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Abstract 

Nonivamide (NVA) and non-pungent sodium nonivamide acetate (SNA) are synthetic derivatives of capsaicin. In 
this study, in vitro formulation evaluations in pigs and in vivo bioengineering methods in humans were performed to 
obtain the information on percutaneous absorption for capsaicin, NVA and SNA. After the consideration of 
penetration capacity, skin irritation and physicochemical properties of the formulations in vitro, 0.6% Carbopol 940® 
gel form for capsaicin and NVA as well as 3.8% isopropyl myristate-added hydrophilic o/w ointment for SNA were 
utilized to study the following in vivo test in humans. In the study of in vivo surface recovery techniques, SNA 
showed an equivalent therapeutic capability to that of NVA after calculation of the antinociceptive index. After the 
quantification of skin erythema by laser Doppler flowmetry (LDF), capsaicin caused more severe irritation than NVA 
in humans. In addition, SNA showed no skin irritation, toxicity and pungent sensation. The transepidermal water loss 
(TEWL) values were determined using an evaporimeter. A comparison of the gel form showed there was significantly 
higher TEWL AUC values in capsaicin and NVA than in the control group. The AUC value of the hydrophilic 
ointment control group was significantly higher than that of the gel control group. The reason was that isopropyl 
myristate and sodium laurylsulfate, two additives incorporated in the hydrophilic base, could cause slight skin 
irritation resulting in the increase of TEWL. The results of this study suggest that SNA possesses potent 
antinociceptive activities after transdermal application. Furthermore, SNA can be used extensively in clinical therapy 
because it avoids any pungent skin sensation and burning pain to improve patients' compliance. 
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1. Introduction 

Capsaicin (8-methyl N-vanil lyl-6-nonenamide;  
*Corresponding author. C18H27NO3) is a pungent  const i tuent  f rom the 

0378-5173/96/$15.00 © 1996 Elsevier Science B.V. All rights reserved 

SSD1 0378-5173(95)04367-J 



122 J.-Y. Fang et al./ International Journal of Pharmaceutics 130 (1996) I21-135 

Table 1 
In vitro penetration data  of  capsaicin, NVA and SNA in various tr iethanolamine concentrations from gel bases through pig skin a 

Trietnanolamine (%) Capsaicin NVA 

72 h accumulative Flux _+ SD (/lg/cm2/h) 
amount  + SD (/tg/cm 2) 

72 h accumulative 
amount _+ SD (,ug/cm 2) 

Flux + SD (/tg/cm2/h) 

2 143.3 + 125.63 2.17 -+- 0.43 149.98 + 31.02 2.13 + 0.43 
4 170.35 __ 21.17 2.28 + 0.47 181.48 __ 33.58 2.64 + 0.71 
8 132.54 __ 27.96 1.97 + 0.43 164.52 __ 30.83 2.45 + 0.52 

a NO SNA accumulative amount  is detected during a 72 h period. 
Each value represents the mean  + SD (n = 3). 

Table 2 
In vitro penetration data  of  capsaicin and NVA in various isopropanol concentrations from gel bases through pig skin a 

Isopropanol (%) Capsaicin NVA 

72 h accumulative 
amoun t  + SD (/lg/cm z) 

Flux + SD (,ug/cm2/h) 72 h accumulative 
amoun t  + SD (/lg/cm 2) 

Flux _ SD (izg/cm2/h) 

0 143.31 + 25.63 2.17 _+ 0.43 149.98 _+ 31.02 2.13 _+ 0.43 
10 62.02 + 19.25 0.93 + 0.21 37.42 _+ 7.66 0.55 _+ 0.10 
20 41.68 _+ 19.67 0.57 _+ 0.21 31.96 _+ 9.04 0.43 + 0.10 
30 32.54 + 27.96 0.56 + 0.20 7.32 ___+ 1.68 0.10 + 0.02 

a Each value represents the mean _+ SD (n = 3). 

extraction of red pepper. Early studies of its phar- 
macological effects revealed a wide spectrum of 
activities including analgesic effects (Monsereenu- 
sorn et al., 1982; Tominack and Spyker, 1987; 
Crimi et al., 1992). Nonivamide (N-nonanoyl 
vanillylamide; NVA; C I 7 H 2 7 N O 3 )  , also called syn- 
thetic capsaicin, is a substitute of capsaicin which 
has similar chemical structure and pharmacologi- 
cal effects as those of capsaicin (Chert et al., 1992). 
However, the therapeutic value of these two ana- 
logues is limited by the concomitant irritation and 
toxicity accompanying its use (Hayes et al., 1984; 
Maggi et al., 1987). In order to improve these 
disadvantages of capsaicin and NVA and increase 
the compliance of the patients, NVA was reacted 
by replacing the phenolic hydroxyl group with 
hydrophilic substituents to form a newly synthetic 
analogue of capsaicin--sodium nonivamide ac- 
etate (sodium N-nonanoyl vanillylamide-4'-O-ac- 
etate; SNA; C19H28NOsNa ) (Fang et al., 1995a). 
Non-pungent SNA showed obvious antinocicep- 
tive and hypotensive activities as well as less acute 

and cardiac toxicity than those of capsaicin and 
NVA (Chen et al., 1992). 

Capsaicin has a wide clinical use in topical 
diseases such as rheumatic arthritis. Since the 
obvious first-pass metabolism has been detected 
from capsaicinoids (Donnerer et al., 1990). Be- 
sides, the half-life values of capsaicin and its 
synthetic derivatives by intravenous administra- 
tion were very short (Kawada et al., 1985; Fang et 
al., 1995b). So transdermal drug delivery system 
(TDDS) is suitable for the development of the 
capsaicin, NVA and SNA pharmaceutical dosage 
forms. 

The aim of this study is to perform the in vitro 
evaluation of capsaicin, NVA and SNA so as to 
select the optimal formulations for in vivo bio- 
engineering tests in humans. In our previous in 
vitro penetration study (Fang et al., 1995a), the 
Carbopol gel forms exhibited good fluxes and 
accumulative amounts for NVA and the gel base 
often provide a fast release of drug substance and 
high degree of clarity in the appearance. Further- 
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Fig. 1. In vitro percutaneous profiles of capsaicin (A) and NVA (B) at various Carbopol 940® concentrations from gel base in 
receptor phase. All data represent the means of three experiments + SD. 
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Fig. 2. Relationship between the fluxes of  capsaicin (A), NVA (B) and apparent viscosity of  each gel base. All data represent the 
means of  three experiments + SD. 
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Table 3 
In vitro penetration data of capsaicin and NVA in various ethanol concentrations from gel bases through pig skin a 

Ethanol (%) Capsaicin NVA 

72 h accumulative 
amount + SD (#g/cm 2) 

Flux ___ SD (/zg/cm2/h) 72 h accumulative amount _ SD Flux + SD (,ug/cm2/h) 
(,u g/cm 2 ) 

0 143.31 + 25.63 2.17 + 0.43 149.98 + 31.02 2.13 __+ 0.43 
10 88.60 _+ 19.47 1.22 _ 0.37 89.79 + 13.25 1.28 __+ 0.26 
20 79.51 ___ 25.38 1.07 +__ 0.33 71.77 _ 22.15 1.04 __+ 0.30 
30 33.07 + 7.76 0.49 +__ 0.13 33.48 _ 10.80 0.42 + 0.13 

a Each value represents the mean _ SD (n = 3). 

more, two o/w emulsion ointments--hydrophilic 
and myristic acid-added bases showed the highest 
percutaneous parameters for SNA among various 
NVA-SNA combined ointment bases. Accord- 
ingly, gel and o/w emulsion ointment bases were 
utilized for capsaicin, NVA and SNA to perform 
the in vitro formulation optimizations in this pa- 
per. The excised pig skin was utilized as the skin 
barrier for in vitro investigation since it could be 
successfully used as a substitutional model to 
study the percutaneous absorption of these three 
capsaicin analogues through human skin (Fang et 
al., 1995a). For the sake of evaluating the formu- 
lations selected from in vitro study, the non-inva- 
sive surface recovery technique and several 
bioengineering methods were used in the in vivo 
percutaneous experiment for humans (Agner and 
Serup, 1989; Chambin-Remoussenard et al., 
1993). 

Assessment of the skin irritant potential of 
chemicals has been performed using bioengineer- 
ing methods in recent years (Berardesca and 
Maibach, 1988; Wahlberg, 1988; Agache and Du- 
pond, 1994). The bioengineering methods carried 
out in this study include laser Doppler flowmetry 
(LDF) and transepidermal water loss (TEWL). 
New and sophisticated bioengineering techniques 
may offer valuable quantification for research 
purposes. The advantages of these methods are 
represented by the possibility of collecting data 
with objectivity and by monitoring readings on a 
linear scale with recorders. Furthermore, para- 
metric statistics can be computed in order to 
analyze data and significance. 

Promising attempts have been made to quantify 
skin irritant and erythema reactions by LDF and 
TEWL. Following topical application of capsaicin 
and NVA, the treated skin area was reddened and 
slightly oedematous in appearance (Culp et al., 
1989). The levels of these skin erythema and 
inflammation can be determined by LDF since the 
cutaneous blood flow is enhanced after the treat- 
ment of capsaicin and NVA. Increases in skin 
temperature were also associated with capsaicin 
skin inflammation (Roberts et al., 1992; Fang et 
al., 1995c). Since the value of TEWL increased 
logarithmically with skin surface temperature, 
TEWL may be useful for evaluating the irritant 
degree of the capsaicin and its derivatives 
(Mathias et al., 1981). 

In principle, LDF is an optical technique for 
estimation of microcirculation, especially cuta- 
neous blood flow, based on the Doppler principle 
(Bircher et al., 1994). The theory of LDF has been 
described in detail elsewhere (Kohli et al., 1987; 
Schabauer and Rooke, 1994). TEWL is measured 
using the evaporimeter. A boundary layer about 
10 mm in thickness develops around the skin, in 
which a water vapour gradient exists between the 
skin surface and the ambient air. The sensors of 
the evaporimeter determine the water vapour 
pressure gradient of this boundary layer in order 
to quantify the diffusion of water through the skin 
(Pinnagoda et al., 1990). The information ob- 
tained in this present study is helpful in establish- 
ing the in vitro and in vivo evaluation methods 
for the transdermal drug delivery formulations of 
capsaicin, NVA and SNA. 
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2. Materials and methods 

2.1. Materials 

The following reagents were used: Arlacel-C, 
capsaicin and NVA (TCI, Japan), p-phenylphe- 
nol, lauric acid and oleic acid (Sigma, USA), cetyl 
alcohol, triethanolamine, stearic acid and stearyl 
alcohol (Merck, Germany), sodium laurylsulfate 
and myristic acid (Wako, Japan), propylene glycol 
(Shimakyu, Japan), liquid paraffin (Riedel-de 
Haen, Germany), Carbopol 940® (B.F. Goodrich, 
USA). The synthetic procedure of SNA had been 
performed from our laboratory and reported ear- 
lier (Fang et al., 1995a). All other chemicals and 
solvents were of analytical grade. 

2.2. Preparation of  gel, hydrophilic and myristic 
acid-added bases 

The original gel formulation was composed of 
propylene glycol (20.00%, w/w), triethanolamine 
(8.00%), Carbopol 940® (1.20%), and purified 
water was added to make a total amount of 100%. 
The original hydrophilic formulation was com- 
posed of white vaseline (20.00%), stearyl alcohol 
(18.00%), propylene glycol (10.00%), sodium lau- 
rylsulfate (0.45%), and purified water was added 
to make a total amount of 100%. The original 
myristic acid-added formulation was composed of 
cetyl alcohol (1.90%), stearyl alcohol (2.90%), Ar- 
lacel-C (0.95%), Brij-35 (0.95%), white vaseline 
(14.40%), liquid paraffin (4.80%), myristic acid 
(7.60%), and purified water was added to make a 
total amount of 100%. In the in vitro evaluations, 
capsaicin, NVA and SNA were incorporated in 
the bases to give a concentration of 0.060%, re- 
spectively. In the in vivo bioengineering methods, 
capsaicin, NVA and SNA were incorporated at a 
concentration of 0.075%, respectively. 

2.3. In vitro formulation evaluations 

2.3.1. In vitro percutaneous absorption 
experiments 

Male pigs (1-2 week old; 5-6 kg) were ob- 
tained from Kaohsiung Medical College (Kaohsi- 
ung, Taiwan). The hair of the pig was removed 

with electric clippers and the dorsal skin was 
excised after careful shaving. The in vitro penetra- 
tion flux for gel and ointment bases were deter- 
mined by using a vertical Keshary-Chien glass 
diffusion cell (Keshary and Chien, 1984). The pig 
dorsal skin was mounted on the receptor com- 
partment with the stratum corneum side facing 
upwards into the donor compartment and the 
dermal side facing downwards into the receptor 
compartment. The top of the diffusion cells was 
covered with paraffin paper. The donor compart- 
ment of the cell was filled with 2 g gel or ointment 
containing drugs. 20 ml of 1:1 (v/v) ethanol-pH 
7.4 Mcllvaine buffer was used as the receptor 
medium. The available diffusion area of cell was 
2.54 cm 2. The diffusion cell was carried out at 
37°C and the receptor phase was stirred by a 
magnetic stirrer at 700 rpm. At appropriate inter- 
vals, 500 /tl aliquots of the receptor fluid were 
withdrawn and immediately replaced by an equal 
volume of fresh receptor solution to maintain a 
constant volume. 

2.3.2. Determination of gel viscosity 
Viscosity study was done in a cone and plate 

viscometer (Model DV-2, Brookfield, USA). 0.5 g 
of gel was placed in the sample cup of the vis- 
cometer and allowed to stand for 1 h to reach 
37°C. To obtain stable display readings, viscosity 
measurements were made after 30 s. 

2.4. In vivo percutaneous absorption evaluations 

2.4.1. Subjects 
Six healthy male volunteers participated in this 

study. Their average age was 24.7 years (range 
24-25). Informed consent was obtained from all 
volunteers. None had any previous or existing 
history of skin diseases. The laboratory tempera- 
ture was kept in the range of 22-23°C, and the 
relative humidity was 60-65%. Disturbances in 
the laboratory during measurements were kept at 
a minimum. 

2.4.2. Surface recovery technique 
An accurately weighted 0.2 g of the gel or 

ointment was spread uniformly over a sheet of 
cotton cloth (2 × 2 cm 2) for an 8 h administration 
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period by the occlusive dressing technique (ODT) 
(Hsu et al., 1991). Then these pieces of cloth were 
applied on both volar forearms of volunteers (4 
pieces of each). The unabsorbed drug was ran- 
domly recovered at determined intervals after ad- 
ministration. After recovering, the residual base 
remaining on the skin was withdrawn by a sterile 
cotton wool swab immersed in methanol solution. 
The difference between applied and recovered 
amounts corresponded to the cumulated absorbed 
amount. 

2.4.3. Laser Doppler flowmetry (LDF) 
A laser Doppler flowmeter (PF3, Perimed, Swe- 

den) was used for measuring the cutaneous blood 
flow. After withdrawal of the residual base from 
surface recovery technique at a determined inter- 
val for 2 min, the test was performed. The probe 
was gently held on the skin to avoid vascular 
compression. The depth of penetration of the light 
was approximately 1 mm into skin surface and 
the area illuminated was approximately 2 mm 2. 
The reading was calculated as average value after 
stabilization of the level. The output signal was 
expressed in relative and dimensionless blood flow 
values (arbitrary unit, a.u.). The perisoft® com- 
puter software program (Gastrosoft, Sweden) was 
used to aquire, graphically display and store the 
data obtained from LDF. 

2.4.4. Transepidermal water loss (TEWL) 
TEWL, determined by the diffusion capacity of 

the superficial epidermis, was measured by an 
evaporimeter (EP1, Servo Med, Sweden) after 
withdrawal of the residual base for 5 min. During 
all measurements, the probe was protected using a 
protection cover with the screen and the grid (no. 
2107). TEWL was calculated automatically and 
expressed in g/m2h. A reading was detected 30 s 
period after application of the probe onto the 
skin, when the level had stabilized (Agner and 
Serup, 1989). 

2.5. Determination of capsaicin, NVA and SNA 
from gel and ointment 

In the experiment of the surface recovery tech- 
nique, one cotton cloth and one cotton wool swab 

contained base and 0.1 ml of 1.8 /zg/ml p- 
phenylphenol as an internal standard were mixed 
with 5 ml of methanol solution in the glass-stop- 
pered centrifuge tube and then followed by me- 
chanical shaking for 60 min. After centrifugation 
for 10 min at 3000 rpm, the supernatant organic 
layer was directly injected into the HPLC. The 
recoveries of capsaicin and NVA from the gel 
base and SNA from the ointment base were 
86.10 _+ 0.32%, 99.10 _+ 1.17% and 95.96 _+ 4.18%, 
respectively. The HPLC system for capsaicin, 
NVA and SNA was described previously (Fang et 
al., 1995a). 

2.6. Statistical analysis 

The statistical analysis of the difference between 
different treatments was detected by using the 
unpaired Student's t-test. The 0.05 level of proba- 
bility was taken as the level of significance. The 
ANOVA test was also utilized in this study. 

3. Results and discussion 

3.1. In vitro formulation evaluations in pigs 

In order to get the suitable semi-solid formula- 
tions of capsaicin, NVA and SNA for administra- 
tion in humans, in vitro formulation evaluation 
was studied to screen these bases tested in this 
research. The various triethanolamine concentra- 
tions were incorporated into Carbopol 940® gel 
form for capsaicin, NVA and SNA. The result is 
shown in Table 1. No significant differences 
(ANOVA test, p > 0.05) were observed among the 
fluxes of three various triethanolamine concentra- 
tions for capsaicin and NVA. There was no SNA 
accumulative amount detected after in vitro per- 
cutaneous application for 72 h. This result was 
consistent with that of the previous investigation 
there was a higher percutaneous absorption 
amount for NVA in the NVA-SNA combined gel 
base but none for SNA through rat skin (Fang et 
al., 1995a). Since the n-octanol/buffer partition 
coefficients of SNA were lower than those of 
capsaicin and NVA (Tsai et al., 1994), SNA 
showed a hydrophilic inherence in its physico- 
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Table 4 
In vitro penetration data of SNA in various skin penetration enhancers from various ointment bases through pig skin a 

Enhancers Myristic acid-added o/w base Hydrophilic o/w base 

72 h accumulative Flux + SD 72 h accumulative Flux 5: SD 
amount 5: SD (~g/cm 2) ~g/cm2/h) x 10 -2 amount 5: SD (pg/cm 2) (itg/cm2/h) x 10 -2 

Control 0.86 5:0.32 0.88 + 0.33 2.36 + 0.96 1.96 + 0.81 
Isopropyl myrisrate 2.37 5:0.56 2.70 _ 0.54 9.32 +__ 3.16 11.36 + 3.63 
Lauric acid 6.35 + 3.07 7.65 5:2.30 7.11 5:2.58 8.03 5:2.41 
Myristic acid 5.79 5:1.56 6.41 + 2.05 2.21 + 0.50 1.96 ___ 0.42 
Stearic acid 0.83 __+ 0.29 0.87 __+ 0.36 2.06 + 0.59 1.93 _ 0.57 
Oleic acid 1.68 5:0.46 2.00 5:0.55 5.33 + 2.05 6.00 5:2.50 

a The concentration of skin penetration enhancers utilized here is 7.6%. 
Myristic acid is replaced by another enhancer in the myristic acid-added ointment. 
Each value represents the mean + SD (n = 3). 

Table 5 
In vitro penetration data of SNA in various isopropyl myristate concentrations from hydrophilic o/w bases through pig skin ~ 

Isopropyl myristate (%) 72 h accumulative amount _+ SD (pg/cm 2) Flux 5: SD (pg /cm2/h)  × 10 -2  

0 2.36 _+ 0.96 1.96 ___ 0.81 
3.8 8.38 + 1.67 10.08 _ 2.34 
7.6 9.32 + 3.16 11.36 _ 3.63 

11.4 6.38 + 2.16 6.43 + 1.09 

a Each value represents the mean + SD (n = 3). 

chemical character.  The hydrogel  base also exhib- 
ited the potent  hydrophil ic  property.  Conse- 
quently the S N A  molecule and hydrogel  base 
formed an intense affinity to each other, and then 
obst ructed the release o f  the S N A  molecule f rom 
the gel. The p H  value o f  Carbopol  940® gel base 
after the addit ion o f  2%, 4% and 8% tri- 
e thanolamine was 6.37, 7.47 and 8.21, respec- 
tively. The p H  value o f  skin surface is about  5.6, 
so the 2% tr iethanolamine was selected to perform 
the following study because o f  its p H  value near 
that  o f  skin. 

The solubilizing a g e n t s - - i s o p r o p a n o l  and 
ethanol  were incorporated  into the gel base. As 
shown in Table 2 and Table 3, i sopropanol  and 
ethanol  reduce the penetrat ion fluxes and accumu-  
lative amounts  o f  capsaicin and NVA.  In  addi- 
tion, the percutaneous effect o f  capsaicin and 
N V A  reduced with increasing concentra t ions  o f  
solubilizing agents. This phenomenon  may  be due 
to the fact that  the addit ion o f  i sopropanol  and 
ethanol,  a par t  o f  the hydrophob ic  organic sol- 

vent group,  gave the reduct ion o f  hydrogel  polar-  
ity. Since capsaicin and N V A  showed high 
part i t ion coefficient and were essentially insoluble 
or  very slightly soluble in water (Tsai et al., 1994), 
these two analogues may  participate into iso- 
p ropanol  or  e thanol -added gel base so as to get a 
stronger affinity than that  o f  hydrophil ic  non-sol-  
ubilizing agents gel base. To compare  Tables 2 
and 3, the fluxes are lower after the addit ion o f  
i sopropanol  than ethanol  in the same propor t ions  
except the fluxes o f  30% concentra t ion for  capsa- 
icin gel. The explanat ion could be due to the fact 
that  the physicochemical  inherence o f  i sopropanol  
is more  hydrophob ic  than that  o f  ethanol. Fur-  
thermore,  alcohols and hydrocarbons  induced 
changes in the structure o f  biological membranes  
and this change influenced the rate o f  drug trans- 
derrmal  absorpt ion (Inagi et al., 1981). 

Fig. 1 depicts the effect o f  various Carbopol  
940® amounts  for capsaicin and N V A  from gel 
bases. The fluxes o f  capsaicin and N V A  increased 
following the decrease o f  Carbopol  940~  content.  
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Table 6 
In vivo skin surface recovery technique in humans from 0.075% drug concentration gel and ointment bases ~ 

Capsaicin NVA SNA 

8 h absorbed amount (/~g/cm 2) 22.81 _+ 8.20 25.10 _+ 9.08 14.54 ± 4.52 
Flux (/~g/cm2/h) 2.71 + 0.80 3.35 ± 1.07 1.68 _+ 0.48 
Antinociceptive potency ratio 1.14 1.00 2.00 
Antinociceptive index 3.09 3.35 3.36 

The capsaicin and NVA formulation utilized here is Carbopol 940® gel base. 
The SNA formulation utilized here is hydrophilic o/w ointment base. 
Antinociceptive index is calculated by the antinociceptive potency ratio multplied by flux. 
Each value represents the mean _+ SD (n = 6). 

This result found that the viscosity of the gel base 
played a very important role as shown in Fig. 2. 
The fluxes of capsaicin and NVA were observed 
to be inversely proportional to the viscosity of  gel 
containing a determined amount  of Carbopol 
940®. Similar result had been reported for the 
percutaneous absorption of piroxicam from 
FAPG base (Hsu et al., 1994). The fluxes of  0.6% 
Carbopol 940® were significantly higher (t-test, 
p < 0.05) than those of 1.2% and 2.0% for both 
capsaicin and NVA. Hence the gel base contain- 
ing the 0.6% Carbopol 940® amount was chosen 
to study the following in vivo test. 

In our previous research (Fang et al., 1995a), 
the myristic acid-added ointment offered a high 
penetration effect for SNA through rat skin. 
Therefore, the determined concentration of  7.6% 
isopropyl myristate and fatty acids such as lauric 
acid, myristic acid, stearic acid and oleic acid were 
incorporated into two o/w ointment bases so as to 
investigate the penetration promotive effect of  
these agents. The above agents had been found to 
enhance transdermal delivery of  some drugs and 
chemicals (Yamada and Uda, 1987; Green et al., 
1988; Ruland and Kreuter, 1992). As shown in 
Table 4, the trends of steady-state flux of  various 
enhancers between these two o/w ointments are 
quite different. It suggested the vehicles might 
influence the effect of  penetration enhancers. The 
application of  saturated, long-chain fatty acids 
(lauric, C~2; myristic, C~4; stearic, C18) to the in 
vitro study showed a trend that a decrease in the 
number of  carbon atoms (Cn) in the fatty acids 
resulted in an increase in enhancement of  SNA 
permeation. Similar results had been published 

earlier and the mechanism was well described 
(Aungst et al., 1986; Komata  et al., 1992). The 
flux of isopropyl myristate-added hydrophilic 
ointment was significantly higher (t-test, p < 0.05) 
than those of  the other formulations as shown in 
Table 4. Moreover, isopropyl myristate revealed 
lower skin irritation and toxicity than fatty acids 
did (Aungst, 1989). Consequently isopropyl 
myristate was chosen to incorporate into the hy- 
drophilic base in order to perform the next study. 

In the following experiment, various concentra- 
tions of isopropyl myristate were evaluated using 
the hydrophilic ointment as the vehicle. As de- 
picted in Table 5, the flux showed a maximum at 
7.6%. However, there was no significant difference 
( t- test  p > 0.05) between the concentration of 
3.8% and 7.6%. For  this reason, 3.8% isopropyl 
myristate-added hydrophilic ointment for SNA at 
a concentration of 0.075% was utilized as the 
formulation to deliver for the in vivo test. 

3.2. In vivo bioengineering methods' in humans  

In the study of  surface recovery technique, cu- 
mulated absorbed amounts of  capsaicin and its 
synthetic derivatives, which are the differences 
between applied and recovered amounts, are 
shown in Table 6. As compared with the previous 
research using the original hydrophilic o/w formu- 
lation for capsaicin, NVA and SNA so  as to 
perform surface recovery techniques in the same 
conditions (Fang et al., 1995c), the same result 
was found that the percutaneous effect through 
human skin increased in the order of SNA < cap- 
saicin < NVA. Besides, the fluxes of 
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Fig. 3. Cumula ted  absorbed amounts  versus time profiles of  0.075% capsaicin, NVA from gel base and SNA from hydrophilic base 
after percutaneous administrat ion in humans .  All data  represent the means  of  six experiments __ SD. 

capsaicin and NVA from gel and SNA from 
isopropyl myristate-added hydrophilic bases were 
all significantly higher (t-test, p < 0.05) than those 
of these three analogues from the original hy- 
drophilic base. This suggested the fact that the 
percutaneous efficacy could be enhanced after the 
optimization and modification of in vitro formu- 
lation evaluations. 

Although the flux of SNA was relatively lower 
than that of capsaicin and NVA, however, SNA 
revealed an approximately 2.00 fold greater po- 
tency of the antinociceptive activity than NVA 
(Chen et al., 1992). Consequently SNA may attain 
the same therapeutic effect as NVA in humans 
after the calculation of the antinociceptive index 
as shown in Table 6. The antinociceptive index 
was determined by the result of the steady-state 
flux multiplied by the antinociceptive potency ra- 
tio. The high cumulated absorbed amount of 
SNA was obtained in the first 1 h period as shown 
in Fig. 3. This result was consistent with that of 
the plasma profile of the SNA application 
through rabbit abdominal skin in the early 1 h 
which suggested the SNA molecules passed 
through skin via the intercellular and transap- 

pendageal routes (Illel et al., 1991; Fang et al., 
1995b). 

Fig. 4 and Table 7 depict the result of the skin 
erythema test quantified by LDF. The AUC value 
of capsaicin was significantly higher (t-test, p < 
0.05) than that of NVA. This demonstrated the 
fact that capsaicin caused severer skin irritation 
than NVA. The fact that there was no significant 
difference between SNA and the control group in 
the hydrophilic base indicated no irritant and 
pungent properties were found in the formulation 
of SNA. The Tmax value was attained quicker 
from gel than from the hydrophilic base for NVA 
(Fang et al., 1995c). Although the Tmax of capsa- 
icin gel was the same with that of the hydrophilic 
base, the capsaicin gel form may reach an earlier 
Tm,x value since there was no significant differ- 
ences (ANOVA test, p >0.05) among the a.u. 
levels of 0.33, 0.67 and 1 h. This demonstrated 
that gel base may provide a rapid onset and drug 
release for capsaicin and NVA as compared with 
those of the hydrophilic base. 

The TEWL values for the formulations of cap- 
saicin, NVA and SNA were calculated using an 
evaporimeter. As observed in Fig. 5, the TEWL 
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Table 7 
Skin erythema test of 0.075% capsaicin, NVA and SNA gel and ointment bases quantified by laser Doppler flowmetry a 

Control (gel) Control (o/w) Capsaicin NVA SNA 

Tmax(h ) 0 8.0 1.0 0.33 1.5 
a.U.ma x 7.20 __+ 0.56 7.10 + 2.16 97.97 + 32.90 84.43 + 17.80 5.69 + 1.90 
AUC(a.u. x h) 48.10 __+ 10.06 46.98 + 14.28 226.92 __. 71.75 153.71 + 40.15 35.07 ___ 17.45 

The quantified unit represented here is the arbitrary unit (a.u.). 
The capsaicin and NVA formulation utilized here is the Carbopol 940® gel base. 
The SNA formulation utilized here is the hydrophilic o/w ointment base. 
Each value represents the mean + SD (n = 6). 

Table 8 
TEWL parameters of 0.075% capsaicin, NVA and SNA gel and ointment bases quantified by an evaporimeter a 

Control (gel) Control (o/w) Capsaicin NVA SNA 

Tmax(h ) 0.67 4.0 0.33 0.67 6.0 
g/m2hmax 25.42 + 5.77 33.02 + 9.89 46.45 + 16.57 36.87 + 10.27 31.04 + 3.97 
AUC(g/m 2) 156.08 + 32.46 204.14 + 38.79 241.94 ___ 72.69 227.67 + 62.08 223.08 + 43.63 

a The quantified unit represented here is g/m2h. 
The capsaicin and NVA formulation utilized here is the Carbopol 940® gel base. 
The SNA formulation utilized here is the hydrophilic o/w ointment base. 
Each value represents the mean _+ SD (n = 6). 

values were ra ised af ter  app l i ca t ion  o f  O D T  for 

gel and  hydroph i l i c  fo rmula t ions .  F o r  the t ranspi -  

ra t ion  o f  wate r  f rom s t r a tum co rneum m a y  be 

b locked  by  O D T .  The  T E W L  values were deter-  

mined  5 min  af ter  the co t ton  c lo th  removal ,  so the  

wate r  conten t  occ luded  by  O D T  e v a p o r a t e d  and  
then resul ted in the  enhancemen t  o f  T E W L  val-  

ues. C o m p a r i s o n  o f  the gel fo rm showed signifi- 

cant ly  h igher  ( t- test ,  p < 0.05) T E W L  A U C  values 

in capsa ic in  and  N V A  than  in the con t ro l  g roup  

as shown in Table  8. Nevertheless ,  no significant 

difference ( t- test ,  p > 0.05) was found  be tween 

capsa ic in  and  N V A .  Unl ike  the a.u. values o f  

L D F ,  the T E W L  values kep t  h igher  in capsaic in  

and  N V A  than  in the con t ro l  g roup  f rom the 
admin i s t r a t i on  pe r iod  o f  4 - 8  h. 

F o r  the  gel con t ro l  g roup  and  the hydroph i l i c  
con t ro l  group,  a significant difference ( t- test ,  p < 
0.05) was d e m o n s t r a t e d  between these two drug-  
free bases.  F u r t h e r m o r e ,  no  significant difference 
( t- test ,  p > 0.05) was found  between S N A  and  
con t ro l  hydroph i l i c  bases,  no r  a m o n g  SNA,  cap-  

saicin and  N V A  fo rmula t ions  ( A N O V A  test, p > 

0.05). The  reason  o f  this p h e n o m e n o n  could  be 

due to the fact  tha t  i sop ropy l  myris ta te ,  the pene-  
t r a t ion  enhancer  a d d e d  in the hydroph i l i c  base,  

r e t a rded  the rate  o f  loss o f  wate r  f rom the skin 

resul ted in the accumula t ive  a m o u n t  o f  water  

con ten t  in the ep idermis  and  high T E W L  values 

af ter  the  r emova l  o f  O D T .  This  capac i ty  o f  mois-  

ture re ten t ion  o f  i sop ropy l  myr i s ta te  was p roved  

in previous  s tudy (Dempsk i  et al., 1965). In  addi -  

t ion,  sod ium laurylsulfa te ,  emulsi fying agent  o f  

hydroph i l i c  base,  impa i r ed  the skin bar r ie r  re- 

sui ted in the increase in T E W L  (Agner  and  Serup,  
1990; De  F ine  Ol ivar ius  et al., 1993). 

Acknowledgements 

This project  was pa r t ly  s u p p o r t e d  by  the Na-  
t ional  Science Counci l ,  Taipei ,  Ta iwan,  R O C  
(NSC-83-0412-B03 7-009). 



J.-Y. Fang et al./ International Journal of Pharmaceutics 130 (1996) 121 135 133 

c- 
O4 

E 

r2~ 

70 

60 

5O 

40 

50 

20 

C 

0 

/11 1 

(A) 

O O control 
• • capsaicin 
A A NVA 

,. l l T 1 
I 1 - ~ - - a ~ -  T 

) ' 0  "+" ~ ?  

I I I I I I I 
1 2 5 4 5 6 7 8 

Time (hr) 

c- 

Cq 

E 
0~ 

(B) 
5O 

T O O control 
/ 

/ • • SNA 
40 

/ / . . . ~ I , -  t l ~°! ?lIfo 
0 

0 1 2 5 4 5 6 7 8 9 

Time (hr) 

Fig. 5. TEWL values versus time profiles of 0.075% capsaicin, NVA from gel base (A) and SNA from hydrophilic base (B) after 
percutaneous administration in humans. All data represent the means of six experiments + SD. 



134 J.-Y. Fang et al. /International Journal o f  Pharmaceutics 130 (1996) 121 135 

References 

Agache, P. and Dupond, A., Recent advances in non-invasive 
assessment of human skin blood flow. Acta Derm. 
Venereol. (Stockh.), Suppl. 185 (1994) 47-51. 

Agner, T. and Serup, J., Skin reactions to irritants assessed by 
non-invasive bioengineering methods. Contact Dermatitis, 
20 (1989) 352-359. 

Agner, T. and Serup, J., Sodium laurylsulfate for irritant patch 
testing-adose-response study using bioengineering methods 
for determination of skin irritation. J. Invest. Dermatol., 95 
(1990) 543-547. 

Aungst, B.J., Structure/effect studies of fatty acid isomers as 
skin penetration enhancers and skin irritants. Pharm. Res., 
6 (1989) 244-247. 

Aungst, B.J., Rogers, N.J. and Schefter, E., Enhancement of 
naloxonepenetration through human skin in vitro using 
fatty acids, fatty alcohols, surfactants, sulfoxides and 
amides. Int. J. Pharm., 33 (1986) 225-234. 

Berardesca, E. and Maibach, H.I., Bioengineering and the 
patch test. Contact Dermatitis, 18 (1988) 3-9. 

Bircher, A., DeBoer, E., Agner, T., Wahlberg, J. and Serup, J., 
Guidelines for measurement of cutaneous blood flow by 
laser Doppler flowmetry. Contact Dermatitis, 30 (1994) 
65 72. 

Chambin-Remoussenard, O., Treffel, P., Bechtel, Y. and 
Agache, P., Surface recovery and stripping methods to 
quantify percutaneous absorption of caffeine in humans. J. 
Pharm. Sci., 82 (1993) 1099 1101. 

Chen, l.J., Yang, J.M., Yeh, J.L., Wu, B.N., Lo, Y.C. and 
Chen S.J. Hypotensive and antinociceptive effects of ether- 
linked and relatively non-pungent analogues of N- 
nonanoyl vanillylamide. Eur. J. Med. Chem., 27 (1992) 
187 192. 

Crimi, N., Polosa, R., Maccarrone, C., Palermo, B., Palermo, 
F. and Mistretta, A., Effect of topical application with 
capsaicin on skin responses to bradykinin and histamine in 
man. Clin. Exp. Allergy, 22 (1992) 933-939. 

Culp, W.J., Ochoa, J., Cline, M. and Dotson, R., Heat and 
mechanical hyperalgesia induced by capsaicin. Brain, 112 
(1989) 1317 1331. 

De Fine Olivarius, F., Agner, T. and Menne, T., Skin barrier 
function and dermal inflammation. An experimental study 
of tranepidermal water loss after dermal tuberculin injec- 
tion compared with SLS patch testing. Br. J. Dermatol., 
129 (1993) 554-557. 

Dempski, R.E., DeMarco, J.D. and Markus, A.D., An in vitro 
study of the relative moisture occlusive properties of sev- 
eral topical vehicles and saran wrap. J. Invest. Dermatol., 
44 (1965) 361 363. 

Donnerer, J., Amann, R., Schuligoi, R. and Lembeck, F., 
Absorption and metabolism of capsaicinoids following in- 
tragastric administration in rats. Naunyn-Schmiedeberg's 
Arch. Pharmacol., 342 (1990) 357-361. 

Fang, J.Y., Wu, P.C., Huang, Y.B. and Tsai, Y.H., In vitro 
permeation study of capsaicin and its synthetic derivatives 
from ointment bases using various skin types. Int. J. 
Pharm., 126 (1995a) 119 128. 

Fang, J.Y., Wu, P.C., Huang, Y.B. and Tsai, Y.H., In vivo 
percutaneous absorption of capsaicin, nonivamide and 
sodium nonivamide acetate from ointment bases: pharma- 
cokinetic analysis in rabbits. Int. J. Pharm., (1995b) in 
press. 

Fang, J.Y., Wu, P.C., Huang, Y.B. and Tsai, Y.H., In vivo 
percutaneous absorption of capsaicin, nonivamide and 
sodium nonivamide acetate from ointment bases: skin ery- 
thema test and non-invasive surface recovery technique in 
humans. Int. J. Pharm., (1995c) in press. 

Green, P.G., Guy, R.H. and Hadgraft, J., In vitro and in vivo 
enhancement of skin permeation with oleic and lauric 
acids. Int. J. Pharm., 48 (1988) 103-111. 

Hayes, A.G., Orford, A., Reynolds, M., Skingler, A.H., Sk- 
ingler, M. Smith, C. and Tyers, M.B., The effects of a 
series of capsaicin analogues on nociceptive and body 
temperature in the rat. Life Sci., 34 (1984) 154 156. 

Hsu, L.R., Huang, Y.B., Wu, P.C. and Tsai, Y.H., Percuta- 
neous absorption of piroxicam from FAPG base through 
rat skin: effects of fatty acid added to FAPG base. Int. J. 
Pharm., 106 (1994) 1 6. 

Hsu, L.R., Tsai, Y.H., and Huang, Y.B., The effect of pre- 
treatment by penetration enhancers on the in vivo percuta- 
neous absorption of piroxicam from its gel form in 
rabbits., Int. J. Pharm., 71 (1991) 193-200. 

lllel, B., Schaefter, H., Wepierre, J. and Doucet, O., Follicles 
play an important role in percutaneous absorption. J. 
Pharm. Sci., 80 (1991) 424-427. 

Inagi, T., Muramatsu, T., Nagai, H. and Terada, H., Influence 
of vehicle composition on the penetration of indomethacin 
through guinea-pig skin. Chem. Pharm. Bull., 29 (1981) 
1708-1714. 

Kawada, T., Watanabe, T., Katsura, K., Takami, H. and 
Iwai., K., Formation and metabolism of pungent principle 
of capsaicin fruits. Microdetermination of capsaicin by 
high-performance liquid chromatography with electro- 
chemical detection. J. Chromatogr., 329 (1985) 99 105. 

Keshary, P.R. and Chien, Y.W., Mechanism of transdermal 
controlled nitroglycerin administration: development of a 
finite-dosing skin permeation system. Drug Dev. Ind. 
Pharm., 10 (1984) 883-913. 

Kohli, R., Archer, W.I. and Li Wan Po, A., Laser velocimetry 
for the non-invasive assessment of the percutaneous ab- 
sorption of nicotinates. Int. J. Pharm., 36 (1987) 91-98. 

Komata, Y., Inaoka, M., Kaneko, A. and Fujie, T., In vitro 
percutaneous absorption of thiamine disulfide from a mix- 
ture of propylene glycol and fatty acid. J. Pharm. Sci., 81 
(1992) 744-746. 

Maggi, C., Borsini, F., Santicioli, P., Abelli, L., Evangelista, 
S., Manzili, S., Theodorsson-Norheim, E., Somma, V., 
Amenta, F., Bacciarelli, C., and Meli, A. Cutaneous lesions 
in capsaicin-pretreated rats. Naunyn-Schmiedeberg's Arch. 
Pharmacol., 336 (1987) 538-545. 

Mathias, T.,Wilson, D.M. and Maibach, H.I., Transepidermal 
water loss as a function of skin surface temperature. J. 
Invest. Dermatol., 77 (1981) 219-220. 



J. Fang et al. / International Journal ~[" Pharmaceutics 130 (1996) 121 - 135 135 

Monsereenusorn, Y., Kongsamut, S. and Pezalla, P., Capsa- 
icin-a literature survey. CRC Crit. Rev. Toxicol., 13 (1982) 
321 --339. 

Pinnagoda, J., Tupker, R.A., Agner, T. and Serup., J., Guide- 
lines for transepidermal water loss (TEWL) measurement. 
Contact Dermatitis, 22 (1990) 164-178. 

Roberts, R.G.D., Westerman, R.A., Widdop, R.E., Kotz- 
mann, P.R. and Payne, R., Effects of capsaicin on cuta- 
neous vasodilator responses in humans. Agents Actions, 37 
(1992) 53-59. 

Ruland, A. and Kreuter, J., Influence of various penetration 
enhancers on the in vitro permeation of amino acids across 
hairless mouse skin. Int. J. Pharm., 85 (1992) 7 17. 

Schabauer, A. and Rooke T.W., Cutaneous laser Doppler 
flowmetry: applications and findings. Mayo Clin. Proc.. 69 
(1994) 564 574. 

Tominack, R.L. and Spyker, D.A., Capsaicin and capsicum-a 
review: case report of the use of hot peppers in child abuse. 
Clin. Toxicol., 27 (1987) 591-601. 

Tsai, Y.H., Huang, Y.B., Fang, J.Y. and Wu, P.C., Percuta- 
neous absorption of capsaicin and its derivatives. Drug 
Dev. Ind. Pharm., 20 (1994) 719 730. 

Wahlberg, J.E., Evaluation of test results. Acta Derm. 
Venereol. (Stockh.), Suppl. 135 (1988) 12-15. 

Yamada, M. and Uda, Y., Enhancement of percutaneous 
absorption of molsidomine. Chem. Pharm. Bull., 35 (1987) 
3390 3398. 


