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ABSTRACT

Development of transungual drug delivery system

for terbinafine

By Lee Jeung Phil
Advisor: Prof. Choi Hoo—Kyun, Ph.D.
Department of Pharmacy,

Graduate School of Chosun University

Onychomycosis of finger nails and toenails is a disease caused by
dermatophytes, fungi such as candida infections. Thus, the current
antifungal oral formulation and a topical cream or spray formulation is
used as treatment modality, but in order to prevent recurrence and
complete treatment of disease, long term management of the time and

cost required. So that patient compliance would be hampered.
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The purpose of this study was the development of transungual
drug delivery system from pressure sensitive adhesive matrix
containing terbinafine. The kinds of PSA matrix, effects of drug
loading, various vehicles on the permeation of terbinafine from PSA
matrix across porcine hoof membrane was evaluated using a plastic
penetration chamber containing poloxamer 407 gel at 32 °C.
Poloxamer 407 gel in the presence of terbinafine extract was
analyzed quantitatively, different barrier composition of skin and nail
were compared by permeability study.

In addition, PPG 400, Triacetin, Propylene glycol, Transcutol®,
Labrafil® 1944, NMP, DMSO, PEG 200, Hexylene glycol by
incorporating in a non—acrylic and acrylic matrix showed good
permeation enhancing effects. FT—IR study of porcine hooves
membrane treated with various vehicles revealed that there is

conformational change of keratin structure of nail.

Keyword : Onychomycosis; terbinafine; enhancer; pressure sensitive
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adhesive; porcine hoof.
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o] =t} (Baran and

Debruyne and Coquerel, 2001).

2005;

Kaoukhov,

A

YA 9]

Els

)

il

=}

Y

(Suh MK, 2001),

o Z-o] ™
o] ] @ Eo] %31 (Ghannoum et al., 2000; Scher, 1994),

ol A %27k

o7HA AAE7] o

7]
4

ofue

oj

o
TR

M
iy

o%

El
K

oj
KH

g
mJ

63
B

391 A

2l

MK, 2001). 121}

A ey

1o weh

S

=
=

o g ®

she

W

A= AE A7 AlE=EH I Y} (Niewerth and Korting, 1999).

PN
T

3k
=

&

S|
oS

of A &

T AA el =

2009).

’

2tk (Oh and Ahn

oFgol

k=3 EgfolEA

ol tHE A

o] A&¥ 7

=N
o

fluconazole, terbinafine, itraconazole



SR A eEERE ojuttE: FEAQ clotrimazole, isoconazole® ool Al
°F=<Ql terbinafine©] tiixAo|t} (o}JAAIF3}, 2012). o] FolA%E oln|ttE: Ad

oFEo AE TS A FHAYR FE2AA ALE sk Alxtel] Hed

oL
fljo
12

ergosterol &% Aste] R ZES veEpdY (Oh and Ahn, 2009). &3t
AEA AEHIL Qe ofHolwl A9 °FE R terbinafineo] o o] tiEA
k527 squalene oxidaseE Hol& oz Adfste] FFolo Axuovt EA e
ergosterol® S Walst AlE e AExTSE vtEE AR squalenes
SAsHA Fo 2N AME avE YERATY (Darkes MLJ.M. et al., 2003; Oh and Ahn,
2009; Ryder, 1992).

=d oFZel terbinafine (CyHpsN, TBF)& 39t &0 74 X5E 93|
A ofHolrlA okEolm, IF APt W 3ol T el Xl #AEs

et = &7t okEg 2 g Rt (Novartis, 1993). Fig 1& k& 2219 338H4

TZE HoF1n vt BExEE 291Daol® pKa #e 7.1°]t; (Alberti et al.,
2001a). &2 JAIZE 5EAS Holn Se&/&E Alo]o #ulA|4 (logP) & 3.3°0%

G99 JAAE = At (Alberti et al., 2001a, b; Brown et al., 2009; Gupta and
Shear, 1997). =3, e HA AA s (MIC, ~0.001-0.0lug/mL) 2 &
AR4 §% (MFC, ~0.003-0.006ug/mL)& AU glo] A2 okEgornm X8
ays g 4 Qv (Clayton, 1994; Darkes M.J.M. et al., 2003). 3o
cytochrome P450 At} @47 #fo] A3, & FEI FA HE30S

AT S 45 Aol Ak vhARom AR e AR F A $elrt

N
o
i
X
N
(o]

$3e] 2Tt (Oh and Ahn, 2009).
Terbinafine 492 c® A+ A (1d Hd 250mg) 9k =4 AA (A,
~xgo] g9 A)E o]43t} (Gupta and Shear, 1997). A+ FAl= 2HHAT,

_2_



.

s

A A

S

-

1993),

(Novartis,

PAW, BAA AR5 BE ARAR AREETH

°©

Mo AREE AL

u AL

)
_
fite)
A
X

)

=
=

3= NCER PY R R

h s

ko)

3 o

A

TERY SRS

#Ha A

-9l el

oy

Bt

wjr

ol

73

(Novartis, 1993). 181}

WEAAI 71T (Amichai

web g9l ol

1998).

and Grunwald,

o

X
H

o

AN Hl
=7

|

A

Gik=y

S

=
=

ok
ol

)

B

2

S

sttt olell dEshaL

A Aq7F e

011:4
PN

PN
T

o™ (Alberti

i

Ag A ~"o|t
et al., 2001c), 13

ol

ofpy

} 4 9t} (Murdan, 2002).

A, terbinafine 2]

ko>
il

&

o

X

23!

o] A

Fef7F ok (Novartis, 1993).

il A A7 =7

9|

o 9

o

s, A

Aol 6708 (245) ol AMgel eHOoEA, @

[

ok

0]

% 14 13] o] A&+

S|
oS

T

R

49

I

_?4

e

°©

off Abg W=7} oA
A7

1%

=y
U
o

-
1t

2

o

S = ¢ v} (Pittrof F et al., 1992). 18] HA 2

)
=

T~

il

el A sAlel

o7
il

—

i
W

olo
it

X
o

Ho
A

—_—

X



o

A=,

_?4

A

F 4= 2t} (Bohn and Kraemer, 2000).

N

Bl

dolyz ¢

Aber=oltt (Myoung and Choi, 2003).

T
s

o e

=S

|

12 @Wol Baro} 9lA] et} o

}+= drug—in—adhesive (DIA) j

A7HA), terbinafines 73

H

&

A=

of w3t

€l
I

Al 2~

)

—_
fite)

o
= =2

drug—in—adhesive (DIA) 3| *]¢] 7}

T
s

A9 HZ 2 terbinafines &-3f

A

ol

o

il 4 o] o,

17 98

7}

3

DE

AE

o
W

-



2. Al 2 Ay H

2.1 A5 U Aok

Aol AF&-3E terbinafine HClZ 33 W8kal, AHA 2 O 2 free base JEHIE v}
AFESF T Poloxamer 407 (Pluronic® F—127)< BASF Chemical Co., (Seoul,
South Korea)ellA Fawsror, Z2lMd EgolAEHo]|E (Triacetin) <& Sigma
Chem. Co. (St. Louis, MO, USA) =FH, fH@AdZEAs ol (DMSO) & DC
Chemical Co., Ltd (Seoul, South Korea) ©°lA, <A  F¢3F3ch
godal gl oo d  (Transcutol®), PEG-6 glyceryl monooleate
(Labrafil® 1944), PEG—8 glyceryl caprylate/caprate (Labrasol®) Masung
Chem. Co. (Seoul, South Korea) °IA Fujs}qlth. Salicylic acidi= Sigma—Aldrich
(Milwaukee, WI) & ZH-E|, 2—Mercaptoethanol, N—methyl—2—pyrrolidone (NMP),
Propylene glycol, PEG 200, PPG 400, Hexylene glycol< Junsei Chemical Co.,
Ltd. (Japan)Z%F¥ ¢33t} Polystyrene—polybutadiene —polystyrene (SBS) 2+
otad ALY et A&AA = National Starch Chemical Co. (Bridgewater,
NJ) e ZH¥, Silicone Dow Corning Midland, M) S ZH{¥, 1811
polyisobutylene (PIB; Vistanex LM—MH, Vistanex MML—100) = Jeil Pharm. Co.
(Seoul, Korea) °llA, polystyrene—polyisoprene—polystyrene: Shell Chemicals
(Stanlow, UK) =FEl Fwisiqltt. B 38F Aok 37121 Al 37 §lo]

Ahgsrd .



2.2. Ay ¥y

2.2.1. & WEHX Ax

A2 F, Polyisobutylene (PIB), 18]l ofAHA AL HRA &L F35304)¢]
ARG ol Feb Aglol 718 QD ethyl acetatee] 5% terbinafine &3} 7 ZHA]
§As FHrlbstel @8] Aeol=  wwbstth EESE Styrene—butadiene—styrene
(SBS) ¥} styrene—isoprene—styrene (SIS) A&A] €92 chloroform/hexane
SgHo] 52l terbinafine &3 FAA NS H7bsto] $hds] Aol=F wwketh

o] gelg AT FAR HAgFo] mYE "y ol E=xsh T HAZoA 10%,
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20 (w/w) % poloxamer F&MSE wE7] 93] poloxamer powderE 4 T
il

Elo] 2970 Y1l teflono] FH magnetic bars AREaA A3 L= wrbA
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El
2=

a, oS Ad A7bx 4 T dFTe HHsEE sl F=8]E poloxamer
FgN (20 (wW/w) %)= 2 mL A 6—well tissue culture plate® Z} wellol] =7
G Ao AREsE] fsl HA] AdElelA gel AEIE vkl fE 10 = ol

Aol Bygit

600M, Jeio Tech., Korea)ollAl 32 CTE A ¥t} Fig 32
THleE B Apoltt 4 dwult tissue culture plateol Sl WHES poloxamer
gelZH-E #83s & poloxamer gelo] AAE WFS AlZEF tissue culture plate
wellel &7 53 A3 7oA A% A3er}. Poloxamer gel?] #AA 34 5
| oA o)A

A& o AFE-H tissue culture plate wellel &4 922 3}, 7|29 tissue culture

ftlo
)
ofo
ol
ol
£
©
2
off

WwEof Fol 9l= poloxamer geld AJQEAFE

plate wellel 31i= poloxamer geled]l 3 mL2] Bo]&45 Yol F3 A Aeoa] A
AEE vk 5 RS 4 C W] 3AF E Qb mysioh oA dElE vk

poloxamer solutione 15 mL QA EZFH %74 Y poloxamer solution®l

gt

¥ o= | F=8Me ethyl acetateE Yo]FI1 poloxamer

o

E37] 9

ftjo
e

_7_



solution®} ethyl acetate’} €43 A F JE=E AL wwt7] (Vortex—Genic 2,
US)E olgsto] Alelerh. T&s] 41 & 1% d4yEel7] (VS-4000, Vision
Scientific Co., 3000 rpm, 10 min) & ©°]&3to] A w8E sl e (ethyl
acetate %)= FHdto] AFAHEFH7] (VC-96N, Taitec, Japan) & ©]&3to] ethyl

acetateE el th, AxH AHFEo 1 mL WSS Y1 HPLCE #43hc},
2.2.4. FE vheA FHE o] g% Y ¥} 4
A HE T Ao AFEs ek HERAA Y FyE FEFy FE FHO

RE FydtsE okES vlwst’] 98] Franz flow—through diffusion cellS
£

2 =73t} Diethyl ester®Z "5 E 6—8F % female

ol
o,
2
12
o
1o
<
B
12
o
ol

hairless mouse®| 4] full thickness sking ZA3t & 5 H29o (S 23
AbgelE = stu g ekAW, 22, a8 g3 et 9 HE vAR 2AAFHA

AARE. o]l YA EEA L vt AEste] 6 af F=9 272 2} in

rr

vitro T3 23S FA&st}. Diffusion cell®] &%+ 37 CTE A3t} Receiver
cell opening®] XWA-> 2 carolw, cell F3:= 5.5 mLo|t}. Receiver cell:> pH
6.0] QIAF buffer @ ethanol = 6 1 4 (v/v) EFNOo T HF LA low A3 314
5 teflon®] FHE magnetic barg ©]&3ste] wHkstty, Axld dF= 747+

receiver cell 9o =1 71 9] O-ring® cell cape =1 clamp® 143}

SampleZ 24A]7F 52t 4A]7vbty RO Rolzl sample> HPLC®E 43,



2.25. 84 717] & B4 =4

UV detector (SPD—10A), pump (LC—10AD), Z1¥8]il automatic injector
(SIL-10A)Z A% HPLC system (Shimadzu Scientific Instruments, MD)-&
ARt UV detector 32 223 nm= AF&3FTh Reverse phase column
(SHISEIDO 250 mm, Cig) = AFE3H column 2%+ 2% X4 A (CH 1445,
SYS—=TEC Inc., MN)E ©]g&3to] 30 CE FAsth Flow ratex 1 mL/min¢|W,
injection volume<> 10 gLolt}. o]&4el 4 A4S methanol/water (84/16,

v/v) %°] St

2.2.6. ¥EF o] AF3+= terbinafine =

WwE EWRS dolEth WES U 24oz A2 F 24 274 7 15 ml
AQEFHe HEr 223 5 mLel 5 % WEe FEaS wEol ©yl 47
gol Fu o] 8715 2 wWiae] 60 T el 24A17F Bok wpdTh 2447

Ay F g7 Ye WES AU 5% HEHE FEA = EA5te FES
FZE37] Y8l FE f99 6 mLe ethyl acetateE F7}ete] Aoj=t}. A5
(ethyl acetate ¥)= FHotal IAFAHEZ7] (VC-96N, Taitec, Japan) & ©]-&3}¢]

IAIZF B¢k Azt A%8 755 1 mLY wees Hrkste] HPLCR #4 s},



2.2.7. YA 34 (IR spectroscopy)

A7 BES B FI ZAA7 L1 () WEE 2R S8 17 59

o

32 C dFHolg 2 (IB-600M, Jeio Tech., Korea)ol] H¥ & Eof #5F3}
TS AASH] A8 40 T Ay QLEoAM sFF s Axd dxd WHES AH

sttt 1 mg 2HE 29 7 99 mg KBr<

ftlo
A

e ol gl ZAAGA FolA ¥

23tsto] hydraulic press® o] &sle] FFYE whErh IR

ro

spectrophotometer (Perkin Elmer, S100, Netehrlands) S ©]-83}o] HA]3it},

— 10_



3. 2% 42 u#

3175 AHAY BAo] ME k2 Fafo] HAE I

1997; Walters and Flynn., 1983; Walters et al., 1983; Walters et al., 1985). 7%t

AHAe Eestets AAo] wE terbinafine o T3S ®lw/FrEer] Yl

k)

&5 W37l 2Es e ofadEAld 7St AF A, silicone, styrene-isoprene-—
styrene (SIS), polyisobutylene (PIB) 18|11 styrene butadiene styrene (SBS)E
ARESY), okEo] FHsle R AHo R w2 wiEs o]&stH, 20 43 HiE F
Aes ddgsty, a8l 747k A EFEH SES Fst gE 5y FASES
B7rerdvh. e A9 terbinafine -+ % W& 7S AL @R FF o
10% (w/w)E &3tk Table 1 & o2 T/ ¢ A2A WEYAZRE A

s e 7FEAZE terbinafine F3 pAHFE BHolErh Hloka™ AAl

oty Alde MEZA FolAe W7 159 FFel wel -OH, None, —COOH,
2 OBE FAES AT 5 k. FE A 9§
Ao okmo] odolstd @A Lol 7kt Ao Basleta ptro] oJes o

= A 1 o

2lt} (Chedgzoy et al., 2002; Cho and Choi, 1998; Guyot and Fawaz, 2000). Fig

I
rr
2
V)
of\
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1o
o
127

™

AaAelA Y 20 A B T3 rA kR dE ) AR
0

okEeF Alold] A¥IAE E Ay, AIAG R @
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a4 As=

0.0478°]%lth. webA

[e]
R

A R*3k

o oFE ARF Aele]

A%

= S U
= T

ok
o}

=319

v‘é

7k, v o2 PIB9 87-4098 (R* = 0.851), 87-25163}

=
=

=
| Y

\Aer 1 9] v

o
A

W

87-4098 (R%?= 0.797) A= & A1

3.3. 53¢ F

)
%

v
A

—_—
fite)

0.6 mm) =54

(0.25

R
Yebdth 183 < 1 % (w/w) o @

A ZolQle 2 Agd wrem g Eo] gt

S

[e]
-

oj

===
[=EA=]

S 7Y gi=F 25 SO

dol il 10 % (w/w) ]9

Hof| 77+ 10-20 yme] ¢F

Jant

7}t (Gupchup GV and Zatz JL, 1999; Hao J and Li SK, 2008;
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T3 48S WPEGith Table 3 & PIB WEZ e H7he £ %3
£ enhancement ratio & ®oJFU}h Labrasol®S #Al¢stus Awtzdow okh
53 T2 ga3E g 4 Qla o] Tl & PPG 400, Triacetin, Propylene
glycol, Transcutol®, Labrafil® 1944, NMP, DMSO & AMH-3tS o & oFE F3}
=3 gdE vehdllah o] B3 20 o s 7 Ads A F dEe] AFshe
SFEFe FEoto] FIskal, Al AMEE T3 FXA FolA  triacetin &
e A E 29 EEo] 7MY w2 EdREs WERSITE 20 o wF &34
FoorEw Alolol AA AFE BAF Ay R® g (Fig 9

0.0008 o]3laL F W= ko] AaaAE AU + vt
5 2% DuroTek®87-2516 9 A% HAE Ax & F=9] AYsh= oA
oSkth. Table 4 + tekst T3 FHXA H7bel W enhancement ratio #hs&
Ye 2l Labrasol®S

A3t A T3 A2 A-$ control group ©f Bl %<& enhancement

f
2
e

2,

S

oo

o
S

>

oo

et

2

to

R

b

o

o,

o

ftlo

woE, ek A%

ratio #t= WEAT o] FolA % PEG 200, NMP, Hexylene glycol & F7}st
o vl %< enhancement ratio #S HEITh

[e)
o
T3 FXA FolA NMP & AFE3t9S v 352422 %2 enhancement ratio

S R, ¥ Labrasol A7bek g X oM = FFH SR control group °
H)8] & enhancement ratio g2 BEATh 20 ¥ FoF oFE Ty FEIFHO
A4 AFES FA8 2 A3 R® % Figl)S 0.2949 o2 F W5 3o #A S
g 4 gldvk

T EFY AHFAAE A ARES HAE ol gt 20 E F ke F

A% % enhancement ratio (53 XA H7le| w& F3e &5 F3 %/ control

group & F3H k& FAH) kS AAEA T T E7F9 #H A oA enhancement



ratio gt %Fel AR A R® 3 (Figl2)> 0.2222 22 43y
gl = et

rr
9
rr
po)
o
il

¢

3.5. ¢ 3 (IR spectroscopy)

thoket Fil Ex21A|9 okE Fy =X AYE o)ty Yal oz £Ho F3
ZAAE 47 AHEst #HA HES olgste] ARHY Fx4 WdE FdA
PR oz 393ttt (Bendit, 1966a, 1966b).

A Ao AAFE 74 A=A PIB 9 DuroTek® 87-2516 o oA

teFet Fel F SxAE Agste] dAE Az F 20 A s FeFHEEE
Z#aArk. Control ZH¥ T3 FXA el Qo FaE oFE AR

H] W3} S W enhancement ratio #t¢] Z1¥ Polypropylene glycol 400, Propylene

5 & Wk
615]“!‘—1—_1

glycol, Polyethylene glycol 200 18|31 NMP & A ¥stal, okE HF3}

it
i

v FFehe oFEHo] WY Mercaptoethanol, Hexylene glycol, Triacetin,
Transcutol & AEg3le] 1 F g2t T3 FXA 0 gol&4 (1 @1, viv) &899
7t FAT7E AT Fig 11 = 259 7% dolth. Mercaptoethanol %
Transcutol & AQIsE giF& AFelAes T3 FHAE AHstol®s 394 27
o] wAetA] ekt Sulfhydryl 158 7F Mercaptoethanol & A2 sh #i52
dorsal nail plate o] % R Y -7 WA TE Transcutol & &g TE
E FEH7E a5 AH ggddely dds] Z doixeE As BHAth

Ankx oz Atd Sld 7o) A3 IR spectrumel oA HoJA| = peaki=

N-H A% (amide A)2 3300cm™', C=0 A% (amide D 1600~1690cm”
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Iatolell A, N—-H W& (amide )& 1480~1575cm 'Ako]o Al C—-N A% (amide
- 1229-1301cm 'AtolellA] 242k &<91ek 4= 9lt}(Kong and Yu, 2007).
Fig 15% Fig 162 enhancement ratio #°] %49 T3 349 Ad &
5 oFERo] Wokd I FHXAE AAste] 1 F B¢ F FXA £ 9

< FT-IR spectrums ZFA3rh F3 FxA7E A=eA oS
Eo s dmAd N-H A%2% (amide A) 37} 3405cm ™ oA B %
FAAE A HEere F5 oj5g AT - Atk A olFe AE
H 2% A3 (amide A)E st WA 7329 W3 uwlFe] 2Aysic
At A FxE 3300cm BT e vE UepfAn vud e e
3290cm™'& YERdITE (Oertel, 1977). wahd NMP$ PPG400+= YA F+%E5

FAhete N-H A% A3 (amide A)o] U ZspAl AFstes: LdFozZM H2

02o% 500~550cm ' F-ZeA FHAEE o33 S-S AFAYE wArE
B w3 ¥ 12k 3tt} (Gniadecka M et al., 1998; Surewicz et al., 1993). ©]33} S-S

AE AR /g UWHAQ gauche—gauche-gauche (~510cm™) , @ HHA
gauche—gauche—trans (~525cm 1) 9} trans—gauche—trans (~540cm™ ) &

37149 W ®] WAS zka vk (Gniadecka M et al., 1998). T3 =3 #|7} A7}t
B oukE gag o) AlAE Agto] AukE = Wk o= Nail-S—S—Nail + R—-SH —
2Nail-SH + R—-S—-S—RoJt} (Murdan, 2002). ©] A wr$e Fusts= F3)

Z21AE  sulfhydryl 715715 7FA22 dow txEA o2& Mercaptoethanol 3
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Acetylcystine©] Qlt}. WES FASeE ©@lE Ajolo] A2 AlgdE FERE
oA wmoRrM  okE EAY FaE FYSA Ay (Bragulla and
Homberger, 2009; Murdan, 2002).

o|ss} S-S 4

A HA e BEFAAME 500cm™ ~ 550cm Aol el g wkErh EAlEHE 2o

RS Blusry] 8 AHAEHS Hoks u £ HXA7F

rn;

gl dHhdo] B3 ZXAVE AHE®  W@EoA+= Transcutol?} Hexylene

glycols A9stiyE UHA9 T3 FAA= H'S ATdTFozM S-S A

SHAA 7= Ao Aol FojA 347} Holx ¢t} (Ahn et al., 2009).
AEHo 7, AYgH AHAEY A= F3p FHAAZ Agde Fxo e
HYS doy|es Ao=r HAY, ARt ofE T35 ayel Agd 73 Wy
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A= FEAYG Hx9 dFEQ DIA AAHC #3 Aot} DIA
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Table 1. Terbinafine flux from the patches containing 10% w/w drug load with
respect to dry polymer weight, after the study period of 20 days. Values are

expressed as mean® standard deviation. (n=3)

Cumulative amount permeated

PSA
up to 20 days (ug/cm?)
Silicone 7.27 £ 0.36
PIB 5.30 £ 0.12
SBS 3.26 £ 0.97
SIS 2.50 £ 0.17
DuroTak®87—-9301 (None) 3.47 £ 0.12
DuroTak®87-4098 (None) 3.54 £ 0.54
DuroTak®87-2510 (—OH) 4.78 £ 0.49
DuroTak®87-2516 (—OH) 4.83 + 0.38
DuroTak®87-502B (—OH) 4.49 £ 0.26
DuroTak®87—-504B (—OH) 4.28 + 0.24
DuroTak®87—-2054 (—COOH) 3.01 £ 0.18
DuroTak®87—-2852 (—COOH) 3.60 £ 0.46
DuroTak®87—-2074 (—COOH/—0H) 3.16 £ 0.25
DuroTak®87—-2979 (—COOH/—O0H) 3.41 £ 0.32
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Table 2. Terbinafine flux from the patches containing different drug load with
respect to dry polymer weight, after the study period of 20 days. Values are

expressed as mean® standard deviation. (n=3)

Cumulative amount

Formulations Drug load (%) permeated
up to 20 days (ug/cm?®)
10 6.619+0.032
PIB
15 8.724+0.342
10 3.476+0.157
DuroTak®87—-4098 (None)
15 5.302+0.314
10 4.203+0.074
DuroTak®87-2516 (—OH)
15 5.511+0.305
10 3.699+0.197
DuroTak®87—-2852(—COOH)
15 4.850+0.209
10 3.489+0.171
DuroTak®87-2979 (—COOH/—0OH)
15 4.543+0.304
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Table 2. Remaining terbinafine in the nail after permeation experiment at vari
ous level of drug loading from PIB and DuroTak® 87—2516, 87—4098, 87—2

852, 87—2979 matrix. Values are expressed as mean® standard deviation. (n

=3)

Amount of terbinafine

Formulations Drug load (%) remained in the nail
(ng/g)
10 0.816+0.069
PIB
15 1.304+0.127
10 0.608+0.166
DuroTak®87—-4098 (None)
15 0.899+0.079
10 0.632+0.048
DuroTak®87-2516 (—OH)
15 0.795+0.086
10 0.934+0.142
DuroTak®87—-2852(—COOH)
15 1.059+0.317
10 1.281+0.236
DuroTak®87-2979 (—COOH/—0OH)
15 1.553+0.301
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Table 3. Enhancement ratio of terbinafine flux from the patches containing 1
5% w/w drug load and 5% v/w enhancers, with respect to dry polymer weigh

t, in PIB matrix after the study period of 20 days. (n=3)

enhancer Enhancement ratio*
Control 1.00
Labrasol® 0.84
PEG 200 1.08
Triacetin 1.15
Propylene glycol 1.16
Transcutol® 1.10
Labrafil® 1944 1.10

Salicylic acid -

NMP 1.12
DMSO 1.10
Hexylene glycol 1.07
PPG 400 1.21
Mercaptoethanol 1.03

*Enhancement ratio = Flux with enhancer / Flux without enhancer
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Table 4. Enhancement ratio of terbinafine flux from the patches containing 1
5% w/w drug load and 5% v/w enhancers, with respect to dry polymer weigh

t, in DuroTak® 87-2516 matrix after the study period of 20 days. (n=3)

enhancer Enhancement ratio*
Control 1.00
Labrasol® 0.90
PEG 200 1.24
Triacetin 1.02
Propylene glycol 1.05
Transcutol® 1.02
Labrafil® 1944 1.02
Salicylic acid 1.06
NMP 1.17
DMSO 1.09
Hexylene glycol 1.16
PPG 400 1.09
Mercaptoethanol 1.03

*Enhancement ratio = Flux with enhancer / Flux without enhancer
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Figure 1. Chemical structure of terbinafine base(Sachdeva et al., 2010).
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Figure 2. Feature of the human nail plate (Walters et al., 2012)
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Figure 3. Typical set up of nail penetration study chamber.
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Figure 4. Correlation between cumulative amounts penetrated up to 20 days f
rom various adhesive matrixes at 10 % w/w drug loading and remaining terbi

nafine in the nail. (n=3)
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Figure 5. Correlation between cumulative amounts penetrated at 20 days from
various PSA matrix at 10 and 15 % w/w drug loading and remaining terbin

afine in the nail. (n=3)
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Figure 6. Correlation between cumulative amounts penetrated at 20 days from
PIB and DuroTak® 87-2516 matrix at 10 and 15 % w/w drug loading and

remaining terbinafine in the nail. (n=3)
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Figure 7. Correlation between cumulative amounts penetrated up to 20 days f
rom adhesive matrix at 10 % w/w drug loading using nail membrane and cum
ulative amounts permeated across hairless mouse skin from 10% w/w drug lo

ading. (n=3)
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Figure 8. Effect of various enhancers on the permeation of terbinafine in PIB

matrix, at 15% w/w drug load and 5% v/w enhancers for 20 days. (n=3)
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Figure 9. Correlation between cumulative amounts penetrated at 20 days from
PIB matrix at 5% v/w enhancer loading and remaining terbinafine in the nail.

(n=3)
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Figure 10. Effect of various enhancers on the permeation of terbinafine in Du

roTak® 87-2516 PSA matrix, at 15% drug load and 5% v/w enhancers for

20 days. (n=3)
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Figure 11. Correlation between cumulative amounts penetrated at 20 days from
DuroTak® 87—2516 PSA matrix at 5% v/w enhancer loading and remaining

terbinafine in the nail. (n=3)
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Figure 13. Peptide bond in protein (Walters et al., 2012)
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Figure 14. Appearance of porcine hoof soaked within aqueous enhancer mixture

solution for 1 week.
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Figure 15. Infrared spectra of porcine hoof treated with various enhancers. (High

value of enhancement ratio)
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Figure 16. Infrared spectra of porcine hoof treated with various enhancers. (High

amount of terbinafine remaining in nail)
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