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Abstract 

Nonivamide (NVA) and sodium nonivamide acetate (SNA) both are synthetic analogues of capsaicin. In the 
present study, in vitro penetration experiments through rat skin from ointment bases were performed in order to 
establish and develop the transdermal drug delivery system of these two capsaicin analogues. This study was also 
carried out to evaluate the relative skin permeability of capsaicin and its derivatives through different skin types. As 
regards the in vitro transdermal absorption of ointment bases, o/w emulsion-type bases (hydrophilic and University 
of California Hospital (UCH) ointment) revealed better percutaneous absorption effects than the others for both 
NVA and SNA. However, there was a higher accumulative amount for NVA in the gel base but none for SNA. There 
were no changes observed in the appearance and texture when the aqueous phase of the three ointment bases 
(hydrophilic~ absorption and UCH ointment) was replaced by pH 4.2 buffer. In the steady-state flux of absorption 
ointment for NVA and UCH, absorption ointment for SNA was significantly higher (P (0 .05)  in pH 4.2 
buffer-replaced base than in the original. In the comparison of in vitro permeability through various animal skin 
types, full-thickness human skin showed the poorest permeability for NVA, SNA and capsaicin. The trends of 
steady-state flux through the various skin types for capsaicin, NVA and SNA were quite different. However, pig skin 
could be successfully used as a model to study in vitro percutaneous absorption of these three compounds through 
human skin. 
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1. Introduction 

Capsaicin (8-methyl N-vanillyl-6-nonenamide, 
Fig. 1), a pungent principle of  red pepper, has a 

* Corresponding author. 

variety of  pharmacological actions on the cardio- 
vascular, respiratory and nervous systems (Mon- 
sereenusorn et al., 1982; Clozel et al., 1985; Buck 
and Burk, 1986; Ordway and Pitetti, 1986). Sev- 
eral therapeutic advantages of  capsaicin such as 
antinociceptive, hypotension and hypolipidemia 
activities have been reported previously (Makara  
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et al., 1967; Hayes et al., 1981; Lahann and 
Farmer, 1982; Wang et al., 1984; Negulesco et al., 
1987). However, because of the burning pain sen- 
sation and the concomitant hypothermia its clini- 
cal use is limited (Szolcsanyi and Jancso-Gabor, 
1975). 

N-nonanoyl vanillylamide (nonivamide; NVA, 
Fig. 1) and sodium N-nonanoyl vanillylamide-4'- 
O-acetate (sodium nonivamide acetate; SNA, Fig. 
1) are both synthetic analogues of capsaicin. 
NVA, the pharmacological and pungent profiles 
of which were found similar to those of capsaicin, 
has been used as a substitude for capsaicin in 
neuro-physiological studies (Hayes et al., 1984). 
SNA was synthesized by alkylation of the pheno- 
lic hydroxyl group of NVA with bromoacetic 
acid. This sodium salt analogue revealed marked 
antinociceptive activities in mice without produc- 
ing the overt pungent sensation and irritation that 
have been found with capsaicin (Yang et al., 
1992). 

The antinociceptive activities of capsaicinoids 
have been markedly influenced by various admin- 
istration routes. Previous investigations have sug- 
gested that the pharmacological effects of 
capsaicinoids following subcutaneous and intra- 
gastric administration are significantly higher than 
those of oral administration in rats and mice 
(Sietsema et al., 1988; Donnerer et al., 1990). The 
poor antinociception after oral dosing of capsai- 
cinoids was due to the first-pass metabolism. Ac- 
cordingly transdermal drug delivery was suitable 
to be selected for NVA and SNA to accomplish 
better bioavailability. 

A transdermal drug delivery system (TDDS) 
offers several advantages over other routes of 
drug administration. Besides patient convenience, 
enhanced and controlled therapeutic responses 
have been reported (Ledger and Nichols, 1989). 
The purpose of this present investigation is to 
study the abilities of NVA and SNA in in vitro 
percutaneous absorption through rat skin from 
various ointment bases. 

Moreover, this present study is an attempt to 
compare the relative skin permeability of capsa- 
icin, NVA and SNA through various skin types 
from ointment bases. The information is particu- 
larly helpful in the development of capsaicin, 

NVA and SNA transdermal drug delivery sys- 
tems. 

2. Materials and methods 

2.1. Chemicals 

The following reagents were used: nonivamide 
and bromoacetic acid (TCI, Japan), N,N-dimethyl 
formamide (Fisher, USA), sodium hydroxide, cit- 
ric acid, cetyl alcohol, 1,2,6-hexanetriol, disodium 
hydrogen phosphate, stearic acid, stearyl alcohol 
and PEG 4000 (Merck, Germany), lauric acid, 
oleic acid and p-phenylphenol (Sigma, USA), Liq- 
uid paraffin and PEG 400 (Riedel-de Haen, Ger- 
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Fig. 1. Structures of capsaicin, nonivamide and sodium noni- 
vamide acetate. 
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many), PEG 6000 (Hayashi, Japan), myristic acid, 
sodium laurylsulfate and triethanolamine (Wako, 
Japan), Carbopol 934,  940 and 941 (B.F. 
Goodrich, USA). All other chemicals were 
reagent grade obtained from commercial sources. 
The capsaicin cream (Capderm TM) was a gift from 
Mei-Shih Parmaceutical Corp. (Taipei, Taiwan). 
All solvents used were of high-performance liquid 
chromatography (HPLC) grade. Water was 
purified in a Milli-Q water system (Millipore, 
USA). 

2.2. Synthesis of  sodium nonivamide acetate 

This synthetic procedure was modified by the 
method described by Chen et al., 1992. NVA (2 g) 
was heated under reflux until dissolved with N,N- 
dimethyl formamide (DMF). Bromoacetic acid 
was added into NVA in the presence of sodium 
hydroxide which dissolved in water. The resulting 
solution was stirred at room temperature for 1 h. 
Excess DMF was removed under vacuum. The 
residue obtained was crystallized in an ice bath. 
SNA was obtained as colorless needles after 
purification by silica gel column chromatography. 
The NMR, mass spectral and IR data were con- 
sistent with their structures. Elemental analysis 
was consistent with the molecular formula. 

2.3. Preparation of  suspension-type ointments 

NVA and SNA were incorporated into an oint- 
ment base representing each of the eight physical 
types. The bases selected were: simple ointment 
(U.S.P.), an oleaginous base; hydrophilic oint- 
ment (U.S.P.), an oil-in-water emulsion base; 
PEG ointment (U.S.P.), a water-soluble base; ab- 
sorption ointment (U.S.P.), a water-in-oil emul- 
sion base; FAPG ointment (U.S.P.), a cream-gel 
base; University of California Hospital (UCH) 
ointment (pharmaceutical science), an oil-in-water 
emulsion base; Carbopol gel ointment (U.S.N.F.), 
a gel base and a myristic acid-added ointment 
(Japan Patent, 58-39616, 8 March 1983). The 
ointment bases were prepared so as to contain 
0.03% of NVA and 0.02% of SNA. In the com- 
parison of the in vitro permeability through vari- 
ous animal skin types, the hydrophilic ointment 

was prepared so as to contain 0.06% NVA and 
0.04% SNA. The hydrophilic ointment and com- 
mercially available cream (Capderm TM) of 0.075% 
capsaicin were also used in this study. 

2.4. Preparation of  skin membranes 

Samples of whole adult human skin (41-48 
years old) were obtained from breast reduction 
operations and provided by the National Taiwan 
University (Taipei, Taiwan). Subcutaneous fat 
was carefully trimmed and the cadaver skin was 
rinsed with normal saline. The skin was then 
sealed in aluminium foil and a plastic bag and 
stored at - 20°C. 

Male Wistar rats (6-8 weeks old; 150-200 g), 
male BALB/c mice (4-6 weeks old; 25-35 g), 
male New Zealand rabbits (12-14 weeks old; 
3.0-3.5 kg) and male Yorkshire pigs (1-2 weeks 
old; 5-6 kg) were obtained from Kaohsiung Med- 
ical College (Kaohsiung, Taiwan). Male severe 
combined immunodeficiency (SCID) mice (4-5 
weeks old; 20-25 g) were obtained from the Na- 
tional Taiwan University (Taipei, Taiwan). 

The artificial membranes (Visking TM 18/32 cel- 
lophane membranes) were used without any pre- 
treatment. The BALB/c and SCID mice were 
killed by cervical dislocation; the other animals 
were sacrificed with ether. Full-thickness skin was 
excised from the abdominal region. The hair of 
the abdominal region was shaved with electric 
clippers. Rabbit pinna skin was separated from 
the middle of the inner side of the rabbit ear 
(Hirvonen et al., 1993). The pinna skin was peeled 
away from the underlying cartilage immediately 
after the rabbits were killed. After the removal of 
the subcutaneous fat and other extraneous tissues, 
the skin was immersed in pH 7.4 Mcllvaine buffer 
for 45 min before experimentation. 

2.5. In vitro percutaneous penetration experiments 

The penetration experiments of different 
ethanol/pH 7.4 buffer proportions in the receptor 
phase were assessed in the modified horizontal 
diffusion cell (Liu et al., 1985). The rat skin was 
mounted between the cell compartments with the 
stratum corneum facing towards the donor half 
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cell; 15 ml of pH 7.4 Mcllvaine buffer with 0%, 
12.5%, 25% and 50% (v/v) absolute ethanol were 
added as the receptor phase. The effective diffu- 
sion surface area was 2.00 cm 2. 

The in vitro penetration flux of  capsaicin, NVA 
and SNA from ointment base was determined by 
using a vertical Keshary-Chien glass diffusion cell 
(Keshary and Chien, 1984). The skin was 
mounted on the receptor compartment with the 
stratum corneum side facing upwards into the 
donor compartment and the dermal side facing 
downwards into the receptor compartment. The 
top of diffusion cells was covered with paraffin 
paper. The donor compartment of  the cell was 
filled with 2 g of ointment containing drugs. The 
receptor phase contained 20 ml of 1:1 (v/v) 
e thanol -pH 7.4 buffer solution was used. The 
available diffusion area of the vertical diffusion 
cell was 2.54 cm 2. 

The experiments were carried out at 37°C and 
the receptor compartment was agitated by a mag- 
netic stirrer at 700 rev./min; 500-/~1 aliquots were 
taken from the receptor compartment at deter- 
mined intervals and immediately replaced by an 
equal volume of fresh receptor solution to main- 
tain a constant volume. This dilution of the re- 
ceiver content was taken into account when 
evaluating the penetration data. The sample with- 
drawn from the receptor compartment was then 
analyzed by HPLC. Each data point represents 
the average of three determinations. 

The total amount of drug penetrating through 
the unit diffusion surface and into the receptor 
was calculated and plotted as a function of time. 
The drug flux, J, was calculated by the slope of 
the linear portion of  the penetration curves and 
expressed as the mass of drug passing across 1 
cm 2 of skin over time. In vitro permeability co- 
efficients (P) of capsaicin, NVA and SNA were 
then calculated using the relationship: P = J/C~D, 
where Cd is the drug donor concentration (w/w) 
and D denotes the density of the ointment base. 
The ointment base density was estimated by using 
a cavate cylinder the same as the donor compart- 
ment of the vertical glass diffusion cell which was 
filled with the ointment base. The density was 
then computed using the equation: D =  W/V, 
where W is the net weight of ointment in the 

cavate cylinder and V denotes the volume of the 
cavate cylinder. 

Statistical analysis of the data was performed 
using Student's t-test. 

2.6. Analytical methods 

The drug content of the various samples was 
analyzed by a HPLC system consisting of  a Wa- 
ters Model M-45 HPLC pump, a Waters 715 
sample processor and a Waters 470 fluorescence 
detector. A 12.5 cm long, 4.0 mm inner diameter 
stainless steel column with LichroCART 250-4 
C-18 column (Merck) was used. An automated 
integrator system (Waters 740 data module) was 
used to determine the area under the curve. The 
drug sample was mixed with a suitable amount of 
p-phenylphenol as internal standard. The mobile 
phase for NVA and SNA consisting of 60% pH 4 
McIlvaine buffer and 40% acetonitrile was used at 
a flow rate of 1.0 ml/min, and the mobile phase 
for capsaicin was 55% pH 4 McIlvaine buffer and 
45% acetonitrile. The column effluent was passed 
through the fluorescence detector set at an excita- 
tion wavelength of  280 nm and an emission wave- 
length of 310 nm. 

The retention time of SNA, p-phenylphenol 
and NVA were found to be 2.9 min, 7.6 min and 
10.8 min, respectively. For the analytical condi- 
tion of capsaicin, the retention time of p- 
phenylphenol and capsaicin were 5.4 min and 7.0 
min, respectively. Linearity existed over a concen- 
tration of 0.3-6.0 /~g/ml for NVA and SNA and 
0.1-3.0/tg/ml for capsaicin. Samples were diluted 
prior to mixing with the internal standard if 
needed. 

3. Results and discussion 

It is known that full-thickness skin, when tested 
in vitro with hydrophobic compounds, may un- 
derestimate the permeability of the same skin in 
vivo (Bronaugh and Stewart, 1986; Catz and 
Friend, 1990). Compounds that are essentially 
insoluble in water may not partition freely from 
excised skin into an aqueous receptor fluid in 
vitro. When applied to skin in vivo, however, 
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Table 1 
Solubility of capsaicin, NVA and SNA in various proportions of EtOH/pH 7.4 buffer solution 

123 

EtOH/pH 7.4 buffer (%) Capsaicin (mg/l) NVA (mg/I) SNA (mg/I) 

0% 32.15 _+ 4.97 36.80 + 1.92 270.11 _+ 11.84 
12.5% 433.93 _+ 65.52 184.25 + 15.47 2886.48 _+_ 128.28 
25% 8699.41 _+ 814.88 600.03 _+ 37.84 3470.90 _+ 507.74 
50% 40657.39 _+ 6955.22 40537.68 _+ 4507.70 16578.60 _+ 1026.60 

these compounds may readily leave barrier layers 
because of their solubility in biological fluids 
(Bronaugh and Stewart, 1984). To obviate the 
problem of poor in vitro/in vivo relations when 
using full-thickness skin in vitro to evaluate hy- 
drophobic compounds solubilizing agents are 
added to the receptor fluid. In this study, capsa- 
icin and its synthetic derivatives which are essen- 
tially insoluble or very slightly soluble in water 
may partition only slightly from excised skin into 
pH 7.4 buffer. The solubility values of  capsaicin 
and its synthetic derivatives in the solution of pH 
7.4 buffer and ethanol are given in Table 1. The 
solubilities were much greater in the ethanol-pH 
7.4 buffer solution than in pure pH 7.4 buffer. The 
solubility values increased with increasing ethanol 
proportions. Thus absolute ethanol as a solubiliz- 
ing agent was chosen to add into the receptor 
compartment of  the horizontal glass diffusion cell 
by using rat skin as the barrier. 

Capsaicin (300 /tg/ml), NVA (300 /tg/ml) and 
SNA (200 /lg/ml) were selected to be suspended 
individually in pH 7 buffer as a donor phase. The 
receptor fluid, in contact with the dermal side of 
the skin, was pH 7.4 McIlvaine buffer with 0%, 
12.5%, 25%, 50% (v/v) absolute ethanol added to 
check the effect of the capsaicin, NVA and SNA 
permeability of different ethanol proportions in 
the receptor phase. As shown in Fig. 2, the pene- 
tration amount of capsaicin and NVA increased 
with increasing ethanol proportion. The same re- 
sult is observed for SNA. There were almost no 
SNA accumulative amounts detected throughout 
72 h when the ethanol proportions were 0 ~ 25% 
in the receptor phase. However, a significant 
growth of SNA accumulative amounts were found 
in the 50% ethanol concentration. The result of  
this in vitro experiment was consistent with the 

solubility profiles of capsaicin and its synthetic 
derivatives. Therefore an ethanol-pH 7.4 buffer 
(1:1) was used as receptor solution to enhance the 
solubility of capsaicin and its derivatives and to 
maintain the pseudosink conditions throughout 
the in vitro experiments. 

In our previous research (Tsai et al., 1994), the 
flux of the mixture of NVA and SNA was higher 
than that of NVA or SNA alone through excised 
rat skin in vitro. Therefore, a mixture of 0.03% 
NVA and 0.02% SNA was selected to add to the 
ointment base so as to promote the percutaneous 
penetration. 

Table 2 depicts the influence of different types 
of ointment bases on the penetration of the NVA 
and SNA mixture through excised rat skin in 
vitro. For NVA, the three types of gel base, UCH 
ointment and hydrophilic ointment were found to 
yield higher steady-state flux and 72 h accunula- 
tive amount than the other ointment bases. There 
was no NVA percutaneous absorption in PEG 
ointment and FAPG ointment. The myristic acid- 
added ointment, hydrophilic ointment and UCH 
ointment were found to yield higher flux values of 
SNA than the other bases and no SNA accumula- 
tive amount penetrated through rat skin from 
simple ointment, PEG ointment, FAPG ointment 
and gel base. The poor penetration of SNA is 
largely due to the hydrophilic property of its 
structure which has a sodium salt in the ester 
group. SNA also becomes the ionized molecule 
because of the removal of the sodium salt in 
appropriate pH values. This result of much lower 
percutaneous profiles of SNA than of  NVA can 
be attributed to the different transdermal routes 
between NVA and SNA. The stratum corneum is 
thought to be the primary barrier to the absorp- 
tion of ionized and hydrophilic molecules. The 
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transappendageal routes constitute the major pen- 
etration pathways for these molecules. However, 
the surface area occupied by these pathways is 
relatively small, resulting in poor penetration of 
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the ionized drugs (Tyle, 1986). Lipophilic 
molecules, such as NVA and capsaicin, directly 
penetrate the stratum corneum since the chief 
material of the stratum corneum is lipid. Compar- 
ing the steady-state flux of NVA and SNA, a 
higher penetration effect was observed for o/w 
emulsion type bases (UCH and hydrophilic oint- 
ments) both in NVA and SNA. The good perme- 
ation from UCH and hydrophilic bases may 
partly be due to the addition of sodium laurylsul- 
fate, an anionic surfactant, which enhances the 
penetration of NVA and SNA. This phenomenon 
had been proven in our previous research (Tsai et 
al., 1994). However, there was quite a difference 
between NVA and SNA in the penetration of 
Carbopol gel bases. There was a higher percuta- 
neous absorption accumulative amount for NVA 
in the gel base but none for SNA (Table 2). The 
highest flux of SNA was found in the myristic 
acid (3.8%)-added formulation. Therefore, myris- 
tic acid may act as a potent penetration enhancer 
on the permeation of SNA through skin. 

As mentioned previously (Tsai et al., 1994), the 
partition coefficients of NVA and SNA increased 
with decreasing pH values. Thus, a higher propor- 
tion of non-ionic form is present at lower pH. 
Thus, we replaced the purified water content of 
the aqueous phases of the hydrophilic, absorption 
and UCH ointment bases by the pH 4.2 Mcll- 
vaine buffer to perform the penetration experi- 
ment in vitro. There were no changes observed in 
the appearance and texture of these ointment 
bases after the aqueous phase replacement of 
purified water by pH 4.2 Mcllvaine buffer. Fig. 3 
shows the result of the effect of the aqueous phase 
replacement from the ointment base. The data 
presented here indicate that the flux of pH 4.2 
buffer-replaced ointments for NVA and SNA was 
higher than that of the original ointment bases. In 
addition, the fluxes of these two different aqueous 
phase type ointments on percutaneous absorption 
were compared with statistical measurement. For 
NVA, only absorption ointment was significantly 
different between pH 4.2 buffer-replaced ointment 
and the original (t-test, P < 0.05). On the other 
hand, a significant deviation was observed be- 
tween the two different aqueous phase type oint- 
ments from absorption and UCH bases for SNA. 
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Table 2 
In vitro penetration of NVA and SNA from the various ointment bases through rat skin 

125 

Ointment bases NVA SNA 

72 h accumulative Flux + S.D. (/~g/cm 2 72 h accumulative 
amount ± S.D. per h) amount + S.D. 
(It g/cm 2) (,u g/cm z) 

Flux ± S.D. (/~g/cm 2 
per h) 

Simple 13.17 _+ 4.32 0.14 _+ 0.05 N.D. N.D. 
Hydrophilic 74.56 ± 21,42 1.01 _+ 0.23 26.01 _+_ 7.71 0.43 _+ 0.19 
PEG N.D. N.D. N.D. N.D. 
Absorption 7.71 _+ 3.37 0.08 _+ 0.03 7.45 _+ 3.29 0.11 + 0.03 
FAPG N.D N.D. N.D. N.D. 
UCH 74.39 ± 30.22 1.13 + 0.34 8.46 ± 3.47 0.13 _+ 0.03 
Myristic acid-add 34.33 ± 11.96 0.49 _+ 0.09 34.35 ± 16.60 0.52 + 0.21 
Carbopol-934 gel 75.35 _+ 21.15 0.90 _+ 0.14 N.D. N.D. 
Carbopol-940 gel 64.50 _+ 17.66 0,79 ± 0.24 N.D. N.D. 
Carbopol-941 gel 59.86 ± 17.98 0,98 ± 0.30 N.D. N.D. 

"All data represent the means of three experiments ± S.D.N.D., no drug amount was detectable. 

However, there were no significant deviations for 
NVA and SNA in the hydrophilic ointments be- 
tween the purified water phase and the pH 7.4 
buffer-replaced phase. 

The steady-state fluxes of capsaicin, NVA and 
SNA through various types of skin from hy- 
drophilic ointment are shown in Fig. 4. With 
capsaicin, the penetration flux through skins in- 
creased in the order of human ( pig ( rabbit 
SCID ( rat ( cellophane membrane ( pinna ( 
mouse. With NVA, the flux increased in the order 
of human ( pinna ( SCID ( pig ( rat ( rabbit ( 
mouse ( cellophane membrane. With SNA, the 
flux through the eight skin types showed a trend 
of human ( rat ( pinna ( pig ( SCID ( rabbit ( 
mouse ( cellophane membrane. The trends of 
steady-state flux through various skin types for 
capsaicin, NVA and SNA were quite different 
from each other. Statistical analysis of these data 
indicate no significant difference between human 
and pig skin for capsaicin, human and pinna skin 
for NVA, or human, rat, pinna and pig skin for 
SNA in this permeation study. All these three 
compounds showed that excised human skin was 
the least permeable of all the skin types. It is well 
known that rodent and pig skins are generally 
more permeable than is human skin (Catz and 
Friend, 1990). In addition, human breast skin 
showed a lower penetration rate than the other 

anatomic sites (Harada et al., 1993). Mouse skin 
showed great permeability since the thickness of 
whole skin and the size of the hair follicles are 
somewhat lower than that of the other animals 
(Bronaugh et al., 1982). The SCID mouse, a new 
laboratory animal model, is an autosomal recessive 
mouse mutant which lacks functional lymphocytes 
such as B and T cells (Bosma et al., 1988). The skin 
permeability of the SCID mouse was observed to 
be quite different from that of the BALB/c mouse 
and the reason for this needs further investigation. 
These findings will be a useful guide for selecting 
suitable model membranes for in vitro permeabil- 
ity experiments of capsaicin and its derivatives. 

On the other hand, the steady-state flux of 
capsaicin from commercially available cream 
through skins increased in the order of human ( 
pig ( rabbit ( rat ( cellophane membrane ( SCID 
( pinna ( mouse (Fig. 5). Except for the cel- 
lophane membrane, the trends of capsaicin from 
hydrophilic ointment and commercially available 
cream through various types of skin were almost 
similar. This result shows that formulations of 
ointment base did not markedly influence the 
trend of capsaicin permeability through skins. 
There were higher fluxes for the commercial 
cream than for the hydrophilic ointment for cap- 
saicin in all skin types except for the cellophane 
membrane. This result suggests there may be an 
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effective penetration enhancer  in the commercial  
cream because the enhancer did not affect drug 
permeability for the artificial membranes  such as 
cellophane but only for animal and human  skins. 

As shown in Fig. 4 and Fig. 5, the fluxes o f  
capsaicin and SNA indicate no significant differ- 
ence between pig and human  skin. Besides, al- 
though there is a significant difference between pig 
and human  skin for the N V A  flux, the N V A  flux 
through pig skin is similar to that through rabbit 
pinna skin which has no significant deviation 
compared  with human skin. In conclusion, these 
results suggest that  pig skin can be successfully 
used as a model to study the in vitro percutaneous 
absorpt ion o f  capsaicin and its synthetic deriva- 
tives through human skin. 

As shown in Table 3, the full-thickness human 
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purified water; buffer, pH 4.2 buffer; Hydro., hydrophilic 
ointment; Absorp., absorption ointment; UCH, UCH oint- 
ment. All data represent the means of three experiments _+ 
S.D. ~Significant difference vs. original ointment, P < 0.05. 
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Fig. 4. Steady-state flux of capsaicin (A), NVA (B) and SNA 
(C) from hydrophilic ointment through various skin types. H, 
human; R, rat; M, mouse; S, SCID; Rab., rabbit; Pin., pinna; 
C, cellophane membrane. All data represent the means of 
three experiments __+ S.D. aNo significant difference vs. human 
skin. 

skin permeability coefficient o f  N V A  from hy- 
drophilic ointment  is significantly higher than that 
o f  capsaicin. Since the pharmacological  effects o f  
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Table 3 
In vitro permeability coefficient (cm/h) of capsaicin, NVA and SNA through various skin types 

127 

Capsaicin Capsaicin NVA SNA 
(hydrophilic) (commercial) (hydrophilic) (hydrophilic) 

Human 0.49 + 0.09 0.88 + 0.13 3.15 -+- 0.45 1.43 + 0.73 
Rat 2.91 + 0.47 3.17 + 0.13 5.93 + 0.63 1.93 + 0.50 
Mouse 3.92 + 0.49 8.43 + 0.51 7.53 + 0.82 5.90 + 0.85 
SCID 2.69 + 0.25 • 4.80 + 0.44 5.77 + 0.75 4.15 + 0.73 
Rabbit 2.55 _+ 0.55 2.96 __+ 1.01 6.80 + 0.70 4.30 _+ 1.18 
Pinna 3.48 __+ 0.47 5.05 + 0.43 5.32 + 0.90 2.25 + 0.80 
Pig 0.71 + 0.08 1.27 + 0.20 5.87 + 0.33 3.40 +__ 0.58 
Cellophane 3.47 + 0.23 3.25 + 0.15 9.37 + 1.22 10.13 + 1.38 

~The density of ointment base was 1 g/cm 3 when determined permeability coefficient. All data represent the means of three 
experiments + S.D. 
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Fig. 5. Comparison of steady-state flux of capsaicin from 
hydrophilic ointment and commercial available cream through 
various skin types. 

NVA are found to be similar to those of capsaicin 
(Bucsics and Lembeck, 1981; Northam and Jones, 
1984), synthetic NVA can act as a commercially 
available substitute for capsaicin in the field of 
pharmaceutics because of it costs less and is more 
easily obtainable than extracted capsaicin. In the 
test of the antinociceptive effect of seven capsaicin 
analogues in mice, the EDs0 values showed SNA 
to be the most potent in its activity and the 
potency was 1.75 times than that of capsaicin 
(Chen et al., 1992). Furthermore, the full-thick- 
ness human skin permeability coefficient of SNA 
from hydrophilic ointment is also 2.92 times 
higher than that of capsaicin. In conclusion, SNA 
will be a powerful antinociceptive agent because 
of its marked pharmacological activity and in 

vitro permeability through human skin without 
demonstrating overt irritant effects. 
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