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Abstract

The study was conducted in vitro to investigate the changes of indomethacin transdermal permeation pretreated by capsaicin and
nonivamide, two compounds chemically similar to Azone. The combined effect of low frequency ultrasound (20 kHz) and enhancers on
the indomethacin permeation was also evaluated. The experimental data demonstrated that capsaicin and nonivamide significantly
enhanced the flux of indomethacin across nude mouse skin. Enhancement effects of both analogues were very similar and depended
predominantly on the concentration tested. Histological examination coupled with visual scores indicated the safety of capsaicin and
nonivamide on skin structure. Simultaneous application of ultrasound and enhancers significantly increased skin permeation of
indomethacin compared with either ultrasound or enhancers alone. Better effect was obtained by the combination with capsaicin than
nonivamide.  2001 Elsevier Science B.V. All rights reserved.
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1. Introduction C H NO ), the pungent principle of red pepper, has a18 27 3

variety of therapeutic advantages such as antinociceptive,
Many investigators have examined the possibility of the hypotension and hypolipidemia activities (Monsereenusorn

percutaneous delivery of drugs, but a major difficulty is the et al., 1982; Fang et al., 1995). Besides the pharmaco-
impermeability of stratum corneum. An effective method logical actions, capsaicin itself can act as a skin permeation
employed to reduce this effect of diffusional barrier is to enhancer for naproxen because of the similarity of chemi-
use permeation enhancers. One of the most promising cal structure to Azone (Degim et al., 1999). Nonivamide
permeation enhancers is Azone (laurocapram, 1- (N-nonanoyl vanillylamide; C H NO ) is one of the17 27 3

dodecylazacycloheptan-2-one). It is non-irritant to human synthetic analogues of capsaicin which has the similar
skin and hardly absorbed through skin (Niazy, 1996). chemical structure and pharmacological profiles to those of
Azone consists of a seven-membered ring and a long capsaicin (Hayes et al., 1984). The main difference in
hydrocarbon side chain which appears to act by reducing structures of capsaicin and nonivamide is in the long alkyl
the diffusional barrier of the stratum corneum by inserting chain. A side chain of –CH and a double bond in alkyl3

itself into the structured lipids located in the intercellular chain is observed in capsaicin but not in nonivamide. It can
routes. This fluidity of microenvironment of lipids is be a substitute of capsaicin because of the lower cost than
reduced and the permeation of drugs enhanced (Phillips capsaicin extracted from natural products. In our previous
and Michniak, 1995). study, the incorporation of nonivamide could increase the

Capsaicin (8-methyl N-vanillyl-6-nonenamide; in vivo transdermal permeation of sodium nonivamide
acetate (Fang et al., 1996a,b).

The aim of this study is to investigate the effect of*Corresponding author. Tel.: 1886-2-2736-1661; fax: 1886-2-2707-
capsaicin and nonivamide on the in vitro transdermal4804.

E-mail address: fajy@ms9.tisnet.net.tw (J.-Y. Fang). permeation of indomethacin. The present study also quan-
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tifies the skin irritation and damage produced by applica- 2.2. In vitro permeation experiments
tion of these enhancers on skin. The developed method
presented in this study is able to distinguish between The diffusion cell used in present in vitro study was
epidermal and dermal changes in histological structure, Franz vertical diffusion assembly. The dorsal skin of
thereby allowing differentiation between mild and moder- female nude mouse (10–12 weeks old) was used as the
ate irritants. This study also examines the combined effect barrier membrane. One milliliter of enhancer with different
of low frequency ultrasound (20 kHz) application together concentrations (1, 3 and 5%) in ethanol /water or PG/
with capsaicin or nonivamide on the skin permeation of water (1:1, v /v) vehicle was applied to the skin surface for
indomethacin. Different methods of transdermal enhance- 2 h by the occlusion dressing technique. The applied area
ment have been found to increase drug delivery via was then gently swabbed clean with cotton and rinsed with
different mechanisms. Since ultrasound and enhancers can distilled water. One milliliter of indomethacin (1%, w/v)
each individually increase transdermal drug delivery by in ethanol /pH 7.4 buffer (1:1, v /v) was then applied to the
different mechanisms (Johnson et al., 1996), it is hypoth- treated skin. The area of the skin available for permeation

2esized that the combination of ultrasound and enhancers was 2 cm . The donor compartment was covered with
may result in a greater enhancement than that resulting parafilm. The receptor medium (10 ml) was composed of
from each method alone. 50% ethanol and 50% pH 7.4 buffer. The receptor com-

partment was kept at a constant temperature of 378C and
stirred by a magnetic stirrer at 600 rpm. Samples (0.3 ml)

2. Materials and methods were withdrawn from the receptor at regular intervals and
an equal volume of fresh receptor solution was added.

2.1. Materials Samples were analyzed using HPLC system described
previously (Huang et al., 1995).

Indomethacin was purchased from Sigma Chemical Co.
(USA). Capsaicin was supplied by Wako Chemical Co. 2.3. Application of low frequency ultrasound
(Japan). Nonivamide was obtained from Tokyo Kasei Co.
(Japan). Propylene glycol (PG) was supplied by Nihon The nude mouse skin was also pretreated by low
Shiyaku Co. (Japan). All other chemicals and solvents frequency ultrasound for 2 h prior to in vitro skin
were of analytical grade. permeation experiment. Ultrasound was applied with a

Fig. 1. Cumulative amount of indomethacin detected in the receptor compartment versus time following pretreatment with 3% enhancers in ethanol /water
(1:1, v /v) vehicle: (d) control group, (s) Azone, (m) capsaicin, (^) nonivamide. All data represent the means of three experiments6S.D.
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Fig. 2. Cumulative amount of capsaicin and nonivamide in the receptor compartment versus time after pretreatment in various vehicles: (d) 3% capsaicin
in ethanol /water (1:1, v /v), (s) 3% nonivamide in ethanol /water (1:1, v /v), (m) 3% capsaicin in PG/water (1:1, v /v), (^) 3% nonivamide in PG/water
(1:1, v /v). All data represent the means of three experiments6S.D.

sonicator (VCX 600, Sonics and Materials, USA) with a 3. Results
transducer. The radiating diameter of transducer was 13
mm. The frequency was set at 20 kHz, and the estimated 3.1. The permeation of indomethacin after pretreatment

2skin intensity was 0.2 W/cm . The ultrasound transducer of azone, capsaicin and nonivamide
was located approximately 0.5 cm from stratum corneum.

The enhancing effect of 3% Azone, capsaicin and
nonivamide on the permeation of indomethacin is shown in

2.4. Histological examination of skin Fig. 1 as the cumulative amount–time profiles. The slopes
of the resulting plot from 0 to 12 h was computed and the

2Histological changes in the nude mouse skin were flux (mg/cm /h) was calculated from the slope. The skin
examined after enhancers pretreatment. A hemispherical flux of indomethacin pretreated by Azone, capsaicin and

2glass reservoir with the available diffusion area of 2 cm nonivamide in ethanol /water (1:1, v /v) vehicle was
2was placed on the donor side of nude mouse skin adhered 69.32611.35, 23.2462.47 and 23.7464.35 mg/cm /h

by Superglue. One milliliter of enhancer formulation was individually, which was significantly higher (t-test, P,
2added into the reservoir. Immediately after pretreatment, 0.05) than that of control group (15.4764.13 mg/cm /h).

specimen of the exposed area was taken for histological The cumulative amounts of capsaicin and nonivamide in
examination. The adjacent untreated skin area was also the receptor compartment after pretreatment are shown in
examined as the control group. Each specimen was fixed in Fig. 2. It indicated that capsaicin and nonivamide greatly
10% pH 7.4 buffered formaldehyde solution for at least 48 permeated across the skin. The flux of capsaicin

2h. The specimen was cut vertically against skin surface. (56.5463.33 mg/cm /h) was slightly higher than that of
2Each section was dehydrated using ethanol and then nonivamide (50.4164.73 mg/cm /h) which was similar to

embedded in paraffin wax, stained with hematoxylin and our previous report (Tsai et al., 1994).
eosin. In each skin samples, three different sites were The permeation of indomethacin after pretreatment by
examined and evaluated under an optiphoto light micro- Azone, capsaicin and nonivamide in PG/water (1:1, v /v)
scopy. A scoring system as described previously was vehicle was examined. It was demonstrated obviously in
employed (Lashmar et al., 1989; Phillips and Michniak, Fig. 3 that capsaicin and nonivamide exhibit no enhancing
1995). effect on indomethacin permeation when using PG/water
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Table 1(1:1, v /v) was used as the pretreatment vehicle. Fig. 2 also
Flux of indomethacin after pretreatment of capsaicin or nonivamide withshows that the permeation of capsaicin and nonivamide in
various concentrations (mean6S.D., n53)

PG/water is significantly lower (t-test, P,0.05) than that
Enhancer Capsaicin Nonivamidein ethanol /water.
concentration (%)

Flux ER Flux ER

3.2. Pretreatment of capsaicin and nonivamide with 0 15.4764.13 – 15.4764.13 –
various concentrations 1 17.8866.43 1.16 19.8762.48 1.28

3 23.2462.47 1.50 23.7464.35 1.53
5 34.47611.51 2.23 31.5764.77 2.04The flux of indomethacin pretreated by ethanol /water

vehicle in the presence of 1, 3 or 5% (w/v) capsaicin or
nonivamide is shown in Table 1. The permeation of dynamic activity and permeability of drug across skin,
indomethacin increased as the concentration of enhancers transdermal permeation of indomethacin was determined
increased. The flux of capsaicin and nonivamide across by incorporating 3% capsaicin or nonivamide in the donor
skin after pretreatment at different concentrations was also of in vitro diffusion cell. The indomethacin flux was
shown in Fig. 4. There was an ascendant trend for significantly enhanced after incorporating capsaicin or
capsaicin or nonivamide to increase its flux from the nonivamide into the donor cell as compared to the control
concentration of 1–5%, however, no significant change group (Fig. 6). However, no significant difference (t-test,
(t-test, P.0.05) in the flux from 3 to 5% was observed. P.0.05) was detected between the permeation flux en-

The microscopic appearance of nude mouse skin treated hanced by capsaicin and nonivamide.
with 3% capsaicin and nonivamide was shown in Fig. 5.
There was almost no change observed in the anatomical 3.4. Combined effect of ultrasound and enhancers
structure of skin after treatment as compared with control
group. Table 2 shows the effect of pretreating the skin with

2enhancer and 0.2 W/cm ultrasound followed by applica-
3.3. The permeation of indomethacin incorporated with tion of the indomethacin-containing vehicle. The result
capsaicin or nonivamide in donor demonstrated that the low frequency ultrasound alone was

effective to enhance the permeation of indomethacin,
To measure the influence of enhancers on the thermo- however, significant difference (t-test, P.0.05) was ob-

Fig. 3. Cumulative amount of indomethacin detected in the receptor compartment versus time following pretreatment with 3% enhancers in PG/water (1:1,
v /v) vehicle: (d) control group, (s) Azone, (m) capsaicin, (^) nonivamide. All data represent the means of three experiments6S.D.
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Fig. 4. Flux of capsaicin and nonivamide after pretreatment with various concentrations. All data represent the means of three experiments6S.D.

served. Ultrasound also increased the indomethacin per- far more than that of capsaicin and nonivamide, resulting
meation when combined with all the enhancer formulations in a greater disruption of lipid matrices. Previous studies
examined. As shown in Fig. 7, both of the flux of capsaicin had demonstrated that Azone did not permeate deeply into
and nonivamide was increased after simultaneous applica- the dermis (Ogiso et al., 1992; Phillips and Michniak,
tion of ultrasound. 1995). The data in current study showed that capsaicin and

nonivamide greatly permeated across the skin (Fig. 2).
The enhancing effects of capsaicin and nonivamide on

4. Discussion indomethacin permeation are comparable (Fig. 1). It is
because the similarity of their chemical structures. The4.1. The permeation of indomethacin after pretreatment
same result was observed in the permeation of capsaicinof Azone, capsaicin and nonivamide
and nonivamide after pretreatment, although the flux of

The enhancing effect of Azone, capsaicin and capsaicin was slightly higher than that of nonivamide.
nonivamide on the permeation of indomethacin is shown in The contents of pretreatment vehicles used in this
Fig. 1 as the cumulative amount–time profiles. The result present study, water, ethanol and PG, have been reported
demonstrated that the three compounds were capable of and demonstrated partial effect on skin permeation (Wil-
enhancing the permeation of indomethacin across nude liam and Barry, 1992; Hadgraft, 1999). The indomethacin
mouse skin. Because of the structural likeness in molecular fluxes in this study showed no significant difference
size, it has been suggested that the enhancers may share (ANOVA test, P.0.05) with or without pretreatment with
with a similar mechanism (Degim et al., 1999). It was vehicles (Table 3), indicating water, ethanol and PG did
thought that Azone might intercalate into the ceramide not exert the enhancing effect. The permeation of capsaicin
matrices and create disruption in their stacking (Phillips and nonivamide when using PG/water (1:1, v /v) as the
and Michniak, 1995; Hadgraft, 1999). It consequently pretreatment vehicle was significantly lower (t-test, P,

decreased the diffusion resistance of the stratum corneum. 0.05) than that from ethanol /water. This result may verify
Lower enhancing effect of capsaicin and nonivamide may the inactivity of capsaicin and nonivamide in PG/water on
be due to the different partition behavior with Azone. Even permeation of indomethacin. It may be due to the lower
though with similar chemical structures, the n-octanol / solubility of capsaicin and nonivamide in PG/water ve-
water partition coefficient of Azone was significantly hicle (suspension type) than that in ethanol /water vehicle
higher than that of capsaicin and nonivamide (Tsai et al., (solution type), resulting in the poorer efficiency of cap-
1994; Degim et al., 1999). Thus it was deduced that the saicin and nonivamide partitioned from PG/water vehicle
amount of Azone retained in the stratum corneum might be into the skin.
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Fig. 5. Microscopic photographs of nude mouse skin after treatment of 3% enhancers in ethanol /water (1:1, v /v) vehicle for 2 h: (A) non-treatment, (B)
capsaicin, (C) nonivamide (original magnification 3200).

4.2. Pretreatment of capsaicin and nonivamide with Preparations scored above 21 were considered to cause
various concentrations unacceptably severe damage. The histology scores of skin

after pretreated with 1, 3 and 5% capsaicin were 0,
The permeation of indomethacin increased with increas- 1.3360.58 and 1.6760.58, respectively. The scores of 1, 3

ing the concentration of enhancers. After calculating the and 5% nonivamide concentrations were 3.6760.58,
correlation coefficient (r) between enhancer concentration 3.3361.15 and 3.6760.58, respectively, which were
and indomethacin flux, a linear relationship (r50.98 for slightly higher than those of capsaicin. The data were
capsaicin; r50.99 for nonivamide) was observed. It can be significantly lower than those of Azone-treated nude
concluded that the concentration of capsaicin and mouse skin as previously reported (Lashmar et al., 1989).
nonivamide used is extremely important in enhancing Although no skin damage occurred, the clinical value of
indomethacin permeation. capsaicin and nonivamide might be limited by the heat

The degree of skin irritation caused by the topical sensitization following in vivo topical application of these
application of capsaicin and nonivamide was evaluated in two analogues (Culp et al., 1989; Crimi et al., 1992). In
this study. Initial histological examination coupled with our previous report (Fang et al., 1996b), the healthy
visual observation was performed to preliminarily assess volunteers could undergo pungent sensation when applied
the safety of enhancers. The histology scores provide a capsaicin and nonivamide topically. On the other hand, the
means of comparing the irritant effects of the different volunteers could not distinguish the degrees of heat
enhancers (Lashmar et al., 1989). Scores from 0 to 10 sensation of various concentrations. Capsaicin and
were regarded as not causing undue reactions in skin. nonivamide also cause marked vasodilation and ascendant
Scores from 11 to 20 caused skin reactions, which alone skin temperature (Fang et al., 1997). It would be expected
are not sufficiently extensive to exclude their potential use. that the skin permeation-enhancing effect of these two
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Fig. 6. Cumulative amount of indomethacin detected in the receptor compartment versus time incorporated with 3% enhancers: (d) control group, (s)
capsaicin, (m) nonivamide. All data represent the means of three experiments6S.D.

analogues is more significant in the in vivo status because 4). A consideration of the physicochemical properties
of increased blood flow and temperature in skin surface. suggests that capsaicin and nonivamide will permeate the

skin more readily than Azone. Since both analogues act as
4.3. The permeation of indomethacin incorporated with enhancers on indomethacin permeation and also have
capsaicin or nonivamide in donor antinociceptive activities, it may be possible to create

topical analgesic formulations in which there are two
The indomethacin flux was significantly enhanced after active ingredients (Degim et al., 1999). As shown in Table

incorporation of capsaicin or nonivamide in donor com- 4, the formulations with enhancer attain greater therapeutic
pared to control group, but no significant difference (t-test, effects after calculation of the therapeutic index. The
P.0.05) between the permeation of the two enhancers therapeutic index was determined by the result of the
(Table 1). This indicated that both analogues showed steady-state flux multiplied by the potency ratio (Chen et
similar enhancing effect either by the pretreatment method al., 1992). The result suggests a synergistic effect was
or by the partitioning into drug vehicle. The flux of achieved and the formulation may be created which is
capsaicin or nonivamide itself was also determined (Table more effective than indomethacin or enhancer alone.

Table 2 4.4. Combined effect of ultrasound and enhancers
The flux and enhancement ratio of indomethacin by combined pretreat-

2 ament of 0.2 W/cm ultrasound and 3% enhancers Sonophoresis (phonophoresis), the movement of drug
2Pretreatment mode Flux (mg/cm /h) ER ER molecules through skin in coupling medium under in-US1E E

fluence of ultrasound, has been extensively studied forNo pretreatment 18.0764.25 – –
US only 22.0062.10 1.22 – over 30 years, and well documented to practically increase
US1capsaicin 37.1868.53 2.06 1.69 skin permeation of indomethacin (Miyazaki et al., 1992b;
US1nonivamide 29.9866.68 1.66 1.36 Meidan et al., 1995). Since physical ultrasound and

a US, ultrasound; ER , flux of indomethacin by combined pretreat- chemical enhancers individually can increase transdermalUS1E

ment of ultrasound and enhancers /flux of indomethacin without pretreat- drug transport, it is hypothesized that the combination of
ment of ultrasound and enhancers; ER , flux of indomethacin byE ultrasound and enhancers may result in a greater degree of
combined pretreatment of ultrasound and enhancers /flux of indomethacin

enhancement than that resulting from each enhancementby pretreatment of ultrasound only. Each data represent the mean6S.D.
method alone (Johnson et al., 1996). The flux of in-(n53).
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Fig. 7. Flux of capsaicin and nonivamide after simultaneous pretreatment with ultrasound and enhancers. All data represent the means of three
experiments6S.D.

Table 3 recently. Little increase in skin temperature (,58C) wasaFlux of indomethacin after pretreatment of various vehicles
measured under the present experimental condition which

2Pretreatment vehicle Flux (mg/cm /h) is the same with our previous investigation (Fang et al.,
No pretreatment 18.0764.25 1999). The heating effect on skin can be discounted as a
H O 14.2864.842 mechanism of increasing indomethacin permeation.
Ethanol /H O (1:1, v /v) 15.4764.132 Miyazaki et al. (1992a) also illustrate that heat alone has
PG/H O (1:1, v /v) 19.9762.822 no effect on the transdermal absorption of indomethacin.

a Each data represent the mean6S.D. (n53). Cavitation consists of creation and subsequent collapse
of microbubbles from dissolved gas. Application of low

domethacin was significantly strengthened by the com- frequency ultrasound has been suggested to enhance skin
bined method (Table 2), indicating that the combination of permeability due to cavitation near the keratinocyte–lipid
both methods is more effective than either method alone bilayer interfaces which induces structural disorder of the
on the skin permeation of indomethacin. stratum corneum lipid bilayers (Mitragotri et al., 1995,

Various mechanisms have been suggested to explain the 1996). This cavitation may further reduce the barrier
enhancement of drug permeation via ultrasound. They properties of enhancer-pretreated skin, resulting in the
include: radiation pressure, temperature increase and cavi- synergistic effect on enhancing drug permeation. Ultra-
tation. Simonin (1995) has ruled out the involvement of sound may drive enhancers into the skin over time
radiation pressure after using mathematical calculations (Johnson et al., 1996; Ueda et al., 1996). This would

Table 4
aFlux and therapeutic of indomethacin incorporated with enhancers

Donor formulation Indomethacin alone Indomethacin1capsaicin Indomethacin1nonivamide

Flux TI Flux TI Flux TI

Indomethacin 18.0764.25 18.07 31.2962.26 31.29 27.5765.27 27.57
Capsaicin – 0 122.3268.32 1921.65 – 0
Nonivamide – 0 – 0 110.12260.39 1514.15615

Total TI 18.07 1952.94 1541.72
a Antinociceptive potency ratio: indomethacin: 1; capsaicin: 15.71; nonivamide: 13.75 (courtesy of Chen et al., 1992). TI (therapeutic index) is calculated

by the antinociceptive potency ratio multiplied by flux. Each data represents the mean6S.D. (n53).
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