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ツロブテロール貼付後の血漿中濃度に及ぼす製剤特性と皮膚透過性の

影響に関する薬物動態学的解析
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The purpose of this study was to compare the transdermal transfer proˆles of brand and generic tulobuterol patch
formulations and to evaluate possible changes of in vivo kinetics resulting from increased transdermal transfer by means
of pharmacokinetic analysis using reported in vitro drug release rate data and plasma drug concentration proˆles. On
the assumption that the transdermal transfer rate constant �k2� would be constant �independent of formulation�, the
drug release rate constant from patch formulation �k1� was predicted to be almost equal to the k2 value �k1k2� in the
brand formulation, but 2- to 4-fold higher than the k2 value �k1�k2� in the two generic formulations. Under normal
conditions, there would be no marked diŠerence in the plasma concentration proˆles among the formulations. However,
under conditions where transdermal transfer is increased �that is, higher k2�, the plasma tulobuterol concentration was
predicted to increase more rapidly, with higher Cmax, and then to decrease more rapidly in the elimination phase after ap-
plying the generic formulations compared with the brand formulation. These diŠerent behaviors would be seen because
the transdermal transfer of the generic formulations would be aŠected by k2, whereas k1 is still rate-determining for the
brand formulation. These results suggest that bronchial asthma patients with risk factors for impaired skin barrier func-
tion, including atopic dermatitis, long-term treatment with steroids, and advanced age, should be carefully monitored
for reduced treatment e‹cacy or adverse drug reactions after application of rapid-release generic tulobuterol patch for-
mulations.

Key words�tulobuterol patch formulation; skin transfer kinetics; drug release proˆle; increased transdermal trans-
fer; time course of the blood concentration
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Fig. 1. PK Model for Tulobuterol Patch Formulations
XT: drug amount in patch formulation; XS: drug amount released from

patch formulation; CP: plasma drug concentration; Vd: volume of distribu-
tion; k1: drug release rate constant from patch formulation; k2: transdermal
transfer rate constant; ke: elimination rate constant from blood.
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方 法

1. ツロブテロール貼付剤の先発製剤と後発製剤

間の薬物動態パラメータの比較 �������
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2. ツロブテロール貼付剤からの薬物放出及び血

中濃度推移データの収集 �������$% 
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3. ツロブテロール貼付剤の薬物動態学的（PK）
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Table 1. Pharmacokinetic Parameters of Tulobuterol Patch
Formulations �Formulations A to C�

Parameter
Formulation

A B C

k1��h� 0.079 0.319 0.211

k2��h� 0.087
ke��h� 1.47

tl�h� 1.87 3.53 1.61

Vd�F�l� 35.1 46.8 36.6

Cmax ratio 1.54 1.95 1.82
Tmax ratio 0.63 0.79 0.70

k1: drug release rate constant from patch formulation; k2: transdermal
transfer rate constant; ke: elimination rate constant from blood; tl: lag
time; Vd�F: apparent volume of distribution; Cmax ratio: �Cmax at 3-fold
higher k2���Cmax at unaŠected k2�; Tmax ratio: �Tmax at 3-fold higher k2��
�Tmax at unaŠected k2�.
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結 果
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Fig. 2. Time Courses of Plasma Concentration after Single Application of the Brand Patch Formulation vs. Generic Patch Formula-
tions of Tulobuterol 2 mg916�

For each of eight generic formulations, the time courses of the plasma concentration after application of the brand formulation �standard formulation� �open
circles, dotted line� and the generic formulation �closed circles, solid line�, which is provided in the relevant interview form, are compared.
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3. 皮膚透過性変動時の血中濃度推移のシミュ
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Fig. 3. Comparison of Time to Reach Maximum Concentration �Tmax�, Maximum Plasma Concentration �Cmax�, and Plasma Con-
centration at 14 h Post Dose �C14� after Single Application of DiŠerent Patch Formulations of Tulobuterol 2 mg

The Tmax and Cmax of the brand formulation �standard formulation� are from crossover studies of the generic formulations.916� The C14 was obtained graphi-
cally from the time course of the plasma concentration in crossover studies of the generic formulations. For the formulation indicated by an asterisk ��, the plasma
concentration at 15 h post dose �C15� was compared.
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Fig. 4. Comparison of Drug Release Curves among Various
Tulobuterol Patch Formulations

The closed circles represent the drug release rate observed in release
tests,9,11,17� and the solid lines represent the ˆtting lines.

Fig. 5. Comparison of Time Courses of Plasma Concentra-
tion among Various Tulobuterol Patch Formulations

The symbols �closed squares, Formulation A: closed circles, Formula-
tion B: open circles, Formulation C� represent observed plasma concentra-
tion,9,11,17� and the lines represent the ˆtting lines.
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Fig. 6. EŠect of Change in Transdermal Transfer Rate �3-fold increase in k2� on the Plasma Tulobuterol Concentrations after Appli-
cation of Original or Generic Tulobuterol Patch Formulations

Left panel: EŠect of change in k2 on the time course of the plasma concentration after application of each formulation �bold line: 3-fold increase in k2�. Right
panel: EŠect of formulation diŠerence �Formulations A, B, and C� on the time course of the plasma concentration in cases of normal and increased �3-fold increase
in k2� transdermal transfer rate.
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Fig. 7. Changes in Cmax, Tmax, and C8 to C24 with Varying k1 and k2
Left panel: For each parameter �Cmax, Tmax, and C8-C24�, the ratio of the value at k1�0.079 and k2�0.087 �Formulation A� to that at varying k1 and k2 is

shown. Right panel: For each parameter �Cmax, Tmax, and C8-C24�, the ratio of the value at k1�0.079 and k2�0.087�1�10 �Formulation A� to that at varying k1
is shown. The vertical line �dashed line� represents the k1 of Formulations A, B, and C. For details of each line, see the corresponding left panel.
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Fig. 8. EŠect of Increased Transdermal Transfer on the Plas-
ma Concentration after Application of the Original or
Generic Tulobuterol Patch Formulation �schematic illustra-
tion�

The k1 was estimated to be 1 for the original formulation and 4 for the
generic formulation. Models of drug release from the formulation and in
vivo kinetics at k2�1 �A, normal transdermal transfer rate� and at k2�3
�3-fold increase� �B, increased transdermal transfer rate� are shown sche-
matically. The graph illustrates the corresponding time course of the plasma
concentration. While A shows that there is no marked diŠerence in the time
course of the blood concentration between the original and generic formula-
tions, B shows that the generic formulation is associated with an increase in
Cmax and a subsequent rapid decrease in the tulobuterol concentration.

Table 2. Case Summary of Adverse Drug Reactions and Treatment E‹cacy Changes after Application of Generic Tulobuterol Patch
Formulations

Case Age Sex Disease Steroid Adverse drug reactions�
Asthma exacerbation

14� 3 years Female Bronchial asthma No Tremor after 2 days

23� 44 years Male Bronchial asthma since childhood Inhalation of budesonide 800
mg�day �more than 5 years�

Decrease in �PEF and coughing
episode after 3 days

33� 70 years Female Bronchial asthma Inhalation of ‰uticasone 200
mg�day �unknown duration� Coughing episode after 2 days
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