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AMP: Aminophylline

BA: Benzoic acid

DPP: Dipropyl phthalate

EVA: Ethylene vinyl acetate

FTIR: Fourier transform infrared spectroscopy
FTS: Fentanyl transdermal system

Fmax: Max speed of flux (ug/cm?/hr)

HEC: Hydroxyethyl cellulose

HPC: Hydroxypropyl cellulose

HPLC: High performance liquid chromatography
Js: Speed of flux (ug/cm?/hr)

KP: Ketoprofen

LC: Lidocaine

NSAIDs: Non-steroidal anti-inflammatory drugs
SE: Standard error

SD: Standard deviation

SIS: Styrene-isoprene-styrene

Tg: The glass transition temperature

UPLC: Ultra high performance liquid chromatography
PEG: Polyethylene glycol

PIB: Polyisobutylene
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Table 1. Characteristics of the 3-day transdermal formulations of fentanyl marketed in
the United States of America

Approval Product Base Structure
Manufacturer
year name polymer type
1990 Janssen Pharmaceuticals, = Duragesic HEC Reservoir
2009 Inc. Duragesic ~ Acrylate Matrix
2005 Mylan, Inc. Silicon Matrix
Lavipharm Laboratories, . )
2006 Silicon Matrix

Inc.

Actavis Laboratories UT,

Inc. HEC Reservoir
2007 Watson Laboratories, Inc. FTS
Noven Pharmaceuticals,
Inc. .
- PIB Matrix
Aveva Drug Delivery

2008
Systems, Inc.

2011 Mallinckrodt, Inc. HPC Reservoir
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Table 2. Characteristics of the 3-day transdermal formulations of fentanyl marketed in Japan

Approval Manufacturer Product name Base polymer Structure
year type
2002 Janssen Durotep® Patch HEC Reservoir

Pharmaceuticals, (cancelled release)
2008 Inc. Durotep® MT Acrylate Matrix
Patch (functional)
2012 Hisamitsu 3-day application Acrylate
Pharmaceutical fentanyl tape (nonfunctional)
Co., Inc. “HMT”
2013 Yutoku 3-day application SIS
Pharmaceutical fentanyl tape
Ind. Co., Ltd. “MELI”
2014 Teikoku Seiyaku 3-day application
Co., Ltd. fentanyl tape
“TERUMO”

Table 3. Characteristics of the 1-day transdermal formulations of fentanyl marketed in Japan

Approval Manufacturer Product name Base polymer Structure
year type
2010 Hisamitsu Fentose Tape SIS Matrix

Pharmaceutical
Co., Inc.
2011 Janssen OneDuro® Patch Acrylate

Pharmaceutical KK (functional)




Table 4. Characteristics of model drug.
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Functional . .
-OH or COOH group Amide group Amino group
group
. Salicylamide (Oral) . .
Felbinac ) Diclofenac sodium
(include OH)
NSAIDs :
Meloxicam(Oral) Etodolac (Oral)
Ketoprofen ] .
(include OH) (include COOH)
Bronchial Tulobuterol Aminophylline hydrate
asthma (include amino) (Oral)
Rotigotine Fentanyl Rotigotine
(include amino) (include amino) (include OH)
Nerve agonist Morphine Morphine
or antagonist hydrochloride Domperidone (Oral) hydrochloride
hydrate (Injection) (include amino) hydrate (Injection)
(include OH) (include OH)
. . Diphenhydramine
Lidocaine )
. . hydrochloride
(include amino)
(Gel)
Dibucaine Dibucaine
. . hydrochloride hydrochloride
Antipruritic® . S
- (Injection) (Injection)
Anesthesia . . . .
(include amino) (include amide)
Mepivacaine Mepivacaine
hydrochloride hydrochloride
(Injection) (Injection)

(include amino)

(include amide)

(IO, STRIEM 2 & A 3 DR BRI BN >V TR A &

TR L A, T H =R

BRI BIRN DD L T 2a /Ry F TIET IR 2-TF L ~F L -FEfRE =L - 77UVl 2-&
Fudy T aRy~— (77U RIEAD) 2L T, MRZHERI TP ITIIMR ML L TR e
URDFAENHERENTZ Y, b)— DT 2 bR T =1L SIS(AF L oAV T L -AF L7 n
Y7 ILEGIR) OF LFRIER AL T,

Va7 Fa— LR R ARV R 7 A AR B IR BA TR 7 )2 PIB D= A%
FERPMEHSNTRY, R CThdYeT Ta— L7 —7INPIOLEFNITT 7V VEE 2-=F )L
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7B R IR AN SN A REE AT PSA URIEREAD) EL TN, DT )Rt %
BT, G ER BRI L2 A THLOTH D, WiRD LT G IR TR T2 5 A8
TR~ —IZBALTH Tg MEWHOZRINUZY, FiRS LI R mmiEE TR A
HIECEDRRITKHAES GAIZ TN DL CRITHEEAIL L COMRBE R T g 1916

7 2B =)V BRITREIA Tl Vo 7 an Ry F O T ZUNVRIEANL, T7UNLVEE 2-=F v
ANF LR =L s T VU NVEE 2-ER R T LaR) v —ThHY, 7= bR T — 71, SIS
(AFL AV T L -AF LT uay 7B 5K OFT LR R EZHEHL TS, ZOT 7LV R
HOT IVIVER 2-TF )LA~F 2 UFHE Sy DaR)~—ThHY, Tg 5-10°C TH D, MEERS D
Ry ~—ThOHERE =T Tg 28 32°CTH5, (Table 5)

TIUNRFEFNCEL T Tg AEEREIRETICHDIZ0 DRV~ — BHIRD KM ZFF
B BTG5, — 77, SIS L REHNIEEH /3 ThHATF L aR~—(Tg:80°C) LHVE
o TV OaR)~—(Tg:~T10°CHHT) 725720 1T OMEM GHIEL TRIAY T T
(PIB) iR B i i IR AL K R IR 2 IR T B,

va7ra— /U IR RLAICI, JE5 5 ThHAR7 U X PIB 0= AR IHEAIZ L
TWD, AT 5HIELTRY 7 70 | IRERIREAFN ALK FEBAR A RN CTd, HF D OED
ThodYa7Ta— /L7 —7INPIOREANIT VUL - F LA~F L DT T 7L TIR
ABZTYNVAET B RNT BT T )L« AZ TUVEE AT OV ILE S IRDME IS4, 2O "I EA] %
IRAER &L CRUAF VA Y 7 B E /L TR S IL TS 10, BIID# 3L CThoYn T 7 a— L
T =T THUA T SIS Z FHWT-T LR A E AL TS 10

UR T A % W BUFN D S 36 ST DL AS T —F T T 2V - T 2 UV EEA 7 F v
TATNIEAGEDBHNOILTND B BIMTHLINIA T —7 18 mgl NPJTIX 77UV EE2
—ZF AT IINET F T/ T I7UVTINEEASER AL, URD AT —
718 mg[YP | ClET LR IAID SIS(AF Lo~V TV o-AF LT ay 7 EAR) BHV BT
1/ \6 12,13O



Table 5. The glass transition temperature of acrylic copolymer
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Monomer Structure Tg(°C)
Ethyl acrylate CH;=CHCOOC,;H; 20
Buthyl acrylate CH,=CHCOOC,H,q 55
) = CH,=CHCOO0C;sH .

Main Monomer 2-ethylhexyl acrylate ) aHy7 70

Isononyl acrylate CH;=CHCOOQOCgH,4

(o] (o]
Acetoacetoxyethyl methacrylate P N \H}K -18
(0]
Vinyl acetate CH,=CHOCOCH,4 32
Acrylonitrile CH,=CHCN 97
Comonomer Acrylamide CH,=CHCONH, 165
(To improve cohesion) — CH,=CHCzHs %0
Methyl methacrylate CH,=C{CH3)COQCH, 105
Methyl acrylate CH,=CHCOOCH; 8
Acrylic acid CH,=CHCOOH 106
Hydroxyethyl acrylate CH,=CHCOOC,H,0H -15
Comonomer

(To improve cohesion) Acrylamide CH2=CHL,O[‘|H2 165

Glycidyl methacrylate

/O\
CHg=G (CH3)CO0 CHo-CH-CHy

(ZZ . HHRETLHP X2 https://www.nitto.com/jp/ja/rd/base/adhesive/specificat)



https://www.nitto.com/jp/ja/rd/base/adhesive/specificat
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7 F = VR RN BRI 330 B EF DFE
BRIETEREEZBEBL O EBIEE~DEE
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2.1 %

FEPMANC T IR, AR e R D D7 UL REAE N7 = 2 = VAR B WU
B & LR AN 2 AN T = 2 2 = Ui BB B 2 PR U 75208 B A3 B e ids i~

DA RER LT, SOITHRE R G L RS O B A i 5 Z 82> Tr 27UV R 5
FICII R & B M2 H A S 3 O R BAERIZ Lo THIBEI S A0, T LR FEAITIFEEHI L3 &
DO AAERZ RSN FEISIVIRNZE in vitro ~T VAT NE g ik CriEsd L=,
Fio, MR O B2 B AEMEIZ DT FEERE D MM ~DBI YL 703 & (FLEES) TruiRL | B4
Dz G BRI AR C 22 E U AT REMEIZ DUV CTRRREL 72,

2.2 BB L ORBR T IE
2.2.1 Invitro ~TVAZy NE EZE AR IE
KR EUH|

TIVNVRBAEL Tt 77—~ SO T T 2um® 8T 0.84mg (20.5 X 20.0mm) &
il L7, T 2R U & U TR BRI A S D 7 =0 h 2T — 7 1mg (22.4 X 22.4mm) ZfE L
7=

BB LOWMHEE

WBN/ILA-Ht SRHEE~T VAT b (8 M) 25 KRB R A S LI A LT, B3R
S TEKRASH OB mILEZ B ST TEMWZ M L7z, K&K BEICIE
CouragetKhazaka 5 Corneometer CM825 ZfifL7=, AN 75 —7121% 3M #Hil
Scotch Brand BookTape970 Zf# L7,

ZA MR E
R I N ) —TF B e VA E R L A — N T i N e T
-~ Aoy T AL,

3 puk::)

WBN/LA-Ht SREEVE~T L 2T (8-9 H ) DIREZHIEL 180g7 D 2308 THDHI LA HER
L, U2y 25% R CIRREZ RE R O BA2 U CThRREBELEEERMH U, fiH L2 g2~
PITHRIEEL | AR KSR LI ARRICE R A N ICU CRE LT,
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R % W= R EE T R @ E R e RER

T an® Ry F R ONT 2 M AT — 7 % ¢ 15mm (2 HikE A —E2 R U L8
BhAHEE | fERL R L (N U —F ) Iy R Uz, BB ERAGA LTS 'V B E T iR A 4 s
DIFTFTEEL, L —S—ERE (30mM  KH2PO,:30mM  NagHPO,=1:2 pH7.0) 2 /LN
ICFHELRIAZ BB il 1.5mL/hr TRAANZERSE A — 7 T— (N3
—F . v A rumyT )T 2 B 1.omL o V7L, 24 BRI % ECHIE A T 72,

KW S T U 7 U AR 400 L IS KU HELAIK (4 1 g/mL ST R a2 %2 8,
FET IV H A L) 400 p L AR A SW 2% HPLC (AR 10A SV —X) IS TR EZHIE
L7, TEHIRFEDOIREE L 32°C, 37°C, 40°CIZRREL . FIRFEICIS T2 L G FE 2 R H Ui L

7’—: 19,20O

BB E DIER

LT g 2T A O Y R BIZE X, A EHE 3M #E8 Scotch Brand  Book Tape845
IZTC7EIARN w7 LT CouragetKhazaka 8 Corneometer CM825 Z AV NT/K 4y &4
ELT,
K BDORE

Courage+Khazaka 3! Corneometer CM825 ##XIEL, 7 u— 7 #\5a=X ) — i LT-k
R TR LT, LB E RSB L OANE 7 AERIL - B EREOE I T n—T %Y
T, HZERE DK EAEENEI 6 BIRIE LA FAEEZRE L,

- E B R
T T an® T K ONT 2 AT —7 % ¢ 156mm (ZFTHHE, @ RS K& OB G R 1AL
% R By R UTE, Ly — IR VNI TR E L KA 2 B BR =14 | Fiiid 1.5mL/hr

TERAAZEBSE, A —M 7T —I2T 2 RIS LomL $ro 7 U 7L, 24 IRfili% TRl
TEEAToTZ, FWERTH TV 7 UTZaEHATR 400 1 L IZHRTU N ERFEUEYAIK 400 L ZIRASH
7% HPLC (CCIREZRIE L7z, MHIRE ORI 32°CITEREL, it & M O IEREICE
VT % B S g A R UL LT

HPLC HiE %A

FEYEYVE L1 C MALLINCKRODT #8477 =0 & = L2 U7, PEREAEE &L C ok
MRS RSTe N e Z B EE T VA L7, HPLC JI@ICidEEdsl 10A 2 V—X%
L7, 17 50% ODS cadenza CD-C18 A L7, M &E 205nm &L, 7 A1% ODS
cadenza CD-C18 #fE L7z, WIERFOHIT LRI 40°CEL, T NVDIEAEE 20u L EL
7o BEIAH (30mM NaH:PO,+5mM SDS) : 7B r=kJ/L (11:9)) DifHEILT = X =/L DOHIEL
=3 5.6 SNTIRDINTEEL  FITERFHNIL 10 73 £ LT 12
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T — S FRAT
BRER DOV TN DT 2 B =)V BRSO 7 = Z =)V ENT R EY)E D LE) DA
H L. Fick OERNZHE Flux fZ &% 1HE Js (u g/cm?/hr) ZE HLTZ 2,

Js=(VdC/dt)/A

C:H o7V T Ui SR g

t: A EREH (hr)

Vi T T UL S — (K FE (mL)
A PR EFE (cm?)

Bioavailability (%) = (12 FR¢fE] B 0> SR 2518 &/ AL i FE 24 7= O 34 &) < 100

W aTLE
R B T 331 T B AR BE D B 2 8 B I OV VT DR EH LR

T T an®RyF R OT 2 bR T — 7 OEBFNZIBN T, 32°C, 37°C. 40°C DR K i
B (ug/cm?/hr) B L, SIS BASH 720 D KB EEEEEE (1 g/cm?/hr) 2580 H L Eig
L7z, Fz, 32°C O KB ZimE a3 DN A HH L7z, FREICBIT A2V T 2
VT KOT 2 N AT — 7 DARE I I 2 R FEmE A 2 BRI CEHEZL . Welch’s ¢test |
THEBEEZRE LT, RUERFOABKUEL 0.05 L, lifllfE TITo7,

T =R uy MENT

Vo T an /Ny F R OT7 = b AT =7 DERFNTIUN T, 32°C, 37°C. 40°C DR K%t
B Flux (u g/cm?/hr) O%HH (Ln K) EHREOHEQ/ TNZKET 27 7y M7V STl #R O 8
TEW LT, SOICHEEAREL D O (Ln D) BLOEARE O XL (Ln P) LR FE D% (1
[N BTy MATUOIT LR OB X % i LT,

3 R % OME 52 1 0D LRI DV T AL

T T 2au T RNT 2 N AT — 7 OFRE RIS I DI E B & O iE B AR 15 52 & D
B E LD 2 FERTCLLEG ATV, Welch’s test ICTH BEAZIRE LT, RERFOAH E/KHET
0.05 &L, MAIRRE CITo7c, X, U7 an® Ry F ROT = bR T —7 D i KB i35 it o
D 2 FER TR ZATUN, Welch’ s t—test ICTH EZZME LT, MIERFOAE/KUEIL 0.05 &L,
AR E TI1T o7,
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B 2 MR BR 0D R FE AR AT

BB EE Q(ug/cm )b/ HRIEICTEFIRIED Flux 2% H L. Time-lag method |Z
TN RETRBLUZEREOEEEY 25 Lag time (hr) 2R H U7-, F72, PR TRk
BRI D BROERE K AR LT,

Flux(u g/cm 2/hr)=(Cv-Cs) XKXD / L
Lag time=L2%/6D

Cs:BEH DML Cv: FEAIH O FEM I
D3O B JF R COIHERE L R EEES K F~D 5 E R

2.2.2 REETEHERBR T
LIRS R ERER 7 15
KR EUH|

TIVVRBAEL Tt 7y —~w SO T 2m® 8T 0.84mg (20.5 X 20.0mm)
BIOF 2077 MT 73vF 2.1 mg(20.5X26.1 mm) 2 L7=, 2 HL7-, 2R84 LLT
DB A AE D7 2 b ReT — 7 1mg (22.4 X 22.4mm) 24 I L7=
RER T

RIFN DT AT —ZFAL AT 3X 4 emlZGIWTL7WFBERK (FUJL STAR #E8E #120) (25454
RAEMATL, ¥ 024N E2FE | kg OEOVT 1 SHEE L, Z0% ., RH AR A RIEEL K
B &L — —BAREE (F— o 2 LS-5040)(27C 25°C T ~D B Y 709~ S A FLIESH
ERBRCHIEL,
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2.2.3 fER
R EE AW AR EIC BT 2R EER R R

Figure 1 IC7 = h AT =7 BLOV T 2m® T D 32°C, 37°C. 40°CIZHIT% in vitro ~T
U AT M JE R Flux (1 g/cm?/hr) 27897, 722 MR 7 —7" 0 32°CIZ 1T 5 K Flux (&
JE ) 13, 2.03+1.35 u g/cm?/hr 727 203y F TlX 2.66+0.52 1 g/cm?/hr TH-7-,

1 S D KK G110 H E Flux (u g/cm?/hr) 2 Welch’s ttest I CTH B ZEZXRELTE-DNEE
ZIFROON20 o7, 3TCITBWNWTT7 = b A7 — 71 4.49%0.40 u g/cm?/hr, T 7 2m®x
YT TCIX 4.94£0.11 u g/cm?/hr Th o7, WA O i KB EEEE Flux (g g/cm?/hr) %
Welch’s ttest [ZCTH B ZEEZRELIZNA BEITRD DN -T2, 40CIZBNTT = MR T
—71% 5.66%0.34 u g/cm*/hr, V2T 2m® 8y F1E 4.85£0.52 1 g/cm’/hr, ThH-o7z, i fHAlD
B KK JE B IEHE Flux (g g/cm?/hr) % Welch’s ttest ICTHABEEMTE LA EZEITR
L oYSY AVAVIESY

VT an Ny F e O7 2 b A7 — MR LG I RERE O _EFITHE, iR Flux O3
MBFROBITZ, VT an® RyF I0E 7 2 M7 —7 O F BRIERED EAIZE DK Flux
OHINBFEDHINTIRY, 7z hReT7T—7 D 32°CO Flux 1ZxFL, 37°CTiE 2.21 %, 40°CTIX
2.79 fFiZ¥EILU 7=, (Table 6)



6 L (a) AAcrylic base
B Gum base
- 3 =
E 5
T g
g 4 5
E ) =
1
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Time (hr)
7
(c) AAcrylic base
61 B Gum base

Flux(pg/cm?/hr)
EEN

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hr)

| (b)

AAcrylic base
B Gum base

6

8 10 12 14 16 18 20 22 24
Time (hr)

Figure 1. Representative permeation profiles of fentanyl through rat skin at 32°C(a)

at 37°C(b) at 40°C(c) during 24hr. Mean + S.E. (n=3).
(FentoseTape-Gum base and OneDuro®patch-Acrylic base)
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Table 6. Comparison with 32°C permeation Fua(ug/cm?/hr) of fentanyl through rat skin

at 37°C and 40°C.Comparison with FentoseTape and OneDuro®Patch FentoseTape

size=5 cm?> OneDuro®Patch size=4.1 cm?

Fmax(Hg/sz/hr)
Temperature )

Acrylic base Gum base
32C 2.66+0.52 2.03+1.35
37°C 494 +0.11 4.49 +0.40

(vs 32°C) (1.86 hold) (2.21 hold)
40°C 4.85+0.52 5.66+0.34
(vs 32°C) (1.82 hold) (2.79 hold)

Mean + S.E.(n=3).

VT au Ny F 7 2 b A7 =T OFREIZBIT DK Flux O (Ln K) 27 L=7 4
Ty U RE Figure 2 1R T, 72 b AT —7 Dl BV T 203y F L0H iR
HEPREL, BRERE DR EEZ T HOEIICH LI LI RE S,
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2
AAcrylic base
N B Gum base
L6 r A y = -12460x + 41.596
b‘: 2=0.97
= 12 ¢
\\‘~ A
0s | y=-76569% +26.141 <
[
R>=0.85
04 l l l l l
0.00318 0.0032 0.00322 0.00324 0.00326 0.00328 0.0033
1T(K)

Figure 2. Arrhenius plots for permeation ratio Ln K(ug/cm?/hr) of fentanyl against the
temperature(at 32°C,37°C and 40°C) to rat skin.
(FentoseTape-Gum base and OneDuro®patch-Acrylic base)

-11.0 0.0
(a) AAcrylic base (b) AAcrylic base
BGum base B Gum base
-120 -LO
A L v =-13647.65 x + 30.89 v = 1494.1x - 73171
. ~ ~ R*=087
- -130 5 20
u —F
[ [
30 | e =
-14.0 : B30 o memTT /= 7084.55 x - 25,
y=-85586x + 14047 y 70]?:1;0 64
R*=1.00 ‘
-15.0 . - L L 4.0 I L L
3.18E-03 3.20E-03 3.22E-03 3.24E-03 3.26E-03 3.28E-03 3.30E-03 3.18E-03 3.20E-03 3.22E-03 3.24E-03 3.26E-03 3.28E-03 3.30E-03
1/T(K) UT(k)

Figure 3. Arrhenius plots for permeation ratio Ln D(diffusion coefficient) (a) and Ln
P(partition coefficient) (b) of fentanyl against the temperature (at 32°C,37°C and 40°C)

to rat skin. (FentoseTape-Gum base and OneDuro®patch-Acrylic base)
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D7 an Ry F T = b AT — 7 OBIREEIT T HILBEREL (Ln D) B LUV B bR%E (L
n P)&7L=UA7 ayhUIZiER% Figure 3 (R T, TLREHEH V2T =0 b AT —7 D)5
T IV IEHNE FINTZT T 20 R0 F OYLHAREL DR E T, 2 LR A Z iz
T2 b ReT =T DI NT IV FFEF N AT T 2n® 8y F TG I R O EE R EL
BREEIR L DR B A2 T S\ MBI D ZENRIBE LT,

30
@ @ A Acrylic base @
< B Gum base <
2 | oy
i c
B B
2 2
ke ke
m m
~~
X
N
=
A
c
B
&
.8
)

Time (hr)

Figure 4. Time-course changes in bioavailability at various receiver solution
temperatures. The bioavailability of fentanyl released from was FentoseTape(Gum base)
and OneDuro®patch(Acrylic base) determined at 32°C(a), 37°C(b), and 40°C(c).

Mean £ S.E. (n = 3).
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Table 7. Comparison with bioavailability (%) of fentanyl through rat skin at 37°C and
40°C.

Bioavailability (%)
Temperature -

Acrylic base (%) Gum base (%)
32°C 7.4+2.6 7.9+6.6
37C 19.2+1.4 18.0+1.0

(vs 32°C) (2.59hold) (2.27hold)
40°C 20.3+£3.8 23.7+1.7
(vs 32°C) (2.74 hold) (3.00 hold)
Mean £ S.E. (n=3).
6
5 | L OAcrylic base
) B Gum base
N~ 4 I
o
.
83| T
&
= 2
1 L
0
32 37 40
Temperature (°C)

Figure 5. Lag time of fentanyl hairless rat in vitro permeation study.
Mean £ S.E. (n = 3).
(FentoseTape-Gum base and OneDuro®patch-Acrylic base)

Table 8. Diffusion coefficient (cm?/s) X107 of fentanyl hairless rat in vitro permeation

study. (FentoseTape-Gum base and OneDuro®patch-Acrylic base)

Diffusion coefficient (cm?/s) x107

Temperature ;
Acrylic base Gum base
32°C 8.17 11.0
37C 13.0 13.9

40°C 16.7 37.9
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Table 9. Partition coefficient of fentanyl hairless rat in vitro permeation study.

(FentoseTape-Gum base and OneDuro®patch-Acrylic base)

Partition coefficient

Temperature -
Acrylic base (%) Gum base (%)
32C 0.09 0.09
37C 0.08 0.06
40°C 0.08 0.05

Figure 4 333X Table 7 IZ 12hr "C® bioavailability (%) 2759,

RCTIET ZINVRERERHNZT T any FBINT = b A7 — 7 O3 i =1L TR
FEThole, T7UNREAEZ WD T 203y F ik 37°CTiE 2.59 %, 40°CT 2.74 %
(Z bioavailability (%) 23N L72DIZ KL T, FLREANZ N7 =2 P AT —7 Tl 37CT
2.27 £, 40°C T 3.00 fFZHIINL . 727UV RHAN L0 T LR EEFN D573 bioavailability (%) D FEAN
RPEDST,

Figure 5 |ZHW)iFim 7" 07 7 A /L)>5 Time-lag method % FAVNTHE HL7= Lag time Z7~9 7,

T T an® Xy FBIONT 2 M RT — 7 EBITIRED LRI, Lag time 2384 L7z,
2 LRIERNE AN T 2 N ReT =T DI BT 7V R IR E =T T an® 8y F K0T
HIFR O E AR EL BREEIRE D BAZ T S WMEICH DTN RISz,

Table 8 |Z Lag time 7HE HUIZEHEREL D 2773, Table 9 (ZHEHUREL D 22DR H L7255
BRI K 2R, VT an® 8y F BLOT 2 bR T — 7 EGICIRE O RO PEBER S A
M7z, £ 0ESIITLZRIERN DO THDHT 2 b ARGT — T DI INE DT, T 7V TR IEH %
WU T am® Ry FIE—E OB A R T OICKR L, 358K W27 2 F AT —
TR D _EF I EAR DMK T LT,

& B2 3 KL ORI BB DK 43 B ERE

s g T — 7 AN T L THERL L 7= $8 15 2 J§ % 17 D 7K 4y B % Corneometer
CM825 & FHWTHIEL72&Z A, K ClItExk sy & 15.4+4.4 (n=6) THY, BIEE Tk
32.0£5.5(n=6) TH 7=, Ml &G LR RGO K5y mEflER RI2k LT welch’s ttest
(<0.05 A HEIKYE) BATHT2L A, HEENTRD LN, @ IR GRS TIIAE N A
NI NI E S THIPSNI-Z LD, RER T OKy ENEIMNULI-ZENF8 b,

T T 2m® Xy F ORE R U7 5 K OB G KRS O K 3 BlTEh 2 13.7
+1.2, 32.1£1.7 Toh o7z, Welch 1 1E (p<0.05 G EAKE) TILA B ZEZDFBDOOI, Flo, 7=
N7 — 7 ORI B RFIAE U7 f i B R e OB B RS D FHRE 7K 4y Bld L84 13.6 1.5,
31.9%2.3 Th-o7z, Welch’s t-test (p<0.05 HE/AKYE) TIXHAEZENBOLNIZ,
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R H R B X OB IE R % AV Ve BB R MR BRRS R

Figure 6 (7 x> hRe7 =T BLRV L T 2083 F D in vitro ~T L A7 Mt 5 J& M O
15 52 J& D 2 JE 2 Flux (u g/em?/hr) 27179, 7= b Re7T — 7 O BI85k
Flux % 5.06%0.55 u g/cm?/hr, R ETIE 7.74+0.72 p g/cm?/hr Th-o7z, VT an® 3y
F Ol R REICEBITD Flux (% 3.74%0.21  g/cm?/hr, BEHE TIX 4.70+0.22 4 g/cm?/hr T
bole, VT am®s Sy FIZ B D B IR T 2GR E O Flux OHEINERIT 1.26 5 Th-o
Teo 72 b ReT =N BIT DA IR T DG E O Flux OEEINZRIL 1.63 {5 Th-o7z,
(Table 10) VT 2Ry F KON T 2 M RT — 7 IZB W TR F K EHBIERED 2 FEET
Welch’s ttest THREZ THT-LZA VT 21 3yF T 10, 18, 22hr ICHEZENB DN, 7
=M AT —7TlI 4, 6, 8, 10hr IZH B ZENED LI,

9 9
g | @ . . Olntact skin g | (b) OIntact skin
B Abraded skin . M Abraded skin
7| |
~6 | S|
N P
~ 5] .
57 2’
24 Rl
é} E3 L
'N
2 2|
1 1+
0 L L L L 0 L L L L 1 L L
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24

Time (hr) Time (hr)

Figure 6. Representative permeation profiles of fentanyl through intact skin and abraded
rat skin at 32°C during 24 hr. In addition, result of Welch’s r-test

FentoseTape-Gum base (a) OneDuro®patch-Acrylic base (b)

Welch’s t-test  *p<0.05 Mean + S.E. (n=3).
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Table 10. Comparison with 32°C permeation Fua: (ug/cm?/hr) of fentanyl through rat
skin. Comparison with FentoszTape and OneDuro®Patch.

(FentoseTape-Gum base and OneDuro®patch-Acrylic base)

Fonax (ng/cm?*/hr)
Acrylic base Gum base
Intact skin 3.74+£0.21 5.06 £0.55
Abraded skin 4.70+ 0.22 7.74 £ 0.72
(vs 32°C) (1.26 hold) (1.53 hold)

Mean + S.E. (n=3).

FentoseTape size=5 cm> OneDuro®Patch size=4.1 cm?

Table 11. Comparison with intact skin Lag time, diffusion coefficient (cm?/s) X107,
partition coefficient of fentanyl through rat skin. Comparison with FentoseTape and
OneDuro®Patch. (Fentose Tape-Gum base and OneDuro®patch-Acrylic base)

] . Diffusion
Lag time Partition .
) coefficient
(hr) coefficient K 5 6
(cm /s)x10
Acrylic Intact skin 4.3 0.13 0.96
base Abraded Skin 5.1 0.17 0.82
Gum Intact skin 3.8 0.22 1.1
base Abraded Skin 0.3 0.05 12.6

Table 11 ([ZEMFiE 7 07 7 A/ Time-lag method ZFAVTEH L7 Lag time(hr) B L
Lag timethr)2 BFEH U7-IEER S D SHEBUREL D DR U720 Edfe sk K 2R d, JEER
IEREAEFH A LT RNE DR EIZ DWW TS R ORE THD,
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FLIRSHI B RERE R

Figure 7 277UV RHEHNE N7 20 2 =)k BRI A T DR B a2 AW e 7 = &
= VAR R TR AR B 0 FLIRE I E BBRAS o n3, T UARIEEAITIE 44.2213.4um Th
STy TLFRIANZ W RIFN O FLESIE 9.8+2.5 u m Th-oTlz, 77UV RIERI ORI ERE Ra=
LRFEANTHILT Welch’s t—test THRELIZEZA, TIZULZRERN DT NI LR EHN IO HE

A=Y

80

60

40
30
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Figure 7. Pore depth (Followability) test of fentanyl transdermal formulation.
Welch’s t-test  *p<0.05 Mean = S.D. (n=6) .
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T LRIEFNT, FEBIERY~— TSI TS, ZHUTKIL T, 727U R EAN T SRR
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W aTLE
R BB 81T DR E COIEMFR R 1C OV COREHLER

32°C. 3T CHRLVA0CTOENLD KT EE Js 25 U7z, 10 55 0 f I B o s 1ok
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B AL — P — B (3 — = 2 4EHL 1LS-5040 2T 25°C T ~DBI YL I R0F X% LIES
B ERBRCHRIE L,
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AR AE

Va7 T a— Uk RO AN 3N TT UL 5% A A B R 3 O 2R B A2 A
DIAF—ZHIBEL . AT 27— T TRAREE OB R 2 RS 7,
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3.2.3 MR
B R EE AW ZIREETD i vitro ~T VAT AR E% BB 2

Figure 8 (v 7 5o— L7 —7INPIBLIONY a7 ra— L7 —7TH3 U110 32°C, 37°C. 40°C
BT in vitro ~T L A< A BB EE Flux (1 g/cm?/hr) 2779, (Table 12)

a7 7a— ;L7 —7TNP D 32°COHK Flux ([ZxtL, 37°CTIE 0.9 %, 40°CTIE 1.07 {5 Th
oSt Tl vurTu— L7 —7THUA ] O 32COHK KKK Flux (2L, 37°C T 1.19 1%,
40°CTIE 1.29 {5 Tho7=, MiAIDF IR BT AR K Flux OB EDO % (Ln K) &7 L= 2
Ty LIRS % Figure 9 18T, S AR EREH W Y7 Ta— L7 —7TH 01 | OFRT 7
VRIS E AWy a T 7a— v 7 — 7 TNP JL0LIT ELEROMEE S K EL BRERIRE O F 8%
ZT B MERNZHDZ EDRBE T, T X TOIRSE T Flux (IYue77a—/L7—7TNPJDOH )
a7 ra— )7 —7THUA 1 X0 EoT,

30 30
() A Acrylic base (b) A Acrylic base
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Fruny Pranl
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Figure 8. Time-course changes in the Flux at various receiver solution temperatures.
The Flux of tulobuterol released from Tulobuterol Tape SAWAI and Tulobuterol Tape NP

was determined at 32°C(a), 37°C(b), and 40°C(c). Mean = S.E. (n = 3).
(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)
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Table 12. Fyqx values of tulobuterol in Tulobuterol Tape SAWAI and Tulobuterol Tape NP

in an in vitro, 24-hour hairless mouse skin permeability test.

F max(ug/ sz/ hr)
Temperature ;

Acrylic base Gum base
32°C 23.34+0.52 14.37+0.29
37°C 21.07 £0.33 17.10+0.19

(vs 32°C) (0.90 fold) (1.19 fold)
40°C 24.99 +0.33 18.50 +£2.28
(vs 32°C) (1.07 fold) (1.29 fold)

Mean = S.E. (n = 3). Fyax, maximum value of flux
(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)

1.2
A
JA
11t Ay =160.74 x + 1.66
w-o__ R?=0.06
=-B - _
M S-a -
g 10 F - -
- y =-1094.01 x +4.57 -
R?=0.99
09 r A Acrylic base
B Gum base
0‘8 | 1 1 1 |
3.18E-03 3.20E-03 3.22E-03 3.24E-03 3.26E-03 3.28E-03 3.30E-03
1/T(k)

Figure 9. Arrhenius plot analysis on the skin permeability of tulobuterol.
The natural logarithms of Fiu.. of the skin permeability of tulobuterol in Tulobuterol
Tape SAWALI and Tulobuterol Tape NP were plotted against the inverse of skin surface

temperature to depict linear approximations of skin permeability.
(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)

Ln K skin permeation; Fqx, maximum flux; K, skin surface temperature
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Figure 10. Arrhenius plot and Andrade plot analysis on the skin permeability of

tulobuterol. The natural logarithms of diffusion coefticient (a), partition coefficient (b)

and viscosity (c) of the skin permeability of tulobuterol in Tulobuterol Tape SAWAI and

Tulobuterol Tape NP were plotted against the inverse of skin surface temperature to

depict linear approximations of skin permeability.

(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)

Figure 10 (27 L= A7 oy MENTiE R B IO TV FL—R 7 ay Ml A2 R~d, n (EH#
KHEE) D%t AETREE 32°C, 3TCRB LD 40°CORK IR BT HIREE D (1/T) IZx LT
AU, IR e U, T RL—R 7 ay MEST OfE B LT L =0 27 ay Mg O
AW IR IE CILIEMERREEE DR D BN o T=D T, S DOFREET 5,
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Figure 11. The bioavailability of tulobuterol released from Tulobuterol Tape SAWAI

43

Bioavailability (%)

and Tulobuterol Tape NP was determined at 32°C(a), 37°C(b), and 40°C(c).

Mean + S.E. (n = 3).

(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)

Table 13. Comparison with bioavailability (%) of tulobuterol through rat skin at

37°C,40°C.
Bioavailability (%)
Temperature ;

Acrylic base Gum base
32°C 81.5+0.1% 56.1£1.4%
37°C 86.6£1.0% 69.8+0.3%

(vs 32°C) (1.06 hold) (1.24 hold)
40°C 92.5+0.4% 72.8+£5.0%
(vs 32°C) (1.13 hold) (1.30 hold)

Mean £ S.E. (n = 3).
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Figure 11 331X Table 13 1Z 12hr C® bioavailability (%) 27559, 32°CTILT 77UV % KH %
Wieyn7Zra— 7 —7INP I LR EAEZHWeYyue7 Ta— L7 —7THU A 110
bioavailability (%) 23 23> 72, T 27U NRERZAW-Yu75a—/L7—7 NP TiX 32°CoH
bioavailability (%) {25 L T, 37°CTl& 1.06 fi%, 40°C T 1.13 fHITHIANL 7=, 2 2R EAIZ 2>
a7 Ta— L7 —7THUA 1 TiX 32°CPD bioavailability (%) 1ZxfL T 37°C T 1.24 f. 40°CC 1.30
fEZHEANL , 727U R EEAN DG 2 LR FAD J5 73 bioavailability (%) DX EN>72,

Figure 12 |Z3¥piEim~ a7 7 AL H>5 Time-lag method Z VN THE H L7~ Lag time(hr)Z7R97,
T UV R ERNE - EE O Lag time I0H A %R IEFNZ AV E3FI D Lag time O 3L
72, Table 14 |Z Lag time »\OBE I U7-BUA%% D 27~ 9, Table 15 (ZHLEFREL D BHEH L
IBRE K AR, a7 T o — LR B WIS D IE M7 Lag time A 3RDBIVIRNSTZ728
PEBUREL D, /BRI K 1T DRI DWW TAH LB R ATED D,

2
OAcrylic base

~ 16 r - . B Gum base
= -
o 12
8
s 0.8 |
-

04 |

0

32 37 40
Temperature (°C})

Figure 12. Lag time of tulobuterol released from Tulobuterol Tape SAWAI and
Tulobuterol Tape NP was determined at 32°C, 37°C, and 40°C.

Mean £ S.E. (n = 3).
(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)
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Table 14. Diffusion coefficient (cm?/s) X107 of tulobuterol hairless mice in vitro
permeation study.
(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)

Diffusion coefficient (cm?/s) x107

Temperature
Acrylic base Gum base
32C 27.8 26.0
. 27.8 41.7
37C
(1.00 hold) (1.60 hold)
. 30.4 52.1
40C
(1.09 hold) (2.00 hold)

Table 15. Partition coefficient of tulobuterol hairless mice in vitro permeation study.
(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)

Partition coefficient

Temperature
Acrylic base Gum base
32°C 0.45 0.3
37C 0.36 0.2
40°C 0.47 0.2

fH R R X ORIE R EZ R\ NZ in vitro ~T VAT AR EZRBHERBRIZHOWT

Figure 13 {27 7a— L7 —7INPIBLONY a7 Tu— L7 —7THUA 10 32°CIZEITH i
WG BIX OB RIS D in vitro ~T VA~ AR &% Flux (u g/cm?/hr) 2777,
a7 7a—/7—7 INP| O COR K Flux (FZJEEiEEE) 13, 22.4470.76 1 g/cm
2/hr, B ECIE 28.9420.11 p g/cm?/hr ThHo7-, £ M T Welch’s t-test #{T7-72425 4
IRF R CHRAG B D 57 A3 B2 Js et L TR B ZE IS @i o7z,

a7 Fu— 7 —7F UL | O RS TOR K Flux (B & %8 #EE) 1T 10.73+£0.99 u
g/cm?/hr THY , FE K JETIX 15.6610.40 u g/cm?/hr Tdh o7, 45 C Welch’s t—test 24T
ST2EZA 2,4,6 WEHECRER BE I L CHRIG B O WA Btz £, Yr77r—/L
T —7TNP | OREH B2 OB K Flux (2L, BERE TIE 1.29 5 Th-oT=,

a7 Ta— 7 —7THUA | OREE R ORK Flux IZxFL, SR TIE 1.46 5 Th o7,
(Table 16) {5 5 & R & K OBIGK E ©TYn7 50— L5 —FTNPJDIEI N H T A 1508 Flux

MEDST,
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(b)

O Intact skin
B Abraded skin

2 4 6 8 10 12 14 16 18 20 22 24
Time (hr)

Figure 13. Time-course changes in flux with intact and abraded skin.

The flux of tulobuterol from Tulobuterol Tape NP (a) and Tulobuterol Tape SAWAI

(b) was determined at 32°C in intact or abraded skin.

Mean * S.E. (n = 3). *p<0.05 (Welch’s ¢-test).

(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)

Table 16. Fqx values of tulobuterol in Tulobuterol Tape SAWAI and Tulobuterol Tape NP
in an in vitro, 24-hour hairless mouse skin permeability test.
(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)

Fmax (ug/cm?/hr)
Acrylic base Gum base
Intact skin 22.44+0.76 10.73+0.99
) 28.94+0.11 15.66+0.40
Abraded skin
(1.29 fold) (1.46 fold)
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Table 17. Lag time, partition coefficient, diffusion coefficient of tulobuterol in
Tulobuterol Tape SAWAI and Tulobuterol Tape NP in an in vitro, 24-hour hairless

mouse skin permeability test.
(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)

Lag time Partition Diffusion coefficient
(hr) coefficient K (cm?/s)x10°¢
) Intact skin 1.5 0.45 2.7
Acrylic base -
Abraded skin 0.0 - -
Intact skin 1.6 0.31 2.6
Gum base -
Abraded skin 0.0 - -

Table 17 \CHW)EE 7 07 74105 Time-lag method Z W THEH L Lag timethr)BL O
Lag time 2OH H U HEEUREL D SHEEFRE D I DEH LT- 0% 3 K 27797, Lag time A3
<. 1IEHEZ: Lag time Z3R D0 o7,
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LRSI E B ofE R

B2 T 3B 06 M 2 B & O M~ D BUFN D IR EMEL EFR L B O Z 1 O M~ DI Y 703
(Fe#iMe) AR CE L 2| ALURSE R A FEM L7z, YrT7 Tu— L7 —7INPJB LU m
T Ta— )T —FT YU A | OFLIESHERAS Fo% Figure 14 129, Yua7 7a—/L7—7TNP DL
&L 78.0112.5 um Thotz, Va7 Fu—L 7 —FTHUA | OFLIESIL 33.9122.7 um ThH-o
7= Va7 Fu— L7 —7INP B IO a7 Fa— L5 —F T30 A ) ORI ER 54 Welch’s —test
THRELLEZA, a7 Tr— LT —TINP|OFRYu7 Ta—L7—7TH U4 | J0E A EICE
L T ZUIVREHND 5 D3 DR FEFN LS FLIRS RN EAVRIB ST,

Tulobuterol Tape NP Tulobuterol Tape SAWAI
4
’ (o) (pm)
<4 140pm 140pm
V . | 100pum 100um
| 50pm Opm- ‘ | soum
. ' iy - Opm Opm
/oooum / 000um
* " Opm Ourn
(um) Y i ®
h? 140pm & ) P : (um)
, "t | 100um F h ;:w 5 140pm
"’MhJ *‘ 50pm . : 100pm
“ W L opm 50pm
ke /- Opm
~1000pm
1400ym  OHm 1400p‘;\ “u
*
Pore depth 78.0 + 12.5pm 33.9 £ 22.7ym

Figure 14. Pore depth measurement (followability) test of Tulobuterol Tape SAWAI and
Tulobuterol Tape NP were placed on sandpapers. At 1 minute later, the sandpaper was
removed to measure the depth of 6 pores with a laser microscope.

Mean = S.D. (n = 6). *»<0.05 (Welch’s ¢-test).
(Tulobuterol Tape SAWAI-Gum base and Tulobuterol Tape NP-Acrylic base)



49

MRS TWoY a7 7 m—/ Vit BRI AN 17 5 FLER SR R Figure 15 (R

T2V RIEFNE N BIF O FLIESIE 67.1 5.6 u m Tho7-, $FL T, T LREHFZ H-,

IR DO FLIESITE 36.3 u m+6.8 um TH-o7z, WEEAIF T Welch’s t-test Z4To7=fER., 727U

SRIEFNOTT DT LRIEAN LB &< FLERS DR,

Pore depth (um)
=N
S

Acrylic base

Figure 15. Pore depth measurement (followability) test of Tulobuterol Tape (Generic)

were placed on sandpapers. At 1 minute later, the sandpaper was removed to measure

the depth of 6 pores with a laser microscope.

Mean = S.D. (n = 6). *»<0.05 (Welch’s ¢-test).

Gum base




50

AL RS S

Figure 16 (2w 7 70— /Ui IR BFN 351327 77UV F AT (A £H) B L O L3R FLA
(E #t) DB D RE RS A n 7, T LR EANORAITIE Tg (FT7 AMALREE) 23-40°CAF
IBIOBOCH T THo7-, KEERmIEE 32 CEIOANIBRED 2 EFR miEE 40°CHaTo G’
BRMERIIT SRR ThY ., (G KEE/(G) kD A KT tan 6 HIX—E Th o7,

T 27UV RIEANL 32°CHHT Tl tan § OFEIL0.17 THY, B (Pa) 120.86 X 10'Pa Th 7=,
T VNV RIERIORIAFNTIE Tg 13-2CEE—7 L, -T0CHHEIC T B—RL T\,

32°CAHED tan § DOffilE 1.64 THY, T LR FEHILDE tan 6 DEDEL MEEVER B WFEIR
STz, £ 32°CHE DR (Pa)1d 0.6 X 10° THY, T ARIEFI LG FMERIMEL . F2Hh0
FAVRINT, T LRIEF OIS ABII LI, IEfEe Tg ARE R TSt &
W, SBOBHET D,

109 e 105
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Figure 16. Viscoelastic test of acrylic base formulation and gum base formulation.
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BRI R

FZ & DM ~OBIFN D JRE DK A D — 203 | FHRMEDOMIZ A O METIZ R e
2 BUH| LR EE K L DB 2 E U=, T 27UV EA] (7 7V 3FE) 38 L O A5k L F A Vv
UK F 1) & A RE K L OBl A I ERE B% Figure 17 12”7,

TIUNRIERIORAITIX 78.25+2.1 FETH -7, %L T LRIEAIORAITIE 113.33+0.8
JEThote, 77U FRIERZ FIWIZRAFNTT LT, T LR EHKNZ V28K Z Welch’s ¢test L
TR R, T LREERN LG T 7 U SRIAND T DMENLITARL | b 23>z,

120

80 =

40 |

Contact angle for pressure sensitive
adhesive surface (6/2 method)

N

>

Acrylic base Gum base

Figure 17. Result of water contact angle for surface of formulation (followability) test.
Mean £ S.D. (n = 10). *»<0.05 (Welch’s ¢-test).
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FRIRE C D B2 & FIBE S SR B R BRRE R

B & DM ~OBFN DB VED IR -0 — 278 B RFIZ% T2 5 ~DBI YA Tldie e E
. FEBREORBNZAT L, 15 53% ORRIFTO B & LBUEI L O HIE ) OZA EfER LIz, 727U
TR I I L O 2R IFN & T TUF ORI C 0 B I B ) 2 s @ ek B e S L7,

Figure 18 (27 27UV RFEAR LT LR A ORI TO [ J& RIBfE S 0B b F 2R, 77UV
REANE NTZB-IANT 23.3113.0% Tdholo, 2 LREANZ WZB-IFITIE 52.3+12.0%ThH-
77o Welch’s t-test Z4T7ao7=fE R, T LR ILANZ LT 7V VR EHN D FF HMEALI KL FREFT
OHBEFNTE ST,

INBDTENLIRRFCORIBE) OZALRITT LR EAI LG T 7V R HAN D T HRRFTORZ
J& HIBHE S AL IR N EARIBR ST,

g 1000
©
2
:g 800 |
Y
[=]
8 600
&
%” 400 |
[ "]
[=H “' ®
“ 200
&

00

Acrylic base Gum base

Figure 18. Rate of the peeling force of adhesive in change the time course (followability)
test of Tulobuterol Tape. Mean £ S.D. (n = 3). *»<0.05 (Welch’s t-test).
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3.24 BE
In vitro )& FE R MERER

KRBRIZBNTT ZUN R IR E AWy 07 T o— L5 —7TNP | L06 =T LR IR & VY
a7 7a— L7 —7T WU A (D I3 EFEENEOIR I DN N @D o7z,

a7 Ta— 3 NICeR X AR o TR, 77UV RERIF O T b%&*ﬁl—ﬂ’ﬁﬁ%’:
IRTDOWTHKL, T LR FEAN T I E R 7 T2 M AAER 2 ISR N e 0 2 i1

IFTLRERN DI R EmNEE 2D, ZOMBEERIL, 727ILVREREZRWYe7 Te—u
T —7 TNPJEOH T LR EAZ AWy 07 Ta— LT —7THUA (D573 % & HEimME DR EIC
LM IR o TR THHZ LA REL TNVD,

BHEREE ORI (Ln n) ZIREOME (1/T) IR L TA T UAE S E O {Pl i fip 4 trig U=
TURL—R 7 oy MENTOFE BB I OT L =0 27 0y MENTIZ IS 1T DA% 2L Ln D BXOVHED
2% Ln P OFERICOW UL EMERMEZ RO BN oT=D T, S HOFRETH D,

TR\ S XD R B ~ D8 T D NSAIDs Th [FEE DM AS A HI TV VD, NSAIDs A8
BT 53 LREHIT, B o R EHEMEE 2°C, 25°C, 3TCH I 40°COIRE THIEL, Js D
JEE DO ERE O E AN =T L =0 AT vy ME X > T, R EGRMESRE - OFEBIME
Rl T %,

ZOUTERE ERICEDRE N COZRIEHEICH B A7, A C 3 5 R 2 1 2
BTEXHIENEEN TS, ZNHDOFERIT, Va7 Ta— LT —7 12BN T, 727U REH
DI7 IO HHHS TR RN BIA| Tl D LR STz,

a7 7Tu—/ 7 —7INPJ RO YU A 1330 % B Kb 5 R I T Flux @iz
IRLTZM, TZUVRIERIChHL YT Ta—/L 7 —7INP X, Va7 Tra— L7 —7THU1 1510
BELEICRBITAZYa T Ta—vD Fu, OENETES, Z0oZErbbyarra—L7s—71C
BNTIE, T2V R AN T7 B3 L0 HIH S 78 BRI AR T D LR ST,

F2ET = = Uk BRI EUHNC BT HWFE T . 72UV R EAN D J5 8 BRERIR B SR 0
R RAED S A I W EDRIB S CUNVD %,

Kokubo HliZ, o7 a7 —h FhFadzy 7074V URIAL D 4 FEREOHK Y%
FNEI TI7VVRKER] TLRAEEH], TV — A& O FA 2 -V CRRELL | F
ERERLIZEZA a bR AR B LUV a— A A TlEWTh oY Icb i eI 2 8% 5.
ZIRNSTEIS, T IV RIEE R TII ANV AR NI/ T3 v T a7 i3 7 7V Rk
FIEABEAERL, MK F Uiz Z 2 diE L %,

LLEXY, BREREZATET77ILREANL, Ya T Tu— B RRT 52 L TRM O iR
R EBIEZ L CODOIZR LT, SRR 0T T a— LA {REF LR LT, o
G FR R ET L 7oL B 2 b,
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B EEME R

F2JEBIEMERBR DRGSR, 77UV RIS D F BT LR EEFNL0E FLENZ LD 5 M~ Bl G
HRT L, K THHIENE 2B,

MEHD Tg LRGN M LGEEL TE T 5283 moiLTng 216 771
JVRIERIET LR IEF DR~ —0 Tg OE SR £ IR E T THD 32°CH5 35°CTiE
T IV RIEERND TR LR IEFN LS FHIERF N LN E 2 Dz,

B2 I DM ~OBIAN D RREMED KR 723, FHRIED IS il AR OIFHNED ZTITAR g
E xRN ORGFNZ T, AR T LK OBl A 2 RIE LT,

ZORER, TIUNRIEHND J5 3T LR EHN LIRS @O ZEDRIBE Iz,

B2 & DM ~OBFN D FEBMED N F D —228, Fz G632 TAN D J7 JG~D B Y DT
IRNINEE Z T 7Y R EF OB & LR O 2 T R IR T O RIBE ) 22 R AR E
LTz, ZDRER, T 7V R EHND T5 D3 25 JO% RRINEC D B RIS 223D 7K B
JE BN TNZENE X DT,

VAN ZE Y5 i:'A;é%ﬁiUfb FARPED < mAVED E< L BB T 28I A3 i
ZEMB R BIV, — ORIl RNOT LREEFN KOS T VUV RIEAN DT A B FFIBIEMED B
FNREZ 2O,

PLEiZEY, a7 ra— L7 —7INP BN a7 Tra—7—7TH T A | O HA|OFE NI L
JEBTEMEIC I B RIT L, EZBMEICEEZBRITLIZbDEE 2 b,

3.2.5 /&

a7 ra—/L7—7INP|BIOHUA O/ EEEEREE D Ye 7 Te—L 7 —7 il
FNZBNTT 27UV EEF L0 = 2R IEF D 5 A B RO B3 55 1R EE 0 R 8 O A\ DB 8
EZFRTNIENB RSN, Fo, BEMMA~DRFN O JRE M A B GBI E ThHEE R Y
t177t1~/1/‘|‘}:&w1lﬂﬂ§<§|0)77)/1/;&%%’]1150&()\:!‘5._{\%%[ %ﬂqb\f HLTESH G 7

FUMESRBR | S5 00 B2 8 B ) 25 (R S B e LT, O RBROFEE . 7 /LRI
FNDT7 73T LR FEHN L0E M~ G 704 < Fedlk T {ﬁﬁﬂr@>m< B JE~DBIGE A3 F
TEE . R G I~ D A E N E N E 2 DAL, B E N ERE 2 S, b
B BRI OEWD B EBIEMEICEEL BRI, E R~ ELBLIELIZbDEE 2B
720 ZAVDDHE B 5 ] B ] O 38 B AE M0 B B D& DA I R B % i E
FTENRRESI T, BRIR DTG IV TEA D F 722 S 24 9~ D BT AE A IRF D - FE D 7
JERRECEREEIREE | ALAHNI 2B L Tl 32 013 B D,
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4.1 FF

AN T INEL, AN T IR DB D 7 77UV R EL K% N Y R A 108 Bz W I R 5] &
LRI Z WU R A8 BN R B3 2 Ll U BRI 708 MU E 3 B R gzt e ~ D 5 28 ffe
AUz, 77V RERTIIe N e o -7 IN RO AAEH VB35 )\ b DD | B G Z )
FANEFOF AAE N LS THAEIS D05, T LR EEAITITEEAN L HEY O BAFM 2 RS
W S BIBMERHIIIS NN &% in vitro ~T VAT AR G im MR CresR L7z,

4.2 MEERB X UORBR A
4.2.1 In vitro ~T VA<D AR EiE @R IE
KR EUH|
TIINFRRFEL T, =7 77— RS ROVN A7 —T7 INPJ18mgZ i H L7, 2.4
FHEFN LT, RIS TERASHROIN A7 — 7 TYP)18mg 2 LTz,

BB XORHEE
Hos:HR-1 RMEMHEA~T L A~D 2 (7T #iR) O f L7 2 8 2 = 78— A St
J0 10 KA LT,

TR
HERI B L1 3R 2L (Laboratory Glass Apparatus f1: LGA-1084-CL) 2L . A—h~ 75
—{X FOXY200 ( H BH# A A AR t) 2 LT,

fE R EE AW EIRE COREERERER

URBIA LT —TTINPI IR IA LT —TIYP) % ¢ 24mm (ZFTHIE, T4 —%FIL, fi§HE
BT LTz, Z20t% B B AR 2 Vs 'y R L, BV BEE FiE &R Mos 77 CF
ELT, Ly — N =K (PEG400 40%%5 %) 2B /V WIZFRIE L XId Z IV BRI 1% | i
10mL/hr TERAWNZBRS T2, A —IF 77— (FOXY200 HBHE S A AR 1) 2 T
2RI TV 7L i 24 KRR £ CRIEZATo 70, B T 7V 7 Ui B TR
500 1 L AZF U PN EREE HEYRIE (100 1 g/ml AF L85 2% ) — )LERTR) 500 1 L Z IR A S 7=,
HPLC (Waters f-# ACQUITY UPLC v AT A) & AW TR EZHEE L, TR OIREZ 32°C,
3TCHLITA0CITREL , A ik Tl E TO R FEEEE Js 25 MU L7z 2023,
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HPLC BlE%&

FEAER L & U CR MR B D YR T A L 2 LT, NI YEM L & L CRIDERISR AL B oD 25
TR LT, UPLC JlZEIZIE Waters #1881 AQUITY UPLC AT 2% A LIZ, BT
£ BEHCs 2.1 X50mm 24 L7-, Mt &% 215nm &L, JIERFO BT AR 40°C, Ho 7’
JVOFENEIL 5 u L ELTZ, BEIR (0.5%) %) : 72 b=k (25:75) ) Difti#Z 0.3mL/min (272
DINTHREL, WIERFHRIZ 3 3L LT,

T — A RET
B ERE S DY T IV DYR AL B B HETRIR R DV R A1 A2 ENFEIEUEY)E O LD H
L. Fick OIERNZHEVE FARAE CO R &8 4 Flux (u g/cm?/hr) ZE LT 2,

Flux= (VdC/dt)/A

C:Hh oIV U

t: A EREH (hr)

Vi 7V Z UL S — K FE (ml)
AR FE (cm?)

Bioavailability (%) = (12 IR¢f oD i it & Q/ AL A 4 7= D EY) &) X 100

R
E R TR AR E COIEYFRERE IC OV TR EHLE

32°C. 3T CHBEV 40°CTOENGD 1R EE Js 25 U7z, i 51 0D B B2 i i it ok g
Froax R, HEERLTZ, 51T, 32°CTOD Fon 165 37°C BELN40°TD Froy DI INERZ
HU72, BLODOKRNEIRE TO Fou % 2 BEFTHEZL, Welch’s t-test (IZTH BEEMELT,
FREREDA B K HEIT 0.05 LU, Wil E TIT-77,

TL =R ay ME

HIEIRFE 32°C. 37T°CHRINA0CDYR I AL D Fox DIEFE IO 5 AARFE DM KL TA
JIU, B2 f§i%08 B O UT LR % Lo Uz, SOICHE#EREL D O%H (Ln D) B8ROV LR P D
%45 (Ln P) SIREOHiEE (1/T) x5 7 0y Mo T OBl AR OEZ % el L=,




58

B2 Z5 i P R R FEE AR AT

BREGEE Q(u g/ 2) b/ ZIHEICTEFINAED Flux 2% H L., Time-lag method (Z
Th/N ZRETHR B UZEEOEZ)D Lag time (hr) ZH U7z, F72, TRt TEfRE D
BIODESRE K 2R LT,

Flux(p g/cm?/hr)=(Cv-Cs) XKXD / L
Lag time=L2%/6D

Cs:JEHOHEMPREE Cv: EEFFROIEMIRE D:IEM O K2 & h COLEEREL
L: ZJEES K E~OEREK

4.2.2 FEHR
s B B & VW2 BB EETD in vitro ~T VA<D AR & B EHERBRIZ OV T

Figure 19 |ZURIAL T —FINPIBLRNIR AT —7TYP D 32°C. 37°C. 40°CIlTBIT5 in
vitro ~T VA< AR EFZBIEHEE Flux(u g/cm?/hr) 279, 727UV R EREZ B W=D D A
F—TTNP D 32°CTD Fax( 1 g/cm?/hr) 13 34.50+0.78 THY, 37°CTiE 56.52+1.09, 40°CT
1% 62.1611.26 Tholo, KL T, TLREFZHNCIRIALT—TTYPID 32°CTD Fru(
g/cm?/hr) 1% 32.47+1.38 THY, 37°C Tl 53.98+1.07 THY, 40°C Tl 64.38+2.68 TH
>77,

T IVNRIEREANTZUR AT —TTNP Tl 32°COHR K Flux (ZxFL . 37°C T 1.64 i,
40°CClX 1.80 fFITHE R LTz, A LRIERNZANTZIRAA LT —TTYPJTiX 32°COHK Flux 12
%L, 37°C T 1.66 i, 40°CCiE 1.98 {5l KL7-, (Table 18)

i B> 32°C, 37°C., 40°CIZFRIT DI K Flux OFEDH(Ln K) 27 L =27 1y UT-fE
R#& Figure 20 (T 7, LRIERNEHANWTCIRTIA LT —TFTYP DI 3T 7V VR HAl A
URTIA LT —7TNP LS ISR OB E D3 &< BRBGIREE D B2 T G W ME AN H D 2808
RSN,
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Figure 19. Time-course changes in Flux at various receiver solution temperatures.
The Flux of lidocaine released fromLidocaine Tape NP and Lidocaine Tape
[YP] was determined at 32°C(a), 37°C(b) , and 40°C(c).

Mean £ S.E. (n = 3).
(Lidocaine Tape [YP]-Gum base and Lidocaine Tape NP |-Acrylic base)
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Table 18. Fyuqx values of lidocaine in Lidocaine Tape [NP| and Lidocaine Tape [YP]

in an in vitro, 24-hour hairless mouse skin permeability test.
(Lidocaine Tape [YP]-Gum base and Lidocaine Tape NP ]-Acrylic base)

Temperature Fra{pg/em’/hr)

Acrylic base Gum base
32°C 34.50+0.78 32.47+1.38
37°C 56.52+1.09 53.98+1.07

(vs 32°C) (1.64hold) (1.66hold)
40°C 62.16x11.26 64.38+2.68
(vs 32°C) (1.80hold) (1.98hold)

Mean £ S.E. (n=3).

InK

4.0

34

A Acrylic base
B Gum base

y =-7274.55 x +27.42
R*=0.95

y = -8323.7x + 30.789 N
R2=0.99 ﬁ

3.18E-03 3.20E-03 3.22E-03 3.24E-03 3.26E-03 3.28E-03 3.30E-03

1/T(k)

Figure 20. Arrhenius plot analysis on the skin permeability of lidocaine.

The natural logarithms of Fiuu of the skin permeability of lidocaine in Lidocaine Tape

['YP| and Lidocaine Tape NP] were plotted against the inverse of skin surface

temperature to depict linear approximations of skin permeability.
(Lidocaine Tape [YPJ-Gum base and Lidocaine Tape NP J-Acrylic base)

Ln K, skin permeation; Fqx, maximum flux; K, skin surface temperature
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Figure 21. Arrhenius plot analysis on the skin permeability of lidocaine. The natural
logarithms of diffusion coefficient(a), partition coefficient(b) of the skin permeability of
lidocaine in Lidocaine Tape ['YP| and Lidocaine Tape NP were plotted against the

inverse of skin surface temperature to depict linear approximations of skin permeability.
(Lidocaine Tape [YP]-Gum base and Lidocaine Tape NP |-Acrylic base)

Figure 21 \ZHEEAR% D BLODEUAREL P ORI BEREDOWEI AT LT L =0 A7 1k
A om T, JERAREL, BRI E B I R R A G DN o T D TH R OB TH D,

Figure 22 3J0F Table 19 (T 12hr T bioavailability (%) 27+, 32°C TIZ 77UV % HFHI% H
WEURAAL T —TTINP B L O AR HAEHWZUR A7 —FTYPJ D bioavailability (%) 1%
[FFEE ChoTz, T7UNRIERZRHWTZIR A7 —7TNP) D 32°CIZx3% bioavailability (%)
1% 37°C Tl 1.65 fi%, 40°C T 1.82 fFIZHI ML 7ZDIZH LT, LR HEFZ HWZIR AT —7
[YPICIL 37°C T 1.67 fi%, 40°CC 1.95 5T, 77UV RIEAI LB T LR EEHI D 5 30T )
IZ bioavailability (%) DA F s> 7=
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Figure 22. Time-course changes in bioavailability at various receiver solution
temperatures. The bioavailability of lidocaine released from Lidocaine Tape [YP
and Lidocaine Tape [NP] was determined at 32°C(a), 37°C(b), and 40°C(c).

Mean + S.E. (n = 3).
(Lidocaine Tape [YP]-Gum base and Lidocaine Tape NP |-Acrylic base)

Table 19. Comparison with bio availability (%) of lidocaine through rat skin at 37°C and
40°C.

Bioavailability (%)
Temperature -

Acrylic base Gum base
32°C 30.2+0.9 30.3+0.7
37C 49.9+1.3 50.741.2

(vs 32°C) (1.65hold) (1.67hold)
40°C 55.0+£9.3 59.1£2.6
(vs 32°C) (1.82hold) (1.95hold)

Mean £ S.E. (n = 3).
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Table 20 IZFYFE A7 77 7 A/ )35 Time-lag method Z VW THH L7~ Lag time 81T\ Lag
time M OHE U HEREREL D, DBURE K 2R3, ZOREEIZOWTOB LIS HKROMETH
Do

Table 20. Lag time, partition coefficient K, diffusion coefficient of lidocaine in
Lidocaine Tape [YP| and Lidocaine Tape NP] in an in vitro, 24-hour hairless
mouse skin permeability test.

(Lidocaine Tape YPJ-Gum base and Lidocaine Tape NP -Acrylic base)

) Partition Diffusion coefficient
Temperature Lagt time (hr) . 5 6
coefficient K (cm?/s)x10"
. 32C 1.87+0.12 0.23 2.23
Acrylic .
b 37C 1.53+0.12 0.36 2.72
ase
40°C 1.67+0.03 0.44 2.50
32C 1.46+0.19 0.20 2.84
Gum .
37C 1.30+0.00 0.40 3.21
base -
40C 1.33+0.33 0.42 3.13

Mean £ S.E. (n = 3).
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4.2.4 /NE

T7UVRIEAN I NTZVR AT —7 NPTt 32°COR K Flux (Z%FL, 37°C Tl 1.64 %,
40°CClX 1.80 fHIZ R LTc, LR EAE A WZIRT AT —7 TYP) Tl 32°COR K Flux 12
%L, 37°CTIE 1.66 i3, 40°C Tl 1.98 FAHTHI R LT, MiAIDKIRE 2B 1T 55K Flux D&
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INHDZENLT TNV RIERE WA TIITINEEZE B THIRIAL ET7INEER T
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