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Abstract

The purpose of this study is to investigate the effect of various pharmaceutical
vehicles on the simultaneous transport ethyl nicotinate (EN) and its metabolism to nicotinic
acid (NA) across rat skin. The skin transport in vitro was investigated using mounted intact
and stripped skin in side-by-side diffusion chambers, and fiux of EN and NA was determined.
The fluxes of EN from methanol, ethanol, propanol, isopropyl myristate and dimethyl sulfoxide
were significantly higher than that from water and phosphate buffer pH 7.4 (PBS 7.4) (P <
0.05). However, flux values of ethyl nicotinate with propylene glycol, mineral oil and ethyl
oleate were significantly lower than that of water and PBS 7.4 (P < 0.05). There was no
significant difference between the flux of EN from polyethylene glycol 400 (PEG 400). The flux
had no corerelation to the solubility data, suggesting that high solubility values do not transiate
to high drug permeation. The fluxes of EN through stripped skin was significantly higher than
those through intact skin in all solvents (P < 0.05), suggesting that stratum corneum is the
rate-limiting step for EN permeation. NA fluxes and ratio of NA to lotal fluxes from methanol,
ethanol, propanol and dimethyl sulfoxide were significantly lower than that from water and
other solvents (P < 0.05). To elucidate the mechanism of solvents on NA flux, a hydrolysis
study was performed using skin homogenate, and the Michaelis-Menten parameters (V,,, and
Km) Of EN were evaluated. Vp,, showed the same tendency with NA flux/total (EN+NA) flux
ratio, suggesting that skin esterases activity in rats are inhibited by methanol, ethanol,
propanol, isopropyl myristate and dimethyl sulfoxide. Moreover, Vmax and Km of NA from
other solvents was nol different compared with that from water and PBS 7.4. These findings
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indicated that the discrepancy in transdermal profiles of EN among the solvent tested was

dominantly due to the difference in the effect of solvent on esterase activity in the skin.

Keywords: Skin transport, Skin metabolism, Solvent, Ethyl nicotinate
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Executive Summary

'lueh*'s’mnaamﬁa:‘j'lugﬂuuumsﬁ'\damdmﬁmﬁh (Transdermal drug delivery) N3
@andvhazaodanuidgatonnlumsashiy  dlassn dvhasseilinadants
UaaldasdenaanamdriuuarmiBurinuiimiivssasutnginme Fvnazatpfilinig
LndsnITUE MDA TUTIeRIml inanoTiia 15w dh (water) 10m4aa (ethanol) Twiian
nanaa (propylene glycol) IwalefAiau nanaa (polyethylene glycol) siusiu daiun1sidan
svnaraafimmunzauiiinaededufinardrifatu  damsazapvasdasnludvinesaiy
n‘mJasziam:aw'hmmnﬁaﬁmzmuﬁfujﬁmﬁh PSRN ITUHIU DI T
stratum corneum VBRI HavBIRITazasfifidamiausessaslufionits uasfin
gasdvhasmemaniudaAmtaudu

UTIWNRT (Prodrugs) Lﬂu’:'ﬁn'mv‘i'un‘w‘l’mmuc'hmfwaamnsju"r"i'lﬂ'nauﬁ"lﬁ'li’ﬁ'u
mnﬁ‘ﬁ'nﬁa'luﬂaqﬁu (1-2) ’i"ﬁ'm'sujﬁUuuﬂmuﬁwmiﬁlﬁaé’lugﬂtnmnaﬂﬂu‘*‘:‘fs’ﬁuwwmu
Lﬁaommau‘l-nﬁﬁwumnﬁqﬂ'luﬁ'mﬁ'ﬂﬁuﬁ oulmilungaasaaisa (3) usITWLNFTAiie
amns'tf.luaeﬁﬂs:naummmgmﬂ‘é‘uuuﬂaﬂﬂmau'l*nu'mmﬂawaluﬁ*mﬁ'uﬂumsaanqn%
e'fnf’uuﬁwmﬁ"ﬂmd‘lﬁgumigmumuaﬁauau"waug'mftﬁlalﬂ'l.ﬁﬂualumsi'nmmnﬁqﬂua:
i’iumﬁotﬁuasiaﬁ'mxl'ma:i’nmuﬁ'auﬁqﬂ Lﬁaomnmswmﬁ'ﬁmmmgnﬁﬂﬁ'ﬁauaaw
Tasowlodlufiawiy  dmudeinnusuiusdefdlumsiinensvadviasasdan1sdu
FUAIMITILRSLU A LA R FUTAIUTININET IMA MWD luﬂaqﬁuwu'i'a'ﬁ'agmﬁmﬁ'unnuaaﬁ"z
YRsauen gRan IS uLassueRFuTBIUTIMIAEIWRT T RoIWe 190 Liu uasame
(6) wuinemuasmanInYwiASudmumnsuisuudsevasanlodlutunitimiwi i
F9@ (viable epidermis) afliAdvlifinsunavasdivnazaeiugfilimandonsude
nsduduussieuaisurasluglvasuTInindrufimi "r‘semm'\m'l’agaﬁ'ansi'nm'lﬁ
Wimaninayua AROAIUNA INVBIRITNRERBAI M ITUHIRURSLUAN LD R AU ILTIWLNNT
TuRawielea

umsfnmafiilldfonlfetsilndunduurmndrduuy Tasesafilagiunm
mmqmﬂ‘é‘uuuﬂadﬂmau‘lmﬁlaﬂmana'luﬁaml’ui‘]unmﬁ'[nﬁﬁﬂ (4) FAnWIHATAIRII
RTAWANIUIU 11 Tila fe d"l. phosphate buffer pH 7.4, methanol, ethanol, propanol,
propylene glycol, polyethylene glycol 400, Isopropyl myristate, Dimethyl sulfoxide, Mineral
oi, Ethyl oleate lumITuruRmbsusziwavadsuyonaiailafiiunlasdtnunan
o Tﬂui‘aqﬂ'::aafhaan‘rs’:i'm{ﬁaﬁnmwmmlaaﬁ"zma:muﬁ'l'ﬁ'lummnﬁ"nnﬁuvia
nwfm;i‘m'uaamiaﬁTnﬁmmua:mmua‘laﬁﬁanmﬁTnﬁﬁnﬁ‘mﬁ‘mﬁmg NIANMIM T
HAUAIMNITRA intact uAT stripped ﬁ'ﬂﬂu'l-i's‘rmﬁ'ainmiuqﬂnﬂﬁ diffusion cell Tfia



HOYB IR TR IR M eN NS UH IuAz M ioR nevo e il Indnm luianTiny ?

side-by-side uasvmyiaunnvansiailafinauazniafilndfinfuwsthufimty Wang
vpaptaiilafiuasiniumuas tamuaa Iwiwmaa lalolwidsluimen uszlawdadan
an‘l-nﬁﬁfhgan'hmwé’n-fmaaLa‘ﬁaﬁtﬂﬁmﬂmnfﬁua:wamﬂaﬁ'ﬂxﬂafﬂﬂmﬂunmdw 7.4
atnaiinddumaada (P < 0.05) WandvasataitladuainInifin Tnanea i
wazteTalamaaidndinindWanduasetailadmasmiuaznamWativinesanuiiu
NI 7.4 adndnpaaumasiid (P < 0.05) linuanuuendisszwitvawanduaedall
Tadiuaninlndiodau  lnanaa 400  uazdWanduaseTaiiladmanmiazWosine
Tiaienmiiunsady 7.4 émdngdtahifianudunusivddansazaruvonstaiilad
w.ﬂttﬂﬂqlﬁlﬁuiﬂmiﬂmm:muﬁga'lxi‘lﬁuammn'\s"fmﬁ'mmaata’ﬁaﬁ‘[nﬁmw?'igod’an
wangvainiafilafiinuazdanduizninvanduainiailadinuasnanuvainandvol
niadladafinuaziatafilafiiuaniniumuaa amuaa Iwiwiuas uwaslawdadawanlodiisn
dnianduasiataiilefiiuasindavnaznedu  daWdndussasaiilafiualufiantiriie
stripped fdganinddndveefadladualufianiasiia intact adalibddymoadialu
NN 9EvAzAY uam'h-fumaum'smuqum's-‘ﬁuchuﬁ':mi'waaLa‘ﬁaﬁ'[ﬂﬁtuﬂﬁa%u aa
ey aofliioy efazwanalnuasdineeaefifinadadnduaintafiladiin vinsdne
milalatladalasltlalufivarasfniauasiimimdmnniimaizasluefia wwnu
(Vrnax W82 Ky) V000388 l08MA A1 Voo 0Nuduwuituaavasdansmuszninanandves
niafiladfinuazrativvsianduaniailadfinuaziafailadiuauasldiininniminnu
mnmau‘lmﬁaammm'tuﬁ'mﬁ'ognﬁmmamumuan lemuaa IwTwuea uaslawadan
anlae a9l MUAT Ve W82 K, ludainazasdugiidr livandrenmituasama
Tasanuilunsedns 7.4 madduadiiusnaliiuitanuuanelunmsdusuian
vosnatattlansfuunludirazasfiannanuuandiveInarodIvasaIua anI TN
vauowlmiomnaisalufiamia
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@1 1 Fansacasatrdudivanstafiladunludinacaivdnig 21

@179 2 Wandvaaataiiladiun (EN) nsafiladiin (NA) 28
uazwasutadladaitladiunuazniailadfin(Total) 91nd
Yazanudd9lu intact skin uasdudssAnEnsduriuvas
nasmvadedailediunuaznsaiiladinvinaaiiazaiue g

MR 3 wanduaaataiiladiiun (EN) niafiladfin (NA) uaz 36
uasuvanabailadiunuaznsafiladfin(Totat) :ndn
Yazanu@na 9Hnu stripped skin uaz&LzANTNIEN
fupaInaTInvatadaiiladiunuazniafila@finan
AMRZAINAIN g

a131971 4 Michaelis-Menten parameters vadtaaiila@iun 43
Tumsdnwlalasladalaslilaluiiuavosfiomisly
AINRZRINANI g

M7 5 Michaelis-Menten parameters vadaTafiladiiun 44
Tumsdinulalatladalesltlalufiuavasfianits
Twwmuasanudutuaiglu PBS 7.4

a3 6 Michaelis-Menten parameters vadlaBaiiladiiun 45
TunmsfinulalasladalaslflaluSiwavasfionis
Twamuoanutindudtsglu PBS 7.4

a7 7 Michaelis-Menten parameters vadtadadila@iiun 45
lunmsanwlalasladalasltlalufiuavosfiamibs
Wwlwiwneanuitutudrs 9lu PBS 7.4

T 8 Michaelis-Menten parameters BaJtoTalilafiiun 46
Tunmis@nmlalasladalavltlaluiiuavosfianils

wlawtadaranlad (DMSO) Anututudaglu
PBS 7.4
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nWaTPusaInsiieTmzdnaiiledfinlesis HPLC
nymuasuTasmMsierziieiailafunlasds HPLC
M IFusuimitivaetaiiladunded e luin
nrwnsfudiufianiveaetaiiladiundidudilunamua
inaianuiiunsadns 7.4 (PBS 7.4)
nrnITuiIwAmiradaiilafiundedudalusues
nTmMIBuriuimiiranelafilaaumdedudluasves

[ ] - L) 3 -3 - J .. o
nnsdudwiImivaasailasiundidua lulwiniues

(] - " - . - J A‘ - ol ol
AWMITusufmrasesafiladundidual Iulwinan
1nanaa (PG)

] ] - " - o - o - & -t - ol
NIMANITUHIMAINUIY ﬂdlaﬁﬂuIﬂﬂtuﬂ‘Hd BUQ11“IWRLEJYIRH

nanas 400 (PEG 400)
nrinsBusuimisvanetaitlnfiundedudalu
lalolwiRalusaian (PM)
nsmsusufonisvaatailafiundedudalu
1awsadananlas (DMSO)
nrvnsBuruAmitivesetsiiladiundedudaluiiuus
(Mineral oil)
nrWnsgutiauimiiivesetailnfiundedualu
eBalofiian (Ethyl oleate)

NIWNIITUEIUAIMIIRLY stripped skin vadtaBafiladiiun
dadusaluin

NS TNHVURINIILLL stripped skin YadaTafiln@iiun
ZadudluPBs 7.4

NINTTUHTURINNNLIUL stripped skin YadtaTafilafiiun
Faduarluwmues

NINNITTUHIUAIMTIUUY stripped skin vadadritladiiun
Feduenluamuen

NN ITUHRAIMRIULY stripped skin YosoTaiilafiun
Feduslulwiniuea

NTINMITLHUAMRIULUY stripped skin YadlaBaiiladiiun

i

19

20

22

22

23

23

24

24

25

25

26

26

27

30

30

31

31

32

32



snvasi I Inzn wRen ISR IvInzwA e Tuvoasink InAun luimdmy

Fadudrlulnian lnanas(PG)

NINMITUFUEIMITILLY stripped skin vadladafiladiun
Fasudrtululndiaiau lnanas 400 (PEG 400)

NI NITEIUAIMMITILLY stripped skin vadaTailadiiun
deduarlulalolnsialulsian (Pm)

NN IBuEAUEIMIILUYL stripped skin vadlaaiiladiun
Fadumlulawsadananlod (DMSO)
NTWNITRENUAIMIILLL stripped skin TadlaTafila@iiun
Fadudrlwihauud (minerat oil)

NIMNIITUHUE ML stripped skin TaaTailadiun
Faduluiatalafian (Ethyl oleate)
amuFuRusiznisanututwiudusanatafilafiunuaz

darslumafalalesiadalulaludiualuarvinasasdo

anuFRuiTEnie It uusuuanetafiladiunuas
aeTuirlunstialaletlagalulalufiualuaiazaiufe
PBS 7.4
anuRIWRETTA e NatutuGuduranetailamiunuaz
saruFlumsiialalasladalulalufmwaludrazando
WEUEA
aMufuRuETEnIa Nt wTudusaiatailadiunuas
darTuirlunmuialalaslagalulaludiuwaludvinazaofia
LDBIUDR
anufuwkEnienudutuGudusonadailafiunuas
sarihi lumaialalatladalulaluiiualuarvirazanvde
Tnswuas
anuFuRuTIEnIve Nt uEuduvenotailadiunua:
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anuFITUTIznIvANuTuTwS uduvadeSailnfiiunuas
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I. UNwI

audaguacnazaslgul

'lu.eh%’mjaem'?'iag:'lugﬂuuumsﬁndammuﬁmfﬁ (Transdermal drug delivery) N3
@endharapfinnuddgataannlumnidiiy desen Mharawiinadans
daaydavdrpiaaniindriuuazmsduduiawiiasasningineme Fvazaufilinig
WndTnTINEMIUSTusTMIfImislinaowiia ttu ¥ (water) tasmaa (ethanol) Twsiau
nanaa (propylene glycol) lwaia#ifiu Inanaa (polyethylene glycol) ifueu Satumadan
svnazapfiminssuddinsnoiladofinrsdrilafodn  Fanisazavvasdionludiriazann
mﬂJasziau'uaos‘a’mwwnﬁ‘:ﬁm:mmﬁﬂzjﬁ'mﬁ'a AIRUMITNEUVEIFIH IR T
stratum corneum VBRI HRTBITIEzaefilidan1InauTa L Tadlufinl uaziie
ysasaza AT udaRMRa udu

UTIWLNRY (Prodrugs) Lﬂu‘i‘ﬁmnﬁums-‘r’mdwﬁ'mﬂ'waamnr;iuﬁ'l.:jﬁauﬁ'lﬁh‘fr‘fu
mn"‘a‘ﬁﬂﬁduﬂaqﬁu (1-2) ’ﬁs’mnﬂﬁuuuﬂawﬁwLnﬁ'ﬁlﬁ'ag:'luzﬂtaamaﬁi’]uﬁ‘ﬁﬁ
uws’ummﬁaomnLau'l-nﬁ"r'iwumnﬁqﬂ'luﬁ'md'a'lﬁ'uﬁ wulmilunguasasiie (3) usIw
Lnﬁ'-nﬁﬁmamaﬁﬂumﬁﬂ's:naummmgmﬂﬁuuuﬂaa'[ﬂumu'l'nu'mmﬂana'luﬁ'mﬁ'ui‘.lu
gIvangn’ é’q'fuuwwLnﬁ"m.usi'nfuﬂ'ngnmn'ma'ﬁauaﬂﬂoaugirﬁtﬁa'lvTLﬁﬂna'lumi
i’nmmn'?'iqﬂua:ﬁnai‘mﬁmdaﬁmﬁ’aua:hqmuﬁauﬁqﬂ Lﬁaamnmiwmﬁ'ﬁmmmgn
vliidousaslasauloflufamis  sotudfianusninaseislunsdnwuavasdar
szapdanITuiITRAIMILRTIIM U RRUAILTTWART IUAIWIL 'luﬂaqﬁuwui'n‘fayla
{REfunavaInIas e gean I TuRIRLRzIUA U BRNYBIUTINLNETI R LR DIwD
1Bu Liu uazAmMEs (6) WuinamuassmunInimiAfudmwmaudouuwlasvasawles
lutunitsriwiiiiiia (viable epidermis) atlafdaLidnonunsasdnazasiugf
linﬂotné"nnﬁmiam':-'x'mri'mu.a:l.umuaﬁawaam‘lu;ﬂ'uawﬁwmﬁ'ﬂuﬁwﬁ'a Hans
'IJ"IG]iﬂHRGTdTIﬁ']‘]ﬁ"IIH“lﬂﬂ"lIJ"I‘mE‘.Il]Nﬂ #RaAIUNA INvaImasaudamsTurRLazIIm
vaRsuvaIuTIRINRTINA MR 1A

wnsdnmefaillddanlfietsttlafumiiuurmunssuuy Taoestlnfiuna
mmgmﬂﬁuuuﬂadﬂmau"l-nﬁl.amﬂmsa'luﬁmﬁ'atﬂunmmnﬁﬁﬂ (4) ANWINRVDINIT
a:aN8f13997U2U% 11 1iia Ao d’l. phosphate buffer pH 7.4, methanol, ethanol, propanol,
propylene glycol, polyethylene glycol 400, Isopropyl myristate, Dimethyl suifoxide, Mineral

oil,  Ethyl oleate lumisdurwfmiliuasluamusdsurasadafilndiiunlasdinmuuan
TNy
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6 qs.l-s::am'

ANV S OURLUNAVDIGIINAZANLEN GeaNITUHTUAINRILATIIAT U R FUTa B Tal
Tadiun

uaa'mfié'uﬁl.ﬁmﬁ'm (literature review)

m3fneIRaTaIRI Rz nFansdut it uEulugazAnsnase i

arapmaTuRa IR MIFNE ATt MaRumIBatituvaaualaiv
Jold isopropy! myristate, ethanol LRz propylene glycol ludaazaelasmsiddouulas
Qmauﬁﬁmms:mwaai?uhﬁ'uﬁﬂuaoﬁﬂs:namjaq stratum corneum (5) wanvnilad
n'nﬁnmnah‘lumuﬁumﬁumwaaﬁ"zﬁwazmulunsju alkanols & ILNSTUHIUVAINA
£ hydrocortisone Tufawilanulivu (6) (fludu

Wt 1983 uss 1991 HTOIUNAVAINIIALRIVADNTTUHIKUASIUATLORRUYDIUTIW
INATIRAMI LA R AU TTROITN taruaslua T 40-50% viv EansaLiums
TuriwupIunaaaT1lABaa (B-estradiol) luRawiizainy (7-8) uaslBmIuBREIIIN
wihdsufuaunalasuulsmasewlodlutuwitimwhiddse (viable epidermis)yual
Wy (8) UBNTING Oh UATATUE (6) Wy makuanuTudurasomuaalumiazaiuns p-
hydroxybenzoate  SWNTOIRNNTITUHMIBIMIAAQUA:  DmuaadIfuSLINmI
tranesterification 1uAInwIle (9) athalsfianuliwunurunavasdviazaumaunssnIsy
BU GO MITUHTULRLNAUBRENVDILTIWNFY

YAVLYANITNITIVY
- -I': & g o o :’
Tumsiduidunms@nwuruasaavinazais 11 siiafia 10, phosphate buffer pH 7.4,

methanol, ethanol, propanol, propylene glycol, polyethylene glycol 400, Isopropyl myristate,
Dimethyl sulfoxide, Mineral oil Was Ethyl oleate fiamTTuruLRslNATUaRaN WAV
wiaﬁlﬂﬁmn'[au’:‘ﬁmuuanhemm‘fe'luzﬂuumlaa intact skin, stripped skin uazlaluSiun
299 INI(skin homogenate)

J [ ] L v
Us:laminataitvslasy

ldnsufansvasniazaudanidurufionitivesmsuaswauedanlufwits
| [ z [ 2 - {3 L4
gamunsod i f s lomillunsdsdrsusmfdhdmisioninle
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Ethyl nicotinate {Tokyo Chemical Industries, Japan)
Nicotinic acid {Tokyo Chemical Industries, Japan)
Methanol (E Merck, Germany)

Methyl paraben (Sigma, USA)

Phosphoric acid (Carlo Erba, Italy)

Propylene glycol (Carlo Erba, Italy)

Glycerine (Carlo Erba, Italy)

Sodium chloride (E Merck, Germany)

Acetonitrile (E Merck, Germany)

Sodium hydroxide (E Merck, Germany)

Potassium dihydrogen phosphate (Carlo Erba, Italy)
Monobasic sodium phosphate (E Merck, Germany)
Dibasic sodium phosphate (E Merck, Germany)
Ethanol {E Merck, Germany)

Polyethylene glycol 400 (E Merck, Germany)
Isopropyl myristate (E Merck, Germany)

Dimethyl sulfoxide (E Merck, Germany)

Mineral oil (E Merck, Germany)

Ethyl oleate (E Merck, Germany)

Propanol (E Merck, Germany)

Cupric sulfate (Carlo Erba, Italy)

Phenol solution (Sigma, USA)

Sodium carbonate (Sigma, USA)

Sodium 1-heptane sulfonate (Sigma, USA)
p-hydroxybenzoic acid (Sigma, USA)

ad - <
iTasdauazaUnini
Controlled temperatue water bath
Dessicator

Franz diffusion cell (Crown Bio Scientific Inc., USA)
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Glass syringe
UV spectrophotometry (Hitachi, Tokyo, Japan)
pH Meter
Magnetic stirrer
High Performance Liquid Chromatography (Perkin Elmer, USA)
Hot air oven
nIzaENTas (0.45 lunsan)
vaaauiEmIuIiuaating
ABnn1533n
1. MsvdaniTasaigzasdIg narsazans
FaotatlndiunBuinuiunaludarinazaiudneg #a 1, phosphate buffer pH 7.4,
ethanol, propanol, propylene glycol, polyethylene glycol 400, Isopropyl myristate, Dimethyl
sulfoxide, Mineral oil, Ethyl oleate, Transcutol wzi'ﬂud'mmuquqmﬁqﬂf'i 37 awn
wadumiuwnm 48 Flumdemiwmhssazseananiuiwendulalesldieias
centrifuge wazilnTeiSnauatsiile@ualalt High performance liquid chromatography
TaofruufldmyieTedas®i  methanol : 0.1% phosporic acid (65:35) lauil Flow rate
Wity 1.0 Hadfnsdoun? uazl? Detector : Ultraviolet spectroscopy AMUBIARY 262 W
Twuas Taofiasfiliiu internal standard fo wianisnuu Iwrmsi@oaiurimsane
anuassvasdaflafiunlasdiereitnuemmidwamuelafldun  nsediladifinle
szuudmnufidnendanisazans Taold High performance liquid chromatography uaziiszuy
'?'\Iin'lﬁtﬂﬂzﬁﬁa methanol : 0.1% phosporic acid (80:20) + 5 mM sodium heptane
sulfonate urzl¥ Detector : Ultraviolet spectroscopy aus1nan 262 wilwuas laodia
14iilu internal standard #ie p-hydroxybenzoic acid
2. MAassNfmIdainaans
'lum:maaanﬂﬁnmﬁ'w‘inmuﬁﬁawmm&m': (Wistar rat) engmzwinw 7-8
fuamilufamidedunuy rldwussudsmsalafounnulnuiines mawivisiiauda
ﬁmﬁ'mé’amnugaau'[nwuua:ﬁ'ﬂﬁ'mﬁ'au‘inmmhﬁmaan'lﬁ'ﬂﬁuﬁﬂ:zmm 4 mm™
wwiwatuanh liilisuugunininasaumsdueiou uaNIINAGILY stripped skin LTI ufiMT
A stratum comeum aanlauldinliaalaiwuaanty stratum comeum voIE ML INY
$mu 20 afaiauinIdaRamt
3. msAanwimsBadAamisuasauadanindamis
ﬁnmmﬁud‘mﬁmﬁ'waum‘mﬁ'[nﬁmn'[au’i‘i'lunﬂannam'[ﬂu'l-i’qﬂnﬂi
diffusion cell ¥iia side by side lavlimneTaftlndiuannututwriitumissaubus
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(saturated solution)lueavhazaioena g Tanldlud sl (donor phase) uas Wamwaiwiay
anuiuniad 7.4 1dlud a3y (receptor phase) laofifmisluguuuy intact skin uss
stripped  skin gnﬁaagszni'wﬁmaaﬁ’m '[ﬂumsa:muhaaaﬁn:gnﬂuuauﬂaaﬂnmﬁ"m
LN DINUNANUIIAAN  (magnetic  stirrer) wszruquamnnlild 37 asmuaadoslasdn
aMuQuaUnpiinsaanIMasad ﬁ'm'mjuﬁ"mai'umsa:mu'luc‘n’milla%'uuaztﬁuns‘z’uﬁus‘hu
WoaaiWiafanuiiunsadna 7.4 thnanvdufinadng nmsensifnoeisi
Tndmauaznsaiiladfiafidusiulaold High performance liquid chromatography
4. midnvnisiwavadanndmilasislaladivwa

YnmidnsuatasnhazaodantsevedsulaslflalaSiuavasfianis
Tasvmaedzufiomblunasmaiwivesanudiunsads 74  Taglfiedasiunauiiaiia
(tissue homogenizer) Ynmsiluuonaznaulaglfiniay centrifuge f'iqmnqi'l 4 pymuTaTue
wondulami Wnausuieaiiladiunuardazaefinnududusdie g ﬁqmnqi‘l 37 I
CRILHE tta:?’ina'whaqﬁwm*iifus'f'zazj'w'lﬂ"‘nmﬂ:n'mﬂ'immmfmﬁ'[ﬂs‘lLuﬂua:nmﬁ'[nﬁﬁﬂ
lauld High performance liquid chromatography u.a:vmﬁmm'[ﬂsﬁuﬁﬁagﬂu'[a'[uﬁmmm
YT IVE!
5. nsianizvuazulsnatoys

UMM sEe JRIntSinuefiduriuussiwaruafauluing
(intact uaz stripped skin) uazmauauadanlulalufinavasfimta doealud

Flux vaaetafiladiuauazniafila@fia

Maximum hydrolysis rate (Vme:)

Michaelis-Menten constant (K,,)



snvesnhinsmuson uiuuazwaiedruvoaoindi ndunlufinilmy 19

. #an1sIvpuarails19ua

P [ o a o o o
1. ﬂ"l'i"llﬂ?’l:ﬂﬂiﬂ’lmlaﬁaﬂtﬂﬂl%‘l’ltlazﬂ‘iﬁﬂrﬁﬂ%ﬂ

maiensiliununiaiila@iinde3s High Performance Liquid
Chromatography (HPLC) auszuufililun1sdinmizile retention time vainsafladiin
uas p-hydroxybenzoic acid fia 2.8 uaz 8.3 Wifi wuEdUTIzULSINgITnsalsluns
Siardnsaiilaéfin 'lﬁ‘ﬁlﬂqa (detecton limit) 0.2 lulnsniudalaffnT miummeannsis
Tavmaaiounmvinasgwsainsefiladfinnivenudutu - 02-10  lulaniuda
fisddeT dmiunsailaddinesldanuiiiuiwindanawsasiuiilanTvuainiaila
@nny p-hydroxybenzoic acid \Iuduasy df1 Corerelation coefficient = 0.9998 uazil
FUNMTUEAINUNUNUTAS A = 0.5187B + 0.0387 (NTWA 1) FezwuidSmTinszd
dansrndwdiEAfinnudiwizezas fianulags uazlinan i mzdilndidvaiuluue

za%s
= SamdmzasiunlenTwnieilaafinuassaniTuun
B = anuTutuwsiniailladfin (ulasniudaliadaag)

Sanduswiofuidvasnsat
Tadfinuasp-hydroxybenzoic

0 L] L) L L] L]
0 2 4 6 8 10

Aanudniuniafliadfin(lulasniudafiaddng)

- -~ - - - r e |
3UN 1 nmvlinasgwsaimsinmsiniafiledfinlasi® HPLC

dmiumriereiiinuetailefitundaei®  High  Performance  Liquid
Chromatography (HPLC) muszuufilslumsiinzwle retention time adeafilnfiiun
uaz WEsWTuun fa 4.1 uas 7.8 wif mudrdudirzrusInsnemnTolslumaSin Ty
ta‘iaﬂnﬁmn'lﬁ's'hs‘m (detection limit) 0.2 lulanTudafiaf@ias EMSuMMesasiiley
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maasuunmranesuasetailadunszninerunduiu 0.2-10 lulasnindelinfias
gwiuetailafunszldamufuiuisnivsandmoaiuildnrivuaneisilndiun
nu wiarmmwwduduasy {61 Corerelation coefficient = 0.9998 uasiiFUNIIURAS
ANUFIWUTAD C = 0.6901D + 0.0247 (N7 2) Fevzwuidimriemeidamnsrniv
FATaNuIRIzIz fiamalig uazldnanmshiarsnlndidaiuluudazniy

A » : ﬂ' o -~ [ - A
C BATIRIUVEIN uhlanawe ﬂdlaﬁﬂutﬂﬂtuﬂ LAZLUBAaWITILLU

snudutuvanadailediun (lulanindefiaftas)

Sandusenitofuduasiata
fiadiunuasiudaniniuu
F-N
1

0 = T T T T -

0 2 4 6 8 10
AaNufiviiuiabafilnfiun (lulasniudaliadfiag)

J -3 - o] -3 -1
U 2 nminasgwsaimriienviedafilafuunlasis HPLC

2. MM anITazANBYBIREIlaS AR AN

femacmpetnsdudrnaaetailafiunludvasavaneg  usasldlumed
1 mnmmmaowuiwm‘ﬁnﬁTﬂﬁmnﬁm'lwnauﬁv:a:mu'luﬁ‘:ﬂ*m:a'ls.m"uq U
methanol, ethanol, Propylene glycol, Polyethylene glycol, Dimethyl sulfoxide Taowyuinde
miscsolumsidsneasiiwinduecfidrdusu isopropyl myristate, mineral oil, ethyl
oleate dmiunazawlwiwe: PBS 7.4 ﬁﬁd'\si‘u-ﬂmﬁU'Jﬁ'uuciﬁfi'lﬁgan'hfi'lﬁﬂn'ﬁ
azantluiiazawilifth TasludivmaBoufiouenmsesans?l 37 semmaison
uazAnmeanunsmlasdnsfinmnsefienainfiiaiu HEMIMaaaIwLitataiila
ﬁmn‘a'iﬂ"nmn'ﬁauamumon.nﬁ'luﬁ‘:ﬁ‘m:muﬁﬁ‘lmnaaau'lulﬁmmﬁG'i'u.nnﬁaumm:
anerevlinutBinnasniailadfinfinetwiladiuly 24 $9lud suaaslwifiudnuag
samanfivesnluaniacivimmessy
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J 1 -. B L3 3 ] L3 - ]
arTan 1 ﬁﬂﬂ'ﬁﬂ:ﬂ'lI.IE]U"NE)UGIT!Iadlﬂﬁﬂutﬂﬂt“ﬂlﬂﬂ']ﬂ'l&:ﬂ'lﬂﬂ'\d‘}

aazann anututuradadaiiladunluand)
W 0.273 + 0.032
PBS 7.4 0.244 + 0.075
Methanol 102.11 + 8.22
Ethanol 175.84 + 7.14
Propanol 223.45 + 4.1
Propylene glycol 120.24 + 1.22
Polyethylene glycol 400 160.25 + 0.89
Isopropyl myristate 0.11 + 0.002
Dimethylsulfoxide 260.34 + 4.15

Mineral oil ND

Ethyl oleate 0.09 + 0.0001

ND = limunsannSunmld

Il - ("] = AT - 1 o @ r
3. m'sam-nmsﬂumuwmuam&uaomﬁau AGALUN lKAINIAzRIBAW 9
3.1 wan1ibuwAaniInasasanlafiuniv intact skin

HAMIANEINTTUEIUAIMRILYY full thickness vBIOTafilaRIUNIUGITaza"Y
dugnuin  welafiladundliefud it insdugnnaueisuliuaualaride
ninitledfin lunrmasssviinsidouniwressmstudinvadeiafilafiunuazniafiled
- ol » - o B « - [ -
finfitasdn llelidhaapdn giuldusmmesssusadldlunrvaln 313 Tae
L " d - - ) f ¥ 1]
IFUITUANY total FavupfinaTiuvanetafilnafunuazniafiladfin sannTwWezwud
M3t uAImMRITae TRt ladiundudioniliesisnsasidivifuasefalinasunseinu
AN UNgUaIRNG (Fick's law) fid SRTIMILWSHIMIBLUTHIERIWUEA LA AIUNS
HINAINN
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< 140
E
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£
= 100 |
e
3 80 f
&
S 60
_>
T 40 |
s |
E 2 |}
(&
0 1
0 2 4 6 8

Time (h)

-' «R [ - r r o~ - J n. fed :’ - - -
3N 3 ArvmMItusufmiivedeiatilnfiiundsduarluin 0 useuedaiiladiun A
LRAINTARLAATAN uaz @ usminaTIvvneTatiladiunuazniailandiin 'luuviazqauam
, - \ - &
fnafy udoRUUNINTIIUVEINTINARDY 34 AT

<~ 140

5

‘-—g 120

2 100 |

5 80}

&

P 60

i

® 40

E

=3 20 B

O

0 i
0 2 4 6 8

Time (h)

zﬂﬁ 4 nrimIBuisAmimsnetaliladundsdudlunamaiwwefaruiiunia
% 7.4 (PBS 7.4) O uenoiadilndun A urminiafile@fin ® ursuaRINRIINYDY
wBaflofiunuszninflodtin luudssyausnsdnaio  swidvsanasgweants
Vh803 34 AT
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160
140
120
100
80
60
40
20

Cumulative amount( pmollcmz)

Time (h)

- - . - -~ - - - [ P - a
U 5 NTWNITUEREIMIvo R ERfladunTIBua lwurmuos O usaaataiile
flun A uraansafiladfin @ uasurRaINaTINVBdlaBalladLunuRsnIailadin luudas

' - ' - &
UANIAIARY §IWdsIUULINIFINYBINTINAREY 34 AT

240
200
160
120

80

40

Cumulative amount( umollcmz)

Time (h)

ol - ] - A - . - o - L - .
5hn 6 nﬂvlmwumumnuwml.asau'[ﬂmuwnmum'lmamuaa O uaml.anau'[n

P &

fun A usasnsafiladiin @ uasnanInsTINvBLTafilndunuazniafilndfin Tuudas
' ol ' -l &
AURAIANARD FUDIAVUNINIZIUTEIMINANEY 3-4 ATY

1
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o 200
§
3
2 160
3
€ 120
(o]
S
) 80
>
-—
©
E 40
3
O
0
0 2 4 6 8
Time (h)

q' ol . - e - ) - ‘ n. L - -
R 7 nTWnTTuEIRE IvNIte natatladiundsduarlulwiniueas o urauedaile
filun A uanniaiiladin @ uszuraInaTuvaadatiladiunuasniaiilnatin luusa:

RUEMIAUBRD FUTBULRIINTIINVBINMINARDY 3-4 AT

E
5
2 80
=
c
- |
Q
£
@ 40
-
-—
)
=3
E
pu |
O
0

Time (h)

J [} - L - e - J -' L -
3R 8 nrnsBuduimisueeafilafiundsdunalulniaulnanes (PG) o uang
wdafilafiiun A uaainsafiladin e uazuansnaTivveedafilndiunuazniailadiin
(] . J L] J
luudazvauanssiuaio Awilivauninaigwveimmaans 34 ad
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&~ 140
5
= 120
E
2 100
I=
3 80
S
o 60
=
© 40
E
S 20
(&)

0

0 2 4 6 8

Time (h)

-' [ - L3 - 3 - “ -' b -l =
3N 9 nvnIdusufiamiivasataitladiunddudrlulndiefidu lnanaa 400 (PEG

400) O usapbaiiladiiun A uwaasnsalile@iin @ uazuaaINaTINVBILLTRRAGIL

at an . : P - &
nua:nmv.'[nﬂun 1mma:qmmmmmau FIULUBILLUUNATEIUNY2INTITNARDY 34 AT

o 200
E
S
S 160
(=5
€ 120
[ =]
&
o 80
-
—t
©
=5
2 40
=2
Q

0

Time (h)

- . - L - - A = e - -~
U 10 nTmMIBuriwbmilvenedaiilafiundedudalulololnsfalaiaen gpm) o

ugadaBailediiun A uaainiafiladfin e uazuaainaInvanelaiilnfiiunuaznsniile

- : . ol . -
aun 'luuan:gﬂuammmau MIULLBILURIIOTINUVOINIINAREY 34 ﬂ%\‘l
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& 200

5

=

g 160

=

€ 120

o

5

© 80

=

®

g 40

=3

Q
0 Y N S, S
0 2 4 6 8

Time (h)

i [] r Y L4 - - -~ J n' o - e
N 11 neimsdurhufwiivesetaliladiundidudlulawdadawenled (DMsO)
O uxansTaiiladiiun A uaninsailla@din @ uatuaninaTvvadatefilndiiunuaznsaft
-~ ' ' - . ol &
Tadtin 'luuaa:qﬂu.ammmau UL BAVUAATTIUTEINTTIARDY 34 AT

Cumulative amount( ymolicm?)

P N - " - . - ol - - ¥ e N
aun 12 nWMBurudmiitvaaetaiilndundedumludiuug  (Mineral oil) O
urnnodafiladiun A uaainsafilediin @ usturainaTwvesedafilnfilunuasninila
afln luudazgauansdiaio EmmbuiusuaIgusaInmasas 34 s
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N‘—-.so..

=

S

S 40 |

=1

€ 30}

o

=

S 20}

E

w

2 10 |

=

o
0. 1 L 1 ]
0 2 4 6 8

Time (h)

Eﬂﬁ 13 nimsBurufmtivaaetaiila@undsdudaluiatalafian (Ethy! oleate) O
usanadafilafiiun A waaaniafiledifin @ uatuaainanvanaiailndiunuazniaiila
@in luusiazqmmmd'uaﬁu fwilBaUNINATIINIBINTINKRDY 3-4 A%

NN 3-13 uaaaliiAiwimIBuduimisveaataiilafiiunlunn
srasmeflfmaninduritudmialdialasiidn lag time fiaundn 20 wft snnTw
MUNINAUIAINANSINANUTUDEINTING steady-state uazvaFsuLfiBUveIn)
wisfiladiun  niedila@fin  usznaTwvasataRladunuazniafiledin  luusias
mm:mummma;ﬂﬁ'amnaﬁ' 3 Galummeaniimmnaanauvaaumus lavide
naTuvaamiadafilafiunuazniaflndfinidaSoufivudandunaiawaiualar
FORARIUMITUEUAIMIITEIMILN URITAZAEAN Y wanenilsainsdiuamen
dudssintmiguriufiamiasdmindimaaoudazsiodidmanein  dandm
ssniundndusinaTnvesaeailnfiunuaznieflenafinduamanssnoludania
aZAIUR NI

vneTefi 2 sswwidndyeseatladunlunhazatodts genansn
Fuadeudafl Dimethyl sulfoxide> Propanol> Ethanol> Methanol> Isopropyl myristate >
Polyethylene glycol 400 > Phosphate buffer 7.4 > Water > Propylene glycol> Ethyl
oleate > Mineral oil wuiandvasniaiilediinludivhazmusigmusnidoadidy
v’l'od > Water> Phosphate buffer 7.4 > Polyethylene glycol 400 > Propylene glycol >
Ethanol> Methanol> Propanol > Dimethyl sulfoxide 'fldil:wui'ln'l'imﬂ‘maiﬂu'luﬁ"lﬂ‘l
At Ethanol, Methanol, Propanol , Dimethyl sulfoxide flii'lii'la‘lmﬁﬂ'il‘mqmﬂmﬁ'um
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ol L - - - ¥ Iy -
aIwn 2 WanduessTailadun (EN) nieiila@fin (NA) uazuaTivvanstaiiladiu

- - L ] . N [ a of ]
nua:nmu'[ﬂﬂun(Total). PNEIMRzAEA1I9 N intact skin UREENUTEANTNITUHIN

vasnavvanaiaiilafiiunuazniaiiladiinend@niazaueing

vehicles Flux ( umollcm2 per hour) Protal

EN NA Total NA/Total (cm/h)
Water 248+ 078 | 116+0.12 | 141+ 0.9 0.82 + 0.04 5.16 + 0.14 x 10°
PBS 7.4 268+068 | 11.2+0.18 | 13.8 +0.8 0.81 +0.04 5.65 + 0.13 x 10°
Methanol 174 +098 | 042+008 | 179+ 1.1 0.02 +0.003 |1.75+0.29«x 10°
Ethano! 2156+1.18 | 0.64 +0.07 | 221 + 1.3 0.03+0002 |(1.25+0.74 x 10°
Propanol 216 +10 026 +002 | 218+1.0 | 0012 +0.001 |(9.78 + 0.44 x 10°
PG 208 +0.04 | 812 +0.81 | 102+ 0.9 0.79 + 0.05 8.48 + 0.75 x 10° i
PEG 400 318+ 0.07 | 10.2+082 | 143+ 038 0.71 + 0.06 8.92 + 0.51 x 10°
IPM 902+005 | 13.1+092 | 221+ 1.9 0.81 + 0.07 2.01 +0.17 x 10"
DMSO 330+212 | 0.18+0.76 | 33.2+ 2.6 | 0.005 + 0.0002 | 1.27 + 0.11 x 107
Mineral oil 1.74 + 0.02 | 263 +0.11 | 438 + 04 0.60 + 0.04 -
Ethyl oleate | 2.07 + 0.02 | 421 +0.09 | 6.28 + 0.7 0.67 + 0.07 6.97 + 0.77 x 10°

savhazaslunsfufinniaweusisulufmiinarvvaamatsiladiunuszniaf
1adiin dmusianduasnautaamiedsfiladiunuszneitladtimtuwyindng
Fuadrevueail Dimethyl sulfoxide> Isopropyl myristate > Ethanol> Propanol> Methanol>
Polyethylene glycol 400 > Water > Propylene glycol> Ethyl oleate > Mineral oil Lﬁiﬂff
-.f'ui‘lus'f'm'mqu (control) lumsnfAoufivusewudt dndndfddlndidsemnirdaln
Phosphate buffer 7.4 ua: Polyethylene glycol 400 huﬁﬁd'\ﬂﬁ'n'fgm‘i‘n{‘ﬂﬁ'uﬁ
Dimethyl sulfoxide, Isopropyl myristate , Ethanol, Propanol, Methanol fuRTaHANT
ni1 18un Propylene glycol, mineral oil Uss ethyl oleate atindlsfimun1IRIUIIIN
WazsodanumusnlumndumniinsdudnninAnTansnsidug infniduy
H1W  (permeability coefficient) "‘un:wui'l'lué"n’i'\a:aﬁuﬁﬂmﬂé’nigan'h'lud'!ﬁa
Dimethyl sulfoxide, Ethanol, Propanol, Methanol pniiu isopropyl myristate fifiduUs:
:'mfms-"numm‘{ei'\n‘h\fﬂﬁu‘rmmmaimu'lﬁ"i'\msé'msi'nﬁqmamﬁlumnﬂm‘hﬂ'\
azppfunluahazgwsindrunnindssininanlunmsiisnsdutitui s
fudszimimifududr (@) thusmﬁﬁqmauﬁ'ﬁﬁa'n'lil.ﬂumniamsgaiu‘lﬁ‘luﬁ\{
18uri isopropyl myristate ua: ethyl oleate IaunalnnsBuriwvssmsdinaafesuniu
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'fl‘:u'l'uffwuad stratum corneum Lta:n"mﬁ:umi partition ﬂﬂdﬁ")ﬂ'l'lu'fi:u stratum cormeum
(6)

PINNTNA 3-13 uszm TRt 2 uaaslWifuindasaoiinadan sfuriuuazu
auadsuvaaatailadiuniufmiing Taveznuhaasaiiladiunuazniafiladsinlu
myacauilaiy  (receiver solution) dmiunnmImagey nnnImareudsstuuazlu
89MVad Rittirod uas ame (28) linumsivasenladanfiminndimsazaoioiy
(receiver solution) ua@slWiAinimnlisuwulasasetaiiledunidunsaiiladiinfialu
FEMINTELIUMTFUEUAMIES AR 3-13 W mahasueaeulodfinuly
AmmlanswmuzaifideRasonnnIAlsn s wduasivasnsunidtwsassniy
rafALTe lunmesaudild full thickness skin dauunsnwaILadruiineaTIneIN
epidermis  ua: dermis afvlsieaiipawiwuoulnliasmnalslu  epidermis
NN dermis (4) emiunamawamuadmninsfasmunglussdanaluloilutu
epidermis LaSafila@iluniinnITuriau stratum corneum & %3 intact skin UKL
aruludu viable epidermis wasaniunTuwsHIuuiul wlailadunuazninila
ﬁﬁmi‘ujmm:mufhi’u smunandvasotaiilafiunfiduinuiamintmuafonar
ansvdnduasatatilafiunmuazniafladinlumazaiodaiy

3.2 uansButmiiansanastosanladunu stripped skin
HANTANBIM S UHIREIMIIE MU stripped skin vadtadaitladiunluaaviazans
fneguuimansdurinuiinluiiwdonfudy intact skin Aa afafiladiundaduciou
ﬁ"mﬁ'w:ﬂmoEhugnLumua‘ﬁaulﬁmmua‘laﬁﬁa niediladfiin - lunrmasasrinms
@ounsmvasmsduriurasatailaafunusznaiiladfinfinandn qu‘.‘iali’ﬁ‘:m
a:muehaqﬁ'u'ls'fuamsnmaauam‘ls‘ﬂunﬂwgdﬁ 14-24 Tapidufiuans total vanails
uasvsIFunnuadafilaafiunuasniaitlad@din
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zﬂn 14 nIMIBUHIUA MUY stripped skin TadaTailaditundidudrluih O
urdnataiiladuun A usainiaiila@fin ua: @ waaInaT NvBNETRllAfLUNUAENTAR
ladifin lusiazyauanidiaiy ErudoiuunaIzueaImmasss 34 a1
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Time (h)

- o . - o . . - - - d o o
JUR 15 nImnIBuHIMAIMIILUY stripped skin vadaBafilafiiundiBusaluPes 7.4
D uradedaiilafiiun A uaninsaiila@fin ua: @ wassnsTIvvBIEERilnGuNLAENTA
[ ¥ 1 ] ] J L] -.
filaddin luusdazyauansdnaiy S DBALNINRIFUTBINMMARES 34 AT
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©
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Time (h)

] ] - bd . . o s - J n' [
Ul 16 nImMsEasufamiiuuy stripped skin vadtafailadiundsdudrluumuaa
(methanol) O usauaBafiladiun A uaaanseaiiladiin us: @ usminaT NVBANETRfLlA
- ) -~ 1] 1 i L] 4
dunuaznsailedin uudazeauaasdiads duidsauunaigmsaimmaenss 34
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«— 1400
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S 800
&
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T 400
E
€ 200
O
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- N - LY . . - o - - e
JUN 17 newimaBurufianauny stripped skin vaaeBafilnditundsdudluiarues
(ethanol) O usaaTaliladiiun A useinseliladiin us: @ wamsnasIvVaNeEailndiu
- - - ) - [) 4 -‘ z
nuazninfila@iin luudszyauansdnaio FMDELUUINAITINVOININARDY 3-4 AT)
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- f P -~ . . P - o o e
U7 18 nTnsBurhuiawilanyy stripped skin avpsaFaitlafiuunddudrlulninuas

(Propanol) O uaadabafiladiun A usainsaiiladfin us: & usRINaTINVRNETalilnfL

.3 - 1] i J ) J x
nua:nmuT.ﬂﬂun 1“llﬂﬂ:ilﬂllﬂﬂdﬂ"ll.ﬂﬂ[l TIULLELUUUINTFTIUYDINTINARDI 3-4 AT
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Time (h)

J " r Y L . - - F - -. o ot ol
3UR 19 nTimsBurinuiawiouny stripped skin vasataiiladiundsdudrlulnidulng

nar (PG) O usanafaiilndiun A urainteitla@fin ua: @ uaaIneTIVTBNETaRlnGLL

- . ] L] A ] J
nua:n:auTﬂnun quﬂﬂzﬂ‘ﬂuﬂﬂéﬂﬁtﬂﬂﬂ FIRLULILURUIATFIUUBINNTNAREY 34 ﬂ%ﬁ
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zﬂ"r"i 20 NTINMIBUFUAIMTINLY stripped skin vadiadaiiladiundedudalulndodin
nanaa 400 (PEG 400) O usaanfafiladiun A usainsafila@iin uaz @ uanInaIIN
vauedsilladunuazniailadiin lmwia:'qmmmmmﬁu fiwl.ﬁuemummg'mmaemi
naans 34 A%
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Time (h)

o . - bl . . Ly - o -. Lo -
7R 21 nTiMIBuduAmiauLY stripped skin vadeTaliladiundiduilulalalnifia
L¥mean gPM) O usmaedafilafiiun A uaasnsailledfin uas ® urAInaTINVONETRT

1 - - [ (] J [ J
Iafiiunuasniafiladin Inudazgauaasdaio snudissuuanasgiuvesmmeanss 34

&
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& 1600 r
E
L 1400 |
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S 1200 [
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£ 800 |
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Time (h)

- [ - A . . oy - oA - S - "
1n 22 NN ITUHIUAIMTILUY stripped skin adtaTailndundiduslulaindadan
an'las (DMSO) O uaadpBaitladiiun A usainiafila@iin uaz @ uaaINATINDBIETAR

) - - . L] 1] “l [} J
Tnfunuazniaiila@idin 'luuﬂazi;mmmmmn WD EIUUUIATTIUNDEIMTNARDY 34
a3l
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Cumulative amount( pmollcmz)

Time (h)

J - ko - - - - - -. L ¥ L [
fh 23 nrnITudufavwilauuy  stripped  skin vosasfilndiundeduslusaiuus

(mineral oil) O usaeTailafiiun A ussinIailla@fin ur: @ uanInRIINVBIDTRIIR
- - i dn [ ] J [ ‘ &
fuunuszninfiladiin ludrcgaurniduado HUDBILUINATIIUISIMINARDS 34 AT9
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o~ 400
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9
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E 300 |
=
2
E 200
(44}
@
>
S
< 100
£
=
O
0 1 1 [] i
0 2 4 6 8
Time (h)

ol ' - a . . o af = d a e - 4
U 24 nrmIBusuiawdiuuy stripped skin vadsBafiladuunddudatuirduni
(mineral oif) O uamdadaiiladiun A usantafile@fin us: @ uaainaTuveAadailla
- -~ - [] L] A ] J z
flunuazniadila@fin Iuudazyauansdnaio srumdoiuunasgiueaimmasas 34 A3

INNTNA 14-24 uaasl¥fuinnsuriufinniivesiedafilnfiundin stripped
skin 'luqnmsa:mu'?'ih'fmmm*‘iuﬁwﬁmﬁ'ﬂﬁ'ﬁaun:iiﬂ’:mmﬁg«n‘hnﬂﬁ intact skin
minm 57 uivdauaadlWiiuiimduiuRovitiesetaiiladuniuil  stratum
comeum \lu rate limiting step AILANMIUNTHINVEIRLUTIFRIME Faradand
NONARBINUIIEITUYEY Ngawhirunpat URzATLE (4) USRS Rittirod WRzAME (28) NN
MU UAHANTIINAMUTUIBINTING steady-state uazihaniUFsuifiouyasts
wisflediun  nwafiledfin  ussnaTavvaMaedaRlnfiunuszniniilndfin luusia:
mmzmummmqﬂﬁ'amﬂqﬁ 3 Falummaasninsdandwsanuaiuelsvidenau
vamaedaRlafunuszniafiladfinAoufsufinudanamnafnunvelaide
fafumsfudiulaniidvasdainn lumsszanvedne g woneINRGIVIINIE W
fulszinEmsfucdhufmmvesdamlndmhassoudazsiadsdnamnn  dandm
Ewihaidndvasnsuesmaetafilafiiunussniafiladfindufianisasansludarm
AEALIH e



savesiahinznoien s SuiuuazwnuoBauvoupiai Indiunlufiniaony %

J B - ) - ) . ¥ .1 - ) [
TN 3 Wandvesedailladun (EN) niafila@fin (NA) usswaTiuvaatailafiu
- - - w g ] . . . Lo - of
nuaznsafila@fin(Total) :INFIMIRza1061I9HIN stripped skin  uRzRNUsERINTNIT

dusaanaTwadataiiladiunuazniaiilafinninavazaoda g

vehicles Flux (pmollcm2 per hour) Prota

EN NA Total NA/Total (cm/h)
Water 83.1+7.38 151 +042 | 962+79 0.16 + 0.05 352+0.14 x 10"
PBS 74 85.2 + 8.7 147+ 048 | 99.2+94 0.15 + 0.04 401 +0.13 x 10"
Methanol 1068 +98 | 1.32+048 | 1082+ 10.1 | 0.012 + 0.003 | 1.06 + 0.29 x 10°
Ethanol 138.3 + 10.2 | 1.67 + 0.47 | 140.1 + 10.8 | 0.012 + 0.001 | 9.25 + 0.74 x 107 ]
Propanol 1351 + 111 | 142+ 052 | 1364 + 11.6 | 0.010 + 0.001 | 6.09 + 0.44 x 10"
PG 48.2 + 422 | 143 + 0.81 625 + 5.2 0.23 + 0.04 5.21 + 0.75 x 10"
PEG 400 894+79 151 +0.72 | 104.5 + 8.2 0.14 + 0.05 6.52 + 0.51 x 107
iPM 128.1 + 10.1 | 16.1 + 0.82 | 144.2 + 10.9 0.11 + 0.07 1.31 +0.17 x 10°
DMSO 188.7 + 11.2 | 0.92 + 0.07 | 190.1 + 11.3 | 0.005 + 0.0005 | 7.31 + 0.11 x 107
Mineral oil 121 +0.12 | 13.3+0.11 | 254 + 042 0.52 + 0.07 -
Ethyloleate | 20.1 +1.11 | 141 +0.09 | 432+ 13 0.33 + 0.09 3.67 + 0.77 x 10

NATIA 3 xwuiWandueaetaiilafiundtinu stripped skin ludrazausdng
mu“nm‘imﬁw‘fuﬁ'ad Dimethyl sulfoxide > Ethanol >Propanol > Isopropyl myristate >
Methanol > Polyethylene glycol 400 > Phosphate buffer 7.4 > Water > Propylene glycol
> Ethyl oleate > Mineral ol WuiWanduasnsaRlaaiinludariazanodne giuld
lnﬁtﬁuaﬁuﬁaag'lwﬁw 13.5-16.6 pmol.'cm2 per hour Siorauaaslitiuirereininiia
mIBusivaImumueian Wwimiidimmearsasansm

manToBudunaldinmrmsaneuasuatsutulaluSiuavasfianis

(metabolic  saturation)
UAzIzWUN
miauaiauludavinssane Ethanol, Methanol, Propanol , Dimethyl sulfoxide fisen
mmﬁﬂa'mqmam'fﬁmaaﬁ"mﬁa:mulum:ﬁ'u:?amﬂﬁmumuaﬁﬁu'luﬁwﬁ'enaﬂwm

notsfilnfiunuazniniiladin  dwivdvdndvesnaTinraamietafilafitunuaznia
fladRmiunuirfinsFosdrdufiaaandasiulunsBurituas intact skin §aftl Dimethyl
sulfoxide> Isopropyl myristate > Ethanol> Propanol> Methanol> Polyethylene glycol 400
> Water > Propylene glycol> Ethyl oleate > Mineral oil 1uﬁdv:1.l.iuﬁumﬁuuqm
Tanmadumsiiimifurinnyasnhazaruea 9iitod9n stripped skin fia Aankafifingg

o -l . e - o o ' - - -
Aian stratum corneum aanlUalumangejarfudszintmsfuriusssetafilafiiun
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[ [ . - - o w . o f - . .y
mﬂnmﬁmnu E]U'\-ﬂ‘liﬁﬂ'uﬁl:uﬂﬂﬂUﬂ'\ﬂf}mﬂuﬂﬂ'ﬂi]\'lﬂ')ﬂ"lﬂ:ﬂﬁUﬂuﬂnﬂ'\\'lnuﬂ'ﬂ.“ﬂ'\
. P J 1 - " - - . . ] . ¥
fudszfindmsBurufimiiveedailladualu stripped skin duandranu

4. m3AnsM e vaaan lnivitlaslalaludive

NaNTANENIRNaILaRFN luATAzRIBA1 gWUN La‘ﬁaﬂTnﬁmmﬁagmumuaﬁ
sulflumualarie  niefilad@fin lumamesssimaduunsmvvasmsaariiinag
waswwasnnadsiilafuniuniaiiledfin - anlulusdedisdfasdouil) uazay
[utuvasiedaitledundalfdavnazandn qﬁ'u'lﬁ'namsmﬂaouam‘ld‘lunﬂwwﬁ
24-34 Hydarnsdasuulssnnetsiladuniiunsafiladfindwaldan anautu
vasnTdadvuiusznisdiinueiailedumiinaniouaziamflilumsviali
WelnTen

TunTnfl 25-35 mansolsaums Michaelis-menten afinulddaianimnduduras
La‘ﬁaiﬂnﬁmmﬁiuga'ffumnumuaﬁﬂua:tﬁuﬁuuaza:ﬁmﬁmﬁtﬁaﬂ'z'\mi’uﬁ'waota‘ia
ﬁtﬂamnga"ffu Tagannsinmmassafasdulinunmalasuulasesiatailofin
nilunsafiladfinludviazasudezimandsnulsadonauaslulalodive  Foesri
miswawiniimaimisaumaairasadailefuunlulaluSivavasfinisldfa
é’ﬂﬂﬁdgaqw’lumnﬂ'ﬁ"umuJmmnw'ﬁaﬁtnﬁmmi‘]unmﬁ'[ﬂﬁﬁn (Vo) HEZFNAITTES
Michaelis-Menten (K.,) FadreansnuandluatTof 4

PnuamiansmIialalatladsvosadafilafiunlulaluiiualaslSaavinazan
ci'lafjnﬂnlﬁ 23-3¢ uaz TN 4 wui ludarhezasfie Dimethyl sulfoxide, Ethanol,
Propanol WAz Methanol WIFINTOMUIMAT Voo AT Ko, 'lﬁ‘tﬁminn'lﬂa‘jmign
wasuwasmasetsitlndwnduniafiledfinlédinammesasdindiseansosiy
T8O Oh uazAme (8) Farinmmmasaumitialalasladauay p-hydroxybenzoate 1u
lalufuavasfiomiomy wuinemuesfieadudu 10 wefisudduwllmunsndudons
\inlalasledaues p-hydroxybenzoate Iulaludiumvasfimitanyld uiisaviimmesas
manututuiidusinnialalerladsvesmazmomiiiso ludmemonudsludm
Wi dwiusariarsudugileld PBS 7.4 (HuAn7uaa (control) WUTNAT Ve, W82 K,
lLiwendniuuninuassidamesaomil lifinadonszrwnstiudifawauedauln
Al
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an 25 AMUFUNUT TV T ITuwTusRTadlaTat laftunuasaari i luniafia
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plﬁ 26  anuFuRuiTTwIvanuduTuGydwanatatilafiiunuazda i lumsifia

lalaslsg@alulalufiualudviazanofis Wemwalwinasanudluniade 7.4 (PBS 7.4)
1 ] L] J L J z

uudazqeuansdnofy FIUDoAUMINATIINIBINTINARDY 34 AT
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N 27 evwdiuiEwieenuduiwiadussaisiledunuazsarihlumuiia
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lalatladnlulalafinaludhacaefio wrmues luudazgauaasdnais dudooun

f
ATFINVDINTIMAREY 34 A3
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N 28 enufunutEwIveuuTuGusuanadrilafiiunuazderuilumaiie
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lalaslagalulalufiunludazsofia emues luudszyaurnsdais  dwdisouu
&
IAIFIUVDINMINARDY 3-4 AT
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un 31 AMUFUNUTIEWI AU TuSuduTauaTafi ladiiunuazanimirlunmaia
lalasladislulalufiunludhazainfio Infietdulnanan (PEG 400) luudazyauaas
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U 35 anmuisRuinwivenudviuGuduissaiailafiunuazdaniiilunafia
lalatladalulaluiiualudarazaudio teialafion (Ethyl oleate) luusinzaauaasditiasy

' - [ A
S NILUINATTIUYRININGREY 34 AT

A - - - -_—
#1377 4 Michaelis-Menten parameters v¥adlafafilafitunlunisfinmlalasladalanltla
lduasasrRivitsludavinazanuenag

vehicles Vinax Km
(nmol/ml/mg protein) {(mM)
Water 201.2+6.7 5.77 + 0.55
PBS 7.4 2025+ 6.5 5.84 + 0.45
Methanol ND ND
Ethanol ND ND
Propanol ND ND
PG 192.7 + 74 448 + 0.34
PEG 400 170.2 + 9.2 5.12 + 0.51
IPM 2054 +55 472 + 0.77
DMSO ND ND
Mineral oil 197.5 + 84 6.31 + 0.66
Ethyl oleate 2005 +55 9.97 + 0.79

ND = limusowiiuule
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lunsdifanuduiuwvaseafilodunlufimiindoundidr K, ¢ metabolic
clearance (Vig/(Km + C) R InMADINY Voo /Ky (AT TuTHvaI v N0 Ta it lnditun
Tufamiedn puuedailafiunfluwirimfwieniu rate-limiting step VasMsBurituvas
niafiladfin Lwil.ﬁaﬂ'nmi'uiwaaLa‘ﬁaﬁ‘[nﬁtumﬁuqn‘fu metabolic clearance I:AARI
uR:z rate-dimiting step waIMIButwzwEsuwanilumawmueiauvasadsiladiun
Talawrzatnabaudaiia metabolic saturation Wanduasnsaiiladfinalsdewvindy V.,
PINNITINATDUTOITUTIATHFUREAMUE (4) wudinsiia metabolic  saturation 1w
ﬁmﬁ'mg;tﬁa'ltha%aﬁhﬁmﬂumm:muf]a'lﬁ' (donor sotution) aaud 0.2 Tuariiueuly

Warnmmmeseumilesimudfesliifeansdudimafewauedsusenaiaile
aunlulalufinelas/fouwtsslofisuduasdninazany 4 viiefia Dimethyl sulfoxide,
Ethanol, Propanol UWa: Methanol IMNAMULTLTS 1, 5, 10,20, 50, 100 1w PBS 7.4 lagwn
1 Ve U8Z K, ldHamMInasauaansluaimif 5-8

@797 5 Michaelis-Menten parameters vadieFafiladunlunsfinulalasladalanltla
Tulauasfiawitsluumusannuiuiudraglu PES 7.4

Methanol Vimax Km
Concentration (%) (nmol/ml/mg protein) (mM)

0 2025 + 6.5 5.84 + 0.45
1 705 + 6.5 5.94 + 045
5 105 +6.5 2.94 + 045
10 ND ND

20 ND ND

50 ND ND

100 ND ND

J ) [ - - - [ -
TINATTUA § WU Vi V030TARIAGIUNTUNANI lalasladalanltTala’
- e -l - o [ ] [ A,
WMavasRwmzaeailatRua MUty o ruasuaad liiRwianuduTwYe UM
o - & - & - - [ & . v -
wasfiAntumnIndusinsifiaumusiseld  lummeasssiiwuitenudaiureaum

- & - - - - o - w  w
uaﬂﬂUUU\'ln']'nnﬂlNﬂ'“Jﬂﬂﬁlﬂﬂﬂﬂ'\dﬂﬂl&’fﬁl’u‘luﬂﬂ']'\ulﬂuﬂ“ﬂBdlumuaaﬂ’:lﬂm 10
wadiaue



snwvmid nhinznosonnFusiunnswnvednurve s ini Inkunlufmimy 45

J -~ el ] [
@197 6 Michaelis-Menten parameters vadtafafiladunlumsdnunlaolatlagalayldla
Tudmavasfmtaluiamusaanudiutiud1s 9lu PBS 7.4

Ethanol Vmax K
Concentration (%) (nmol/ml/mg protein) (mM)

0 2025 + 6.5 5.84 + 0.45
1 505 + 3.5 494 + 0.23
5 85+22 1.94 + 0.75
10 ND ND

20 ND ND

50 ND ND
100 ND ND

PINMTIA 6 WU V., veneiaiiladiiunlunidnmnlalatladalasldlaled
wavasfiamisssansidiaiunnuidutuasamusausasliitiuitanututusas
aruesfRsueysnsusimafnweveiald  lummesssiiwudienadutuvas
mmuaaf’it'l'uti'.ln'mﬁmumuaﬁau"lﬁ'a:hmugnﬁﬁ'uﬁ'uﬁmwu'fu{fwaammuaaﬂszmm
10 Wafirud
@191971 7 Michaelis-Menten parameters vastodafilasitunlumidnmlalatladalanlsls
Tdwevasfamislulnswinoannuitiutudrs 9lu PBS 7.4

Propano! Vmex Km
Concentration (%) (nmol/mi/mg protein) {mM)

0 2025+ 6.5 5.84 + 0.35
1 56.2 +45 1.34 + 045
5 7.5+65 2.94 + 0.55
10 ND ND

20 ND ND

50 ND ND
100 ND ND

VIR 6 wudie V.., vesetaitlnamnlunsdnelalasladalenlslalud
wavasiwhinzanadoiunudutues Inswiuesuaasiiuitanuutureln
wneafiRsdiumansadudimaanweusisld Tunmesssiinudinnudutuesin
mwaaﬁ:T'u:fan‘mﬁnmumuaﬁau'ls‘fmhaaugstﬁt‘%uﬁuﬁmwLiuiwaawmuaa
Uszanmt 10 wefiudituniu
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@1719N 8 Michaelis-Menten parameters vadaaiiladiunlumsdnmlaletladalanlils
Trdwarasdmilulawsatananlod (DMSOMuintuaglu PBS 7.4

Dimethylsulfoxide Vmax Km
Concentration (%) (nmol/mi/mg protein) (mM)

0 2025+6.5 5.84 + 0.45
1 170.5 + 6.5 5.77 + 0.85
5 505+ 6.5 4.94 + 0.25
10 10.2 + 45 3.94 + 0.57
20 ND ND

50 ND ND
100 ND ND

NNATAN 8 Wy V., seneeiiledunlumisiinelaletladalasldlalud
WwavadRmIzaasdiaiunudutures OMSO uraslWiAuwinnuduiuvas DMSO
Avutumansadudinaiaweuadsuls lummeasasiiwuitanuiduduyes DMSO 7
ﬁ'u:'famsu.ﬁmumua‘ﬁau'le‘faLi'waugnﬁt‘éuﬁuﬁmwd’m‘fwaqmmuaaﬂs:mm 20
wWefioua



unvoid M inznwdonisfusiuunsiva wolsuvousinii InAnmluimiany 47

V. una;ﬂuazﬁa LEWNDUWE

MEANIANWTRAVBINIVNRIRIBAIMITUH LRz VR ANV Taiilafiiun
) N o A :
'lumnumhsmmmm‘ﬂ'lﬂmu
1. ﬁﬁmmﬁ":ﬁmzmuﬁnadams"ﬁumuua:mmua‘ﬁauwaam‘ﬁaﬁ'[ﬂﬁLun'lur‘-'nuﬁlm-:lx
2. Stratum corneum (% rate-limiting step lunmsdurtufiantsvodatafiladiunlufiwila
nu
u R .
3. vT'Jﬁ'm:muﬁﬁqru.tmuﬂ'lumns'am':'iumuﬁ'muwaaLa‘i‘iaﬁ'[ﬂﬁmmﬁauﬁumﬁuunu
1o Ethyl oleate LR isopropyl myristate
4. mﬁ'\a:munﬂqmauum'luuuuom'nnmumuaafm'uaamﬁau'[ﬂmun'lumnmmpa
methanol, ethanol, propanol us: dimethyl sulfoxide Tasanututuvas methanol,
d - = -~ -~ »
ethanol, propanol W&t dimethyl sulfoxide 17'1mmmuummnnmumuaaauammmdmf
'luTaTuﬁmmaoﬁ'mﬁmhsﬁaﬁmwn‘fuﬁ'u 10.10,10 usz 20 uwafimuavimunlian
wunausay
. et - - oar e - & v
inuanmasasmanTmi WliansSoudsunudvinazasawgnamianakiants
x . . L
l.{]uﬁ'agawug'mﬁ‘m'mn'ﬁﬁnmn'lu'l.'u.ﬂomu (in vivo) sia'l
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Refereed Journal articles

1. Tanasait Ngawhirunpat, Hiroshi Yoshikawa , Tomomi Hatanaka, Tamotsu Koizumi,
Isao Adachi. Age-related changes in skin permeability of hydrophilic and lipophilic

compounds in rats. Pharmazie 2001; 56 : 231-234. { impact factor 0.696

2. Tanasait Ngawhirunpat, Tomomi Hatanaka, Junichi Kawakami, Isao Adachi. Age
difference in simultaneous permeation and metabolism of ethyl nicotinate in rat skin.
Biol. Pharm. Bull. 2001; 24 (4) :414-417. i impact factor 1.124

3. Tanasait Ngawhirunpat, Hiroshi Yoshikawa, Tomomi Hatanaka, Kazunori
Katayama, Junichi Kawakami, Isaoc Adachi. Change in electrophysiological
properties of rat skin with age. Biol. Pharm. Bull. 2002 ; 25 (9) : 1192-1196. i
impact factor 1.124

4. Tanasait Ngawhirunpat, Hiroshi Yoshikawa, Tomomi Hatanaka, Kazunori
Katayama, Junichi Kawakami, Isao Adachi. Age dependency of esterase activity in
rat and human keratinocytes. Biol. Pharm. Buil. 2002 ; 2€ (9) : 1311-1314. i impact
factor 1.124

5. Prasert Akkaramongkolporn, Tanasait Ngawhirunpat. Dual ambroxol and
chlorpheniramine resinate as an alternative carrier in concurrent resinate
administration. Pharmazie 2003; 58 (3), 155-199. i impact factor factor 0.696

6. Tanasait Ngawhirunpat, Praneet Opanasopit, Sompol Prakongpan. Comparison of
skin transport and metabolism of ethyl nicotinate in various species. Eur. J. Pharm.
Biopharm. 2004; 58, 645-651. il impact factor 2.012

7. Manee Luangtana-anan, Praneet Opanasopit, Tanasait Ngawhirunpat, Jurairat
Nunthanid, Pornsak Sriamornsak, Sontaya Limmatavapirat, Lee Yong Lim. Effect of
chitosan salts and molecular weight on a nanoparticulate carrier for therapeutic
protein. Pharm. Dev. Tech. 2005 (accepted) ii impact factor 0.657

8. Tanasait Ngawhirunpat, Sompol Prakongpan. Effect of methanol on skin
permeation and metabolism of ethyl nicotinate in rat skin. Pharmazie. 2005
(accepted) 3 impact factor 0.696
8. HaNWITIMIBUY (1% Proceeding #1T 4aY)

8.1 warmddpfaRuwmeludszing

1. Tanasait Ngawhirunpat, Praneet Opanasopit, Korakot Chaturon, Jamaree

Leewansangthong, Suwannee Panomsuk. /n vitro permeation of ketoprofen gel:
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Effect of Carbopol 940 and Pluronic F-127. Silpakon University J. 1998; 18 (1): 79-
86 (1998).

Prasert Akkaramongkolporn, Tanasait Ngawhirunpat. Interaction of in vitro release
of drug in resinate administration. Silpakon University J. 1998; 18 (1): 65-78 (1998).
Praneet Opanasopit, Suwannee Panomsuk, Tanasait Ngawhiranpat, Khwanta
Meeoim, Jittima Suratannon, and Jaroenlakana Tanikkul. Development and
evaiuation of polymeric matrices for isosorbide dinitrate transdermal drug delivery
systems. Thai J. Pharm. Sci. 1998: 22 (4); 125-136.

Tanasait Ngawhirunpat, Suwannee Panonsuk, Praneet Opanasopit, Sayan
Junsook, and Supaporn Pornpinatepong. Newborn porcine skin as a model
membrane for in vitro percutaneous absorption. Thai J. Pharm. Sci. 2000; 24 (3-4):
183-190.

Tanasait Ngawhirunpat, Suwannee Panomsuk, Praneet Opanasopit, Tomomi
Hatanaka, Tamotsu Koizumi. In vitro permeation and metabolism of ethyl nicotinate
in Thai shed snake skin. Thai. J. Pharm Sci. 2002; 26 (1-2). 69-75.

Tanasait Ngawhirunpat, Praneet Opanasopit, Suwannee Panomsuk, Theerasak
Rojanarata, Usanee Kumprakrob. Skin permeation enhancement of ketoprofen
supersaturated solutions with antinucleant polymers. Thai. J. Pharm Sci. 2005
(submitted).

8.2 Proceeding

1.

Suwannee Panomsuk , Tanasait Ngawhirunpat , Praneet Opanasopit , Tomomi
Hatanaka and Tamotsu Koizumi. Drug permeation through shed snake skin.
Proceeding of the First Indochina Conference on Pharmaceutical Sciences, 20-23
May 1997, Mahidol University. Bangkok, Thailand.

. Tanasait Ngawhirunpat, Praneet Opanasopit, Suwannee Panomsuk, Satit

Puttipipatkhachorn. Effect of drug incorporation methods on content uniformity and
skin permeation of triamcinolone acetonide creams. Proceeding of 3" Indochina

Conference on Pharmaceutical Sciences, Twin Tower Hotel, Bangkok, Thailand,
May 21-23,2003.

. Potchanart Toprasri, Tanasait Ngawhirunpat, Thawatchai Phaechamud. Anhydrous

gels from hydrophilic and hydrophobic colloidal silicon dioxides. Proceeding of 3"’
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Indochina Conference on Pharmaceutical Sciences, Twin Tower Hotel, Bangkok,
Thailand, May 21-23, 2003.

. Potchanart Toprasri, Tanasait Ngawhirunpat, Thawatchai Phaechamud. Factors

affecting physical properties and formation of colloidal silicon dioxide gel.
Proceeding of 12'h International Pharmaceutical Technology Symposium, Istanbu,
Turkey, 12-15 September 2004.

. Thawatchai Phaechamud, Srisombat Nawanopparatsakul, Tanasait Ngawhirunpat,

Potchanart Toprasri. Acute skin irritation of anhydrous gels prepared from colloidal
silicon dioxides. Proceeding of The Third Thailand Materials Science and
Technology Conference. Miracle Grand Hotel, Bangkok, Thailand, 10-11 August
2004.

. Manee Luangtana-anan, Praneet Opanasopit, Tanasait Ngawhirunpat, Jurairat

Nunthanid, Sontaya Limmatavapirat, Panida Asavapichayont, Pensee
Neungsikapian. Amino acis as a salt forming agent of protein loaded chitosan
naoparticles. Electronic proceeding of 30" Congress on Science and Technology of
Thailand, Bangkok, Thailand, 19-21 October 2004.

. Wanlop Weecharunsan, Praneet Opanasopitt, Monrudee Sukma, Tanasait

Ngawhirunpat, Uthai Sotanapan, Pongpan Siripong. Antioxidative and
neuroprotective activities of the extracts from fruit hull of mangosteen (Garcinia
mangosiana Linn). Electronic proceeding of 20"I FAPA Congress 2004: Emerging
Science and Profession in Pharmacy, Bangkok, Thailand, 30 November -3
December 2004.

Tanasait Ngawhirunpat, Suwannee Panomsuk, Praneet Opanasopit, Tomomi
Hatanaka, Tamotsu Koizumi. Shed snake skin as a model membrane for
percutaneous absorption. Electronic proceeding of 20" FAPA Congress 2004:

Emerging Science and Profession in Pharmacy, Bangkok, Thailand, 30 November -
3 December 2004.

. Suwannee Panomsuk, Tanasait Ngawhirunpat, Praneet Opanasopit, Gampimol

Ritthidej. /n vitro permeation of drugs through shed snake skin: Species difference.
Electronic proceeding of 20"' FAPA Congress 2004: Emerging Science and
Profession in Pharmacy, Bangkok, Thailand, 30 November -3 December 2004.
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10. Supinya Tipwichai, Praneet Opanasopit, Tanasait Ngawhirunpat, Suwannee

11,

Panomsuk. Development of ketoprofen patch for transdermal drug delivery systems.
Electronic proceeding of 20" FAPA Congress 2004: Emerging Science and
Profession in Pharmacy, Bangkok, Thailand, 30 November -3 December 2004.

Manee Luangtana-anan, Praneet Opanasopit, Tanasait Ngawhirunpat, Jurairat
Nunthanid, Sontaya Limmatavapirat, Pensee Neungsikapian. Chitosan lactate as
microparticulate carrier for protein protein. Electronic proceeding of 20lh FAPA
Congress 2004: Emerging Science and Profession in Pharmacy, Bangkok, Thailand,

30 November -3 December 2004.

8.3 WAMWERDIUIUUTZTNITING (Abstract)

1.

Tanasait Ngawhirunpat, Pimolpan Pithayanukul, Kenji Sugibayashi. Effect of s} ~
enhancers on in vitro skin permeation of betamethasone valerate cream. The 15"
Asian Congress of Pharmaceutical Sciences (November, 1996), Bangkok, Thailand.
Tanasait Ngawhirunpat, Pimolpan Pithayanukul, Srisakul Sungthongjeen. Efficacy
test of sunscreen products in Thailand. The 15" Asian Congress of Pharmaceutical
Sciences (November, 1996), Bangkok, Thailand.

Tanasait Ngawhirunpat, Suwannee Panomsuk , Praneet Opanasopit , Tomomi
Hatanaka and Tamotsu Koizumi. Permeability of water soluble drugs through shed
snake skin. Annual Conference of the Academy of Pharmaceutical Sciences, The
Pharmaceutical Association of Thailand under the Royal Patronage (26-28 March
1998), Central Piaza Hotel, Bangkok, Thailand.

Tanasait Ngawhirunpat, Praneet Opanasopit, Korakot Chaturon, Jamaree
Leewansangthong, Rattana Ruangchai, Jintana Suwanmanee, Kamonrat Fuangfu.
In vitro skin permeation of ketoprofen gel: Effect of Carbopol 940 and Pluronic F-
127. Annual Conference of the Academy of Pharmaceutical Sciences, The
Pharmaceutical Association of Thailand under the Royal Patronage (26-28 March
1997), Pang Suan Kaew Hotel, Chieng Mai, Thailand.

Tanasait Ngawhirunpat, Naomi Kawakami, Tomomi Hatanaka, Junichi Kawakami ,
Isao Adachi. Age dependency of esterase activity in human and rat keratinocytes.
Abstract for Annual conference of Japanese Pharmaceutical Association, 26-28
March 2002, Chiba, Japan.

Tanasait Ngawhirunpat, Hiroshi Yoshikawa, Tomomi Hatanaka, Kazunori

Katayama, Tamotsu Koizumi, Junichi Kawakami, Isao Adachi. Age-related changes
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10.

1.

in permeability and electrophysiological properties in rat skin. Abstract for Annual
Conference of Japanese Pharmaceutical Association, 28-30 March 2001, Hokkaido,
Japan.

Suwannee Panomsuk, Tanasait Ngawhirunpat, Praneet Opanasopit, Gampimol
Ritthidej. Permeation of drugs through shed snake skin of Thai species. n'mls:qu
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Suwannee Panomsuk, Jantana Wessapan, Tarasait Ngawhirunpat, Praneet
Opanasopit. The effect of gamma radiation of physical and chemical properties of
gel base. Annual Conference of the Academy of Pharmaceutical Sciences, The
Pharmaceutical Association of Thailand under the Royal Patronage, Century Park
Hotel, Bangkok, 26-27 March 2004.

Manee Luangtana-anan, Praneet Opanasopit, Tanasait Ngawhirunpat, Jurairat
Nunthanid, Sontaya Limmatavapirat. Chitasan aspartate as nanoparticulate carrier
for protein. The 6" Asia Pacific Chitin and Chitosan in ihe 21" century conference.
Singapore, 23-26 May, 2004.

Manee Luangtana-anan, Praneet Opanasopit, Tanasait Ngawhirunpat, Jurairat
Nunthanid, Sontaya Limmatavapirat. Effect of chitosan salt on protein-loaded
nanoparticles. European conference on drug delivery and Pharmaceutical
Technology, Sevilla, Spain, 10-12 May 2004.

Tanasait Ngawhirunpat, Praneet Opanasopit, Suwannee Panomsuk, Sompol
Prakongpan. Comparison of skin transport and metabolism of ethyl nicotinate in
various species. Pharmaceutical Science World Congress (PSWC 2004), Kyoto
International Conference Hall, Japan. 30 May-3 June 2004.

12. Tanasait Ngawhirunpat, Praneet Opanasopit, Suwannee Panomsuk, Anurak

13.

Khuntapol,  Monthinee  Kongsawatsak, Maleenart  Petsangsai, Suwipa
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[bstract

The skin transport and metabolism characteristics of ethyl nicotinate (EN) in rabbit, rat, guinea-pig. pig, shed snake skin and human were
ompared. In vitro skin transport using excised skin and hydrolysis experiments using skin homogenate were carried out. Flux of EN, a
aetabolite, nicotinic acid (NA), and the total (EN + NA), as well as kinetic parameters (Vy,, and K,,) for hydrolysis of EN were determined
nd compared among various species. The enzymatic conversion of EN to NA was observed for all skin permeation experiments. Total flux
rom EN-saturated solution between rabbit, rat, guinea-pig and human was significantly different (P < 0.05). A great difference between

+ pecies was observed in skin esterase activity. The NA/otal Aux ratio of human was significantly lower than that of rabbit, rat or guinea-pig
wit lower than that of shed snake skin (P < 0.05). There is no significant difference in skin permeation and metabolism between human and

: Nig (P > 0.05). Tota) flux increased linearly with an increase in EN donor concentration for all species. For pig, shed snake skin and human,
A flux increased with an increase in EN donor concentration and reached a plateau, suggesting the metabolic saturation was taking place in
he skin. NA Aux at plateau and EN donor concentration in which the NA flux reached a plateau were also affected by species difference.
Mhese findings indicated that the discrepancy in transdermal profiles of EN among species lested was predominantly due to the difference in
he esterase activity in the skin.
© 2004 Elsevier B.V. All rights reserved.

i Keywords: Species difference; Skin transport: Skin metabolism

L Introduction handle, lower in cost, and lower in variation in permeability
from one specimen to other [4-6].

The species difference in skin permeability of drugs ha\te
been extensively reported, however, very little data is
available comparing the skin metabolism in mammalian
skin and shed snazke skin with that of human skin [7.8].
The extent and rate of skin metabolism have been found to

affect the skin permeability of prodrugs [9.10). The prodrugs

The utilization of lipophilic prodrugs is a useful method
Wenhance the transdermal absorption of therapeutic agents
[12). Dermal enzymes can conven prodrugs into
Pharmacological active forms, and also inactivate or
detoxify xenobiotics {3]. To evaluate the effectiveness of

the prodrugs on the skin, simultancous skin permeation and
Metabolism must be studied. Theoretically, such study
thould use humans for testing. However, ethical
tonsiderations are the major problems in using human
skin a5 a model membrane. Therefore, animal skins such as
™. rabbit, guinea-pig. pig and shed snake skin are
frequently used as an aliernative because they are casy to
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should be metabolized completely in the skin layer to
maximize topical therapeutic activity and to minimize both
topical and systemic side effects. Knowledge of the
comparative qualities in skin metabolism and permeation
between different species is important as it can be applied o
estimate the pharmacological and adverse effects of prodrug
therapy in humans by prediction from the animal results.
The present study focused on the comparison of
simultaneous skin transport and metabolism of prodrug
between different species. Ethyl nicotinate (EN) was
selected as a model prodrug of nicotinic acid (NA) because
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it can be hydrolyzed by esterases in the skin [9,]11]. In vitro
skin permeation characteristics and enzyme activity in skin
homogenate were compared among human, rabbit, rat,
guinea-pig, pig and shed snake skin.

2. Materials and method
2.1. Materials

NA and EN were obtained from Tokyo Chemical
Industries (Tokyo, Japan). All other reagents and solvents
were of analytical grade and obtained commercially.

2.2. Preparation of membranes

The method of the percutaneous absorption study
followed Test Guideline 428 of Organization for Econamic
Cooperation and Development (OECD) [12]. Male Wistar
rat (200—250 g). guinea-pig (260-350 g) and Albino rabbit
(2500-4500 g) were supplied by the National Animal
Center, Mahidol University (Bangkok, Thailand).
The abdominal skin was carefully shaved and freshly
- excised before the experiments under pentobarbital
anesthesia (50 mg/kg, i.p.), and cervical dislocation. The
abdominal skin of new born (0—1 day) pig (Sus scafa) was
obtained immediately after slaughter in the gencral
slaughterhouse (Nakorn Pathom, Thailand). Shed snake
skin of Elaphae obsoleta was kindly donated by the
Saowabha Institute (Bangkok, Thailand), After the skin
was obtained, it was stored at —20°C prior 0 use.
The original esterase activity in shed snake skin was
reported to be the same, even the skin was kept at this
condition for 6 months [8].

Human skin was obtained following unrelated surgical
operations (Department of Surgery, Yanhee General
Hospital, Bangkok, Thailand). The source was the breast
of female patients (35—67 years old). The skin was stored at
=20 °C prior to use in order to maintain the original activity
of skin enzymes [13). The samples were gradually thawed
in 0.9% (w/v) NaCl solution, and were prepared to be
split-thickness skins (0.6—0.7 mm) by dermatome.

2.3. Skin transport experiment

The skin samples were mounted between two half-cells
of a side-by-side diffusion chamber (3.0 ml volume and
0.966 cm® cffective diffusion area) with a water-jacket
connccted to a water bath at 37 °C. The dorsal surface of the
skin was placed in contact with the drug solution.
The receiver and donor compartments were filled with
0.1 M phosphate buffered saline (PBS) (pH 7.4) and stirred
at 1440 rpm with a star-head Teflon® magnetic bar
(Nalge Nunc Intemational Co. Ltd, MN, USA) driven by
a synchronous motor. After [ k cquilibration, the media in
the recciver and donor compartments was replaced with

fresh PBS and various concentrations of EN (6—244 mM) in
PBS, respectively. A part of the receiver solution (0.5 ml)
was collected every hour for 8 h, and the same volume of
fresh PBS was replaced to keep the volume constant.
The samples were stored at 4 °C until analyzed. The
cumulative amount of EN, NA and the total (EN + NA)
was plotted apainst lime, and the flux at pseudo-steady-state
was determined from the slope of linear regression analysis.

2.4. Hydrolysis of ethyl nicotinate in skin homogenate

The kinetic analysis for enzymatic hydrolysis of EN was
performed using skin homogenate. Skin homogenate
(25%. w/w) was prepared with full-thickness skin freshly
excised from various ages of rats and PBS using a lissue
homogenizer. The homogenate was centrifuged for 10 min
at 9000 x g and 4°C. The supernatant and various
concentrations of EN in PBS were preincubated for
15 min, then the prepared skin homogenate was mixed to
make final concentration of 5% (w/w) homogenate and
maintained at 37 °C. Samples were taken at an appropriate
time point, and ihe enzymatic reaction was terminated by
adding the same volume of acelonitrile. The chemical
stability of EN was also evaluated in enzyme-free PBS at
37°C. All samples were kept at 4 °C unlil analyzed.
The hydrolysis rate was determined by the slope of the
plot between the remaining content of EN and incubation
time. The Michaclis—Menten parameters (maximum
hydrolysis rate, V,,,: and Michaelis-Menten constant,
K,) were determined by the Lineweaver—Burk plot.
This plot is a derivation of the Michaelis—Menten equation

1/Vg = Woay + Kn/Veux[S] (1)

where Vg is the hydrolysis rate and [S). the EN
concentration. The intercept on the 1/Vj-axis and
1/[S]-axis equals to 1/Vn,, and 1/K,, respectively,
The protein content in skin homogenate was determined
by Lowry's method [ 14]. The values of V,,,, were expressed
in two methods: in unit of nmol/min per mg protein, and in
unit of |Lmollt:m2 per hour using the values of protein
content of 5% (w/w) skin homogenate and weight per area
of skin. The intrinsic metabolic clearance (Vipa:/Kw)
was also calculated in unit of ml/min per mg protein.

2.5. Analytical methods

EN and NA concentrations were assayed by high
performance liquid chromatography as in our previous
report {11]. Briefly, a mobile phase consisting of methanol
and 0.1% (v/v) of phosphoric acid (65:35, vi/v), and
methanol: 0.1% (v/v) (80:20, v/v) containing 5 mM of
sodium 1-heptane sulfonate were used for EN and NA.
The internal standards for EN and NA were methylparaben
and p-hydroxybenzoic acid, respectively. It was confirmed
that hydrolysis of EN to NA occurs only via the metabolic
pathway [11,15).
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Fig. 1. Permeation profiles through human skin from EN-saturated solution
(244 mM). O, EN: A, NA: @, iotal. Each point represents the mean * SD
of three 10 four experiments.

2.6. Swatistical analysis

Differences in flux of EN, NA and total, and NA
fNlux/total flux ratio were statistically evaluated by one-way
ANOVA following Dunnett’s test.

3. Results
3.1. Skin transport study

In vitro skin permeation and metabolism of EN using
rabbit, rat, guinea-pig, pig, shed snake skin and human was
performed. Fig. | represents the skin permeation profile
through human skin from an EN-saturated solution
(244 mM). The cumulative amount of EN, NA and the
total in the receiver chamber increased linearly with time
afier a shont lag time (about 20 min). This linear increase

Table 1

was also observed in other profiles for EN concentrations
and for species (data not shown).

The flux of EN. NA and the total in the steady-state of
EN-saturated solution are shown in Table 1. EN flux
through pig, human and shed snake skin was significantly
higher than that through rabbit. rat and guinea-pig skin,
whereas NA flux through rabbit, rat and guinea-pig skin was
significantly higher than that through human and pig skin
(P < 0.05). Total fAux of rat, guinea-pig and rabbit was
significantly higher than that of human (P < 0.05).
There was no significant difference in the total fluxes
between pig skin, shed snake skin and human skin
(P > 0.05). The ratio of NA flux to tolal flux ratio showed
a similar tendency of NA flux.

The effects of donor concentration of EN on the flux of
EN, NA and the total for various species are shown in Fig. 2.
In proportion to donor concentration for all species, there is
no direct relation between EN concentration and EN,
NA and total flux. However, the greatest varialion was
found in NA flux. In rat, rabbit and guinea-pig, a large
conversion 1o NA flux was observed throughout the donor
concentration range (6—244 mM). For pig. shed snake, and
human skin, EN flux gradually increased in the lower donor
concentration (6—50 mM), and then sharply increased in the
higher cancentration {50-244 mM). On the other hand, NA
flux sharply increased in the lower concentration and
reached a plateau in higher concentration. The platcau
values of NA flux for pig. snake and human were 1.95,0.4]
and 1.86 wmol/cm? per hour, while the donor concentration,
in which the NA flux reached a plateau was around 50, 50
and 100 mM, respectively.

3.2, Skin homogenate hydrolysis study
Fig. 3 shows the Lineweaver-Burk plot between the

inverse of hydrolysis rate and the inverse of EN
concentration in skin homogenate of various species.

Flux of EN and NA from ssturated solution of EN through skin of various species

Species Flux (umolicm? per hour) NAAotal flux ratio
EN NA Total®

Rabbit® 221 = 0.06° 131 *08° 153 = 0.9° 0.856 = 0.032°
Ra* 268 = 0.08° 112 =08° 138 = 0.9° 0.812 = 0.042°
Guinea-pig* 217 = 0.09¢ 123070 145 * 0.8° 0.851 * 0.028°
Py’ , 7.84 = 0.84 192 £ 0.34 9.76 = .15 0.197 = 0.067
Snake! 9.95 = 09] 0.392 = 0.022° 10.3 * 09 0.0381 = 0.0055°
Human? 698 = 1.43 1.84 = 0.22 882 144 0.209 = 0.081

Enhnluwdumn:SDofduuml’owupaim *P < 0.05 compared with human.

® Total = EN 4 NA

n = |0 from five rabbits.
a = 12 from six rats.

a = 9 from six guinea-pigs.
A = 10 from five pigs.

& = 14 from six snakes.

® u = § from five specimcm.
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Fig. 2. Effect of EN concentration in the donor side on fluxes of EN, NA and tots] for rabbit (a), rat (b), guinea-pig (c), pig (d). shed snake skin (¢). and human
(D. O, EN; 4, NA; @, total. Each point represents the mean = SD of three to four experiments.

Hydrolysis of EN to NA did not occur in PBS, but started in
skin homogenate. The Michaelis—Menten process was
observed in this enzymatic hydrolysis, therefore the kinetic
parameters of EN in skin homogenate of various species
were evaluated (Table 2). The maximum hydrolysis rate
(Vau) of human skin was significantly lower than that of
rabbit, rat and guinea-pig, but higher than shed snake skin
(P < 0.05). The Michaelis—Menten constants (Kn) and
intrinsic metabolic clearance (Ve /K ) of human skin was
significantly different compared with other species.

4. Discussion

In the present study, the skin permeation profile of EN
was affected by the species difference. Both EN and NA
were found in receiver solutions for all species in the skin
permeation experiment (Fig. 1 and Table 1). Leakage of
dermal enzyme from skin specimens into the receiver
solution was not detected as discussed previously |11].
This finding implies that the conversion of EN to NA occurs

in the skin during the transdermal absorption process.
The activity of skin esterase during the experimental period
was observed to be constant during the experimental period
due to linearity of the increase in the cumulative amount of
NA with time (Fig. 1). In this study. the whole skin
{epidermis and dermis) of different specics was used except
shed snake skin. The metabolic capacity in the cell,
responsible for metabolism in skin layers, namely
keratinocytes in epidermis and fibroblasts in dermis may
differ between specics. However, the higher esterase
activity in the keratinocytes than that of fibroblasts has
been reported in various compounds and specics [16].
Therefore, variation in metabolic capacity in different
species might be from the different activity in keratinocytes.

EN permeated across the stratum comeum as an intact
form and was in some degree hydrolyzed to NA by esterases
in viable skin, then both EN and NA concomitantly diffused
into the receiver solution. Thus, the flux of EN through the
stratum comeum is equal to the sum of EN and NA fluxes,
namely the total fux through intact skin [9.11].
Theoretically, the total flux-conventional profiles should
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be linear as Fick's first law of diffusion. However, the
nonlinearity in those profiles can be explained that EN in
higher concentration may effect on stratum corneum
permeability. These data were similar to the penetration
flux of phenol through rat skin {17]. The total flux of rat,
guinea-pig and rabbit was significantly higher than that of
human (Table |, P < 0.05). However, the similarity of the
total fluxes between pig, shed snake and human skin was
observed. The total flux of rat, guinea-pig and rabbit was
significantly higher than that of human (Table 1, P < 0.05).

v
Table 2

Norggard [18] reporied that the skin permeability rates
for cobalt ions was rabbit > guinea-pig > human. The
difference in the skin permeability among different species
might be caused from the divergence in lipid content and
water uptake of the stratum comeum, epidermal and dermal
thickness and density of hair follicles in the skin [18-20].
However, the similarity of the total fluxes between pig, shed
snake and human skin was observed (Table 1). This might
be due to the similarity in thickness and lipid content of
the stratum corneum (17.5 * 24 pm, 4-8% (pigh

Michaelis—Menten parameters of EN in hydrolysis experiment using skin of various species

Species Vau (nmol/min per mg protein) Ka (mM) Viaar/ Ko (ml/min per mg protcin)
Rabbit 1705 + 7.2¢ 6.28 + 0.48* 0.0347 + 0.0073*

Rut 2025 * 6.5* 5.84 * 0 45° 0.0568 = 0.0092¢

Guinea-pig 1812 = 5.5* 319 £ 0.4 0.027t = 0.0053*

Pig 203221 221 = 032* 0.0133 + 0.0009*

Snake 6.56 = 0.9* 358 = 0.21* 0.00183 + 0.00082*

Human NS 19 1.01 = 0.09 0.0322 = 0.0007

Bchmmhnmzsnofdnumfwupuim°r<o.05mnpmwilhhum.
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16.4 * 3.4 um, 6% (shed snake); 18.2 * 33 um, 2-6.5%
(human)) {21.22].

Compared with skin permeability, dermal metabolism in
different species was considerably varied. NA flux, NA to
total flux ratio, V,,,. and V, /K, was about 22-fold
different between the maximum of rabbit and the minimum
of snake. NA flux, NA to total flux ratio, V,,,. and V,,,/K,
of human was significantly lower than those of rabbit, rat
and guinea-pig. but higher than those of shed snake skin.
There was no significant diifference between these
parameters of human and pig. These findings indicated
that the total esterase content in human skin is different from
the other species tested except pig skin. Species difference
in skin metabolism of benzo(a)pyrene and testosterone in
six mammalian species including humans was reported, and
both rabbit and guinea-pig skin have a higher level of
enzyme activity than human skin [7]. Rat skin has a higher
level of esterase activity (20 times) than human skin for the
metabolism of 6-a-methylprednisolone-17-propionate-
21-acetate [23]. The higher metabolism in human than the
shed snake skin might be due to the difference in esterase
contents in the skin layer. Human skin is composed of
stratum comeum and viable skin (epidermis and dermis),
whereas shed snake skin has only 2 horny layer. In the mass
of dead cells of the stratum comeum of shed snake skin,
esterase enzymes are found to be active [8]. However, a
major part of skin metabolic activity is located within the
viable epidermis layer [24]. Thus, the total esterase content
in the human skin is expected to be higher than that in the
shed snake skin.

In case where the EN concentration (C) in the skin is
significantly lower than K, the metabolic clearance
[Vimax/ (K + C)] is almost equal to V,,/K,,. In the lower
concentration range, EN permeation through the stratum
corneum is to be the rate-limiting step in the NA permeation
process. On the other hand, in the higher concentration
range, metabolic clearance was reduced, and the rate-
limiting step is to change from permeation to metabolism of
EN. Especially in the metabolic saturation condition, NA
flux must be the same as V,,,, theoretically. In our
experiment, metabolic saturation was taking place at a
higher concentration range of EN shed snake, pig and
human skin. In rabbit, rat and guinea-pig, contribution of
NA to total flux was decreased in EN-saturated solution,
suggesting that metabolism of EN to NA was close to
saturation. In order to compare NA flux in the skin
permeation study with V,,, in the skin homogenate
hydrolysis experiment, Vy,, in unit of pmol/cm? per hour
was utilized. The recalculated V,,, of pig, snake and
human skin (1.45, 0.24, 1.33 umol/cm® per hour,
respectively) was consistent with the NA flux at the plateau
region in cach species, whereas that of rabbit, rat and
guinea-pig was much higher (11.5, 10.7, 11.1 pmol/cm? per
hour). These might be discussed with the difference in
extent of skin esterase enzyme in the skin and in the skin
enzyme distribution [25.26].

The skin permeation data and K, could not be simply
compared because the real EN concentration in the skin
could not be estimated. The donor concentration of EN, in
which the NA flux reached a plateau was about 50 mM for
snake, 50 mM for pig. and 100 mM for human (Fig. 2). K,
values of each species were varied (Table 2). suggesting that
the affinity of esterases for EN in each species is different.
If skin structure was similar among species. EN concen-
tration in the skin should be proportional to that in the donor
solution, and thus the donor concentration in which the NA
flux reached a plateau should be independent of species.
However, there are some structural differences in the skin
among species, such as the difference in the hair follicles
and surface lipid content (19,21]. Therefore, EN
concentration in the skin could be expected to be diffcrent
in each species after applying the same concentration of EN
in the donor side.

§. Conclusion

The presen: study verified the difference in skin
permeation and dermal esterase activities in different
species. The discrepancy in permeation profiles of EN
among the species tested was mainly due to the difference in
esterase activity. To predict the skin permeability and
metabolism of human skin by extrapolating from the data on
animal skin, differences in skin metabolism should be taken
into consideration. In our study, permeability profile and
esterase activity of pig skin was similar to human skin.
However, in vivo study using other permeants should be
tested to obtain more data.
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Effect of Methanol on Simultaneous Transport and Metabolism of Ethyl Nicotinate
in Rat Skin

Tanasait Ngawhirunpat®, Prancet Opanasopit', Suwannee Panomsuk® and

Sompol Prakongpan :

* Department of Pharmaceutical Technology, Faculty of Pharmacy. Silpakorn University,
Nakorn Pathom 73000 Thailand

® Department of Pharmacy, Faculty of Pharmacy, Mahidol University, Bangkok 10400 Thailand

Objective
To study the effect of methanol on the simultaneous transport and metabolism of ethyl
nicotinate in rat skin

Methods

The effect of methanol on the characteristic of in vitro transdermal permeation of ethyl
nicotinate (EN), its metabolism to nicotinic acid (NA), and methyl nicotinate (MN),
transesterication product were examined in rats. Skin transport of EN (244 mM) was investigated
using full thickness skin in side-by-side diffusion chambers, and flux of EN, NA and MN was
determined. Enhancement factor (E) was calculated to investigate the activity of methanol as an
enhancer. The hydrolysis study was also performed using skin homogenate.

Results

The transesterification was taking place in the permeation studies using methanol. As
concentration of methanol increased, the apparent flux of total EN was decreased. The solubility
of EN increased with methanol concentration. E increased with increasing the flux of methanol,
thus, methano! may function as an enhancer of EN transport. The hydrolysis in skin homogenate
of EN to NA was inhibited at all concentration of ethanol used (10-80%), whereas
transesterication of EN to MN was induced at all concentration of ethanol used.

Conclusion

Methanol functioned as an enhancer of EN transport and also inhibited the hydrolysis of
EN to NA. The transesterification of EN to MN was detected in skin transport, and skin
homogenate. Therefore, the ester prodrug may be converted to other ester forms when alcohol is

utilized as vehicle.
Key words: transdermal permeation; skin metabolism; methanol

Selected References
1, !{ittirod T, Hatanaka T, Uraki A, Hino K, Katayama K, Koizumi T (1999) Species difference
In simultaneous transport and metabolism of ethyl nicotinate in skin. Jnt J Pharm 178, 161-9.
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X Comparison of skin transport and metabolism charac-
P2E-11-078 teristics of ethyl nicotinate In various specics

Tanasait Ngawhirunpat', Praneet Opanasopit', Suwannee Panomsuk', Som-
?d Prakongpan

Fac. of Phurmacy. Silpakorn Univ.. Thailund; 2Fuc. of Pharmacy, Mahidol
Univ., Thailand -

Purpose: To evaluate the effectiveness of the prodrugs on the skin, the
simulianeous skin permeation and metabolism must be studied. In this
study, we evaluated and compared the skin transport and metabolism
characteristics of ethyl nicotinate (EN) in various species such as rabbit,
rat, guinea-pig, pig. shed snake skin and human.

Methods: In vitro skin transport using excised skin and hydrolysis
experiments using skin homogenate were camried out. Flux of EN, a
metabolite, nicotinic acid (NA), and the total (EN+NA), as well as kinetic
peameters (Veas and K) for hydrolysis of EN were determined and
compared among various species. The enzymatic conversion of EN ta NA
was observed for all skin permeation experiments.

Results: Tota! flux from EN-saturated solution between rabbit, rat, guinea-
pig and human was significantly different (P < 0.05). A great differcnce
k ruoen species was observed in skin esterase activity. The NA/total flux
rauo of human was significantly lower than that of rabbit, rat or guinea-pig
but lower than that of shed snake skin (P < 0.05). Total flux increased
lincarly with an increase in EN donor concentration for all species. For
pig, shed snake skin and human, NA flux increased with an increase in EN
donor concentration and reached a plateau, suggesting the metabolic
saturation was taking place in the skin. NA flux at plateau and EN donor
concentration in which the NA flux reached a platcau were also affected by
species difference.

Conclusions: These findings indicated that the discrepancy in transdermal
profiles of EN among species tested was predominantly duc to the
difference in the esterase activity in the skin.

In vitro assessment using Caco-2 cell suspension and
monolayer predicts drug-drug interaction in intestinal
cojugative metabolism and absorption

Hiroyuki Kawashima, Marie Tanaka, Takashi Mizuma, Masahiro Hayashi
School of Pharmacy, Tokve Univ. of Pharmucy and Life Science. Japan

Purpose: Although not only hepatic but also intestinal drug metabolism
decreases oral bioavailability, the method to assess the influence of
intestinal metabolism on the iniestinal drug absorption has not been
established. We have developed assessment procedure for phase I
mt_abohs‘m (gln:fumnidation and sulfation) using Caco-2 cells to assess
the intestinal conjugative metabolism and absorption in humans.
Methods: Caco-2 cells were seeded onto Transwell inserts to prepare
Caco-2 cell monolayer. Caco-2 cell suspension was prepared by trypsin
treatment, which were cultured in 2 flask in the same way as the
preparation of cell monolayers. Drugs were determined by HPLC.
dlt:;::‘:sd. Sulfation and glucuronidation metabolism of a-naphthol were
o in both Caco-2 cell monolayer and suspension. Sulfation
!n;:\'b' le‘;sm of a-naphthol assessed in Caco-2 cell suspension was
: ibi ! by isoproterenol (I1SO) or terbutaline (TER). which are
mmuholi:m‘:ilff.wd m human intestine. In contrast, glucuronidation
urvsrgild: _a-n.aph_thol was nol inhibited. Eadie Hofstee plot of a-
e ation indicated that a-naphthol sulfation was inhibited by
u.mmmpgmm manner. In contrast, TER competitively inhibited
b gl ation. The transport of a-naphthol from the apical to basal
p 1!_;:5; lco-_z cell monolayer was increased by the presence of ISO
- ®nd its transport clearance increased as 1SO or TER
concentration increased. In contrast, the metabolic ¢learance for «-
n“;pluhol sulfation decreased. This assessment procedure was applied to
e mlbsorpuon w:sf ilSO and TER. and showed a drug-drug interaction that
Conclusion: The sssess, Caco-
o monoll-yers : ::si:ssmenl_ptmedure using 2 ccll suspensions
in the imestunal sufur, Fepont is useful 1o asscss the drug-drug interaction
sufation metabolism and sbsomption.

P2E-1-080
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Il An in vitro model of the large intestine t ioco,
P2E-11-079 version of compounds ® e to study b

Koen Venema, Cyrille A.M. Krul, Robert Havenaar
TNO Pharna, The Netherlands

Purpose: An in vitro model of the large intestine (TIM-2) was dcvclom
in which the successive: conditions in the lumen of the colon are simy]

in an accurate and reproducible manner. The following standargi
conditions are simulated: body temperature, pH in the lumen, delivery ofy
pre-digested substrate from the “small intestine’, mixing and transpor of
the intestinal contents, presence of a complex, high density, metabolicayy
active, anaerobic microbiota of human origin. and absorption of water .,,:
microbial metabolites via 2 semi-permeable membrane inside the mode
The model has been validated with respect to microbial activity apg
composition. In the present study the model was used for studying’
bioconversion of compounds by the intestinal microbiota.

Methods: In short term studies, the bio{in)activation of the uf
compound, as well as the microbial composition and activity wegp
investigaied during 24 hours of incubation after a single dose of the tegt.
compound. Amongst others, quercetin and sinigrin were used.” Resuits wity
drugs for IBD will be reported elsewhere.

Results: Analysis showed that quercertin is converted by the microbiota
into a variety of microbial metabolites, which each may have there ows -
specific biological activity. In addition, sinigrin is bicactivated to allyl-
isothiocyanaie, which has been shown to have anticarcinogenic properties,
Other unidentified (intermediate) metabolites were produced on both
compounds. or the metabolites were broken down to gaseous compounds
which were lost from the system through flatus or exhalation.
Conclusions: TIM-2 was shown to be an efficient tool (o study
bioconversion of compounds by the intestinal microbiota. Swudies with
radioactive and stable isotopes are underway to indentify missing
(intermediate) metabolites. Furthermore, in combination with in vitro cell-
cultures. the effect of the compounds and their metabolites on intestinal
health are studied (sce accompanying poster).

P2E-1I-081 Mechanism of lactic acldosis by biguanides

Shigeyuki Usui, Akike Yano, Kazuyuki Hirano
Dept. of Pharmaceutics. Gifu Pharmaceatical Univ., Jupan

Purpose: Biguanides, metformin and buformin, which are clinically useé
for diabetic mellitus, arc known to improve the resistance for insulin in
patients. Biguanides are reported 10 cause a lactic acidosis as a side effect.
The mechanism of the side effect still remains obscure, llthough_u has
been reported that biguanides bind to mitochondrial membrane !nd inhibit
the oxidative phospholylation in mitochondria. We have examined genes
changing in its expression by the treatment of biguanides to HepG2 cells.
Methods: A subtraction cDNA library was constructed by the method of
suppression subtractive hybridization using MRNAs extracted . from
HepG2 cells treated with or without 250 pM buformin.  The screening of
the library was performed with the cDNA probes prepared from HepG2
cells treated for 12 hr with or without buformin.  The expression amoun!
of the genes identified by the screening was monitored by the method of
the real-time RT-PCR with the specific primers. The amount of protein.
ATP. and NAD were determined by wesicm blotting with the specific
antibody. luciferase and alcohol dehydrogenase, respectively.

Results and Discussion: We found that the expression of glyoeralndehy_d&'
3-phosphate dehydrogenase (G3IPDH) gene was suppres.sed by treating
HepG2 cells with 250 pM buformin and 10 mM metformin for 12hass
result of the library screening.  The decrease of the expression depcndc;
on the treating period with biguanides. ~ Although the amount of GJPI')_
protein decreased by the treatment with bul'orm_m. llg-ll[ne or
approximately 12 h about the suppression of the protein expression was
observed. The activity of GIPDH also decreased simultaneously with the
suppression of the protein expression. The amount of ATP and NA%‘;‘
the treated HepG2 cells with buformin decreased lo 10 and 2 o’
respectively, compared with the control. Thesc results suggest that :he
reaction cquilibrium catalyzed by lactate dehydrogenase Jean toward
lactate production and this may result in lactic acidosis.
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