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Abstract

The purpose of this study was to determine the effects of ionization and penetration enhancers on the transdermal delivery
of 5-fluorouracil (5-FU) through excised human stratum corneum. The in vitro transport of 5-FU was determined at three
physiologically relevant pH values of 5.0, 7.4 and 8.0, and in the presence of suitable penetration enhancers, nanfely Azone
(AZ), lauryl alcohol (LA), and isopropyl myristate (IPM). The results showed that passive permeation of 5-FU is dependent
upon the pH of the donor solution, although did not fully conform to the pH-partition hypothesis. A further analysis of data
suggested an inverse relationship (i.e., negative correlation) between steady-state flux and aqueous solubility of 5-FU at these pt
values (correlation coefficient=0.4205), although correlation was not statistically significant@.7237). In the absence of a
penetration enhancer, the in vitro permeability of 5-FU was quite low (@.826x 10* cm/h). This delivery rate was enhanced
by approximately by 3, 4 and 24-fold, respectively, when IPM, LA, and AZ were incorporated into the donor solution. All these
enhancements were statistically significgm& 0.05) compared to control, and occurred regardless of the polarity (solubility
parameters) of these enhancers. Out of three examined enhancers, AZ appears to be a suitable enhancer for enhancing transpor
5-FU, which merits in vivo investigation in a suitable animal model. Possible mechanisms of enhancement by these penetration
enhancers are also discussed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction enhancers on the in vitro transport of 5-FU through ex-
cised human stratum corneum. From transdermal de-
5-Fluorouracil (5-FUFig. 1) is an antimetabolite  livery point of view, arole of pH for percutaneous trans-
with promising antineoplastic activity against several port is obvious since contributions of ionization, solu-
premalignant and malignant conditions of the skin bility, lipophilicity, and pH are interrelated. Addition-
including Bowen’s disease and superficial basal cell ally, there is at least one recent evidence suggesting
carcinomas Bargman and Hochman, 2003; Epstein, that cellular uptake of 5-FU by tumor cells exhibits
1989. Its topical application has also been proven pH-dependenceQjugo et al., 1998 In this study,
to be a valuable and safe treatment for psoriasis and Azoné®, lauryl alcohol (dodecyl alcohol) and isopropyl
actinic keratosisRearlman et al., 1986; Robins and myristate were used as penetration enhancers. £zone

Gupta, 2002 Chemically, it is a diprotic acid withko, and isopropyl myristate were selected to quantitatively
values of 8.0 and 13.(Rudy and Senkowski, 1973 compare their effects since both enhancers seem to ex-
and is highly polar in nature (Id8ctanoliwate —0.89; ert their effects by interacting with structured lipid bi-

Williams and Barry, 199)L Because of its hydrophilic  layers of the stratum corneum. Likewise, lauryl alcohol
nature, the transdermal permeation of 5-FU through was selected for comparing its penetration enhancing
lipophilic stratum corneum is very low and marginal. effect with Azon& because, like Azof® it has a do-
This has prompted several investigators to explore al- decyl side chainBhatt et al., 199]L The outcomes of
ternate approaches to facilitate its transdermal delivery various studies were assessed in terms of changes in
across skin. These approaches include iontophoresisrate of delivery (i.e., steady-state flux) and enhance-
(Merino et al., 1998 phonophoresisMeidan et al., ment factor, whichever was applicable.
1999, electroporationKang et al., 2004 laser treat-
ment (ee et al., 200 prodrug approachBeall and
Sloan, 200%, and use of penetration enhance&af 2. Materials and methods
and Singh, 1998; Goodman and Barry, 1988; Hirvonen
etal., 199]. 2.1. Materials
Apart from clinical usefulness for topical treatment
of skin related disorders, transdermal delivery of 5- 5-FU and Azon® (1-dodecylazacycloheptan-2-
FU may overcome certain limitations associated with one) were supplied as free samples from Biochem
oral and parenteral administration of 5-FU. After oral Pharmaceutical Industries (Bombay, India) and Nel-
administration, 5-FU is poorly absorbed with signifi- son Research and Development (Irvine, CA, USA), re-
cant variation in bioavailability ranging between 0 and spectively. Lauryl alcohol (1-dodecanol) and isopropyl
80% (Diasio and Harris, 1989 Following parenteral myristate were purchased from Sisco Research Labo-
administration of 5-FU, there is a rapid elimination of ratories Pvt. Ltd. (Bombay, India). All other chemicals
the drug with an apparent terminal half-life of approxi- were of analytical grade and were used without further
mately 8—20 minDiasio and Harris, 1989These two purification.
problems make 5-FU a suitable candidate for transder-
mal delivery. 2.2. Preparation of human skin membranes
The objectives of this study were to examine the
role of ionization and study the effects of penetration Full thickness abdominal skin samples were ob-
tained from cadavers at autopsy within 24 h of death
0 from the department of forensic medicine. Skin sam-
ples were sealed in evacuated resealable plastic bags
HN and stored frozen at20°C until used €24 h). All
I donors were males with an average age oft-4D
(meant= S.D.) years. The thickness of these specimens
H was approximately 1.5cm, which based on average
skin layer thickness includes the stratum corneum, the
Fig. 1. Chemical structure of 5-fluorouracil. epidermis, dermis and some subcutaneous fat.
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The subcutaneous fat was trimmed off with a scalpel tion of desired pH. While investigating the effects of
and sheets of stratum corneum plus attached epider-various permeation enhancers, solution formulations of
mis were prepared from the whole skin by a heat sep- 5-FU (1 mg/ml) were used as donor solutions. The re-
aration techniqueKligman and Christophers, 1953  ceptor solution contained 4 ml of phosphate buffer (pH
Skin samples trimmed of fatty tissues were immersed 7.4) throughout the studies. Samples of 0.5ml each
in water at 60C for 2min, after which the epider-  were withdrawn at regular intervals from the receptor
mal membranes were teased off the underlying dermis compartment and immediately replaced with the same
using ear buds (Johnson and Johnson Ltd., Bombay,volume of fresh receptor solution. At the start and end
India). The membranes were floated on water, cut into of the experiment, 0.1 ml of the donor solution was also
square pieces, and then placed dermal side down onsampled for drug analysis to perform mass balance. The
filter papers. Then epidermal membranes were washedintegrity of each specimen was examined at the end of
with distilled water, dried atroom temperature (RT)and each experimental run by quantifying the permeation
stored at-20°C in a sealed petri dish. The epidermis of 0.5% benzyl alcohol for 1 h.
was allowed to thaw at RT and rehydrated by immers-
ing in water for 1 h before being used. Prior to use, 2.5. Effect of pH
each specimen was checked for its physical integrity

and leakage. The effect of change in the pH of the donor solution
onthe drug transport was studied at three different pHs:
2.3. Apparatus for permeation studies 5.0,7.4,and 8.0 at 3% 0.5°C. The buffer solution was

prepared by mixing equal proportions of 30 mM each of

In vitro passive permeation studies were carried out trisodium citrate, sodium dihydrogen orthophosphate
using two-chambered diffusion cells designed in our and glycine, and adjusting the final pH by adding 1 M
laboratory and reported earlieSiogh et al., 1992 The NaOH or 1 M HCI. The same buffer of 90 mM was used
internal diameter and maximum capacity of each cell to vary the pH of donor solution to minimize changes
were 1.8 mm and 4.5ml, respectively. Square pieces in transport efficiency. In addition, any changes in pH
of isolated epidermis were mounted securely between during drug transport were monitored and corrected
the two halves of the diffusion cell with the dermal for by the addition of micoliter amounts of 1 M HCl or
side exposed to the receptor compartment. The epi- 1 M NaOH solutions. By this method, the pH was kept
dermis was supported in this position by a wire mesh. within 0.2 units of the desired pH as determined at
A thin film of silicone grease (Dow Corning Corpo- the end of the experiment.
ration, Michigan, USA) was applied on the lapped
glass surfaces of the diffusion cell to provide a water- 2.6. Effects of penetration enhancers
tight glass to membrane seal. A spring-loaded clamp
was used to hold the donor and receptor compartments The effects of the penetration enhancers on the skin
together. permeation of 5-FU were studied using Az8nkaury!

The assembled cells were immersed in a water bath alcohol, and isopropyl myristate. The concentrations of
maintained at 3% 0.5°C. The solutions in both donor  these enhancers in the donor solution were 3% (w/v),
and receiver compartments were constantly stirred 5% (w/v), and 5% (w/w), respectively. In case of studies
by a matched pair of starhead-shaped magnetic fleaswith Azoné®, the drug solution was emulsified with
(Thomas Scientific, NJ, USA) rotating at 40 rpm. The the aid of 0.11% (w/v) of polysorbate 20, as suggested
exposed surface area of the membrane available forpreviously Morimoto et al., 198% All of these studies
drug permeation was 2.54 ém were performed at physiological pH, that is, the pH of

the donor and receptor solutions were 7.4.
2.4, Passive diffusion studies
2.7. Analytical method

All diffusion studies were carried out at least in trip-
licates. The donor compartment was filled with 4.0 ml A standard curve of drug concentration versus ab-
of freshly prepared solution of 5-FU in a buffer solu- sorbance was prepared in the expected range of drug
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concentrations. Triplicates samples were used to checkassociated probability values (two-tailed) were calcu-
the reproducibility of the absorbance values. The repe- lated using a statistical software (Graph PAD Irf&tat
tition of the procedure gave concurrent absorbance val- CA, USA). The level of significance was considered at
ues, which proved the reliability of the instrument in p<0.05.
the analysis of the samples. The unknown samples were
diluted as desired with phosphate buffer (pH 7.4) and
the absorbances were measured at 266 nm on a Beck3. Results and discussion
man Model-24 spectrophotometer. The absorbance at
266 nm showed no interference from water-soluble ex- 3.1. Effect of ionization
tracts of the skin.
The effect of ionization on the transdermal transport
2.8. Data analysis of 5-FU through human skin was studied at three dif-
ferent pH values, which were 5.0, 7.4 and 8.0. In aque-
The concentrations of 5-FU in unknown samples ous medium, 5-FU behaves like a weak acid, wit p
were determined by reference to a calibration plot that of 8.0 and 13.0. This implies that at pH values above
was linear. Appropriate corrections were made in cal- 8, the molecule is predominantly negatively-charged
culating the cumulative amount of drug that permeated (Rudy and Senkowski, 1973lt is also obvious that

the skin using Eq(1) (Touitou and Abed, 1985 5-FU would mainly exist in the unionized (free acid)
Sen1 form at the lowest pH studied (i.e., 5.0), and the pro-
C, = Cyi + 0_5 Z c 1) portion of unionized fraction would gradually decrease
n =il ~ P with an increase in pH, and at pH value equalskg pf

5-FU, an equal proportion of the ionized (monoanion)
whereC;, is the corrected concentration of nth sam-  and unionized species would co-exist in the bulk of so-
pling, Cra the measured concentration a@g is the lution (Table J). Values of pH lower than 5 or higher
measured drug concentration of preceding samples.  than 8 were not selected for this study since they are
The steady-state fluxdg) was determined from the  not physiologically relevant, and extreme acidic or al-

slope of the linear portion of the plot of cumulative  kaline conditions may cause alterations of membrane
amount permeated per square cm of the skin versus(|rwin et al., 1999.

time. The permeability coefficienKp) was calculated The results from the diffusion studies determining
using Eq.(2) (Scheuplein, 1978 the rate of delivery of 5-FU through human stratum

J corneum at different pHs are presented-ig. 2, and
Kp = C (2 the corresponding values are summarizekhiole 1 As

_ ) ) ) showninTable ] the steady-state fluxincreased by 1.6-
the donor compartment. Finally, the enhancement ratio 5 o to 7.4. On the other hand, the flux of 5-FU decreased
(ER) was calculated by E@3) (Goodman and Barry,

198&: Table 1
Kp after application of penetration enhancer Effect of pH on the fraction unionizédand the steady-state flux

ER= — - (meant S.D. of three determinations) of 5-FU transported through
Ky before application of penetration enhancer  hyman stratum corneum
®) pH  Fraction Steady-state fluxug/cné/h)
unionized
Jss (total) Ju J;
2.9. Statistical analysis 50 0.999 1054004 1053t 0.04 0.0 0.00
7.4 0.799 16.4-1.28  13.10+ 1.02 3.3:0.26
Statistical comparisons were made using patred 8.0 0.50 9.16-1.48 458+ 0.74 4.58:0.74

; M AOriqin™ i .

teSF (MlcrocaT Origin ! Version 5,0) For the,eval @ Fraction unionized (for acidic compounds) = 1/(1 + antilog(pH
uation of any correlation, Pearson’s correlation test p,y).

was performed, and the correlation coefficients and " Calculated by considering itd¢a; value of 8.0.
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Yet, there is another possible mechanism for perme-
ation of hydrophilic molecules through the skin. The
recent findings oHadgraft and Valenta (200Gug-
gest that there might be a significant permeation of
the ionized drugs through a lipophilic pathway, possi-
bly as a result of ion pairing. The permeation of ion-
ized (negatively-charged) species of 5-FU per se is not
likely to occur through lipophilic pathway since their
partitioning across lipid layer of membrane seems al-
mostimpossible in the absence of suitable counterions.
Thus, the increase in flux of 5-FU at physiological pH
might have been contributed by transport of ionized
species mainly through the intercellular pathway.

The relative contribution of ionized and unionized
species to total observed fluk§ was calculated using
Eq. (4) (Irvin et al., 1990):
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0 I i I | | | Jss=aldi+ (1 —a)y 4
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Time (hrs) whereJ; is the flux of the ionized fraction of 5-FU,
Fig. 2. In vitro permeation profiles of 5-FU through human cadaver du .the. ﬂU).( of the unionized fractlon,_ amjth.e c!egree
skin at different pH values during passive diffusion. Keg) pH 8: of ionization. Furthermore, the fraction unionized was
(@) pH 7.4; (O) pH 5. (Each point represents the meas.D. of calculated by considering its first dissociation constant
three experiments; only half bars have been shown for clarity.) (pKa1=8.0). The secondify, of 5-FU is considered too
high (pKa2=13.0) to influence the ionization properties
of aqueous solutions that have pH less than@@n(not
significantly with only a slightincrease in pH from 7.4 et al., 1990.
to 8.0. The effect of pH on the passive permeation of  The calculated values of ionic fluxj;j at various
5-FU through porcine ear skin has been recently stud- pHs are presented ifable 1 These values have been
ied byMerino et al. (1999)Interestingly, these authors  numerically deduced based on the proportion of ion-
also reported an increase in passive flux of 5-FU by ized fraction; therefore, the data may not be solely
1.6-fold when compared between flux values at pH 5.0 explained just by considering the electrical proper-
(41+ 10 nmol/cnt/h) and 7.4 (65 27 nmol/cnt/h), ties of the skin. The isoelectric pointljpof the hu-
whichis consistent with the findings of this study. How- man skin has been estimated to be about 4, therefore,
ever, in sharp contrast, they reported an unexpectedlyunder normal physiological conditions, with the sur-
significant increase in flux when flux at pH 7.4 is com- face of the skin also buffered at or near pH 7.4, the
pared with that at pH 8.5 (1G# 31 nmol/cnt/h) for membrane bears a net negative chagerfette and
which they could not offer any rational explanation. Ongpipattanakul, 1987 Only lower pH values
Theoretically, as a result of pH-partitioning mech- (pH < plskin) are expected to alter the skin charge to net
anism, a decrease in passive flux is expected with an positive charge by providing hydronium ions, and the
increase in pH from 5.0 to 7.4. However, this does not skin retains its net negative charge at pHs greater than
seem to be the case with 5-FU. In this case, the increasepl of the skin (from 5.0 to 8.5)Merino et al., 1999
in flux occurred probably because both ionized and If this holds true, then theoretically a relatively greater
unionized species permeated through the skin and con-degree of electrostatic repulsion should occur between
tributed to the total flux. This also seems conceivable in anions of 5-FU and negatively charged membrane, and
the light of fact that 5-FU being a hydrophilic molecule as a result a decrease in ionic flux is expected at pH
permeates through the stratum corneum via intercellu- 8.0 (about 50% of 5-FU is ionized) compared to pH
lar (hydrophilic) pathwayNloghimi et al., 1998. 7.4 (only 20% ionized). However, this in not consistent
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Table 2 flux at pH 7.4 compared to pH 8.0 seems possible.
pH-solubility of 5-FU in 0.1 M phosphate buffer (data frdvtonnot However, this is in complete disagreement with the
otal, 199 viewpoints of Hadgraft and Valenta (200Ghat the

pH Solubility (mg/ml)

maximum flux through the skin might occur at a pH
4.97 11.9 where ionization is high since the aqueous solubility

;gg ;g-‘l‘ of the ionized material is significantly higher than the
8.03 2486 unionized, which would in turn compensate for the

8.25 36.6 lower permeability of the ionized species.

The solubility of 5-FU in phosphate buffer (0.1 M)
of various pHs is given ifMable 2 Since these data
with the calculated values of ionic fluxes at pH 7.4 and Were obtained in buffers of ionic strength similar to
8.0. Thus, these values are unlikely to be suggestive that used in present study (90 mM), it is worthwhile to
of any effect of donor solution pH on the transport of correlate selected solubility values (at pH 4.97, 7.25
ionic species, whichiis particularly mediated via altered and 8.03) with corresponding flux values (at pH 5.0,
membrane polarity or electrostatic repulsion. 7.4, and 8.0). These two data sets are graphically dis-

In the second case, the total flux decreased signifi- Played inFig. 3. As shown irFig. 3, the different fluxes
cantly with a slightincrease in pH from 7.4 t0 8.0. This  reflect the dependence of the rate of permeation on ion-
may be attributed to the decrease in unionized fraction ization as well as on drug solubility in the pH range of
of 5-FU, further suggesting that pH-partitioning was 5-8. There was a negative correlation between aqueous
a predominant mechanism. However, a possib|e role SO|Ubi|ity and Steady-state flux values obtained at sim-
of drug solubility in passive diffusion cannot be com- ilar pHs (p=0.7237,r = —0.4205). Collectively, these
pletely ruled out. The impact of drug solubility on per- Observations clearly suggest that pH-dependent parti-
cutaneous absorption has been studied mechanisticallytioning, pore transport, and solubility-dependent mech-
by considering the thermodynamic interrelationship anisms may play a concurrent role in the transport of
between solubility, activity and activity coefficients hydrophilic drugs like 5-FU through the skin depend-
where higher solubility is associated with lower ingon the pH.
activity coefficients and lower escaping tendencies of
the solute from that solveriK(rrihara-Bergstrom etal.,  3.2. Effects of penetration enhancers
1987. Since the aqueous solubility of 5-FU has been
reported to be greater at higher pH compared to lower In absence of a suitable penetration enhancer
pH due to salt formationTable 2, a relatively higher or a formulation aid (e.g., vehicle, ion-pairing or
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Fig. 3. Dependence of drug delivery rate on solubility and pH of donor solution.
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complexing agent, etc.), the transport of 5-FU across 750
skin is very limited. The experimentally determined
diffusion coefficient of 5-FU through the human stra- 675
tum corneum is about an order of 10cn?/h (Williams

and Barry, 1991 The poor permeation of 5-FU through
the stratum corneum is related to its hydrophilic nature, =

600

g/cmz2)

which is evident by the loB (stratum corneum/water) % 525
value of 0.46 Yilliams and Barry, 1991 This has g
prompted several investigators to determine the per- 8 4so
meability coefficientsk) of 5-FU across various skin €

types and awide range of transdermal formulationsand £ 375
penetration enhancers. In this context, perhaps 5-FU is g
the most extensively studied hydrophilic model drug % 300
for transdermal research. Fi

The effectiveness of various penetration enhancers3d
on the transdermal transport of 5-FU is showFRiig. 4.
The corresponding results, in terms of their enhance- 150
ment ratios, are tabulated ifable 3 In general, all
studied enhancers promoted the in vitro transport of 75
5-FU across the stratum corneum, which occurred in
the order IPM <LA<AZ. Three percent AZ increased 0
the Kp by almost 24-fold, while 5% IPM and 5% LA Time (hrs)
increased by a factor of approximately 3 and 4, re-
spectively. All these enhancements were statistically Fig.4. Effectofvarious penetration enhancers on passive permeation
significant p<0.05) compared to control. Given the ©f5-FUthroughhuman cadaver skin. Keg)J 5% IPM:; (®) control;
solubility parameter &) of 5-FU, which is equal to fﬁ) 5%LA; () 3% AZ. (Each point represents the mea8.D. of

ree experiments; only half bars have been shown for clarity.)

14.99 (cal/crA)Y2 (Beall and Sloan, 20Q2and of these
studied enhancers as reportedable 3 it is apparent
that enhancement in drug permeation occurred regard-ences in structure (e.g., number of hair follicles) and
less of the polarity of these enhancers. lipid composition of the stratum corneum in Caucasian

Goodman and Barry (1988ported only eight-fold  versus Indian skin.
enhancement in permeation of 5-FU through human  The ability of AZ (also known as laurocapram)
skin while using similar concentration of AZ (3% AZ to greatly enhance the passive delivery of 5-FU
with 0.1% Tween 20 in normal saline). This difference across the hairless mice, rat, shed snake, and human
in results may be in part attributed to the ethnic differ- skins has been demonstrated by several investigators

225

Table 3

Effect of various penetration enhancers on the steady-state flux m®8dh of three determinations) of 5-FU transported through human
stratum corneum

Enhancers Concentration Jss (wg/cr/h) Kp (cm/hx 10%) Enhancement ratio
None (control) 0 16.4+ 1.28 0.82+ 0.06 1.0

Isopropyl myristateq=8.02 5% (w/w) 44.26+ 3.14 2.21+ 0.16° 2.71+ 0.29
Lauryl alcohol §=9.51} 5% (w/v) 61.45+ 15.29 3.07+ 0.76° 3.79+ 1.12
Azone ¢ =9.06) 3% (w/v) 397.19+ 10.86 19.86+ 0.54 24.31+ 1.94

8 = solubility parameter (cal/cBy"/2.
@ FromVaughan (1985)
b FromHadgraft et al. (1993)
* Significantly different from controlg< 0.05).
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(Sugibayashi et al., 1985; Touitou and Abed, 1985;
Morimoto et al., 1986; kz-Sales et al., 1996; Itoh
et al.,, 1992; Meidan et al., 1999To date, there are
three known mechanisms by which Az&hexerts its

105

to structural similarity between shed snakeskin and
human stratum corneunttgh et al., 1990; Hirvonen
et al., 199}). From mechanistic point of view, the pen-
etration enhancing effect of LA is more likely to be

enhancer effect on drug permeation. First, it causes mediated by a solubilization effect, which is common

a fluidization of the structured lipids of the stratum
corneum Sugibayashi et al., 1992This fluidization
effect is mediated by the ability of Azoflenolecules

to insert themselves within the intercellular lipids (ce-
ramide bilayers) of the stratum corneulteidan et al.,
1999, and is related to its chemical structure, charge
distribution and conformational state within the
stratum corneumKim et al., 200). As a result of this
increased disorder, the diffusivity of 5-FU through the
stratum corneum is significantly increasédiofimoto

et al.,, 198%. Second mechanism, which is more
relevant for penetration of hydrophilic compounds
including 5-FU, is the fact that AzoReexerts a hydra-
tion effect on the stratum corneur8ygibayashi et al.,
1992. The hydrated stratum corneum, in turn, makes
the penetration of hydrophilic compounds eadiieg-
Sales et al., 1996Finally, the enhancing effect of AZ
appears to involve a change in thermodynamic driving
force across skin. The activation energy required for
drug molecules to penetrate through the skin is sig-

among alkanols. The drug solubility in the fatty ma-
trix of the stratum corneum is considerably increased
whichinturn leads to improved partitioning of the drug
into the skin Bhatt et al., 1991

IPM is an aliphatic ester, which has been widely
used as a safe penetration enhancer in commercial der-
matological formulations (e.g., Andro-&3l In addi-
tion, it has also been studied as a vehicle for transder-
mal delivery of 5-FU prodrugs to improve their stability
(Sherertz et al., 1990Its mechanism of action is not
precisely understood, but it is thought that IPM exerts
its effect by interacting with structured lipids of the
stratum corneum. In a recent mechanistic study, it has
been shown that IPM inserts (lateral) into the human
stratum corneum, which results in densely packed bi-
layer lipids and aloss of order of the corneocyte-bonded
lipids (Brinkmann and Miller-Goymann, 2008 This
combined effect resulted in a decreased diffusion co-
efficient of hydrocortisone (a hydrophilic drug) in the
stratum corneum and thus in a decreased permeation

nificantly decreased in the presence of AZ compared rate. Based on this mechanism, it is likely that diffu-

to that in its absencdt6 et al., 1988. Out of these,
first and third mechanisms might be responsible for

sivity of the 5-FU would be decreased in the presence
of IPM.

enhancement in 5-FU permeation in the present study  One intriguing aspect of this study is that the in-
since our experiments utilized human stratum corneum corporation of 5% (w/w) IPM into donor solution in-

that were fully hydrated in water for at least 1 h.
The effects of LA on the transdermal permeation

creased th&p by 2.7-fold, which suggests that the ini-
tial rate of delivery was faster. However, the overall

of 5-FU have been investigated previously using shed permeation profile appeared to be lower compared to

snakeskin Ifoh et al., 1992 To authors’ knowledge,

this is the first investigation that examines the perme-
ation enhancing effect of LA on transdermal delivery
of 5-FU through human skin. Interestingly, the pene-
tration enhancing effect of LA is much lower compared

control. The increase iy may be probably attributed

to aninitial surge in “thermodynamic activity gradient”
across the stratum corneum. The saturated solubility
of 5-FU in IPM is 0.049 mM Beall and Sloan, 2002
which is much lower than the aqueous solubility of 5-

to AZ even though both enhancers contain a dodecyl FU in phosphate buffer, pH 7.4 (57.82 mi@ao and

side chain. Likewise, dodeci,N-dimethylamino ac-
etate, which like AZ contains a C-12 alkyl chain, has
been reported to enhance tg of 5-FU through hu-
man skin by 22-fold compared to only 11-fold with
AZ (Hirvonen et al., 19911 Furthermore, the penetra-
tion enhancing effects of LA and AZ obtained in the
present study exhibit a trend (LA <AZ) that is simi-
lar to that previously obtained for 5-FU across shed
snakeskin Ifoh et al., 1992 This may be attributed

Singh, 1998 Thus, it is possible that by adding IPM
to donor buffer, the solubility of 5-FU is decreased so
that arelatively greater saturation of 5-FU is maintained
during initial drug transport. As a result, 5-FU might
exhibit a higher thermodynamic activity in presence
of IPM. The decrease in overall drug transport may
be related to decreased solubility of 5-FU within lipid
matrix of stratum corneum due to presence of IPM,
and increased packing of lipids, which is supported
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by the findings ofBrinkmann and Miller-Goymann 5-FU in presence of various formulation adjuvants, and
(2003) safety and efficacy profiles of available penetration en-
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