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Table 1. Pharmacokinetics of Tulobuterol after
Application of Transdermal Patch, Inhaler, and Oral
Administration (Uematsu et al., 1993)

Inhalation Transdermal Oral
Parameter
800 ug 2 mg 4 mg 6 mg 1 mg
Coax 2.0+0.2 1.4+0.1 3.3%0.7 4.3%1.0 3.1+04
(ng/mL)
Tmax
(hr) 1.1+0.3 11.8+2.0 9.0+1.0 11.2+0.8 2.0+0.3
r
AUC«
1 14.7+£3.7 27.8+1.6 .53.8+6.4 82.2+16.0 27.81+6.9
(ng'mL™"h)
t
(;’2) 41411 a5.9+0.6 8.4+0.5 8.8+1.1 6.1+1.2
r
PA.
(hr'zl) 0.3+0.1 0.1£0.01 0.1£0.01 0.11%0.01 0.23£0.1
cka
(b)) 3.8+1.0 0.2+0.08 0.35+0.11 0.20+0.03 3.1+2.2
Lag time
- 4.0+0.7 3.7£05 4.0%£0.5 -
(hr)

a. THis value shows the half-life after the removal of the
patch
b. Elimination constant

c. Absorption constant
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Toxic level

Minimum effective

concentration

Plasma Concentration of Drug
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Figure 1. A diagram showing the plasma level of drug
that may occur when the drug is administered orally in
conventional dosage form (——— ) and in a controlled
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release form (
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Routes of penetration
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2
Dermis—

Figure 2. Possible.macro routes for drug entry though
the skin-across the intact stratum corneum or via the
hair follicles and sw eat gland.

1) intercellular, 2) transcellular, 3) appendicular(hair

follicle, sebaceceous gland.

_12_



Feb[27]

233

\=]

3-3-2. A7} T3} B =(Fig. 3)

w2 ARk 0 FEHALS AAY 0.1% AHE

2A %, Azre]l AvE Aopq 7

th.[28]

1

0]
pal

TR

ﬁo
W
w
N
dr
il

7104 & o] 71 x|

4A5+2iY vPe Fad 0 A8 2%} ¥

tha B 2T [30]

2
R=

.
FA2E Ao AN

WA &E(Fig. 4)

t}h.[29] WEEHM o EE A9 pHZF

Al
=

= 2a AEY

o)
IR

il

o)
il

B

o)
il
iy

oy
ZO
!
N

o
o

i

—

NV

/& & AS7E 1,000
— 13 —

gl ok [31]

RL

Z4azdA 3
=]

ol



bol 3

©

ol
A

1 alkanol(C;-~

9]

o

|

Aok T o

&4

A E ol A

Ci0)9

e 9T [33] 7 9]

=]. O
45

34

Z] 8} o]

He
ZO

—

_14_



Intercellular route Transcellular route
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membrane
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Figure 3. Possible micro route for drug entry through

the stratum corneum.
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Solid drug
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De"yery l 1. Drug dissolves
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> PG/oleyl alcohol(1:1) > oleyl alcohol > Labrafil® WL 2609 BS >
PG ) ethanol® sFolAtt. ol= Zzol fufo] o3 dF 4% W3t
o] Bro 719lst7] wWiiEoletar of7]aL glom fwjeh =S I
of FAle]l FHA7I FEe FI gHE FAHNAS # 2 A
+ ethanol ) octanol » PG/oleyl aleohol(1:1) > IPM ) oleic acid )
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@ AWARF gFg F71Ako]l B FFAA AN FFFAAEA Y
odgto] & Aylwo] ghrh[41] o5 s F7)aks oFE FEoA FF
= F387] H& olss MR =2dEA AL A8 e
thiamine disulfide®] &F& FEAFolA JFTFZIAZA  lauric,

myristic ¥ stearic acidE AF&3te] F IFEE ALEer A G o)A
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I SN AAE e
acid(2.5710%) 2 Algstg o H E3 5Eo] A}
@ o] ~"dF: Mura 5(1993) ZF =1} %

= Z410] ®WZEo] IPMel <3l
19S5 W3t Emedastine®] B3 &F AdolA oz 79 A
‘ & Hohsh ek Gulel obEe
of Wae gUErY IR Pup-E4e Ws 2edda
Alet ek, Riker A549 53deA IPM¥ #Z2 o2 FF/
monoester, glyceryl monolaurate % ethyl oleatet® o =Eg}t] <
I &4 E T UA7IAL pressure sensitive adhesive(PSA)ol A
s A r[43]

© ofn| =R ol m PRI S dZotH|EE 33 T FXA Y W
e 2FS FA L Y. Azoned HEolWAME M 98
A ¥ A i pyrrolidoned cyclic amide 7 ¥ o]x vl & ¥ E o}

ne Yol Ectn= 9 T FEAEZA dEtE
[e]

wol LFZoA g AFHS HAAUL

® 84 3 FAAF-LAE AT oH A A GuE gk
#HE Abzoltt. 7 T AR T stue= AA SASAAN %
g s BEHS A skh= Aotk x99 % barrierel sl
Aol 'ERE ZEA FAR o 20%7tA HH e FAE HAaAZ

3-6. BAFFAAY FH

AAFEAA ALe AA 206 AAA o] FolHT. ARE BE
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3-6-1. A= H(reservoir-type)
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3-6-3. 4&53 7 HZAH(drug-in—adhesive)

Drug-in-adhesive(DIA)& 74 3 & A #| (Fig. 7)©= A& Ao 4&ES

girstar vk DIA 3= HAAS vz =X Fdavt gl

HA oFe A &7]= At DIA A= 9

oA Heuz HAd=z ¥ 39 A

o Fko weEA BEHM, FEY FEe HAH HLolAA H
Mi

= &=

t AE " AEL Cilimara® (o) 2E8 1] 2), Minitran®(UE 2 2

A ), Nicotrol®(4 = 8l), NitroDur> (U E ZZ 2 A &) 1l
Testoderm®(E] 2= & 2~ 8] )0} <9I T},
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Figure 5. Cross—section view of a polymer membrane
permeation controlled TDD system showing structural

components with a liquid drug reservoir.
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Occlusive baseplate  Adhesive foam pad (Rexible polyurethane)
(ahuminum foil disc)

Adhesive rim

w.io Omoo
'.lp(}l. o 09!

Microscopic drug resenvoirs

Polymer matrix

Figure 6. Cross—sectional view of a microreservoir
dissolution—controlled TDD system showing structural

components with a polymer matrix.
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Figure 7. Cross-section view of an adhesive polymer
dispersion type TDD system showing various major

structural components.
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53] & <
3 5 Rdo] myHt. AA A 83 AMVGE g ovitro B o
vivool A AA G FE mdo] A A ARFEE =T A A

of &Ft}(Wester and Maibach, 1983).
B FTAAEY H 7 ] AHEHE 55 EEE 0t
A, A, Dol dx, E, L, %k 1Yol T 7

human-skin-grafted nude -mouse(man-mouse), pig skin-grafted

)

nude mouse(pig-mouse) S grafted IFF7F AFEFH 2 ATt
(Reifenrath et al., 1984a).
Aol A et 2ol I Fgol AFE =

o}
of d¥A 3l

3]" Rhesus Y% o]9

| ¥ 315 v} (Bartet,

g%, AdFo] T2 FAAS HAt,
weanling pigel ois] Al B =2A 9] F84
1972).

o3

95 AAG FFolA A A
, 2 g3k 2% (Wester and Maibach,
1983)ell A FHVAE log = HEHUHAS o FoAR T} B35
TR AuaAVE dEe o E 1zl
2] 4 A ok 79} nitroaromatic 3} 3
and Vaibach, 1985)dlA4 %= H{AFS 2
Rhesus dFolv AIFFE A5 + Ue A95TF
7beAde BT Q)

EERERE EE

3}
e AT o Azl A
CERE

td
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E71) > ZIYetya, ¥R mpyiA=FE 7Yooy, FE AH>
Weanling pig, Rhesus monkey =A}# 3]%) shed snake skin 9]
gte 23E dAY FE ovbe2y ZlYyety s A Y Bus
G =L FFES YEUH AT

Andersen 5(1980) 7|H o}y 1o 483 S|=mABEE HEE
2H & B QHA Aol tiekol Abghel Aol Autel mlwstiy. Zhzt
of FEAN 5% He "©E AAGn C mA HFEL 4 1
g/em’?] FEE ALEE AT SERAZE LT QhAFAL ojn B
AE Abgol A e w FEgg dolH ot skt 2y HAE 2
B2 Aol vls) 2 Aol BA=TH o= folArk AL W E
Fo SACAY] wWEelw FHolA Y BEHFS SAs ] Fd A
T Aol Ao Aol Ao 22 AfE YEI ST Rl v
E%o B A ¢ 2o Ag3 AygF HLE HAT a9 &
WO F e AN BEEFS S4E AV drkal AA E T
o] AT FEFHEY AIFFATN AET FERAS2E Y
o Ao Mot ol I AIFTE UA FFoJiuisA AT F
Ae 7te S TRIZAALL ol FEESE=E dgsdt

_27_



A 4 A AF

4-1. A &=

g B E A Foll A3 hairless mouse(65 %, female):= 9. ol En}

ol (B %=, 7)ol M Fdste] 3URF &EAA AFESF T
4-2. N2 2 A

ANagEE ALEE E28HE(Fig. 8)2 Vamsi Labs Ltd.(91 =)o A

Y 3+ T} VRFENEA 2= Propylene glycol
monolaurate(Lauroglycol®), Propylene glycol
carprylate/caprate(Labrafac” PG), PEG- glyceryl

caprylate/caprate(Labrasol®), PEG-8 glyceryl linoleate(Labrafil®
2609), Polyglyceryl-3 oleate(Plurol  oleique® cc)®= Masung
Co.(Seoul, South Korea)ol A T4ttt Brij® 90, Brij® 52, Brij”
30 (Aldrich Chem. Co., USA), Z#A&=Ho]E 80 (Tween 80,
Junsei Chem. Co., Japan), Cremophor EL (BASF, Germany),
Capryol® 90, Lauroglycol® 90, Labrasol®, Labrafil® M1944, #}-$2
d7L SYdLdaE, At 52 Sigma Chemical Co.(USA)el
T9 A& AH&skS
HE54 AZAZE Duro-Tak®87-2196(ct2d  FF A o] 9
45% &, 2100cps), Duro-Tak®87-2516(ct=d &5 &A1 2]  41.5%
4o, 4350cps), Duro-Tak"87-2852(ck=d 5 ¢4 9) 335% &,
2500cps), Duro-Tak®87-4098(ck= ™ FF @A 385% &,
6500cps)S National Starch and Company(N], USA)ol| &3 o} /\}
43R 3L, Gelva 737, Gelva 30832 Solutia(USA)E Al-&3}%)
HOoZ= pH 749 AAE S5 AE AMEE R o™ 7]EF Aok
A FFS AFESEA Y. =g HPLC 42 98 deEe, ofHE
2 (Burdick & Jackson, USA)> HPLCE §ul& Al§3%on

il

it
o2 -
o

X

o,

ofoh

L_rﬁ
m&o{w
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= 7 (Milli-Q, Millipore, France)== 182 MQ-cm9 T3 A=

A9 0k,
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4-3. 7171 2 A XA

Ao AF8¥ HPLCE &wl¥ 32 (NS-3000i, FUTECS, Co., Ltd,
KOREA)®} A& & A AE(NS-3000i, FUTECS, Co.,, Ltd,
KOREA)® T4 5o 3 H]O]Eié A7l 9 A" Hy
AZ22000(V. 4.2)= A& }91 H=7]1% (UV-3000i, FUTECS,
Co., Ltd, KOREA)E A& O}ME}. Franz cell % 3} A]2~¥l(Labfine,
Inc., USA)S A}-&3F St}

4-4. E2FHEY A= 573

Hhol o] &uf 1 mL& Y1 EE5H
dske] 35CAA &3lE Foll =

L2 S A s O A B e e s I o s ‘@Eﬂﬂ?l 2 ¥ (PVDF,
045 um)= o #3Aek. ofH 100 uLE $lste] 31Xty 1xke =
HeE 10mLE, 2xtol& 12 3419 100 pLE 50% "W & 10 mL
2 Aok 12 A Ee 22 S|4 20 uLE HPLCOl +94
o] ¥ AERviEIRORYEH ¥ @HuE Tty AW
AEe ®HH et SHuEe g Fs AESUT. ZA-Ho
Agillent(C18, 5 um, 4.0%250  mm, Agilent) & AF&3F39 3L, o] &
2 oMHEYEZS 20 mM HoPO, 849 &3 (80:20, v/v)&
A % 08 mL/mino@ FEAA 34 211 nmolA 1=

.

ol

4-5. E2RHZ A% FRu$s JRER A3

4-5-1. I ¥ 9 A=

CD

% ¥ Hairless moused] #¢ 5% IFE A a7z A=

ko Abgstleh. WA mouseE HIAAIOTE WolA oEE== A
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4emx7cm HA

5 %%

2L
=5

53} )

2 H,

Szfgel 1A

A2 A

ki3

=
=

1
i

o] A

sk tH(Fig. 9).

A A

H X o
T =

s

=T
529

=4
[¢)

e

st
<

JJ
-
=y

Aol -70 T2 deep freezerol

A 2o A

!

il

5427

%o 0.9 % NaClel

A

A4

o3
T

ol

7

Mo
\WO

—

BR

o

do

(Yazdanian, 1994).
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4-6. E2HFHE IAHAY Ax 2 HU}
4-6-1. EEHHE JH Az

otz o] % (Fig. 11 %o FE2FHES 2ot IFFRFIA =
oja HAA LAy nEA Hde F O AE Agd YA
(ScotchPak® 1022, 3M, U.S.A.) 1ol 8em Wol2 Zx= & 9l
E 4 A A ¥ Laboratory-coating unit(Mathis Labcoater LTE-S(M),
Switzerland) 2 = X3t} casting A F7A9 ZAE&  thickness
knifeE o] &3to] 2HsUT EXEL 1002 LN Azx7]dA

28 7F WA 71 3 & 2] A (ScotchPak® 9732, 3M, U.S.A)E = 24
A A zx3sHA

4-6-2. E2REOZ 339 H}
D AzY SH2EHY G229 57 =4

74 =471(0.0lmm, microdial gauge, Mitutoyo, Japan)®= B ] #],
AX A7} BojQe=-Awz e AA FAS 38 =3 T oubg
A, AAA =9 FASME SHGA gt -o]E AA FA
A owjo] I A(RFE GE S JZA-TY FAR st HT T

= Yeh g,
@ Az AR 2z T =4

= AHZ dHE 2ecmx2ecmz A 3] 3%
7} As @& F walA, AR FAE W
Aato]l @etm olE AA FACA wo] 1 S FEIHH HHA

<o FAE s &9 ¥A T FEFA(mg/cme) = HEFH AT

d
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Tulobuterol

PSA Solution

Mixing

30 min, 100 rpm

Casting

Mathis Labcoater
Type LTE-S(M)

Release liner

Drying

100 °C, 2 min

Laminating

Backing layer

Figure 10. Preparation method of single-layer patch
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Azxd HAZFY 7M1= A2 247 2em 27| = 32244 2} vhg
A WA A F Paoqolxg He wEZ 2~ HAWA 7AW
i g719 7ide] BAEakE e S Add § 100mL & FEFeksAd
Y odebeS 77 50mL 4 ¥ o 93 S 93 3AI7
o]} sonicationA| A ERZHHES TE0] FEWH F @Byl 2
H (PVDF, 0.45um)= o] Zstdch, of gk &9 5 20uLE HPLCo
FYote] @& ARvtEIHS] IAAAHZRE FFHe dad
Aul e} vlwato] o9 WAG-FTFS SA A

@ NHZHEY E2HEHE9 HZF hairless mouse I 5

ERE

% hairless mouse?] TSI Ho] A xe EZHEHE HJFHS HERA
A HHEst3 Valia-Chien F A28 (Fig 10 w83 o
receptor solution® = pH 74 QAE&TN 125 mLS 27 92

S

% 345 #05C =& FASIHA 12417 59 600 rpmel A
magnetic star—head 'bar® X ¥+s}At}. 2, 4, 6, 8,210, 12413+ +A ©
2 200 pLA FHgk U F opH 74 AAREQEFN 200 uLE ¥ o
vortexing @ T3 o] 9. 20 uL= HPLCO| FUsle] 42 a=znE
e dadAuERY FFA0 JadAnH e Hluste] s FH =2
Y 5o FREFEEY FAES Fobdvh. e A AlEH
PEAE v gste] E3EA” AHE At 2o wge

2 Algskd
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1 952 AAS Azl #d8 wqn 9ds EgE F
[e)

™ X
gF g A HF pHE 72~750th

Kl 0.2g
KH2PO, 0.2g
NaCl 8g
Na, HPO, 1.145¢g
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4 Clamp

Receptor
m Solution(PBS)

/

| .

&f
S il

SMEDDS solution \Sk'
(DW 4ml, piroxicam 300mg) <"

Recepfor' solution U

ik

Skin Magnetic

stirrer

Figure 11. Valia- Chien diffusion cells
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oy U AT ERXEEY LH=s A9
Table 201 YeRUolrh. E2FEE] &l A Y

Lauroglycol 90, Peceolo] =4 e Wt ‘?i‘)ﬂ

mim

a1 ARE
A3} Labrasol,

Plurol oleique= 7}

z]- 1/1— o
S 849 L34 o
Wi dF= SAsk A

SA=E B

1} o
N

olel wg 2
|- Al el

=

W@ =

Mgoz gayel ¥
ZRHES 9§ Rt

Table 2. Solubility of Tulobuterol in various Enhancer

SEE LR

‘3%, mg/g

Tween 80
Labrasol
Lauroglycol 90
Peceol
Plurol oleique
Span 83
Labrafac lipophile

Labrafac cc

20.6+0.2°
30.8%0:2
30.6%0.1
31.4£0.1
3.3%£0.1
4.1£0.3
18.2£0.1
15.4%0.1

a. Mean+5.D., n=3
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5-2. ERFHE JFFALES AT skin A4

A % guinea pig skin, rat skin @ human sking ©]-& 3k T33a®
HHZ FHY FEFHEY 534 42 Fig. 113 &
% guinea pig skin® ®3% EZFHE 48 WUE
¥} human skinl Rt =A vEtsE RS
skinell gt EZ2HH =9 Flux®} rag times 1
% & guinea pig sking T3 EZHHE GE WE
ng/em”hrol™ ThE FFo| skinkth 71 e T
t}. A% rat skin¥} human cadaver skin® 3 &%
g/cm”/hr#}t 7.3 pg/ecm’/hrolth LI A A A EZ R 2o W
= A AA 7+ guinea pig skin 1.2 hr, rat skin 2.1 hr¢]™ human
cadaver skin 3.1 hrolth. kA 3FFo] sking 59 52U
H=Z RE E2RHE 53 £% = Guinea pig » Rat »  Human
of Aotk ole Catz §9 HPoA 4F 7Y sking o] &5t
levonorgestrel®] F3 $EE A3 E He} FALg AFS HAr
A8 Aol me} levonorgestrel®] F 3 £ %+ hairless mouse )
Hairless guinea pig > rat*» human® <A % tH(Catz and Friend,
1990).

3] 557 3 of] A

jaic)
[—
[\
=2

o%«l

e
)
2
N
a

(e}

78 %

m{w
rfc?

A A % hairless mouse?] ®
a9 133 o g TERU FHF £, Xdﬂalgl A A

N
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20.00

Cumulative Amount of Tulobuterol (ug/cm?2)

000

0 2 4 6 8
Time(hr)

‘—0—guinea pig =M—rat skin =#=—human cadaver skin ‘

Figure 12. Permeation profiles of Tulobuterol through
excised guinea pig abdominal skin, excised rat dorsal
skin and human cadaver skin from Hokunalin® patch.
Key: @, excised guinea pig, B, excised rat skin, A’

human cadaver skin (Mean + S.D., n=4).
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Figure 13. Comparison between skin permeation
parameters of tulobuterol from Hokunalin® patch
through excised guinea pig skin, excised rat skin and

human cadaver skin.
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Figure 14. Permeation profiles of «tulebuterol through
cxcised hairless mouse skin from Hokunalin® patch.
(Mean+S.D., n=7)
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K : &9 BalA (3] 5/714)

h @ 959 %7 (cm)

D: 3%s B8 %o &A% (cm”/hr)
Ty : lag time(hr)

Ao #BE7I¥E IREFHFHNEHE DuroTak 87— 2516 )
DuroTak 87-4098) Gelva 3083) Gelva 737) DuroTak 87-21969]
o] AT}, non-functional group< 7} DuroTak 87-4098 % Gelva

30839 AF "z aFIFd i vE =2 IEFH FE
BE HYow HAFA #F77F-OH=E élur% DuroTak 87-2516
I Gelva 737 A =8]8 ZFS Holrh vbda-d 249 w577}

~-COOHZ #4+= DuroTak 87-2196%] 745 k&9 IR FHRZX G
#7h Aol UERA ghtdl o= EzvHEe B34 Tz F 2%
bRz HAAS B @A AZBAI G FEH G o3
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Figure 15. Permeation profiles of tulobuterol from
single-layer patches with non-functional @ group,
hydroxyl “group — and carboxy group. Key: €,
Hokunalin® Patch, B, DuroTak® 87-4098(non-functional
group), A; DuroTak® 87-2516(hydroxyl group), @;
DuroTak® 87-2852(carboxy group).

(Mean+S.D., n=3)
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Table 3. Permeation Parameters of Tulobuterol through

Excised rat skin From single-layer patches

) Functional Flux Lag time
Acrylic polymer 9
group (ug/cm”/hr) (hr)
DT-4098 non 10.4+1.5% 0.2£0.1
DT-2516 -OH 10.7+1.1 0.840.3
DT-2852 -COOH 1.3+0.3 1.5+0.3

a. Mean*S.D., n=3
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Figure 16. Permeation profiles of tulobuterol from
DT-4098 patch having 30, 45 and 60 um thickness.
Key: @; 30 um, B, 45 um, A; 60 um (Mean+S.D., n=3)
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Table 4. Effect of single-layer thickness on permeation

parameters of tulobuterol from DT-4098 patch

Thickness Flux Lag time
(m) (ug/cm”/hr) (hr)

30 10.3£1.4° 1.8+1.4

45 8.4£1.1 1.9+1.4

60 5.6x.9 2.0£0.8

a. MeanzS.D., n=3
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Figure 17. Permeation profiles of tulobuterol from
DuroTak 87-2852/DuroTak 87-4098 mixed patch. Key:
& Hokunalin® patch, @; 1. 10, &; 1:25, B, 1:100
(Mean+S.D., n=3).
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Figure 18. Permeation profiles of tulobuterol from
DuroTak 87-2852/DuroTak 87-4098 mixed patch. Key:
@, Hokunalin® patch, B; 1:15, A; 1:25

(Mean+S.D., n=3).
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Figure 19. Permeation of tulobuterol from single-layer
patches with lauroglycol 90. Key: €; Hokunalin® patch,
M. lauroglycol 90 5%, A, lauroglycol 90 10%, @,
lauroglycol 90 20% (Mean+S.D., n=3).
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Figure 20. Permeation of tulobuterol from single-layer
patches ‘with Peceol. Key: €; Hokunalin® patch, W,
peceol 5%, A, peceol 10%, @, peceol 20% (MeantS.D.,
n=3).

_56_



A 6% A&

=5
e sz A=

ok
2

49

-
L

Aol A

e

°]

hairless mouse&

=
=

shel A

el
\_._mo

o

i
—_

il

ofZ- o] EA 1

A BRE

A 2]

3l 211—

B

o

Jo

ZF
=

A 2]

oy

o
o]
o

oy
G5

)

w
|
—_
o
3

L
T

el

Ny

o)
ol

of

file)
ao
NI

o]
s

%vt
wp

~
il

ol 4]

H A 2%

2 g

o

.
o

o

"

7h7) =

= O
w\| =

12 .38} 31 non—functional L

BR

o

T
oy
el

—

Fod o Mgk B E

3K

]
i

0

o
T
Tor
B
BN

o)
_Z_O

H

el
B

T
Tor

&4 °] HLB# %

= AHAAA] = V2 FEEIE e Aol

o]
AR

7}A] 2

KN
=

_57_



A=

“

[1] Andersen, K.E., Maibach, H.I. and Ango, M.D., The guinea
pig: an animal model for human skin absorption of
hydrocotisone, testosterone and benzoic acid, Zr. _J Dermatol,
102, 447 (1980).

[2] Ansel, H.C., Popovich, N.G. and Allen, L.V., Pharmaceutical
dosage forms and drug delivery system, Willilams & Wilkins,
Malvern, PA, chapter 10, (1995).

[3] Bartek, M.]J., La budde, JA. and Maibach, H.I., Skin
permeabillity in vivo: comparison in rat, rabbit, pig and man,
S Invest Dermatol, 58, 114-123 (1972).

[4] Barry, B.W., Dermatological Formulations, Marcel Dekker,
New York, pp. 1-48 (1983).

[5] Barry, B.W. Lipid-protein-partitioning theory of skin
penetration enhancement, ./ Control e/, 15, 237-248 (1991).
[6] Chien, Y.W. Transdermal Controlled Systemic Medications,

Dekker, New York, pp. 1-81 (1987).

[7] Chien, "Y.W., Keshary, PR., Huang, Y.C. and Sarpotdar, P.P.,
Comparative controlled skin permeation of nitroglycerin from
marketed transdermal- delivery systems, /A Pharm. Sci., 71,
968-970 (1983).

[8] Chien, Y.W. and Lee, C.S., Controlled release technology,
American Chemical Society, Washington D.C., Chapter 21,
(1987).

[9] Flynn, G.L. Durrheim, H. and Higuchi, W.I., Permeation of
hairless mouse skin II: membrane sectioning techniques and
influence on alkanol permeabilities, / ZAPlarm. Sci, 70, 52-26

(1981).

[10] Gallin, JI., Goldstein, IM. and Synderman, R., Inflammation:
Basic Principles and Clinical Correlates. Raven Press, New
York, (1992).

[11] Ganem—Quintanar, A. Lafforgue, C., Falson-Rieg, F. and

_58_



Buri, P., Evaluation of transepidermal permeation of
diethylene glycol monoethyl ether and skin water loss,
Int. ./ Pharm., 147, 165-167 (1997).

[12] Goates, C.Y. and Knutson, K., Enhanced permeation of polar
compounds through human eqgidermis. I. Permeability and
membrane structural changes in the presence of short chain
alcohols, Ziochem. Fiophvs. Acta, 1195, 169-179 (1994).

[13] Good, W.R. Transdermal drug delivery systems, Medica/
Device & Diagnistic Ind, 8, 37-42 (1986).

[14] Govil, S.K., Rudmi, EM. and Sterner, D.G., Transdermal
nitroglycerin patch-~with penetration ~enhancer, U.S. Patent
5262165, (1994).

[15] Harada, S., Takahashi, Y., and Nakagawa, H., “Transdermal
administration of emedastine, Fiwol Fharm. BLul., 16, 834-838
(1993).

[16] Harrison, S.M.,  Barry, B.W. and Dugard, P.M., Effect of
freezing on human skin permeability, /. Zharm. PFharmacol,
36, 261-262 (1984).

[17] Hori, M., « Satoh,. S., Maibach, HI. and Guy, R.H,
Enhancement of propranolol hydrochloride and diazepam skin
absorption “in vitro: effect of enhancer lopophilicity, / ZFharm.
Scr., 80, 32-35-(1991).

[18] Hsieh, D.S., Multiple lamination patches, In: Hsieh, S.D., ed.,
Controlled Release Systems. Fabrication Technology, pp.
167-188 (1989).

[19] Andronis, V., Mesiha, M.S. and Plakogiannis, F.M., Design
and evaluation of transdermal chlorpheniramine maleate drug
delivery system, Pharm Acta Helv, 70, 301-306 (1995).

[20] Barry, B.W., Novel mechanims and devices to enable
successuful transdermal drug delivery, Zwr _J ZFharm Scr.,
14, 101-114 (2001).

[21] Bodmeier, R. and Paeratakul, O., Evaluation of

drug-containing polymer films prepared from aqueous latexes,

_59_



Pharm. Fes., 6, 725-730 (1989).

[22] Canter, A.S. and Tirtanen, D.J., Novel acrylate adhesives for
transdermal drug delivery, Pharm. FPes., 26, 28-38 (2002).

[23] Cats, P. and Friend, D. Transdermal delivery of
levonorgestrel. VIII. Effect of enhancers on rat skin, hairless
mouse skin, hairless guinea pig skin, and human skin, /722 /.
Pharm., 58, 93-102 (1990).

[24] Chedgzoy, P., Winckle, G. and Heard, C.M. Triclosan:
release from transdermal adhesive formulations and in vitro
permeation across human epidermal membranes, /2 _/
Pharm., 235, 229-236 (2002).

[25] Cleary, G.W., Transdermal controlled release systems, In
Langer, R.S. and Wise, D.L.(Ed.) Medical applications of
controlled release, 1, Boca Raton, F.L., CRC Press, pp. 205
(1984).

[26] Cochrane, G.M. and Clark, T.JH., A survey of 'asthma
mortality in patients between age 35 and 65 in the greater
London hospotals in 1971, Z%orax, 30, 300-315 (1975).

[27] Fuhrman, L.C., Michniak, B.B., B¥, CR. and Malick, A.W.,
Effect of novel penetration enhancers on the transdermal
delivery of hydrocortisone: an in vitro species comparison, /.
Control Felease, 45,,199-206 (1997).

[28] Funke, A.P., Gunther, C., Muller, R:H. and Lipp, R., In-vitro
release and transdermal fluxes of a highly lipophilic drug and
enhancers from matrix TDS, /. Contro/ Release, 82, 63-70

(2002).

[29] Hadgraft, ]J., Lewis, D., Beutner, D. and Wolff, H.M., In vitro
assessment of transdermal devices containing nitroglycerin,
Int. J. Pharm., 73, 125-130 (1991).

[30] Higuchi, T. Physical chemical analysis of percutaneous
absorption process from creams and ointments, _/ Soc
Cosmetic Chem., 11, 85-97 (1990).

[31] Huang, X. and Brazel, C. S., On the importance and

_60_



mechanism of burst release in matrix—controlled drug delivery
systems, /. Control Felease, 73, 121-136 (2001).

[32] Iikura, Y., Uchiyama, H., Akimoto, K. Ebisawa, M.,
Sakaguchi, N., Tsubaki, T. Ishizu, H., Kabayama, H., Yagi,
K., Saito, H., Miura, K. and Onda, T., Pharmacokinetics and
pharmacodynamics of the tulovuterol patch, HN-078, in
childhood asthma, Ann Allergy Asttona Inununol, 74(2),
147-151 (1995).

[33] Jacobson, S. H., odeling can be used to calculate the drug
diffusion constant in a particular polymer and to design and
modify the adhesives for optmal delivery of a specific drug,
Pharm., Tectr, 23(9), 120-125 (1999).

[34] Jeans, C.W. and Heard, C.M. A therapeutic dose of
primaquine can be delevered across exicised human skin
from 'simple transdermal patches, 27z /J ZFrarm, 189, 1-6
(1999).

[35] Kim, H. and Fassihi, R., ‘Application of binary polymer
system in drug release rate modulation, 2. Influence of
formulation variables and hydrodynamic conditions on release
kinetics,. /. Pharm. Sci., 86, 323-328 (1997).

[36] Kokubo, T. Sugibayashi, K. and Morimotoe, Y., Diffusion of
drug in acrylic=type pressure-Sensitive adhesive matrices, I
Influence of physical property of the matrices on the drug
diffusion, /. Control Fel, 17, 69-78 (1991).

[37] Kokubo, T., Sugibayashi, K. and Morimoto, Y., Mathematical
models describing the drug release kinetics from pressure
sensitive adhesive matrix, /. Control el, 20, 3-12 (1992).

[38] Martin, R.J. and Banks-Schlegel, S., Chronobiology of
asthma, Am. _J PHespir. Crin. Care Med., 158, 1002-1007

(1998).

[39] Miyajima, M., Koshika, A., Okada, J. and Ikeda, M., Effect of

polymer/basic drug interactions on the two-stage

diffusion—-controlled release from a poly(L-lactic acid) matrix,

_61_



J Contr. Rel, 61, 295-304 (1999).

[40] Panzer, S.E., Dodge, AM., Kelly, E.A.B. and Jarjour, N.N,
Circadian variation of sputum inflammatory cells in mild
asthma, / Allergy Clin. lmmunol, 111, 308-312 (2003).

[41] Roy, S.D., Gutierrez, M., Flynn, GL. and Cleary, G.W.,
Controlled transdermal delivery of fentanyl: characterization
of pressure-sensitive adhesive for matrix patch design, /
Pharm. Sci., 85, 491-495 (1996).

[42] Shah, V.P. and Maibach, H.I., Topical drug bioavailability,
bioequivalence and penetration, Plenum Press, New York,
pp. 7 (1993).

[43] Theeuwes, F., Hussain, A.R. and Higuchi, ~T., Quantitative
analytical ‘method for the determination of drugs dispersed in
polymers using differntial scanning calorimetry, . ZFharm.
Sci., 163, 427-429 (1974).

[44] Uematsu, T., Nakano, M., Kowuge, K. Kanamaru, M. and
Nakashima, M., The pharmacokinetics of the [B;-adrenoceptor
agonist, tulobuterol, given transdermally and by inhalation,
Eur. J Pharmacol, 44, 361-364 (1993)

_62_



HE ok

[e)

=

A 2

Ao dx AT 2 A 240 oy

°

i

—

e

o etk Ay

i

~H

olp

H

ﬂ
!

=0

o

K|
<H

N}

g

4r

oh

o

ERE!

1

HA A, AH27 &4, 2
AdHl, AEol B An, 2440l

7g :ﬂ_%’

Hdot, &

T3}k 7 ol A

1
kil

kel
pel

NF

3}
=

SIERE DR

Az
==
—_
1o

N

R

A
0

1A

. A Ee]

1 A A2, &0l Aol

A

kel
=]

5
<

A2
o

=
=

B4 )R

1

kel
=3

), Bl

)

]O

7

5

Tor

{|m
o<
b))
b))

ojp

_63_



A AU EYANE B BEOR AFolN B 5
94 v,

Sa ggon 17 Be A% Age), ATa HE
oloj Jltke] YA, AAF mu), BEEs] Az W4
FEG oln B%ol, axsd Ash, FRA T FIol, B
Cxe B9gol, fn, Agol, olzol.. #4 go8 et
Wl @ 5 gleld] BRgE,

59l F1E g Folu, Aeginl, 2y A7, P dgol @

=

Ao R Ry @ dolFAL BAGHOR S 44T
G QRS AAN FAS A FEY AFHIG BAG

A YrnE s
welae] Aoprlelef tidaie aARe] 28 mhA AU

_64_



	제 1 장 서론
	제 2 장 본론
	제 3 장 이론
	3-1. 기관지천식
	3-2. 경피흡수제제
	3-3. 피부의 해부생리학적 특성
	3-3-1. 피부의 해부학적 구조(Fig. 2)
	3-3-2. 피부의 투과 경로(Fig. 3)

	3-4. 경피흡수 촉진 방법
	3-4-1. 물리적 방법
	3-4-2. 화학적 방법
	3-4-3. 생화학적 방법

	3-5. 경피흡수 촉진제
	3-5-1. 경피흡수 촉진제의 조건
	3-5-2. 경피흡수촉진제

	3-6. 경피흡수제제의 종류
	3-6-1. 저장조 형(reservoir-type)
	3-6-2. 매트릭스형(matrix-type)
	3-6-3. 약물함유 접착제형(drug-in-adhesive)

	3-7. 경피흡수연구에서의 실험동물

	제 4 장 실험
	4-1. 실험 동물
	4-2. 시료 및 시약
	4-3. 기기 및 장치
	4-4. 툴로부테롤의 용해도 측정
	4-5. 툴로부테롤의 적출 무모 마우스 피부투과 시험
	4-5-1. 피부의 적출

	4-6. 툴로부테롤 패취의 제조 및 평가
	4-6-1. 툴로부테롤 패취의 제조
	4-6-2. 툴로부테롤 패취의 평가
	1) 제조된 패취의 약물층의 두께 측정
	2) 제조된 패취의 약물층의 무게 측정
	3) 함량 측정
	4) 패취로부터 툴로부테롤의 적출 hairlessmouse피부 투과시험
	5) 완충용액의 제조



	제 5 장 결과 및 고찰
	5-1. 툴로부테롤의 용해도
	5-2. 툴로부테롤 피부투과실험을 위한 skin 선택
	5-3. 점착제가 툴로부테롤의 피부투과에 미치는 영향
	5-3-1. 점착제의 관능기 종류에 따른 영향
	5-3-2. single-layer 두께에 따른 피부투과 parameter
	5-3-3. 2종 이상 점착제의 혼합에 따른 영향

	5-4. 용제가 툴로부테롤의 피부투과에 미치는 영향

	제 6 장 결론
	참고 논문

