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Abstract

The percutaneous permeation of hydrocortisone (HC) was investigated in hairless mouse skin after application of
an alcoholic hydrogel using a diffusion cell technique. The formulations contained one of 12 terpenes, the selection
of which was based on an increase in their lipophilicity (log P 1.06 — 5.36). Flux, cumulative receptor concentrations,
skin content, and lag time of HC were measured over 24 h and compared with control gels (containing no terpene).
Furthermore, HC skin content and the solubility of HC in the alcoholic hydrogel solvent mixture in the presence of
terpene were determined, and correlated to the enhancing activity of terpenes. The in vitro permeation experiments
with hairless mouse skin revealed that the terpene enhancers varied in their ability to enhance the flux of HC.
Nerolidol which possessed the highest lipophilicity (log P = 5.36 + 0.38) provided the greatest enhancement for HC
flux (35.3-fold over control). Fenchone (log P =2.13 4 0.30) exhibited the lowest enhancement of HC flux (10.1-fold
over control). In addition, a linear relationship was established between the log P of terpenes and the cumulative
amount of HC in the receptor after 24 h (Q,,). Nerolidol, provided the highest Q,, (1733 + 93 pg/cm?), whereas
verbenone produced the lowest Q,, (653 + 105 pug/cm?). Thymol provided the lowest HC skin content (1151 + 293
ng/g), while cineole produced the highest HC skin content (18999 + 5666 ng/g). No correlation was established
between the log P of enhancers and HC skin content. A correlation however, existed between the log P of terpenes
and the lag time. As log P increased, a linear decrease in lag time was observed. Cymene yielded the shortest HC lag
time, while fenchone produced the longest lag time. Also, the increase in the log P of terpenes resulted in a
proportional increase in HC solubility in the formulation solvent mixture. © 2000 Elsevier Science B.V. All rights
reserved.
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1. Introduction
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tinuous mode of administration at rates ap-
proaching zero-order similar to that provided by
an 1.v. infusion. Moreover, the delivery is non-in-
vasive, and no hospitalization is required. Addi-
tionally, the transdermal route as compared with
the oral route reduces drug degradation at the site
of administration due to its lower metabolic activ-
ity (Roy, 1999). Once the drug is absorbed, the
hepatic circulation is bypassed, thus avoiding an-
other major site of potential drug metabolism
(Barry, 1983; Wester and Maibach, 1992).
Despite the important advantages of transder-
mal drug delivery, this route of administration
presents unique challenges. The greatest obstacle
is the stratum corneum (SC), the uppermost layer
of the skin, that provides the rate limiting step for
drug transport. It is composed of dead, flattened
cells, filled with keratin, in the form of a regular
array of protein rich cells embedded in an inter-
cellular multilamellar lipid domain running paral-
lel to the skin (Elias, 1996). Several experiments
showed that lipoidal domains, the integral compo-
nents of the transport barrier, must be breached if
the drug is to be delivered at an appropriate rate
(Mao-Qiang et al., 1993; Gao and Singh, 1998).
Several enhancement techniques have been devel-
oped to overcome the impervious nature of the
SC through physical approaches (iontophoresis
Valpato et al., 1998, electroporation Wang et al.,
1998, phonophoresis Asano et al., 1997, heat en-
hancement Kuratomi and Miyauchi, 1988 or the
application of supersaturated drug systems Davis
and Hadgraft, 1991), and biochemical means
(prodrugs Bando et al., 1997, liposomal vesicles
Cevc, 1996). However, the most widely imple-
mented technique is the use of chemical en-
hancers. The aim of these agents is to allow drug
permeation through the skin at the appropriate
rate and for a suitable time. In this way, many
compounds were developed and later examined
for their percutaneous enhancing activity, such as
Azone, its analogues, pyrrolidones, polyunsatu-
rated fatty acids, alkanols, polymeric enhancers,
non-ionic surfactants, and terpenes (Iwasa et al.,
1991; Kim et al., 1992; Cornwell and Barry, 1994;
Michniak et al., 1994; Yamane et al., 1995; Aki-
moto et al., 1997; Tanojo et al., 1997; Sato et al.,
1998). However, the skin as a primary barrier, has

a special role: protecting the living body from
cutaneous exposure to toxic chemicals; hence, the
safety of permeation enhancers is of a prime
consideration. Consequently, the search continues
for an ideal enhancer that is pharmacologically
inactive, non-irritant, non-damaging for the skin,
potent, and cosmetically acceptable (Pfister et al.,
1990). Terpenes, naturally occurring volatile oils,
appear to be promising candidates for clinically
acceptable enhancers (Williams and Barry, 1991).
They were reported to have good toxicological
profiles, high percutaneous enhancement abilities,
and low cutaneous irritancy at low concentrations
(1-5%), (Opdyke, 1979; Okabe et al., 1990; Obata
et al., 1991). Moreover, a variety of terpenes have
been shown to increase the percutaneous absorp-
tion of both hydrophilic and lipophilic drugs
(Cornwell and Barry, 1991a; Moghimi et al.,
1996, 1997; Gao and Singh, 1998). Differential
scanning calorimetry and X-ray diffraction studies
suggest that terpenes increase the drug percuta-
neous permeation mainly by disrupting the inter-
cellular packing of the SC lipids (Williams and
Barry, 1991; Cornwell and Barry, 1994; Cornwell,
1993). Furthermore, this interaction with the SC
lipids has been reported to be reversible and pro-
duce lower skin irritation if compared with
Azone® (Okabe et al., 1990). Williams and Barry
(1991) studied the reversibility of the action of
terpenes on the skin. They reported that 5-
fluorouracil flux in terpene-treated skins decreased
with time after washout of the terpenes from the
skin surface.

In this study, ethanol and hydroxypropylmethyl
cellulose (HPMC, a gelling agent) were incorpo-
rated into gel formulations. Ethanol, one of the
most widely used vehicles has been found to affect
terpene enhancing activity. Morimoto et al. (1993)
examined the effect of ethanol and L-menthol on
the skin permeation of morphine hydrochloride.
This combination provided higher skin perme-
ation for morphine hydrochloride compared with
either alone. HPMC belongs to a family of inert
hydrophobic non-ionic polymers that is widely
used in oral and topical pharmaceutical formula-
tions and is available in several grades, which vary
in viscosity, molecular weight, and extent of sub-
stitution. In topical formulations, HPMC poly-
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mers are used as emulsifiers, suspending agents,
and stabilizing agents for topical gels and oint-
ments (Wu et al., 1998). As protective colloids,
they can prevent droplets and particles from coa-
lescing or agglomerating, thus inhibiting the for-
mation of sediments. They were reported to be
non-irritant and non-toxic (Wade and Weller,
1995). The purpose of this study was to evaluate
the enhancing effect of 12 naturally occurring
terpenes on the in vitro percutaneous absorption
of hydrocortisone (HC) from HPMC gels contain-
ing ethanol, distilled water, and glycerol. An at-
tempt was made to correlate the log P of the
studied terpenes with the resultant percutaneous
parameters of HC. In addition, the effect of terpe-
nes on the content of HC into the skin and the
solubility of HC in the alcoholic hydrogel solvent
mixture were measured and related to the enhanc-
ing capacity of terpenes.

2. Materials and methods
2.1. Chemicals

Terpinen-4-ol, verbenone, fenchone, carvone,
menthone, a-terpineol, cineole, geraniol, thymol,
cymene, D-limonene, and nerolidol were all ob-
tained from Aldrich Chemical (Milwaukee, WI).
Hydrocortisone was purchased from Sigma
Chemical (St Louis, MO). Acetonitrile, methanol,
and water used were of HPLC grade and were
supplied by EM Science (New Briggs, NJ). Ethyl
alcohol USP was purchased from Aaper Alcohol
and Chemical (Shelbyville, KY). HPMC and glyc-
erol were obtained from Spectrum Chemical
Manufacturing (Gardena, CA). Female hairless
mice strain SKH1 (hr/hr), 6-8 weeks old were
obtained from Charles River Laboratory, (Wilm-
ington, MA).

2.2. Preparation of gel

The procedure for the preparation of HPMC
gels was followed as described by Giannakou et
al. (1998). The gel formulation was composed of
hydrocortisone (2%), HPMC (2%), ethanol (56%),
water (28%), glycerol (10%), and terpene (2%).

For the preparation of the gels, ethanol was
mixed with distilled water and glycerol using a
StedFast™ mixer (Fisher Scientific). HPMC was
added slowly until a clear gel was formed. Then,
terpene enhancer followed by hydrocortisone
powder was added to the vortex of agitated gel.
The hydrocortisone was not completely soluble in
the gel formulation, it was in the form of
suspension.

2.3. Solubility measurements

The solubility measurements was conducted us-
ing previously described method by Viegas et al.
(1997) and Ohara et al. (1995). Briefly, HC was
added in excess to 10 ml of ethanol/water/glyc-
erin: 60/30/10 including the appropriate terpene
enhancer. The suspension was shaken at 25°C for
24 h, then centrifuged at 3000 rpm for 15 min.
The supernatant was diluted with methanol and
used for the determination of HC using HPLC.
All experiments were performed in triplicate (n =
3).

2.4. Diffusion cell apparatus

Modified Franz diffusion cells (Permegear,
Riegelsville, PA) were used for the evaluation of
the gel formulation (diffusional area of 0.64 cm?,
the receptor volume 5.1 ml). The receptor was
filled with isotonic phosphate buffer (pH 7.2)
containing no preservative, maintained at 37 +
0.5°C, and continuously stirred at 600 rpm.

2.5. Skin permeation studies

Female hairless SKH1 mice, 6-8 weeks old,
(Charles River Laboratory) were euthanized, us-
ing carbon dioxide asphyxiation, and full thick-
ness abdominal skin was excised. Any extraneous
subcutanecous fat was removed from the dermal
surface. The skins were sealed in double evacu-
ated polyethylene bags at — 20°C and used within
2 weeks (Harrison et al., 1984). Frozen skins were
slowly thawed, and mounted between the donor
and receptor compartments in vertical Franz dif-
fusion cells. Skins were allowed to equilibrate for
1 h before experimentation. After equilibration,
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300 mg of HPMC gel was placed on each skin
and all donor cells were occluded with triple
layers of Parafilm®. Receptor samples (300 ul)
were taken at predetermined times over 24 h and
frozen at — 70°C prior to HPLC analysis. Fol-
lowing each receptor sample withdrawal, the vol-
ume was replenished immediately with diffusion
buffer. The amount of drug withdrawn was cor-
rected in the subsequent calculations of cumula-
tive amount of the drug penetrated.

2.6. Skin content studies

After 24 h of sampling, the skins were removed
from the cells and washed briefly in methanol,
using a previously reported procedure (Michniak
et al., 1994). The skins were then homogenized in
4 ml methanol, using a Kinematica GmbH tissue
homogenizer (Switzerland). The homogenate was
filtered to remove skin debris, centrifuged, if re-
quired, then passed through a Sep Pak C,g car-
tridge (Waters, MA), and the samples were frozen
at — 70°C (Revco Scientific, Asheville, NC) prior
to HPLC analysis.

This extraction method produced more than
97% recovery of the originally applied donor con-
centration of HC (Godwin et al., 1997). Quanti-
ties of HC were calculated as pg/g of partially
hydrated skin. All samples were analyzed using
HPLC.

Table 1
Log P of terpenes used as enhancers

Terpene Log P

Terpinen-4-ol 1.06 +0.20
Verbenone 1.97 +0.23
Fenchone 2.13+0.30
Carvone 2.2340.25
Menthone 2.63 +0.30
a-Terpineol 273 +£0.28
Cineole 2.82+0.25
Geraniol 3.1840.30
Thymol 3.28+0.20
Cymene 4.05+0.25
D-Limonene 4.58 +0.23
Nerolidol 5.36+0.38

2.7. HPLC analysis of hydrocortisone

Analysis of samples was performed using a
Hewlett—Packard 1100 with an autosampler
equipped with a quaternary pump, a variable-
wavelength detector (242 nm), and a C,g-Micro-
sorb column (15x 0.46 cm; 5 pum) at ambient
temperature. The injection volume was 40 pl. The
mobile phase was acetonitirile:water (4:6) with a
flow rate of 1 ml/min. The retention time of HC
was approximately 3.4 min. HC was quantitated
using an external standard technique.

2.8. Data analysis:

The permeation of HC from HPMC gels was
measured over 24 h, and plots were constructed of
the cumulative corrected amounts of hydrocorti-
sone (pug/cm?) against time (h). The x-intercept of
the extrapolated linear region gave the lag time.
The slope of this linear portion of the graph
provided maximum flux values at steady state
(ng/cm? per h). All parameters in Table 1 are
expressed as means + S.D. Log P values of terpe-
nes enhancers were determined using ACD soft-
ware program (Advanced Chemistry
Incorporated, Ontario, Canada). The permeation-
enhancing activities were expressed as enhance-
ment ratios of flux (ERg,,), 1.e. the ratio of the
flux value with enhancer to that obtained with
control:

HC flux with enhancer in gel
HC flux with no enhancer

ERﬁux =

The apparent solubility enhancement ratio of
HC in gel solvent mixture was calculated using
the following equation: Solubility enhancement
ratio = C,/C,where C, is the HC concentration in
enhancer gel solvent mixture and C; is the satura-
tion solubility of HC in control gel solvent mix-
ture (no terpene).

Statistical analysis was made using analysis of
variance (ANOVA). The level of significance was
taken as P < 0.05. Correlation analyses were per-
formed by the least squares linear regression
method. Correlation coefficients were examined
for significance (P < 0.05) by Student’s 7-test.
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Fig. 1. The chemical structures of the evaluated terpene enhancers: (1) Terpinen-4-ol; (2) Verbenone; (3) Fenchone; (4) Carvone; (5)
Menthone; (6) a-Terpineol; (7) Cineole; (8) Geraniol; (9) Thymol; (10) Cymene; (11) D-Limonene; (12) Nerolidol.

3. Results and discussion

The log P values and structures of terpenes are
shown in Table 1 and Fig. 1, respectively. Table 2
summarizes the data on the flux, cumulative
amount in the receptor after 24 h, skin content,
and ERy,, of HC for the permeation experiment.
The absorption of HC was enhanced significantly
by the addition of terpenes to the gel formulation
(P < 0.05) and in particular the use of nerolidol in
the gel resulted in a significant increase in the
permeation of HC (Fig. 2a and b). Nerolidol
provided an approximately 35.3-fold increase in
HC flux followed by limonene, with a 28.4-fold
increase, and cymene with a 22.9-fold increase.

ERy,,, for both cymene and D-limonene were
significantly different from each other (P < 0.05)
and also significantly higher than that of other
terpenes (P < 0.05). Menthone produced a moder-
ate enhancing activity with an 18.7-fold increase.
Geraniol, cineole, o-terpineol, and carvone
showed only mild enhancement activity. Ver-
benone, terpinen-4-ol, and thymol were less effec-
tive enhancers. Of all terpenes tested, fenchone
exhibited the lowest ERy,, of only 10.1.

In addition to providing the highest ERg,,,
nerolidol also provided the highest Q,, (1733 +93
ng/cm?), followed by cymene (1451 + 108 pg/cm?),
geraniol (1134 + 19 pg/cm?), carvone (1104 + 185
pg/cm?), and limonene (1089 +190 pg/cm?).
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Cymene produced Q,, values which were not sig-
nificantly different from nerolidol (P < 0.05). On
the contrary, geraniol, carveone, and limonene
0,, values were significantly lower than nerolidol
(P <0.01). Cineole, fenchone, a-terpineol, men-
thone, thymol, terpinen-4-ol, and verbenone pro-
duced comparable Q,, values. However,
verbenone exhibited the lowest Q,, (653 + 105
pg/cm?).

In this series of terpenes, nerolidol provided the
best enhancement activity for HC permeation.
This conclusion is supported by several other
publishers. According to Cornwell and Barry
(1991b), nerolidol was the most effective terpene
enhancer in promoting the permeation of 5-
fluorouracil through the skin among series of
studied terpene enhancers. Furthermore, Arellano
et al. (1996) reported that nerolidol was an effec-
tive enhancer for the permeation of diclofenac
sodium through the rat skin. This was attributed
to nerolidol possessing an amphiphile-like struc-
ture that was appropriate for the disruption of the
lipid packing of the SC.

The results of this study indicate that hy-
drophilic terpenes, capable of hydrogen bonding,
were not as effective in promoting the permeation
of HC (a polar steroid with a log P of 1.43 +
0.25), compared to hydrocarbon terpenes (D-

Table 2

limonene and cymene). These results are different
from those obtained by other researchers. Most
studies suggest that hydrophilic terpenes (alcohol,
ketone, and oxide terpenes) are more effective in
enhancing the permeation of hydrophilic drugs,
whereas, hydrocarbon terpenes (such as limonene
and cymene) are more active towards lipophilic
drugs (Hori et al. 1991; Moghimi et al., 1997). In
this study, the higher enhancement activity of
hydrocarbon terpenes can be attributed to their
higher thermodynamic activity in the gel. D-
Limonene and cymene were not completely dis-
solved at the 2% concentration in the gel as
compared to the hydrophilic terpenes that were
completely soluble in the gel containing 56%
ethanol. Similar findings were reported by Obata
et al. (1993) that demonstrated that D-limonene
had higher enhancement activity for diclofenac at
1% concentration compared to L-menthol at the
same concentration in 40% ethanol-buffer solu-
tion. The solubility of D-limonene in 40% ethanol-
buffer was lower than that of L-menthol, resulting
in a higher D-limonene thermodynamic activity.
For topical formulations, drug skin content is
considered an important parameter and in the
present study HC skin content was determined at
24 h (Tojo et al., 1987). Cineole provided the
highest HC skin content (18999 + 5666 pg/g)

Effect of terpene enhancers on the percutaneous parameters of hydrocortisone formulated in HPMC gels*

Terpene Flux pg/(cm? h)® ER . 0,, pg/cm?® SC pg/gb Lag time (h) ®
Control 45+0.6 1.0 117+ 19 2553 + 557 2.6+0.8
Terpinen-4-ol 51.0+14.3 11.3 709 + 91 4749 + 1672 34405
Verbenone 51.6 +10.6 11.5 653 + 105 1417 +420 3.8+0.1
Fenchone 45.6 + 6.6 10.1 953 + 184 3578 + 361 45+0.7
Carvone 59.1+79 13.1 1104 + 185 2483 + 375 21+1.2
Menthone 84.0 + 134 18.7 817 + 181 5755 + 1706 1.4+0.8
a-Terpineol 60.0 +4.4 13.3 829 +43 6886 + 258 3.1+0.2
Cineole 65.1 +17.6 14.5 969 + 153 18999 + 5666 3.0+ 1.0
Geraniol 76.2 +4.4 16.9 1134 + 19 16682 + 5390 3.0+0.6
Thymol 49.6 +9.7 11.0 727 + 154 1151 +293 32+0.5
Cymene 103.0 + 10.8 229 1451 + 108 3498 + 1118 0
D-Limonene 128.0 +9.7 28.4 1089 + 190 10299 + 4564 0.5+04
Nerolidol 159.0 +23.7 35.3 1733 +93 1384 + 168 1.2+03

4 Female hairless mouse skin was used. SC, skin content of hydrocortisone after 24 h; Q,,, cumulative amount of hydrocortisone
in the receptor after 24 h; ERy,,, Enhancement ratio of hydrocortisone flux.

® Means + S.D, n = 4.
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Fig. 2. The permeation profile for hydrocortisone from the HPMC gel system using terpene enhancers. Means + S.D., n =4.

which was not significantly different from geraniol

(16682 + 5390 pg/g), and D-limonene (10299 +

4564 ng/g) (P> 0.05). However, cineole, geraniol,
and D-limonene provided HC skin contents that
were significantly higher than those of the other

terpenes (P < 0.05). It is of interest to note that
Ogiso et al. (1995) found that cineole and D-
limonene significantly increased indomethacin
skin content compared to controls. Thymol gave
the lowest HC skin content (1151 +293 pg/g)
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which was lower than control (2553 + 557 ng/g).
However, it was not significantly different from
verbenone (1417 +420 pg/g), and nerolidol
(1384 £+ 168 ng/g) (P > 0.05). There was no corre-
lation between HC skin contents and the flux
values. This may suggest that the enhancers local-
ized in the stratum corneum may retain the drug
and partially prevent its diffusion and final pene-
tration (Ogiso et al., 1992).

In this study, fenchone produced the longest
HC lag time (4.5 + 0.7 h) which was significantly
higher than that of control (P < 0.05). Verbenone,
terpinen-4-ol, thymol, a-terpineol, geraniol, and
cineole had lower lag times than fenchone, which

Table 3
Effect of terpene enhancers on the hydrocortisone solubility in
the hydrogel solvent mixture at 25°C (n = 3), (Means + S.D.)

Enhancer Solubility (g/ml) ERyy *
Control 0.0210 £ 0.0007 1.00
Terpinen-4-ol 0.0220 + 0.0005 1.04
a-Terpineol 0.0220 + 0.0030 1.04
Fenchone 0.0230 + 0.0020 1.09
Carvone 0.0220 4 0.0010 1.04
Menthone 0.0230 £ 0.0005 1.09
Verbenone 0.0200 £+ 0.0001 0.95
Cineole 0.0230 £ 0.0050 1.10
Geraniol 0.0170 4 0.0010 0.81
Thymol 0.0260 £+ 0.0010 1.23
Cymene 0.0270 4 0.0005 1.29
D-Limonene 0.0290 + 0.0009 1.38
Nerolidol 0.0260 £+ 0.0010 1.23
* ER,yy» €nhancement ratio of hydrocortisone solubility
= 175
£ [ ]
& 150 r =0.891, p<0.0001
5§ 125 .
2 100
x 751
E 50 - °
g 25 -
0
0 2 4 6

Terpene log P

Fig. 3. The relationship between the log P of the terpene
enhancers and hydrocortisone flux across female hairless
mouse skin (n=4) [r=0.891, P <0.0001].

were not significantly different from fenchone lag
time (P > 0.05). Other terpenes had a moderate
effect on HC lag time.

The solubility of HC in the enhancer, ethanol,
water, glycerin solvent system was determined
after equilibration for 24 h at 25 °C. The ratio of
drug concentration in presence of enhancer (C,)
to its solubility (C,) in the gel solution gave an
approximation of drug thermodynamic activity
(Coldman et al., 1969). The control gel solvent
mixture was represented by a ratio of unity. Solu-
bility enhancement ratios of HC are listed in
Table 3. Most enhancers, except for verbenone
and geraniol, increased (C,/C,) ratio. However,
the increase in the ratio was not significant, sug-
gesting that the main contribution to the enhance-
ment of HC permeation could be attributed to
other factors, such as increase in the fluidity of the
SC lipids and increased drug partitioning into
skin.

In this study, an attempt was made to correlate
the log P of the terpene enhancers with percuta-
neous parameters of HC. The effect of enhancers
on the permeation of a drug usually depends
upon the physicochemical characteristics of both
permeant as well as the enhancer molecule. The
lipophilicity of the enhancer is thought to play a
major factor in its activity. Williams and Barry
(1991) found a linear relationship between the
log P of a group of epoxide and ketone terpenes
and the enhancement ratio for 5-fluorouracil per-
meation. Furthermore, Takayama et al. (1993)
studied the effect of terpene lipophilicity on their
enhancing activity. These authors reported that
terpenes with relatively high lipophilic index val-
ues provided significant enhancing activities,
whereas further increase in their lipophilicity re-
sulted in lower enhancing activity. In addition,
Obata et al. (1993) attributed this phenomenon to
differences in the thermodynamic activity of the
enhancers in the vehicle.

In the present study, the log P of terpene en-
hancers greatly influenced HC flux and Q,, values
at log P ranges of 1.06—5.36 (Figs. 3 and 4). The
correlation coefficients for the two relations were
r=0.891, P<0.0001, and r=0.772, P <0.005,
respectively. In addition, a significant correlation
existed between the lag time of HC and the log P
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of terpene enhancers (r = —0.710, P < 0.01) (Fig.
5). In contrast, there was no correlation between
the HC skin content and the log P of the en-
hancers (r = 0.01). However, there was a correla-
tion between the flux of HC and the lag time
(r= —0.785, P <0.0025) (Fig. 6). Williams and
Barry (1990) evaluated the effect of terpene en-
hancers on the SC using differential scanning
calorimetery (DSC). They found that terpene en-
hancers promote the permeation of the drug and
this is accompanied by disruption of the intercel-
lular lipid packing. The results of this study may
suggest that the increase in the lipophilicity of the
terpene enhancers increase their ability to disrupt
the hydrophobic lipid packing of the SC thereby
increasing drug diffusion through the skin.

In conclusion, a strong relationship was estab-
lished between the log P of the terpenes and the
flux of HC and Q,,. Significantly high flux values
were obtained using nerolidol which possessed the
highest log P compared to other terpenes. In addi-
tion, a correlation was found between the log P of
terpene enhancers and HC lag time (r = — 0.710,
P <0.01). However, no correlation was found
between the log P of the terpenes and HC skin
content. The effect of terpenes on the C,/C; ratio
was not significant suggesting that the enhance-
ment activity can be attributed to increase in the
drug diffusion and partitioning into the skin.
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