√‰¡àæ÷ß
ª√– ß§å√ÿπ·√ß∑’Ë‡ªìπº≈®“°¬“ clozapine ∑—Èß Õßµ”√—∫
Õ“ “ ¡—§√∑ÿ°§π “¡“√∂∑πµàÕƒ∑∏‘Ï¢Õßµ”√—∫¬“ clozapine
∑—Èß 2 ™π‘¥‰¥â¥’µ≈Õ¥™à«ß‡«≈“¢Õß°“√«‘®—¬ Õ¬à“ß‰√°Áµ“¡
æ∫«à“À≈—ß®“°√—∫ª√–∑“π¬“∑—Èß Õßµ”√—∫Õ“ “ ¡—§√‡°◊Õ∫
∑ÿ°√“¬®–¡’Õ“°“√ßà«ßπÕπ·≈–¡’πÈ”≈“¬¡“°

°“√µ√«® Õ∫ ∂“π–§ßµ—«
‡π◊ËÕß®“°·∫∫°“√«‘®—¬§√—Èßπ’È ‡ªìπ°“√»÷°…“‡¿ —™®≈π»“ µ√å

¿“¬À≈—ß°“√„™â¬“·∫∫µàÕ‡π◊ËÕß (multiple dosing) ·≈–‡æ◊ËÕ„Àâ
¡—Ëπ„®«à“„π«—π∑’Ë∑”°“√»÷°…“‡¿ —™®≈π»“ µ√å¢Õß¬“ ÷́Ëß‰¥â·°à
«—π∑’Ë 7 À≈—ß®“°°“√„™â¬“Õ¬à“ßµàÕ‡π◊ËÕß (100 ¡°. «—π≈– 2 §√—Èß
µ‘¥µàÕ°—π‡ªìπ‡«≈“ 6 «—π) √–¥—∫¬“„π‡≈◊Õ¥¢ÕßºŸâªÉ«¬‰¥â‡¢â“ Ÿà

 ∂“π–§ßµ—«·≈â« ºŸâ«‘®—¬®÷ß∑”°“√µ√«® Õ∫‚¥¬∑”°“√‡°Á∫
µ—«Õ¬à“ß‡≈◊Õ¥¢ÕßÕ“ “ ¡—§√∑ÿ°§π°àÕπ∑’Ë®–‰¥â√—∫¬“„π
µÕπ‡™â“¢Õß«—π∑’Ë 4, 5 ·≈– 6 ¢Õß·µà≈–™à«ß (period) °“√∑¥≈Õß
®“°°“√«‘‡§√“–Àå√–¥—∫¬“„πæ≈“ ¡“æ∫«à“§à“‡©≈’Ë¬¢Õß√–¥—∫
¬“¢Õß∑—Èß 3 «—π À≈—ß°“√„™â¬“ Clozapin® ‡∑à“°—∫ 250.59 +
116.98, 263.89 + 120.95 ·≈– 249.16 + 123.66 π“‚π°√—¡/
¡≈.  ¢≥–∑’Ë§à“‡©≈’Ë¬¢Õß√–¥—∫¬“¢Õß∑—Èß 3 «—π À≈—ß°“√„™â¬“
Clozaril® §◊Õ 246.38 + 133.94, 255.11 + 138.34 ·≈– 248.98
+ 145.09 π“‚π°√—¡/ ¡≈. ®–‡ÀÁπ«à“§à“∑’Ë‰¥â∑—Èß 3 «—π¢Õß¬“
∑—Èß Õßµ”√—∫¡’§à“„°≈â‡§’¬ß°—π´÷Ëß∫àß™’È«à“√–¥—∫¬“¢ÕßÕ“ “ ¡—§√
∑ÿ°√“¬‰¥â‡¢â“ Ÿà¿“«– ¡¥ÿ≈§ß∑’Ë·≈â«

°“√ª√–‡¡‘π™’« ¡¡Ÿ≈·≈–‡¿ —™®≈π»“ µ√å‡ª√’¬∫‡∑’¬∫
°√“ø· ¥ß§à“‡©≈’Ë¬¢Õß√–¥—∫¬“„π‡≈◊Õ¥∑’Ë™à«ß‡«≈“µà“ßÊ

¢ÕßÕ“ “ ¡—§√¿“¬À≈—ß°“√‰¥â√—∫¬“ Clozaril® ·≈– Clozapin®

‰¥â· ¥ß‰«â„π√Ÿª∑’Ë 1 ·≈– ‡¡◊ËÕπ”¢âÕ¡Ÿ≈√–¥—∫¬“„π‡≈◊Õ¥¢Õß
Õ“ “ ¡—§√∑—ÈßÀ¡¥ ¡“§”π«≥À“§à“æ“√“¡‘‡µÕ√å∑“ß‡¿ —™-
®≈π»“ µ√å (µ“√“ß∑’Ë 1) æ∫«à“§à“æ“√“¡‘‡µÕ√å∑ÿ°µ—«‰¡à
·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

√Ÿª∑’Ë 1 §à“‡©≈’Ë¬√–¥—∫¬“ clozapine „πæ≈“ ¡“‡ª√’¬∫‡∑’¬∫ ≥ ‡«≈“µà“ßÊ ¿“¬À≈—ß°“√‰¥â√—∫¬“ Clozapin® ·≈–  Clozaril®

100 mg „πÕ“ “ ¡—§√®”π«π 18 §π (y-error bar ‡ªìπ§à“ SE)
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µ“√“ß∑’Ë 1 ‡ª√’¬∫‡∑’¬∫§à“æ“√“¡‘‡µÕ√å∑“ß‡¿ —™®≈π»“ µ√å√–À«à“ß¬“ clozapine ∑’Ë‡ªìπ¬“ “¡—≠ (Clozapin®, T) ·≈–¬“µâπ·∫∫
(Clozaril®, R)

µ“√“ß∑’Ë 2 ‡ª√’¬∫‡∑’¬∫Õ—µ√“ à«π  Ln transformed ¢Õß C
max

 ·≈– AUC ∑’Ë‰¥â®“°Õ“ “ ¡—§√·µà≈–§π ‡¡◊ËÕ‰¥â√—∫¬“ clozapine ∑’Ë
‡ªìπ¬“ “¡—≠ (Clozapin®, T) ·≈–¬“µâπ·∫∫ (Clozaril®, R)

P-01 6.6830 6.7240 0.9939 8.8264 8.8684 0.9953
P-02 6.4056 6.0960 1.0508 8.2178 8.1143 1.0128
P-03 5.9660 6.2411 0.9559 8.1365 8.2619 0.9848
P-04 6.6236 6.9176 0.9575 8.5526 8.6904 0.9841
P-05 6.7481 6.8356 0.9872 8.7035 8.5647 1.0162
P-06 6.1157 5.9248 1.0322 8.2048 8.1177 1.0107
P-07 6.7250 6.6708 1.0081 8.5289 8.4131 1.0138
P-08 5.9598 5.5189 1.0799 7.6375 7.4209 1.0292
P-09 6.7043 6.5905 1.0173 8.6024 8.7031 0.9884
P-10 5.8834 5.8221 1.0105 7.8810 7.7645 1.0150
P-11 5.9892 5.8642 1.0213 7.6584 7.6290 1.0038
P-12 5.5963 5.7604 0.9715 7.8190 7.8724 0.9932
P-13 6.1838 6.0236 1.0266 7.8580 7.9631 0.9868
P-14 6.5546 6.5277 1.0041 8.7065 8.4786 1.0269
P-15 6.1536 6.2197 0.9894 8.2456 8.2539 0.9990
P-16 6.0871 6.0655 1.0036 8.2312 8.0143 1.0271
P-17 5.9818 5.7864 1.0338 7.6802 7.6700 1.0013
P-18 5.7706 6.1494 0.9384 7.9364 8.1849 0.9696

Mean 6.2295 6.2077 1.0046 8.1904 8.1659 1.0032
SD 0.3655 0.4129 0.0352 0.3923 0.4057 0.0169

Subject
No.

LnC
max

LnAUC
0-12

T R T/R T R T/R

Parameter Test formulation (T) Reference formulation (R)

Ke (hr-1) 0.08 + 0.04 0.09 + 0.03
Half-life  (hr) 10.38 + 4.96 9.02 + 4.38
T

max
 (hr) 1.94 + 0.86 2.14  + 0.82

AUC
0-12h

 (ng*hr /ml) 3,877.0 + 1,520.8 3,798.6 + 1,529.5
C

min
 (ng/ml) 183.3 + 96.9 175.0 + 90.4

C
max

 (ng/ml) 540.6 + 198.3 539.0 + 230.7
C

av
 (ng/ml) 323.1 + 126.7 316.5 +127.5

% Fluctuation 117.26 + 41.26 116.89 + 29.64
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•°“√»÷°…“™’« ¡¡Ÿ≈¢Õß¬“§≈Õ´“ªïπ™π‘¥‡¡Á¥„πºŸâªÉ«¬®‘µ‡¿∑‰∑¬

SOURCE D.F SS MS F p
Period 1 0.00600 0.00600 0.6475 0.4328  NS
Subject (Seq) 16 5.83251 0.36453 39.3146 7.891e-10 *
Formulation 1 0.00762 0.00762 0.8217 0.3781 NS
Sequence 1 0.12362 0.12362 0.3391 0.5684 NS
Error 16 0.14835 0.00927
Total 35 6.11812

*p<0.05, NS : non statistical significant, D.F : degree of freedom, SS : Sum of Square, MS : Mean Square

µ“√“ß∑’Ë  3  º≈°“√«‘‡§√“–Àå∑“ß ∂‘µ‘‡ª√’¬∫‡∑’¬∫§à“¢Õßæ“√“¡‘‡µÕ√å∑“ß‡¿ —™®≈π»“ µ√å LnAUC
0-12

 ‚¥¬«‘∏’ ANOVA √–À«à“ß
¬“ clozapine ∑’Ë‡ªìπ¬“ “¡—≠ (Clozapin®, T) ·≈–¬“µâπ·∫∫ (Clozaril®, R)

µ“√“ß∑’Ë 4  º≈°“√«‘‡§√“–Àå∑“ß ∂‘µ‘‡ª√’¬∫‡∑’¬∫§à“¢Õßæ“√“¡‘‡µÕ√å∑“ß‡¿ —™®≈π»“ µ√å LnC
max

 ‚¥¬«‘∏’ ANOVA √–À«à“ß¬“
clozapine ∑’Ë‡ªìπ¬“ “¡—≠ (Clozapin®, T) ·≈–¬“µâπ·∫∫ (Clozaril®, R)

SOURCE D.F SS MS F p
Period 1 0.06420 0.06420 3.0829 0.09824 NS
Subject (Seq) 16 5.36102 0.33506 16.0891 6.092e-7 *
Formulation 1 0.00694 0.00694 0.3335 0.5716 NS
Sequence 1 0.15075 0.15075 0.4499 0.5119 NS
Error 16 0.33321 0.02082
Total 35 5.91613

*p<0.05, NS : non statistical significant, D.F : degree of freedom, SS : Sum of Square, MS : Mean Square

µ“√“ß∑’Ë 5 º≈°“√«‘‡§√“–Àå∑“ß ∂‘µ‘‡ª√’¬∫‡∑’¬∫§à“ 90% Confidence interval ¢Õß  LnC
max

 ‚¥¬«‘∏’ ANOVA √–À«à“ß¬“ clozapine
∑’Ë‡ªìπ¬“ “¡—≠ (Clozapin®, T) ·≈–¬“µâπ·∫∫ (Clozaril®, R)

Ratio of Ln (T/R) Mean 90% Confidence interval
C

max
1.0032 0.9734 -1.0889

AUC
0-12

1.0046 0.9453 - 1.1182

‡æ◊ËÕª√–‡¡‘π™’« ¡¡Ÿ≈¢Õß¬“‡µ√’¬¡ clozapine ∑—Èß Õßµ”√—∫
µ“¡«‘∏’°“√¡“µ√∞“π∑’Ë°”Àπ¥‚¥¬ ”π—°ß“π§≥–°√√¡°“√
Õ“À“√·≈–¬“ ®÷ß‰¥â·ª≈ß§à“ C

max
 ·≈– AUC

0-12
 „ÀâÕ¬Ÿà„π√Ÿª

¢Õß natural logarithm (Ln transformed) √«¡∑—Èß‡ª√’¬∫‡∑’¬∫
 —¥ à«π¢Õßæ“√“¡‘‡µÕ√å∑—Èß Õß™π‘¥π’È„πÕ“ “ ¡—§√·µà≈–√“¬
(µ“√“ß∑’Ë 2) ®“°º≈°“√«‘®—¬æ∫«à“§à“‡©≈’Ë¬ —¥ à«π¢Õß LnC

max

√–À«à“ßµ”√—∫∑¥ Õ∫ (Clozapin®) µàÕµ”√—∫Õâ“ßÕ‘ß (Clozaril®)
‡∑à“°—∫ 1.0046 + 0.0352 ·≈–§à“‡©≈’Ë¬¢Õß —¥ à«π¢Õß§à“
LnAUC

0-12
‡∑à“°—∫ 1.0032 + 0.0169

‡¡◊ËÕπ”¢âÕ¡Ÿ≈æ“√“¡‘‡µÕ√å∑“ß‡¿ —™®≈π»“ µ√å‡À≈à“π’È‰ª
«‘‡§√“–Àå¥â«¬«‘∏’°“√∑“ß ∂‘µ‘‚¥¬«‘∏’ ANOVA æ∫«à“∑—Èß
LnAUC

0-12
 (µ“√“ß∑’Ë 3) ·≈– LnCmax (µ“√“ß∑’Ë 4) ¡’‡æ’¬ß

ªí®®—¬‡¥’¬«§◊Õ subject ∑’Ë¡’§à“ p-values (< 0.05) ∑’Ë· ¥ß∂÷ß
§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ¢≥–∑’Ëº≈®“°ªí®®—¬
Õ◊ËπÊ §◊Õ sequence, period ·≈– formulation ‰¡à·µ°µà“ß°—π
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ πÕ°®“°π’È·≈â«§à“ 90% confidence
interval ¢Õß —¥ à«π¢Õß LnAUC

0-12
 (0.9734-1.0889) ·≈–

LnCmax (0.9453-1.118) Õ¬Ÿà„π‡°≥±å∑’Ë∫àß™’È«à“µ”√—∫¬“∑—Èß Õß
µ”√—∫π’È¡’™’« ¡¡Ÿ≈°—π∑—Èßπ’È‡π◊ËÕß®“° —¥ à«ππ’È‰¡à¡’§à“„¥‡°‘π
ÕÕ°πÕ°æ‘ —¬¡“µ√∞“π§◊Õ 0.80-1.25 (µ“√“ß∑’Ë 5) ·≈–‡¡◊ËÕ∑”
°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈¢Õß T

max
 ·≈– % Fluctuation ¢Õß

º≈‘µ¿—≥±å¬“∑—Èß Õßæ∫«à“‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’
π—¬ ”§—≠∑“ß ∂‘µ‘ (‰¡à‰¥â· ¥ß¢âÕ¡Ÿ≈)
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«‘®“√≥å·≈– √ÿªº≈

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“æ“√“¡‘‡µÕ√å∑“ß‡¿ —™®≈π»“ µ√å¢Õß
¬“ Clozaril® „πÕ“ “ ¡—§√®‘µ‡¿∑™“«‰∑¬∑’Ë‰¥â®“°°“√«‘®—¬
§√—Èßπ’È‚¥¬°“√„Àâ¬“„π¢π“¥ 100 ¡°. «—π≈– 2 §√—Èßµ‘¥µàÕ°—π
®π°√–∑—Ëß√–¥—∫¬“Õ¬Ÿà„π¿“«– ¡¥ÿ≈ °—∫¢âÕ¡Ÿ≈∑’Ë¡’√“¬ß“π
°àÕπÀπâ“π’È®“°ºŸâªÉ«¬®‘µ‡¿∑™“«‰∑¬®”π«π 18 √“¬ ‚¥¬°“√
„Àâ¬“‚¥¬«‘∏’‡¥’¬«°—π æ∫«à“§à“æ“√“¡‘‡µÕ√å∑“ß‡¿ —™®≈π “ µ√å
‰¥â·°à T

max
, T

1/2
 ,C

max
, C

min
 ·≈– C

av
 ¡’§à“„°≈â‡§’¬ß°—π7

º≈®“°°“√«‘®—¬‡ª√’¬∫‡∑’¬∫‡¿ —™®≈π»“ µ√å¢Õß¬“
clozapine ¢Õßµ”√—∫∑¥ Õ∫ (Clozapin®) ·≈–µ”√—∫Õâ“ßÕ‘ß
(Clozaril®) ∑’Ë‰¥â®“°°“√»÷°…“§√—Èßπ’È æ∫«à“§à“æ“√“¡‘‡µÕ√å∑“ß
‡¿ —™®≈π»“ µ√å¢Õß¬“π’È„πºŸâªÉ«¬·µà≈–√“¬¡’§à“·µ°µà“ß°—π
‡≈Á°πâÕ¬ ‡™àπ‡¥’¬«°—∫º≈¢Õß√“¬ß“π°“√»÷°…“Õ◊ËπÊ ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬¢Õßæ“√“¡‘‡µÕ√å∑“ß‡¿ —™®≈π»“ µ√å∑’Ë
· ¥ß∂÷ßª√‘¡“≥¬“∑’Ë∂Ÿ°¥Ÿ¥´÷¡‡¢â“ Ÿà√à“ß°“¬ (AUC

0-12
) ·≈–

Õ—µ√“‡√Á«„π°“√¥Ÿ¥´÷¡‡¢â“ Ÿà√à“ß°“¬ (C
max

) ∑’Ë‰¥â®“°¬“∑—Èß Õß
µ”√—∫æ∫«à“¡’§à“„°≈â‡§’¬ß°—π ·≈–‡¡◊ËÕ∑”°“√ª√–‡¡‘π™’« ¡¡Ÿ≈
¢Õß¬“∑—Èß Õßµ”√—∫‚¥¬«‘∏’¡“µ√∞“π∑’Ë°”Àπ¥‚¥¬ ”π—°ß“π
§≥–°√√¡°“√Õ“À“√·≈–¬“8 æ∫«à“ 90% confidence
interval ¢Õß§à“‡©≈’Ë¬¢Õß —¥ à«π¢Õß LnAUC

0-12
 Õ¬Ÿà„πæ‘ —¬

0.9734-1.0889 ·≈–¢Õß LnC
max

 Õ¬Ÿà„πæ‘ —¬ 0.9453-1.1182 ´÷Ëß
Õ¬Ÿà„π‡°≥±å∑’Ë∫àß™’È∂÷ß™’« ¡¡Ÿ≈¢Õß¬“∑—Èß Õßµ”√—∫ ‡π◊ËÕß®“°§à“
∑—Èß Õßπ’ÈÕ¬Ÿà„π™à«ß 0.80-1.25  √«¡∑—Èß§à“¥—ß°≈à“«∑’Ë§”π«≥‰¥â
®“°Õ“ “ ¡—§√∑—Èß 18 √“¬‰¡à¡’§à“„¥Õ¬ŸàπÕ°æ‘ —¬ 0.80-1.25
πÕ°®“°π’È®“°º≈°“√«‘‡§√“–Àå∑“ß ∂‘µ‘·∫∫ ANOVA ¢Õß
§à“‡¿ —™®≈π»“ µ√åµà“ßÊ ‰¥â·°à LnAUC

0-12
, Ln C

max
, T

max
 ·≈–

%Fluctuation · ¥ß„Àâ‡ÀÁπ«à“µ”√—∫¬“∑—Èß Õßµ”√—∫ (formu-
lation) ‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘   ¢âÕ¡Ÿ≈
∑—ÈßÀ¡¥π’È π—∫ πÿπ«à“¬“ clozapine µ”√—∫∑¥ Õ∫ (Clozapin®)
¡’§«“¡‡∑à“‡∑’¬¡°—π∑“ß‡¿ —™®≈π»“ µ√å À√◊Õ™’« ¡¡Ÿ≈°—∫
clozapine µ”√—∫Õâ“ßÕ‘ß (Clozaril®)

°‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥Õ“ “ ¡—§√ æ¬“∫“≈ ‡®â“Àπâ“∑’Ë
∑ÿ°§π¢Õßµ÷°ºŸâªÉ«¬™ß‚§ ‚√ßæ¬“∫“≈®‘µ‡«™¢Õπ·°àπ
√“™π§√‘π∑√å ∑’Ë„Àâ§«“¡√à«¡¡◊Õ·≈–™à«¬Õ”π«¬§«“¡ –¥«°„π
°“√„™â ∂“π∑’Ë ”À√—∫°“√∑”«‘®—¬ °“√«‘®—¬§√—Èßπ’È§ß‰¡à “¡“√∂
 ”‡√Á®≈ÿ≈à«ß¥â«¬¥’∂â“‰¡à‰¥â√—∫°“√ π—∫ πÿπ®“°ºŸâÕ”π«¬°“√
‚√ßæ¬“∫“≈®‘µ‡«™¢Õπ·°àπ√“™π§√‘π∑√å °“√«‘®—¬§√—Èßπ’È
‰¥â√—∫∑ÿπ π—∫ πÿπ®“°∫√‘…—∑ø“√å¡“ —πµå·≈∫∫Õ√“µÕ√’ å
®”°—¥ ª√–‡∑»‰∑¬
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