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Abstract

DEET and oxybenzone are two essential active ingredients in repellent and sunscreen products. We performed a series of in vitro diffusion studie
to evaluate the transmembrane permeation of DEET and oxybenzone across three artificial membranes, low-density polyethylene (LDPE), lo
fouling composite (LFC) and mixed cellulose esters (MCE), from concurrent use of commercial repellent and sunscreen preparations. Permeation
DEET and oxybenzone across the test membranes was synergistically increased when both the repellent and the sunscreen formulations were app
simultaneously. Different application sequences and formulation types also resulted in variable permeation profiles of DEET and oxybenzone
Compared to biological piglet epidermis under the identical experimental conditions, transmembrane permeation of DEET was suppressed in LDP
and LFC membranes, but enhanced in MCE membrane; transmembrane permeation of oxybenzone was reduced in LFC membrane, but increa
in LDPE and MCE membranes. Permeability coefficients of DEET and oxybenzone in all three artificial membranes were significantly different
from those in piglet skin. It was concluded that the permeation profiles of the compounds were dependent upon physicochemical characteristics
the membranes and the formulations.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction DEET (V,N-diethyl-n-toluamide) has been used as one of
the most effective insect repellents for decadesdin, 1998;
Insect repellents and sunscreens have been extensively ussthub et al., 2002; Koren et al., 200®xybenzone is one of
as over-the-counter consumer care products by the general pubre primary UVA/UVB sun-blocking agents present in many
lic to prevent vector-borne diseases and sunburns. Before 199€&mmercially available sunscreen preparati@isatelain et al.,
concurrent application of repellent and sunscreen preparatiorZ03; Felton et al., 2004 Transdermal permeation of DEET
was rare, since hiting insects such as mosquitoes are likelgnd oxybenzone from topical application has been studied and
to be more active during dawn and dusk when the ultravioleteported separatelidgyden etal., 1997; Qiu etal., 1997; Abdel-
(UV) radiation from sunlight is not strong enough for the useRahman et al., 2004; Pont et al., 200#4fluence of co-applying
of sunscreens. However, with the arrival of West Nile virus inrepellents and sunscreens on the efficacy of repellency and UV
North America and its prompt dissemination by mosquitoesprotection was also investigatetMdntemarano et al., 1997,
concurrent use of repellents and sunscreens for outdoor actiVurphy et al., 200D We have recently reported a synergistic
ities has been widely practiced by many for fear of contactingpercutaneous penetration of DEET and oxybenzone when both
the lethal virus, especially in mosquito-infested regions ancomponents were used simultaneoushyu (et al., 2004, 2005;
areas. Kasichayanula et al., 20D5
The use of Franz-style diffusion cells in in vitro transder-
mal drug evaluations has been well established and documented
mponding author at: Faculty of Pharmacy, University of Manitoba SO(HIQUChI' .1967; Bronau_gh and Malbac.h’ 1999.; Se.kkat etal,
Sifton Road, Winnipeg, MB R3T 2N2, Canada. Tel.: +1204 474 6903;  2004. This approach is able to provide insight into char-
fax: +1 204 474 7617, acterization of percutaneous drug permeation and absorption
E-mail address: xgu@cc.umanitoba.ca (X. Gu). before necessary in vivo testing in living subjects actually takes
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place. Using viable biological skin membranes and appropriSon Ltd., Brantford, ON, Canada), and CopperfoBenscreen

ate experimental conditions, itis also capable of measuring skinotion (5.0% oxybenzone, SPF 30) (Schering-Plough Health-
metabolism and assessing skin toxicology of various drug candtare Products, Mississauga, ON, Canada). They were used at
dates Bronaugh and Maibach, 198Nevertheless, difficulty in  different application sequences and proportions in seven diffu-
obtaining ample human skin specimens and the wide variationsion studies; the study codes are listedable 1

in skin permeability and sample treatment methods may some-

times hinder data collection and interpretation from in vitro dif- o

fusion experiments. For initial transdermal dosage developmer%tz‘ Artificial membranes

and evaluation, biological membranes from various animals and i .
certain artificial membranes have been commonly used as sur- Three art|f|C|aI_membrar_1es were selected as th_e testing mod-
rogate membranesi@dgraft and Ridout, 1988; Akomeah et al., ?IS for the Q|ﬁu5|on expenmgnts, bageq on previous reported
2004; Sekkat et al., 2004They can not only provide satis- literatures Jiang et al., 1998; Stamatialis et al., 2DORow-

factory results that are well correlative of those obtained fron‘?ens'}iy pcéyethylene\f\l;DRE) mt;ﬂrgbrgne v;as ﬁ)rOV'd?.d asha_tllgm
using human skin membrane, but also reduce experimental co.é?mt €y or(]t?rl‘ner( Ir'kl)nlpeg:[h' k, ana a).ﬁtOV\Il_as u;)opl i
and resource that are required with the use of biological humalfl Nature an € memorane thickness was. ow foul-
specimens. ing composite membrane (LFC, Hydranautics, Oceanside, CA,

In this study, we investigated three artificial membranes forUSdA) v;/as rT(;ade of Eolysull‘:ne Imerl?brane, p%Iyester fabric,
their applicability and suitability in transdermal drug perme-"’m polyamide membrane. A polysulione membrane was cast

ation and absorption. Concurrent use of commercially availabl@" the top of polyester fabric, which was further coated with

insect repellent and sunscreen preparations was tested; the traﬁst-hln layer of polyamide membrane. The ultimate membrane

membrane permeation of the repellent DEET and the sunscre s described as a thin film composite that could be visualized
oxybenzone from different application sequences were eval S a piece of biolqgical skin with different hydrophilic Iayers.
ated and compared. Results obtained from the study were al @fhm((ajr_?fbrgne th|ckn§ SS l:sed_;/xas "TEQ ?ndfnt;/v_asfap_plle(tjh
statistically correlated with those from using piglet skin in order'" (N€ diffusion experiments with polyester fabric tacing the

to determine the similarity or difference in permeation rate anodolrlwlr compatrt[nentc.j M'ﬁeld Ce”l.JtIOSEe estersB(MCE, mIXtUI’i of q
extent among various membrane models, cellulose acetate and cellulose nitrate) membrane was purchase

from Millipore (Bedford, MA, USA). This cellulose membrane
possessed hydrophilic properties and its thickness wagp.aB80
Prior to each diffusion study, the membranes were cut into small
pieces (2cnx 2cm), and soaked in deionized water for 2h
before being mounted to the diffusion cells.

DEET and oxybenzone were purchased from Fluka Chemika Epidermis from 3-week-old piglets was used as a biologi-
GmbH (Buchs, Switzerland) and Riedel-de @fa GmbH cal membrane control to compare transmembrane permeation

: o of DEET and oxybenzone. Preparation of piglet epidermis was
Seelze, Germany), respectively. Acetonitrile, methanol, potas- 4 .
( V) P y P reviously described3u et al., 200k The animal use protocol

sium phosphate monobasic and sodium hydroxide were qu2 . ; .
chased from Fisher Scientific (Fair Lawn, NJ, USA). Glacial VaS @Pproved by the University of Manitoba Fort Garry Campus
acetic acid and oleyl ether (Bfj98) We}e o’btained from Protocol Management and Review Committee, and conducted

Mallinckrodt Specialty Chemical Company (Paris, KY, USA) accordingto currentguidelines published by the Canadian Coun-

and Sigma—Aldrich Co. (St. Louis, MO, USA), respectively. cil on Animal Care (CCAC).
All solvents were HPLC-grade, while other chemicals were

AC-grade. Deionized HPLC-grade water was obtained from &.3. Diffusion studies

Milli-Q © Pure Water System (Millipore, Nepean, ON, Canada).

Three commercially available insect repellent and sunscreen All diffusion experiments were conducted in an automatic
preparations were purchased from a local pharmacy, and usé&dnsdermal system (Logan Instruments Corporation, Somerset,
as obtained without further manipulation. They were GFF! NJ, USA), which was composed of six vertical Franz-style dif-
Skintastic Insect Repellent Spray (7.0% DEET), OFBkin-  fusion cells, a circulating water bath, a magnetic stir console and
tastic Insect Repellent Lotion (7.5% DEET) (S.C. Johnson an@n automatic sampling collector. The surface area available for

2. Materials and methods

2.1. Materials

Table 1
Study design of in vitro diffusion experiments
Study design Study code
1 2 3 4 5 6 7
Repellent (gram) 1.0 (A) 1.0(B) - 0.5(A) 0.5(A) 0.5(A) 0.5(B)
Sunscreen (gram) - - 1.0(C) 0.5(C) 0.5(C) 0.5(C) 0.5(C)
Use approach Control 1 Control 2 Control 3 A: top; C: bottom; no mixing A: bottom; C: top; no mixing Prior mixing Prior mixing

A: OFF!® Repellent Spray, B: OF®!Repellent Lotion, and C: Coppertdh&unscreen Lotion.
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drug diffusion in the Franz cell was 0.64 énThe applied dose ~ The overall permeation percentages of DEET and oxyben-

in each study provided an infinite drug amount for the diffusionzone after 6 h of diffusion were calculated based on the ratio

process. Before the membrane was mounted onto the cell, a ve®§ accumulated permeation amount to the actual application

thin layer of vacuum grease was applied to the connection sugmount of the test products in the donor cell. Statistical anal-

face of the receptor and donor cell to prevent the testing medigsis was performed using two-way ANOVA and Tukey'’s test

from leaking. A preheated phosphate buffer (7.0 ml, pH 7.4, 444PC-SAS’ 8.02, SAS Institute Inc., Cary, NC, USA). The fol-

Brij® 98, wiv) was then added to the receptor cell. The systenpwing statistical analyses of the data were conducted: (a) the

was left for 30 min at 300 rpm to reach temperature equilibriuroverall permeation percentages and permeability coefficients of

(374 0.05°C). The testing sample was placed in the donor cell DEET and oxybenzone among three artificial membranes and

maintaining a complete and intimate contact with the membranghe piglet skin epidermis; (b) the overall permeation percentages

surface, and the donor cell were covered with a microscope covéf DEET and oxybenzone among various application sequences

glass to form an occlusive environment. within the same artificial membrane. Differences were consid-
An aliquot of receptor medium (0.1 ml) was collected hourly ered statistically significant at< 0.05.

for 6 h during the diffusion study, followed by the replenishment

of same volume of fresh, preheated receptor medium at each Results

sampling interval. Each diffusion experiment was performed in

six replicates. Concentrations of DEET and oxybenzone in thé.I. Permeation of DEET

receptor fluid were analyzed with an HPLC assay developed and

validated in our laboratory. The overall permeation percentages of DEET across LDPE
membrane after 6 h are shown kig. 1 The repellent lotion
2.4. HPLC assay significantly increased DEET permeation by 439% compared

to the repellent spray. Mixing the repellent with the sunscreen

The HPLC system comprised a Wafrlliance 2690 Sol- prior to application also significantly increased DEET perme-

vent Delivery Module, a 996 Photodiode Array Detector, angfion across _the membrane; permeation of DEET from S_tudy 6

a Nova-PaR Cig column (3.9 mmx 150 mm, 4um) (Milford, ~ Was 300% higher than that from Study 1, while permeation of
MA, USA). The mobile phase was a mixture of acetonitrile, PEET from Study 7 was 59% higher than that from Study 2.

methanol and water (pH 3.0 with acidic acid) (65:20:15, viviv), 11eré was no difference in DEET permeation across LFC
delivered at a flow rate of 1 ml/min. The detection wavelengtH"€mprane between the repelient spray control and the repellent
was 254 nm for DEET and 287 nm for oxybenzone, respectiveI)J.Ot'on control Fig. 1). While applying the sunscreen lotion prior

Under these chromatographic conditions, the retention time wa< the repellent spray without premixing produced no DEET
1.49 min for DEET and 1.98 min for oxybenzone, with a detec.Permeation, which had been prgwously observed in plglet skin
tion limit of 5ng DEET and 20 ng oxybenzone. The collected(CY €t al., 2005 there was a slight decrease (8%) in DEET
diffusion samples were directly injected for analysis withoutP€'meationwhenthe repelient spray was applied before the sun-
further treatment. Concentrations of DEET and oxybenzone icreen lotion. F_’reml_xm_g_the repellent spray W'_th the sunscreen
the commercial testing preparations were also determined tJ t'on resulted in a significant decrease (59%) in DEET_p_erme-
the same method:; no other ingredients or excipients present f#fion cross LFC membrane; on the other hand, premixing the
the formulations interfered with the measurement of DEET and€Pellentlotion with the sunscreen lotion produced a significant
oxybenzone. The calibration linearity?(> 0.99) of DEET and Increase (134%) in DEET permeation across LFC memb.ran'e..
oxybenzone ranged 50-2000 and 8-500 ng, respectively. The Pérmeation of DEET across MCE membrane was signifi-
concentrations of DEET and oxybenzone in receptor media an%a_ntly higher in the repellent_ IOt_'(_)n thgn the repellent spray
the commercial products were calculated based on the averafe'd: D- Study 5 produced a significant increase in DEET per-
calibration curvesr(= 6). meation (71%) compared to the spray control. While premixing
the repellent spray with the sunscreen lotion yielded a significant
increase in DEET permeation (123%) compared to the single
spray control, premixing the repellent lotion with the sunscreen

. - lotion resulted in a significant decrease of DEET permeation
The permeability coefficientkf) of DEET and oxybenzone (35%) compared to the single lotion control.
from three artificial membranes were calculated using the empir-

ical diffusion equations derived from the Fick’s First Diffusion
Law (Crank, 1975,

Js = KpCs (1) The overall permeation percentages pf oxybenzone across
LDPE membrane after 6 h are shown king. 2 Presence of
whereJsis the steady-state diffusion flux, agdis the saturated the repellent preparations all significantly increased the perme-
drug concentratiorKp is often used to compare penetration pro-ation of oxybenzone across the membranes. Applying sunscreen
files for solutes examined under different conditions and relateéirst resulted in a 33% increase in oxybenzone permeation; how-
to the rate of diffusion of a solute within a membrane adjustecever, applying the repellent spray first produced a much higher
for differences in membrane thickness and solute concentratiomcrease in oxybenzone permeation (151%) compared to the sin-

2.5. Data analysis

3.2. Permeation of oxybenzone
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Fig. 1. Overall permeation of DEET across three different artificial membranes-ig. 2. Overall permeation of oxybenzone across three different artificial mem-
after 6h (=6, meank S.E.M., "significant difference from LDPE and LFC pranes after 6 m(= 6, meant S.E.M.," significant difference from LFC mem-
membranes, 1 significant difference from Study 1, 2 significant difference frombrane, 3 significant difference from Study;8< 0.05).

Study 2,p <0.05).

Study 4 and Study 5, in which the sunscreen lotion and the repel-
gle sunscreenlotion control. Premixing the sunscreen lotion withent spray were used without premixing. When the sunscreen
the repellent spray also yielded a 510% increase in oxybenzonetion was premixed with either the repellent spray or the repel-
permeation compared to the control, which clearly indicated attent lotion, permeation of oxybenzone was further enhanced by
enhancement role of the repellent spray. Premixing both repelt825% and 1275%, respectively compared to the single sun-
lent and sunscreen lotions together produced an 84% increasesareen control.
oxybenzone permeation compared to the sunscreen lotion alone. For MCE membrane, applying the sunscreen lotion prior to

The overall permeation of oxybenzone across LFC membranthe repellent spray did not result in change in oxybenzone per-
all increased significantly when DEET was preséfig(2). A meation Fig. 2). However, applying the repellent spray prior to
200% increase in oxybenzone permeation was observed in bothe sunscreen lotion yielded an 83% increase in oxybenzone per-
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Table 2
Steady-state permeability coefficiet10~#, cm/h) of DEET across various testing membranes
Study membrane Study code

1 2 4 5 6 7
LDPE 1.01+ 0.15 11.37+ 0.72 0.00+ 0.00 1.89+ 0.0Z 1.594 0.04 6.32+ 0.46
LFC 6.01+ 0.71 8.45+ 0.77 0.00+ 0.00 3.70+ 0.96 1.17+ 0.25 9.43+ 1.44
MCE 33.24+ 1.37 81.46+ 1.69 0.00+ 0.00 25.144+ 0.21 26.11+ 0.77 25.35+ 0.21
Piglet skin 1.53+ 0.05 11.98+ 0.71 0.00+ 0.00 7.07+ 1.01 22.06+ 1.14 45,52+ 1.76

n=6, meant S.E.M.
* Significant difference from piglet skip,< 0.05.

Table 3
Steady-state permeability coefficient10~*, cm/h) of oxybenzone across various testing membranes
Study membrane Study code

3 4 5 6 7
LDPE 5.69+ 0.15 3.64+ 0.17 6.98+ 0.09 16.94+ 0.20 470+ 0.12
LFC 0.04+ 0.0T 0.04+ 0.00 0.03+ 0.00 2.39+ 0.23 1.25+ 0.20
MCE 5.91+ 0.04 2.87+0.12 5.86+ 0.45 11.94+ 0.53 459+ 0.18
Piglet skin 0.72+ 0.04 1.36+ 0.08 0.44+ 0.03 0.64+ 0.06 0.33+ 0.09

n=6, meant S.E.M.
* Significant difference from piglet skip,< 0.05.

meation. Similarly, premixing the sunscreen with the repellentirug candidates, we hoped to correlate relationship between the
produced significant enhancement of oxybenzone permeatioartificial membranes and the biological membranes in order to
290% increase from the mixture of the sunscreen lotion and theminimize experimental reliance on the biological specimens and
DEET spray and 71% increase from the mixture of the sunscreemeduce overall study costs in in vitro diffusion experimentation.
lotion and the DEET lotion were observed in Study 6 and Study Steady-state permeability coefficients of DEET and oxyben-

7, respectively. zone across these three membranes as well as piglet epidermis
control are listed iTables 2 and 3espectivelyFig. 3shows rep-
4. Discussion resentative diffusion curves of DEET and oxybenzone from three

different studies across MCE and LDPE membranes, respec-

Human skin specimens from different body sites are believedively. Good linearity (? > 0.99) was found between the perme-
to affect the transdermal penetration rate and extent of testtion amount and the diffusion time for both compounds across
molecules under avariety of conditio®(dmann and Maibach, the three test membranes, indicating a shorter time interval
1967; Scheuplein, 19F8Artificial membranes, on the other to reach steady-state diffusion status and subsequently smaller
hand, are able to minimize diffusion variations and simplify study variations and better reproducibility than the biological
application preparation without the needs for complicated premembranes. The overall trend in transmembrane permeation of
treatment procedures and rigorous storage conditions. In addPEET and oxybenzone from different application sequences
tion, the availability of artificial membranes is comparatively was identical to what had been observed in previous studies
accessible and inexpensive. Some success has been found fr@@u et al., 2004, 2005 Applying sunscreen lotion prior to
applying artificial membranes to mimic the percutaneous penrepellent spray without premixing effectively prevented DEET
etration of drug molecules through the biological membrane$rom permeating across the test membranes. Premixing repel-
(Jiang et al., 1998; Dias et al., 1999; Stamatialis et al., P002 lentand sunscreen preparations resulted in enhanced permeation
Specifically, artificial membranes are appropriate for assessingf both DEET and oxybenzone. Compared to the piglet skin,
drugrelease characteristics from a formulation vehicle or a deliviransmembrane permeation of DEET was generally reduced
ery system. in LDPE (ranging 32—-84%) and LFC (49-95%) membranes,

Three artificial membranes with variable physicochemicalbut increased in MCE (21-838%) membrane. For oxybenzone,
characteristics were tested in this study. Both lipophilic (LDPE)permeation decrease was observed only in LFC (17—88%) mem-
and hydrophilic (LFC and MCE) membranes were tested fobrane, both LDPE (56-1148%) and MCE (15-633%) mem-
their applicability and suitability in transmembrane characterbranes increased the transmembrane permeation. There were
ization of lipophilic molecules DEET and oxybenzone. Thestatistically significant differences in permeability coefficients
permeation of DEET and oxybenzone across another lipophiliof both DEET and oxybenzone among the four membrane mod-
membrane poly(dimethylsiloxane) (PDMS) was also studiectls tested, which may have been attributed to different properties
previously Gu et al., 2004 By testing these artificial mem- of the test compounds and the formulations as well as the
branes that have also been used in diffusion studies with othdipophilicity and hydrophilicity of the membranes.
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(HDPE) membrane were all lower than what was found in this
study, which was partly attributed to the measurement of single
oxybenzone and the use of individual solvent. Commercially
available repellent and sunscreen preparations used in this study
comprised numerous solvents and additives that could influ-
ence transmembrane permeation of oxybenzone. Particularly,
the presence of DEET in the study samples could have sig-
nificantly increased the permeability coefficient of oxybenzone
across the test membranes.

Interactions between the test compounds and the artificial
membranes could result in variable permeation characteristics
of the permeants, which might also be attributed to differences
among the tested synthetic membranes and the piglet epider-
mis. LDPE membrane possessed lipophilic characters in nature,

OL 1 L 1 1 1
0 1 3 4 5 6 which had a tendency to exclude hydrogen bonding between
Time (Hour) the diffusion molecules and the polyethylene molecules, render-
LDPE ing its ability to permeate across the membrane. This property

250
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Fig. 3. Representative diffusion curves of DEET and oxybenzone across MC
and LDPE membranes € 6, meant S.E.M., linear correlation? > 0.99).

3 4 5 6
Time (Hour)

would not significantly hinder permeation of DEET and oxy-
benzone, since both are lipophilic compounds. On the other
hand, the solubility capacity of a compound in both organic
and aqueous media might influence diffusion and permeation
process. The partition coefficients of DEET and oxybenzone in
octanol and water (Io8octanolwate} are 2.0 and 3.8, respectively
(Cecchine et al., 2000; Balmer et al., 2004hich suggests
that oxybenzone possess a higher affinity to lipophilic compo-
nents than DEET. This property might reflect in the observa-
tion of LDPE membrane where the permeation of oxybenzone
was increased but that of DEET was reduced compared to the
piglet epidermis. For hydrophilic membranes tested in this study,
LFC membrane seemed more suitable as a substitute membrane
model than MCE membrane, even though the results obtained
were generally suppressed compared to the piglet membrane. It
was previously tested for the iontophoretic transdermal deliv-
ery of timolol maleate, and was found simulating the function
of stratum corneum because of its unique three-layer structures
(Stamatialis et al., 2002This property could be used to inves-
tigate the permeation profiles of drug delivery across stratum

The permeability of DEET and oxybenzone is dependentorneum. Human skin is less permeable than most animal skin

upon the solubility of DEET and oxybenzone, both in themodels according to the literatureBrénaugh and Maibach,
preparations and in the membranes. DEET and oxybenzor999. MCE membrane did not reflect the actual permeation
are lipophilic compounds that possess limited solubility incharacterization of DEET and oxybenzone, because there were
hydrophilic media. Previous studies in our laboratory indicatedsignificant differences in several aspects between this membrane
that permeation of DEET and oxybenzone across lipophiliand the piglet skin. Its suitability as a diffusion membrane for
PDMS membrane in polar solvents such as ethanol and propgome other compounds is to be further evaluated in our labora-
lene glycol was statistically higher than that in non-polar sol-tory. The selection and use of artificial membranes should always
vents such as poly(ethylene glycol) 4@ et al., 200% Solu-  be investigated carefully and individually, because data corre-
bility of DEET in pH 7.4 phosphate buffer was also significantly lation is critical in drug development and delivery. Significant
higher than that of oxybenzone, which would be indicativediscrepancy between biological and artificial membranes could
of its higher affinity to hydrophilic components than oxyben-lead to incorrect experimental results and prediction, which
zone, and subsequently higher permeation percentages acressuld subsequently potentiate erroneous medical consequences
the hydrophilic artificial membranes, LFC and MCE. On thein humans.

other hand, oxybenzone permeated more through the lipophilic The physical properties of the formulation also played an
LDPE membrane than the hydrophilic membranes, due mainlimportant role in permeability of DEET and oxybenzone across
to its affinity to lipophilic ingredients. This permeation char- the artificial membranes. Permeation of both DEET and oxy-
acter of oxybenzone was also previously observed by Jiang &enzone from the mixture of the repellent and sunscreen lotions
al. The reported values of permeability coefficient of oxyben-through the piglet skin produced a higher value than that of the
zone from numerous solvents across high-density polyethylermixture of the repellent spray and the sunscreen lotdn ét
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al., 2005. This characterization was not observed in the MCEsive, readily commercially available and batch-to-batch repro-
membrane; neither was the case for the permeation of oxybeducible.

zone through the LDPE and LFC membranes in Study 7. This

might be attributed to differences in viscosity of the mixtures cknowledgements

and the partition coefficients of the test compounds. Mixing the

repellent spray with the sunscreen lotion introduced more liquid  The authors wish to acknowledge research support from
phase to the vehicle, subsequently resulting in lower viscosity-anada Foundation for Innovation (CFI) and Manitoba Institute
and better diffusion environment for the diffusants. Oxybenzongy chjlg Health (MICH), and graduate studentship from Univer-
molecules would have better diffusion potentials in less viscougjty of Manitoba (TW and SK). Generous supply of the artificial

vehicle, and subsequently a higher permeation extentin Study@empranes from Key Container of Winnipeg and Hydranautics
thanin Study 7. Previous studies have also indicated that permgf Oceanside is also acknowledged.

ation of DEET and oxybenzone was dependent upon formulation

types and excipientsAghazarian et al., 1999; Ross and Shah
2000; Wissing and Nller, 2003). Permeation of sunscreen fil-
ters phenylben2|m|d§zole and methylbenzyl!dene Camphor.frorﬂbdel-Rahman, A., Dechkovskaia, A.M., Goldstein, L.B., Bullman, S.H.,
two oily gels was higher than from an oil-in-water emU|S|9n Khan, W., EI-Masry, E.M., Abou-Donia, M.B., 2004. Neurological deficits
(Aghazarian et al., 1999The permeation of oxybenzone inthis  induced by malathion, DEET, and permethrin, alone or in combination
study was in agreement with that observation. in adult rats. J. Toxicol. Environ. Health A 67, 331-356.

The thickness and pore size of a membrane model might dicA_ghazanan', V Tchiakpe, L., Reymer, J.P, Gayte-Sorbler., A., 1999. Release
tate the rate and extent of permeation of a test component. Even of benzimidazole and benzylidene camphor from topical sunscreen for-
. p . P ) mulations. Drug Dev. Ind. Pharm. 25, 1277-1282.
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