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ABSTRACT

The effect of physicochemical properties of NSAID on the
transdermal drug delivery

By Hwansig Moon
Adpvisor: Prof. Hoo-Kyun Choi, Ph.D.
Department of Food & Pharmacy,

Graduate School of Chosun University

Propanoic acid derivatives: ibuprofen, ketoprofen, naproxen, flurbiprofen,
dexibuprofen and loxoprofen were selected as model drugs for the study.
Physicochemical properties of the drugs including the molecular weight, the
lipid/water partition coefficient, melting point and aqueous solubility were correlated
with the flux values. Properties of the compounds had a profound effect on the
release from the transdermal patch and subsequent penetration into the skin. The most
reliable parameter was found to be the melting point of drug as best correlation was

found between the fluxes of drugs having similar melting points.
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O| (0| 2 O[5tel NSAIDso| mFEFZ0| A0 Potts@t Guy”t H| 2ot log

KowOfl 7|8H5E MBtBt A AL permeability coefficient®| Of|S HEE 2hatA|

Valentova S2 IL|EE E3t flurbiprofen®| S0 UOA ZSHO|HEAH|

o k0| CHSHAM QPSFIACE (Valentova et al, 2010). 7 ZADf (R)-

flurbiprofenO| (S)-flurbiprofen 2 Ct O|E S4£&0| X5 522 E1SISCT

o
pal
rlo
J\l

FRIZ=0| =X|St= keratind} ceramides®| 7|2 X0 98l L|F9

718 2t80| SEECH] HOtstRLh Ol Atdz Qlof st &ddE =
ceramides TE= keratin} enantiomer= AfO|0f MEZ CHE ASZEE0| 0L},

2= LtE L& §+&S LIEHHCD HQHSHRAL.
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Table 1-1. Several marketed transdermal products

Drug

Disease/treatment

Product

Scopolamine
Nitroglycerin
Nicotine
Estradiol
Testosterone
Clonidine
Fentanyl
Buprenorphine
Estradiol/Norethindrone
Selegiline
Lidocaine
Ketoprofen
Piroxicam

Rivastigmine

Motion sickness

Angina pectoris
Smoking cessation
Postmenstrual syndrome
Hypogonadism
Hypertension

Analgesia

Analgesia

Hormone replacement therapy
Depression
Post-herpetic neuralgia
Inflammation/pain
Inflammation/pain

Alzheimer’s disease

Transderm-Scop
Transderm-Nitro, Nitrodisc, etc.
Nicoderm, Nicostop, etc.
Estraderm, Climaderm, etc.
TestoDerm TTS, AndroDerm
Catapress-TTS

Duragesic, Matrifen
BuTrans

CombiPatch

EmSam

Lidoderm

Ketotop

Trast

Exelon
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Flow-Controlling Membrane  Drug reservoir

it TR, Y

Dermal layer

Figure 1-1. Transdermal patch of membrane controlled system
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5 Drug-in-Adhesive

Figure 1-2. Transdermal patch of adhesive dispersion-type system
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oMol ef=o| =0 Chet Hetdel nEs o AFoA TSR St

C}. O] AFROA A=l HAHZEOIEM AYTEX = propanoic acid =

£ ZtE= ibuprofen [{(RS)-2-4-(2-methylpropyl)phenyl}propanoic acid], ketoprofen

[{(RS)2-3-benzoylphenyl} propionic acid], naproxen [ {(RS)-2-6-(methoxynaphthalen-

2-yl)}propanoic acid], EFH|/ZEZH [{(RS)-2-2-(fluorobiphenyl-4-yl)} propanoic

acid], dexibuprofen [{(2S)-2-4-(2-methylpropyl)phenyl} propanoic acid]f

loxoprofen  [{(RS)-2-4-(2-oxocyclopentyl)methyl phenyl}propanoic acid]2 2 &
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2.1. AJQF

OFA A HAH|, Z2|0|A~F A FAH X AE[H-FEIC|A-AE[
S5¢tA| AEHAN| = National Starch and Chemical Company (Bridgewater, NJ,
USAZEH N& 2Ch AMEZ|2 AEK = Dow Corning Chemicals (Midland,
MI, USA)ZEH X|& 2QUACH ketoprofen, ibuprofen, naproxen, S FH|Z Z M|,
dexibuprofen 5! loxoprofen2 FLIIMACZEEH XH& UL CHE RE
Alots

Alef S8 0ldel AlefE ArEotan O oldel FHarg2 A

rlo

K| R| BERUACE.

2.2.1. k22 I S6l= adhesive matrix 2] M=

=S ethyl acetate0 =0 %fz &%= U=

=
!
n
2
o
N
Q
Jal
Ja3
=

(PSA)RL &7 HO{FRULCE =TtHZ release linerdf =S}

=
=
o
Hr
Y
0
rto

of AXSHACE 3 = 80°CHAM 202 S A=ty T 77| EME A

HSHRALE 7| 204 XA =, polyester backing film (ScotchPak® 9728, 3M,
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USA)IOfl TArSHRIEE

2.2.2. In vitro Fu| 531} A

Diethyl ether2 OtF & 6-8F %=l hairless mouseO| Al full thickness

sking ZAM[SHRAL. motA|Y, =% J2[n 2 7telet kg HAz

ZHULEA MASHACE #E LALE 2YEX] @2 D22 6 cm?F =9

A7|2 Eet invitro £t AHE FIAHSHFCE Flow-through diffusion cellS

0|23t TDDSO|AMQ| hairless mouse sking £33+ =9 Zu| £t

i
A

JSERALt. Diffusion celle] 2= 37°CE2 FX|SIULCE Receiver cell opening

Ol EHAL2 2 cm?0|[, BI|= 5.5 mIQCt Receiver cell2 pH 6.02] Q4

buffer 2oz YK U2 medias teflonO] ZEEl magnetic bars

0|23} stirringst ULt EX =l skin2 2+2+9| receiver cell {0 =0 &1

a 20| O-ringdt cell capE =1 clampZ ™SI LCt Samplel 24A|7t

SOt 4A|ztOtct 2RO, High Performance Liquid Chromatography (HPLC)

mjn

0|83t E7IotALE
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2.2.3. EAMutH

UV detector (SPD-10A), C18 column (4.6 x 100 mm, 5 pm, Gemini),
pump (LC-10AD), automatic injector (SIL-10A)2 &%=l HPLC system
(Shimadzu Scientific Instruments, MD)O| AL E|R{Ct. UV detector?| mpEE
CkE 9| Mmax ZCZ ™o, column &= 30°CE S XKLt Flow

rate= 1 ml/min0O|0, injection volume2 20 uIRLCt Azole FEX=2|

mobile phase?} Amax & Table 2-10{ L}EFL{ QALY
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3. Zut 3 nF

3.1. aryl group o] HEF

DE oF==Z AFESH propanoic acid S TN ZHO0|A naproxenZHO|

methoxy naphthyl groupS 7tX| 11 L}HX|= phenyl aryl groupS Zf=Ct. Xj0O|

QA E silicone matrix (BioPSA®7-4302and7-4502)0| A2 E{ L} naproxenQ|

flux7} LIHX| CtE A=Z=0]| H|sH 012 M QULCt (Table 2-2; Figure 2-1). O|=

naphthyl groupl| Z=I|Z ©QI5}0Q] silicon matrixOf|A] naproxenl| &EHSHA

activity7} ZEAS0] sking £t £V} ZA L= HAOE2 HOICE

rir

3.2. ool dEH|

dexibuprofen2 ZtN|0| Z2St=2 2 FMEl ibuprofen0f H|SHA A2 IS T

E Aoz 22N ULt (Bonabello et al., 2003). [IZIA Ol =59 4L

480 X0 @TsHE e O] YUk HOR HOICh CHYE AW

Of CH3H ATTAZS ZASIRS M, 58 MBHS LIEHARIC R =

0.953). 12| Figure 2-30]A] i HfQ} 20| AbmmAAlol 7|20 2A
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10 | RUCH (Valentova et al., 2010).

3.3. Log P

Lipophilicity= IL|£& &% S0 UANM SR =Z|=tsty 2IXto]

C} D& AFFZ2 = SE2EH|ZZH I} ibuprofenO| AL} 0|9 log P Z}
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Table 2-1. Mobile phase composition and A, of various model drugs.

Compound Amax Mobile phase

Water adjusted to pH 3.0 with 85% phosphoric
Ketoprofen )

acid/Methanol (30/70)

1% chloroacetic acid aqueous solution adjusted to pH
Ibuprofen 3.0 with 25% ammonium hydroxide

solution/Acetonitrile (35/65)

250nm

Water adjusted to pH 3.0 with acetic acid/
Naproxen o

Acetonitrile (50/50)

0.01 MolL™" phosphate buffer (pH 4.5)/Acetonitrile
Flurbiprofen

(32.5/67.5)

0.01 molL™" phosphate buffer (pH 4.5)/Acetonitrile
Dexibuprofen

(37.5/62.5)

220nm

Water adjusted to pH 3.0 with phosphoric

Loxoprofen

acid/Acetonitrile (52.5/47.5)
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Table 2-2. Physicochemical properties of various NSAIDs with propanoic acid.

Molecular Melting point ~ Aqueous solubility
Compound LogP
weight °0O) (ng/ml)

Ketoprofen 254.3 2.94 94 150
Ibuprofen 206.3 3.51 76 14
Naproxen 230.3 3.18 155.3 23
Flurbiprofen 2443 3.57 110.5 2.7
Dexibuprofen 206.3 1.60 52 14
Loxoprofen 246.3 3.35 110 -
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Table 2-3. Summary of PSA screening with ibuprofen, ketoprofen, naproxen,

flurbiprofen, dexibuprofen and loxoprofen. (n=3).

Flux (pg/cm?/h)
PSA
Ibuprofen = Ketoprofen = Naproxen Flurbiprofen Dexibuprofen = Loxoprofen
Polyisobutylene 3.7 1.6 5.8 1.36 6.39 1.06
SBS 4.1 7.4 5.6 8.07 8.22 7.45
BioPSA® 7-4302 21.2 15.6 22 22.50 36.16 20.37
BioPSA® 7-4502 223 13.7 2.5 20.05 28.50 22.06
Duro-Tak® 87-502A 2.7 4.1 3.5 5.28 5.75 6.79
Duro-Tak® 87-503A 1.5 6.7 32 9.40 6.23 6.73
Duro-Tak® 87-504A 3.4 5.1 42 5.70 6.80 8.29
Duro-Tak® 87-900A 1.2 2.1 22 1.68 2.28 2.77
Duro-Tak® 87-2287 2.8 2.6 3.6 3.89 4.16 4.69
Duro-Tak® 87-2510 2.0 6.1 3.7 4.97 6.25 8.45
Duro-Tak® 87-2852 2.4 24 3.1 2.71 3.59 3.97
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Figure 2-1. Chemical structures of model drugs used in the study: (a) ibuprofen, (b)
ketoprofen, (c) naproxen, (d) flurbiprofen, (e) dexibuprofen, and (f) loxoprofen.
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Figure 2-2. Comparison of drug fluxes from patches containing 5% of NSAIDs in

different silicone PSAs. (n=3)
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Figure 2-3. Comparison of drug fluxes from patches containing enantiomers

(dexibuprofen and ibuprofen) in various PSAs. (n=3)
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Figure 2-4. Correlation between fluxes of drugs with similar log P values

(flurbiprofen and ibuprofen) in various PSAs. (n=3)
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Figure 2-5. Correlation between fluxes of drugs with similar molecular weight

(flurbiprofen and loxoprofen) in various PSAs. (n=3)
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Figure 2-6. Correlation between fluxes of drugs with similar aqueous solubility

(naproxen and ibuprofen) in various PSAs. (n=3)
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Figure 2-7. Correlation between fluxes of drugs with similar melting points

(flurbiprofen and ketoprofen) in various PSAs. (n=3)
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