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and proteins from the erythrocytest?!), there-
fore, one of the mechanisms of the enhancement
of 5-FU penetration is to be lipid extraction from
the skin by the complex, but the effect can not
be compared with oil’s, according to the fact
that there is very weak enhancing action in the
case of pure 3-Cd.
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Abstract

The effects of eucalyptus oil (0il) and its complex with B-cyclodextrin (complex) on the percuta-

neous absorption of 5-fluorouracil(5-FU) were investigated. Permeation experiments were performed on the
excised rat skins and the enhancers varied in their activities. The oil caused about 60 fold increase. B-cy-
clodextrin was less effective than the complex. Treating the skin with the oil and addition of the complex in
donor phase gives higher permeability coefficients of the aqueous 5-FU than treating the skin with oil alone.
With the oil and the complex, increased partition coefficients were observed but the diffusion coefficient val-
ues obtained were comparatively higher. The mode of action of these accelerants may be described by com-
bined processes of partition and diffusion, the diffusion process being dominant.

Key words 5-Fluorouracil; Eucalyptus oil; Cyclodextrins complex; Skin permeation; Enhancer

Introduction

The skin has become a matter of interest in
the pharmaceutical field because of its potency as
the route of systemic administrationt). Howev-
er, the difficulty to employ the transdermal
route for a systemic administration, is that the
skin is essentially a barrier against penetration
and permeation of the external substances, in-
cluding drugs for therapeutic uses{?J. One of the
available methods to improve the transdermal
transport is to reduce this barrier function of the
skin by the aid of penetration enhancers or accel-
erantst®l,

An ideal penetration enhancer is pharmaco-
logically inert and cosmetically acceptable, and
has yet intermediate and reversible action *~%,
Essential oils are the volatile, fragrant sub-
stances residing in the flowers, fruit, leaves,
and roots of many plants. Numerous essential
oils have been employed as perfumes, flavorings
and medicines for centuries. They are a complex
mixture of compounds, including nitrogen and
sulfur-containing molecules, aromatic chemi-
cals, and terpenes. Terpenes may be divided as
acyclic, monocyclic, bicyclic and so on, and
have wide varied uses'®l. Eucalyptus oil has
been employed in ointments as a topical counter-

irritant and together with menthol as an inhala-
tiont7,

Cyclodextrins (Cds) have been one of the
subjects of interest for numerous industries in-
cluding those engaged in the pharmaceutical
field'®). This is due to their particular structures
which impart interesting physiochemical proper-
ties. Today Cds are known for their ability to
molecularely encapsulate a wide variety of the
drugs into their hydrophobic cavity, resulting in
the enhancement of water solubility and drug dis-
solution rate. Though various studies of the ef-
fects of Cds on the drug absorption from the gas-
trointestinal tract have been carried out, there
has been little information on the utilities of the
Cds as the additives for topical preparations.

In the present study, 5-fluorouracil(5-FU)
was chosen as penetrant and the effects of euca-
lyptus oil (Oil), and B-cyclodextrin (B-Cd) on
the percutaneous penetration of dissolved drug
has been investigated. As the essential oils are
volatile in nature, an attempt was made to make
the complex of eucalyptus oil with B-cyclodex-
trin(complex), and the enhancing effect of com-
plex towards 5-FU was also investigated.

Materials and methods

Materials 5- FU was obtained from Shanghai
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12th Pharmaceutical Manufacturing Factory,
Shanghai. Eucalyptus oil was obtained from Da
Qun Chemical Manufacturing Factory,
Guangzhou, and -Cd from Suzhou Weijing Fac-
tory, Suzhou.

All the other chemicals and reagents used

were of the reagent grade obtained commercial-
ly.
Complex formation (-Cd (4 g) was dissolved in
50 ml of water around 50°C and 1 ml of euca-
lyptus oil was added and stirred for 2. 5 h at the
same temperature. The mixture was filtered and
the residue (complex) was washed with 5 ml of
absolute alcohol, 3 times. Finally kept in desica-
tor until dried.

The physical mixture of the eucalyptus oil
and B-Cd were also prepared in the same ratio by
gradually mixing both, and the mixture was
stored in desicator till further use.

Evaluation of wnclusion complex The inclusion com-
plex, free B-Cd, eucalyptus oil and the physical
mixture were subjected to DSC studies using a
home made DSC setup (CDR-I; Shanghai Tian-
ping Instrument Factory, Shanghai). The emp-
ty alumina pan was used as a reference at scan-
ning rate of 20°C /min.

Skin preparation Male white rats (SD) weighing
190 to 240 g were used. The animals were sacri-
ficed and hairs from the abdominal side were
clipped. The clipped abdominal skin was excised
from the animal and the subcutaneous fat on the
dermal side was removed. The skins were float-
ed on normal saline for 12 h before use to ensure
full tissue hydration.

The samples of full thickness skin without
stratum corneum were prepared by the tape strip-
ping method as described by Williams and Bar-
ryl®.

Permeation erperiments A two chamber cell sys-
tem with a diffusional area of 2.01 cm? was
used. The receptor cell was filled with 16. 5 ml
of normal saline solution, and stirred at 100
rpm. The donor cell receives 1 ml of the saturat-
ed solution of 5-FU. To ensure full saturation of
the donor solution a crystal of 5-FU was placed
in the donor compartment. The receiving cell
was maintained at (37 £ 0.5)°C, while the
donor cell was exposed to the ambient tempera-
ture. At appropriate times 4 ml of solutlon was
withdrawn from the receptor compartment, and
1 ml was used for analysis. After sampling, 4

ml of fresh normal saline was added to the recep-
tor to keep the volume constant.

To determine the enhancing effect of the
oil, B-Cd and complex, the skins were prepared
in the same way and mounted between the donor
and receptor compartments. Here, donor com-
partment receives 150 ul of the oil, B-Cd (saturat-
ed solution), or complex (complex in water at
saturated concentration of B-Cd). After 12 h
treatment, the excessive enhancer was removed
by swabbing with tissue paper and 5-FU perme-
ation was determined as described above.

To determine the effect of the complex as a
mixture with 5-FU solution, the skin was treat-
ed with the oil and in the donor compartment sat-
urated solution of 5-FU containing complex, at
saturated point of the 3~cd, was added. This sys-
tem will be described here as oil/ complex in
donor phase (Qil/CDP).

Amount of 5-FU in skin The amount of the drug
in the skin was determined, as described by Ten-
jarla et alt'®), At the end of experiment the ex-
posed skin was cut, the surface was washed care-
fully with water to remove excess drug on the
surface, blotted dry, weighed and cut into small
pieces. The tissue was homogenized with 4 ml! of
ethyl acetate thrice. The homogenates were
mixed, filtered, and the ethyl acetate evaporat-
ed to dryness. The residue was reconstituted
with 2 ml of water and analyzed for the drug
content by HPLC.

Analysis of 5-FU The concentration of 5-FU in
receptor solution was determined by HPLC. Shi-
madzu LC-5A system equipped with UV detector
was used. A Zorbax ODS column(4. 6 mm X 25
cm) was employed. The eluting solvent was wa-
ter and the flow rate was 0.8 ml/min. Detec-
tion was done at 266 nm. The retention time of
5-FU was 7. 2 min.

One ml of methanol was added to 1 ml of
24 h skin eluted solution, which already con-
tained a measured amount of 5-FU, giving a fi-
nal concentration of 1, 2.5, 5, 10 and 20 pg
per ml. The solution was vortex stirred and cen-
trifuged at 6000 r/min for 10 min, at room tem-
perature. The 20 ul of resulting supernatant was
injected into the HPLC.

Solubility studies To determine the solubility of
5-FU in oil, an excess of 5-FU was added to 5
ml of the oil, heated to (37 +0.5)C, vortex
stirred and equilibrated for 24 h. A 0.5 ml of
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sample was taken, filtered through 0.8 pm fil-
ter, diluted to 10 ml with ethyl acetate and ana-
lyzed by HPLC.

To determine the effect of B-Cd on the solu-
bility of 5- FU, the method as described by
Higuchi and Conners was used''), Excess
amount of B-Cd was dissolved in water. The sam-
ples were shaken at (37+0. 5)C for 24 h until
the system reached equilibrium. After equilibra-
tion the sample was filtered through 0. 8 um fil-
ter and the portions of final solutions were ana-
lyzed for drug content by HPLC.

Permeation dota analysis The flux of 5-FU was
calculated from a calibrated curve of the cumula-
tive amount permeated vs time plot. The slope
of the linear portion of the plot is equal to the
flux. The permeability coefficient (K¢) of the
drug was calculated from the following equa-
tion[te],

. J

K P= E

Where J is the flux and C is the concentra-
tion of drug added to the skin. As a measure of
the penetration activity of the enhancers, the en-
hancement ratio(ER) was calculated as{!'?],
K, after application of penetration enhancer

ER=
K, before application of penetration enhancer

The partition coefficient of the drug is ex-
pressed by the equation('®3,
__ mg of drug/mg of the skin
"“mg of drug/mg of the solvent

The diffusion coefficient was calculated, us-
ing the equationt!!J,

C

Kpeh
Pc
Where Kp is the mean permeability coeffi-
cient and % is the thickness of hydrated stratum
corneum (taken as 3 X 107% cm)[*%,

D=

Results and discussion

Fig 1. shows the DSC curves of 3-Cd, oil,
physical mixture and complex. -Cd showed a
prominent peak at 100 C. Eucalyptus oil
showed a peak at 145C. With physical mix-
ture, the prominent peaks of 3-Cd were also ob-
served but no any peak was observed for the oil,
showing a partial complexion of B-Cd with the
oil. However, in case of the complex, the peaks
of 3-Cd and the oil both were totally absent,
showing a strong complexion. Using oil separa-
tion method, as described by Chinese Pharma-
copoeia’ ™™, it was found by determination that 1

g of the complex contained (. 133 mi of oil.

Heat flow ——am

[
100 200 300
Temp. / C

Fig 1. DSC curves of 0il/B-Cd complex at a scanning speed of
20 C/min.
B-Cd(1); 0il(2); physical mixture(3); complex(4)

The permeability coefficients and the en-
hancement ratios of 5-FU before and after the
treatment of the skin with the enhancers indicat-
ed the obvious enhancing effect (Tab 1). The
mean control value for Kp of 5-FU in the un-
treated skin at (3740.5) C isd. 053+0. 023X
107 *cm/h, with a lag time of 4 h.

Tab 1. Mean flux, permeability coefficients( Kp) and enhance-
ment ratios( ER) of 5-FU in rat skin before and after treatment
with enhancers (f+s, n=3)

Flux, Kr,

Enhancer ug/em? « h em/h(10-%) ER
Control 13.040.28 1.053%0.02 -
Oil 786.0+11.4 62.80+10.0 59.63
Stripped contro!  2188.44+12.6 175.0741.0 166. 25
Stripped treated  2572.9+4-34.4 205.8040.27 195, 44
(1.175)
B-Cd 23.2+0. 31 1.864+0.25 1.768
Complex 157.740.54 12.62+0. 43 11.98
0il/CDP 1055.3+4+14.2 84.30+1.14 80.05

“Values when stripped untreated rat skin was taken as control

In Fig 2. the total amount of the penetrant
that appeared in the receptor fluid was plotted as
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a function of time. Following skin treatment
with a enhancer, the lag time for 5-FU falls.

The steady state permeation was observed only
for 4~6 h when oil was used as enhancer, and
when stripped stratum corneum was used the
steady state permeation was observed only for 2
~3 h, which may contribute to accumulation of
the higher concentrations of 5-FU in the receiver
compartment and/or the wash up effect of the
enhancer in the diffusion cell. However, in case
of B-Cd and the complex, the steady state perme-
ation was observed for more than 24 h.

un
2
——
[

N P o O

Cumulative amo
permeated (mg/cm?)

0 5 10 15 20
t/h

Fig 2. Effect of the enhancers on 5-FU permeation across rat
skin

Control(—X—); B-Cd(—0O—); Complex(—B—); Oil(—2
—); Oil/CDP(—@®—)

Fig 2. shows comparative permeation pro-
files for B- Cd, complex, oil and oil/ CDP sys-
tem. The oil clearly increased the drug perme-
ation (ER=59. 63) (P<{0. 01). B-Cd showed a
very little effect on the drug permeation (ER =
1. 768). The effect of the complex was found to
be less than the oil, but more than the B-Cd(ER
=11.98). Treating the skin with the oil and in-
corporating the complex in the donor phase give

more enhanced permeation than the oil only (ER
= 80. 05), and significally prolonged the en-
hancing time of the oil.

Removing the stratum corneum completely
eliminated the barrier properties of the skin. Per-
meation profiles with and without treating the
skin with the oil through stripped stratum
corneum are shown in Fig 3. A little difference
was observed between the treated and untreated
stripped membranes, as ER values obtained were
166. 25 and 195. 44, respectively, when the
full skin was taken as a control. When the
stripped untreated membrane was taken as a con-
trol ER for treated stripped membrane was
1. 175 only.

-
L=

Cumulative amount
permeated (mg/cm?)
N B O o

10 15 20 25
t/n

o
o

Fig 3. Typical permeation profiles of 5-FU through stripped stra-
tum corneum rat skin
Control(—O—); Treated( —@®—)

The partitioning results are shown in Tab
2. The treatment of skin with the enhancers
used generally increased the partitioning of the
drug into the skin membrane as illustrated by the
partition ratio, Pg(!*-'41, where,
Py P¢ after enhancer treatment
P, with untreated skin

Tab 2. Mean partition coefficients(Pc), diffusion coefficients (), partition ratios (Pr) and diffu-
sion ratios (Dg) of 5-FU into fullyhydrated membranes(z+s, n=3)

Enhancer X};CO"’ cm/hX10-5) P Dr
Control 46. 54+ 4.3 6.710.4 1.0 1.0

Qil 98.80+13 193+272.1 28. 6

Stripped control 7.4710.1 7020+ 41 0.15 1038. 46
Stripped treated 17.154+0.6 359945.3 0.3612. 29 532.39(0.51)°
B-Cd 54.2743.0 10.240.1 1. 15 1.5
Complex 95.95+1.7 39.640.1 2.0 5.8
Qil/CDP 90.4945.7 357.714.7 1.92 52.91

“Values when stripped untreated rat skin was taken as control

The treatment of the skin with the oil and
the complex doubles that partitioning, and Pg
values obtained were 2. 1 and 2. 0 respectively,
but in the case of 3- Cd no any significant in-

crease was observed (Pr = 1. 15). The partition
ratios obtained with the stripped untreated and
stripped treated skin were less than the unity
when full thickness skin was taken as a control,
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and more than double when stripped untreated
membrane was taken as a control.

From the diffusion coefficient values (Tab
L), it can be seen that the use of the enhancers
has decreased the resistance to the diffusion of
the drug, as the mean untreated diffusion coeffi-
cient value of 5-FU is (6.7640.4) X 107°
em?/h only. The increase in diffusivity of 5-FU
in the skin may be expressed as a diffusivity ra-
tio, Dgpl*3,
__diffusivity of 5-FU after treatment
" diffusivity of 5-FU before treatment

The solubility of the 5-FU in the oil, as de-
termined, is about 0. 046 mg/ml. 5-FU is much
less soluble in the enhancer than in the donor
phase, water. The solubility of 5-FU in water is
12. 5 mg/mit7). Fig 4. shows the effect of B-
Cd on the solubility of 5-FU. No any profound
effect of 3-Cd was observed on the solubility of
5-FU. Therefore, the enhanced permeation of
5-FU is not related with its solubility, but only
with the efficiency of oil on skin.

R

20.
20.
20.
20.
20.
19.

19.

mount of 5-FU(mg/m})

A
—
©
- 0Ot P o

0 10 20 30 40 50
B-CD, mmol/L

Fig 4. Phase solubility diagram of 5-FU/B-Cd system at (37+
0.57C

Some essential oils and their terpene con-
stituents have recently been investigated as poten-
tial enhancers. The eucalyptus oil and camphor
increased the total flux of nicotine permeating ex-
cised hairless mouse skin['*), The eucalyptus oil
and others have increased the permeation of 5-
FU in excised human skin{'*J. In our previous
studies, oils of eucalyptus, peppermint and tur-
pentine were investigated for their enhancing ef-
fect towards 5-FU, using excised rat skin(?]

In the present studies eucalyptus oil was
found to be most active. No any lag time was ob-
served. The eucalyptus oil increased the penetra-
tion of polar drug 5-FU, by aprox. 60 fold.

The effects of 3-Cd and di-O-methyl-$3-Cd

on the percutaneous absorption of butylparaben,
indomethacin and sulfanilic acid have been inves-
tigated?"). B-Cd has enhanced the bioavailablity
of the tolnaftate percutaneousely™?). In our stud-
ies B-Cd itself showed a very little effect on the
drug permeability, as only 1.76 fold increase
was observed, but in case of the complex aprox.
12 fold increase was observed. On the other
hand, in case of Qil/CDP system an aprox. 81
fold increase in the drug flux was observed.
Therefore, from these results it can be seen that
the eucalyptus oil can be complexed with B-Cd
and the complex can be used as a good en-
hancer. Complex can also be useful to prevent
oil from volatilization, and thus the oil can stand
on the site of action for longer periods, resulting
in prolonged and controlled release of drug. Fur-
thermore, the complex may also be easily incor-
porated into the transdermal formulations.

Removal of the stratum corneum has com-
pletely eliminated the resistance to the drug per-
meation and is in good agreement with all the
published data, that the main resistance to the
permeation of hydrophilic drugs lies in the stra-
tum corneum(® %231, 1t can be seen that the oil
and its complex have only the enhancing effect
towards the stratum corneum.

The partition ratios calculated suggest that
the enhancers increased the partition of 5-FU in-
to the skin. As the drug is less soluble in the oil
than water, the increased partition of 5-FU in
skin can be contributed to the structure modifica-
tion of stratum corneum lipid- bilayers. There-
fore, we conclude that the enhanced permeation
of the 5- FU may be produced not only by in-
creasing the partition of drug into stratum
corneum, but also by modifying the intercellular
lipids, disrupting their highly ordered structure,
thus increasing the diffusion of 5- FU through
the membrane, as observed by comparatively in-
creased diffusivity ratios(Tab 2). Furthermore,
the latter is more important than the former in
permeation, because the increased amounts of 5-
FU in the skin may also be the retention of the
drug by the skin. Same may be true in the case
of B-Cd and the complex, as 3-Cd has no any ef-
fect on the solubility of 5-FU. It has been report-
ed that Cds cause the release of some membrane
components such as cholesterol, phospholipids
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and proteins from the erythrocytest?!), there-
fore, one of the mechanisms of the enhancement
of 5-FU penetration is to be lipid extraction from
the skin by the complex, but the effect can not
be compared with oil’s, according to the fact
that there is very weak enhancing action in the
case of pure 3-Cd.
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