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Percutaneous Absorption and Skin Erythema:
Quantification of Capsaicin and Its Synthetic Derivatives

From Gels Incorporated With Benzalkonium Chloride
by Using Non-Invasive Bioengineering Methods
Jia-You Fang, Ming-Jun Tsai, Yaw-Bin Huang, Pao-Chu Wu, and Yi-Hung Tsai*

School of Pharmacy, Kaohsiung Medical College, Kaohsiung, Taiwan, Republic of China

ABSTRACT Nonivamide (NVA) and sodium nonivamide acetate (SNA) are synthetic derivatives of cap-
saicin. In this study, the cationic surfactant benzalkonium chloride was incorporated into the Carbopol
940® gel bases of capsaicin and its synthetic derivatives to evaluate the in vitro percutaneous absorption
capacity. Afterwards, the optimal gel formulation selected from the in vitro study was used in a series of in
vivo non-invasive bioengineering methods. To quantify the skin erythema and irritation caused by capsai-
cin, NVA, and SNA, laser Doppler flowmetry (LDF), transepidermal water loss (TEWL), and colorimetry
were utilized for determining the cutaneous blood flow and skin barrier impairment to assess the level of
irritant reaction. In the in vitro transdermal study, the gel base with 0.05% benzalkonium chloride pos-
sessed the highest penetration capacity: this was chosen for the in vivo study. After quantification of skin
erythema by LDF, capsaicin developed more severe irritation than NVA, and SNA showed no skin irritation
or pungent sensation in volunteers. The result of the TEWL experiment suggested that 0.05% benzalkonium
chloride did not cause any skin impairment. Moreover, the Carbopol 940® gel base itself offered a moder-
ate penetration capacity for drugs and avoided any skin irritation. The result of colorimetry confirmed that
both ∆a* and ∆E* parameters correlated well with the data of LDF and that they are good indicators of skin
erythema response. After a series of in vivo applications, SNA was shown to be a potent analogue of capsai-
cin with a marked pharmacological effect and moderate percutaneous capacity and reduced skin erythema
and painful sensation. Drug Dev. Res. 40:56–67, 1997. © 1997 Wiley-Liss, Inc.
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INTRODUCTION

Capsaicin (8-methyl N-vanillyl-6-nonenamide), the
active principle of hot peppers of the genus Capsicum,
exhibits broad bioactivity [Tominack and Spyker, 1987].
It selectively interferes with the function of polymodal
nociceptors, which are peptide-containing chemosensi-
tive primary sensory neurons [Buckley et al., 1990; Imai,
1991]. Several therapeutic advantages of capsaicin such
as antinociceptive, hypotensive, and hypolipidemic ac-
tivities have been reported previously [Hayes et al., 1981;
Wang et al., 1984; Clozel et al., 1985]. However, ongoing
discharges in polymodal C-fibres are observed in paral-
lel with ongoing burning pain sensation after capsaicin

application: this results in limitations to clinical use [Szoc-
sanyi and Jancso-Gaber, 1975; La Motte et al., 1992; Kilo
et al., 1994].

Nonivamide (N-nonanoyl vanillylamide; NVA] and
sodium nonivamide acetate (sodium N-nonanoyl vanil-
lylamide-4´-O-acetate; SNA) are synthetic derivatives of
capsaicin. Because of a pharmacological and pungency
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profile similar to those of capsaicin, NVA was used in
place of capsaicin in experimental studies and pharma-
cological tests [Hayes et al., 1984]. SNA is a newly de-
signed derivative of capsaicin which was synthesized by
alkylation of the phenolic hydroxyl group of NVA with
bromoacetic acid [Fang et al., 1995]. The antinociceptive
potency of this sodium salt was 1.75 and 27.50 times than
that of capsaicin and indomethacin [Chen et al., 1992].
The previous studies suggested SNA could be extensively
used in clinical therapy because of its lack of pungent
skin sensation and burning pain, which had been found
in capsaicin and NVA [Yang et al., 1992; Fang et al., 1996b].
In addition, the stability of NVA and SNA in solution at
various pH values suggested that SNA had longer shelf-
life values: good stability was expected for transdermal
formulations of SNA resulting in the more extensive
use than that of the older capsaicin derivatives [Fang
and Tsai, 1996a].

The topical application of capsaicin and NVA caused
marked vasodilatation and ascendant skin temperature
as a result of its action to release and deplete potent va-
sodilator substance P (SP) and calcitonin gene-related
peptide (CGRP) from C-fibre primary afferents [Roberts
et al., 1992]. The treated skin area is reddened and slightly
oedematous [Kilo et al., 1994]. In order to quantify and
compare the skin erythema and inflammation caused by
capsaicin and its analogues, a series of bioengineering
methods are utilized. Several measuring devices designed
for non-invasive investigation of the skin have become
available during the last few decades [Berardesca and
Maibach, 1988; Agner, 1992]. The present study was de-
signed to perform preclinical in vitro transdermal evalu-
ation of capsaicin, NVA, and SNA to select the optimal
formulations of gel base, then the non-invasive bioengi-
neering methods are also undertaken to assess the effect
of these formulations. The non-invasive surface recovery
technique for estimating the residual drug amount remained
in the gel base after transdermal application to human skin
is also studied [Chambin-Remoussenard et al., 1993].

The Carbopol 940® gel form exhibited high trans-
dermal fluxes when utilized as a vehicle for capsaicin and
NVA [Fang et al., 1995]. Moreover, gel base often pro-
vides a fast release of drug and a high degree of clarity in
the appearance. However, the in vitro passive transport
showed that no detectable amounts of SNA were trans-
ported across rat skin from gel base when the data were
analyzed at 72 h. Additionally, the cationic surfactant,
benzalkonium chloride, shown previously to promote
percutaneous absorption of SNA [Wu et al., 1995], was
incorporated into the gel base as a potent penetration
enhancer.

After the evaluation of in vitro percutaneous ab-
sorption, laser Doppler flowmetry (LDF), transepider-
mal water loss (TEWL), and colorimetry were performed

to measure in vivo transdermal administration in humans.
LDF is a reliable technique of directly estimating cuta-
neous microcirculation. In principle, this technique com-
bines the Doppler phenomenon with the spectral purity
of He-Ne laser light (632 nm) and the light beating tech-
nique [Bircher et al., 1994]. It has been used to assess
percutaneous absorption of vasoactive drugs and as a
pharmacodynamic indicator of vasodilatation [Agner,
1992]. TEWL refers to the rate at which water migrates
from the viable dermal tissues through the layers of the
stratum corneum to the external environment. This
method has been performed to assess skin damage, dem-
onstrating a good correlation between chemical damage
of skin barrier and increase in TEWL [Berardesca and
Maibach, 1988; Wilhelm et al., 1989]. Since the value of
TEWL increased logarithmically with skin surface tem-
peratures, TEWL may be useful for evaluating the irri-
tant degree of capsaicin and its derivatives [Mathias et
al., 1981]. Furthermore, benzalkonium chloride may
cause the skin impairment by swelling the stratum cor-
neum or interacting with keratin [Williams and Barry,
1992]. The TEWL can also be detected to evaluate the
effect of benzalkonium chloride.

In dermatology the description of the color of a le-
sion is of great importance [Neumann et al., 1991]. How-
ever, visual evaluation of erythemal intensity is subjective
and less precise, especially regarding the comparison
between the intensities of developed erythema [Nose and
Tsurumi, 1993]. Surface color may also be quantified us-
ing the colorimetry by CIE (Commission Internationale
de l’Eclairage) system. The advantage of this system is
that it is adapted to the non-linear color perception of
the human eye. Thus results may be meaningful in clini-
cal situations. This method is non-invasive and involves
only one investigator, instead of several trained judges
for visual scoring [Chan and Li Wan Po, 1992]. After a
series of experiments of in vitro percutaneous absorp-
tion and in vivo non-invasive methods, the pharmacoki-
netic and pharmacodynamic aspects of capsaicin, NVA,
and SNA from Carbopol 940® gel formulation are evalu-
ated. Furthermore, these preclinical evaluations can act
as a model process for assessing the drug penetration
capacity and toxicity after transdermal administration.

MATERIALS AND METHODS
Materials

The following reagents were used: Capsaicin and
nonivamide (Tokyo Kasei, Tokyo, Japan), triethanolamine
(Merck, Darmstadt Germany), propylene glycol (Shi-
makyu, Japan), Carbopol 940 (B.F. Goodrich), benzalkonium
chloride (Sigma, St. Louis, MO). Sodium nonivamide ac-
etate was synthesized in our laboratory as reported earlier
[Fang et al., 1995]. All other chemicals and solvents were
of analytical grade.
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Preparation of Gel Base

The original gel formulation was composed of pro-
pylene glycol (20.0%, w/w), triethanolamine (2.0%),
Carbopol 940® (0.6%) and benzalkonium chloride (0.0–
0.2%); purified water was added to 100.0%. In the in vitro
evaluations, capsaicin, NVA, and SNA were incorporated
in the bases to give a concentration of 0.06%, respec-
tively. In the in vivo evaluations, capsaicin, NVA, and SNA
were incorporated at a concentration of 0.075%.

In Vitro Percutaneous Absorption Experiment

Excised male pig skin (1 to 2 weeks old; 4 to 5 kg)
was employed as the skin barrier in the in vitro study
since it can be successfully used as a substitutional model
to study the percutaneous absorption of these three cap-
saicin analogues through human skin [Fang et al., 1995].
The hair of the pig was removed with electric clippers
and the dorsal skin was excised after careful shaving. The
penetration flux for gel base was determined by using a
vertical glass diffusion cell. The pig dorsal skin was
mounted on the receptor compartment with the stratum
corneum side facing upwards into the donor compart-
ment. The top of the diffusion cell was covered with par-
affin paper. The cell was filled with 2 g gel; 20 ml of 1:1
(v/v) ethanol-pH 7.4 McIlvaine buffer was used as re-
ceptor medium. The available diffusion area of cell was
2.54 cm2. The diffusion cell was maintained at 37°C and
the receptor phase was stirred by a magnetic stirrer at
700 rpm. At appropriate intervals, 500 µl aliquots of the
receptor fluid were withdrawn and immediately replaced
by an equal volume of fresh receptor solution to main-
tain a constant volume. The HPLC system for analyzing
capsaicin, NVA, and SNA was described previously [Fang
et al., 1995].

Subjects

Six healthy male volunteers aged 25–27 years par-
ticipated in this study during the month of March 1996.
Written informed consent was obtained from all volun-
teers. None had any previous or existing history of skin
diseases. Major physical activity before taking measure-
ments was avoided. The laboratory temperature was kept
between 22 and 23°C, and the relative humidity between
60 to 65%. Disturbances in the laboratory during mea-
surements were kept at a minimum.

In Vivo Surface Recovery Technique

An accurately weighted 0.2 g amount of the gel was
spread uniformly over a sheet of cotton cloth (2 × 2 cm2)
for an 8 h administration period by the occlusive dress-
ing technique (ODT) [Hsu et al., 1991]. These pieces of
cloth were applied on both forearms of volunteers (4
pieces each). The unabsorbed drug was recovered at in-
tervals after administration. After recovering, the residual

base remaining on the skin was withdrawn by a sterile
cotton wool swab soaked in methanol.

Laser Doppler Flowmetry (LDF)

The Periflux PF3 laser Doppler flowmeter (Per-
imed, Sweden) was used for measurement of cutaneous
blood flow. After withdrawal of the residual base from
the surface at determined intervals for 2 min, this test
was performed. The laser Doppler probe was attached
to the skin with a standard probe holder without pres-
sure and using adhesive tape. The blood flow under an
area of approximately 2 mm2 and down to a depth of less
than 1 mm was measured. The reading was recorded at
each site for 30 sec until the flow value had stabilized.
The Doppler shift of emitted light vs. back-scattered light
was measured in arbitrary units (a.u.). The Perisoft® com-
puter software program (Gastrosoft, Sweden) was used
to graphically acquire display and store the data obtained
from LDF. After the removal of gel base, the treated sites
for administered duration of 1 h were also chosen to de-
termine the erythema elimination rate of capsaicin and
NVA for 7-h measurement.

Transdermal Water Loss (TEWL)

TEWL was measured quantitatively using an EP1
evaporimeter (Servo Med, Sweden). The probe was pro-
tected using a protection cover with the screen and the
grid (no. 2107). Measurements were taken 4 min after
gel removal and readings at a stable level were performed
30 sec after application of the probe to the skin [Agner
and Serup, 1989]. The test sites were dabbed dry and air
convection in the laboratory was avoided. The TEWL is
calculated automatically and displayed digitally in g/m2 h.

Colorimetry

A colorimeter (Chroma Meter-CR 221, Minolta,
Japan) was used as a measure of erythema color. The sys-
tem consisted of an optical head connected by an optical
fibre cable with a control console. Readings were pro-
cessed by the built-in computer and were presented as a
digital liquid-crystal display. The instrument records color
reflectance three-dimensionally (L*, a*, b*), as recom-
mended by CIE. Tristimulus values of reflecting object
color, X, Y, and Z, are three reference stimuli necessary
for the color matching of any sample. However, the
tristimulus values do not form an additive set of variables.
An approximately uniform color space is produced by
plotting in cartesian coordinates the quantities L*, a*,
b* defined by:

L* = 116((Y/Yn)1/3–16
a* = 500[X/Xn)1/3–(Y/Yn)1/3]
b* = 200[Y/Yn)1/3–(Z/Zn)1/3]
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where the tristimulus values Xn, Yn, and Zn are the nomi-
nally white object-color stimulus given by CIE standard
[Lakmaker et al., 1993]. The luminance (L*) gives the
relative brightness ranging from total black (L* = 0) to
total white (L* = 100). The a* represents the balance
between red (+100) and green (–100) and the b* repre-
sents the balance between yellow (+100) and blue (–
100) [Pierard and Pierard-Franchimont, 1993]. The
parameters a* and b* are traditionally represented by
chroma C*, where ∆C* = [(∆a*)2+(∆b*)2]1/2. Differences
in color between the gel-treated site and the untreated
control site were expressed as ∆E*, where ∆E* =
[∆L*)2+(∆a*)2+(∆b*)2]1/2.

When recording the color values, the measuring
head was held perpendicular to the skin surface and the
aperture was fitted with an applicator, to avoid compres-
sion of subcutaneous capillaries. After pressing the mea-
suring button, the obtained reading appeared within a
few seconds on the display. The colorimetry results were
expressed as differences from the control, which is the
value obtained from one adjacent untreated site. There-
after, changes in color on the treated sites were measured
against the subject’s own baseline standard.

Determination of Capsaicin, NVA, and SNA From Gel

In the experiment of the surface recovery tech-
nique, one cotton cloth and one cotton wool swab con-
taining gel base and 0.1 ml of 1.8 mg/ml p-phenylphenol
as an internal standard were mixed with 5 ml of metha-
nol solution in the glass-stoppered centrifuge tube and
then followed by mechanical shaking for 60 min. After
centrifugation for 10 min at 3,000 rpm, the supernatant
organic layer was directly injected into the HPLC. The
recoveries of capsaicin, NVA, and SNA from gel base were
81.20 ± 3.22%, 84.41 ± 2.97%, and 81.91 ± 5.73%, re-
spectively.

Data Analysis

The in vitro percutaneous absorption study, the to-
tal amount of drug penetrating through the unit diffu-
sion surface and into the receptor was calculated and
plotted as a function of time. The flux was calculated by
the slope of the linear portion of cumulative amount-time
plots for zero-order model and expressed as the mass of
drug passing across 1 cm2 of skin over time. In the study
of surface recovery technique, the difference between
applied and recovered amounts corresponded to the cu-
mulative absorbed amount. The applied amount was de-
termined as the recovered amount in 0 h which was
calculated by the drug concentration from gel base ap-
plied on the skin and immediately peeled off. In the in
vivo methods, the area under the response-time curve
(AUC) was computed according to the trapezoidal rule.
The antinociceptive index of three analogues was deter-

mined by the result of flux multiplied by antinociceptive
potency ratio [Fang et al., 1995a].

The statistical analysis of the difference between
different treatment was detected by using the unpaired
Student’s t-test. The 0.05 level of probability was taken

Fig. 1. In vitro flux of capsaicin (A), NVA (B), and SNA (C) from gel
formulations at various benzalkonium chloride concentrations. All data
represent the means of three experiments ± S.D.
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capacity through human skin increased in the order of
SNA<capsaicin<NVA. This trend is the same as com-
pared with the previous research using the original
Carbopol 940® gel and the hydrophilic o/w cream [Fang
et al., 1996b]. However, there is no significant increase
(t-test, P > 0.05) in flux after the addition of benzalko-
nium chloride in gel base for capsaicin and NVA to indi-
cate that the 0.05% amount of benzalkonium chloride may
be not enough to develop its enhancing effect on human
skin in vivo.

The kinetic parameters are summarized in Table 1.
Although the in vivo flux of SNA is relatively lower than
that of capsaicin and NVA, this disparity between SNA
and capsaicin or NVA is already diminished as compared
with the in vitro flux as shown in Table 2. Moreover, SNA
may attain the similar therapeutic effect as NVA and cap-
saicin in humans after the calculation of antinociceptive
index is shown in Table 1 [Fang et al., 1996b]. Table 2
depicts the 8.69–55.93-fold increase in permeability co-
efficient of capsaicin analogues in vivo compared to the
in vitro situation after calibration by the permeability
coefficient ratio between pig/human, which is probably
due to the use of full-thickness skin in vitro [Catz and

as the level of significance. The ANOVA test was also
utilized in this present study.

RESULTS AND DISCUSSION

In Vitro Percutaneous Absorption

To screen an optimal formulation for capsaicin and
its synthetic derivatives, benzalkonium chloride was in-
corporated into Carbopol 940® gel base for in vitro per-
cutaneous absorption evaluation. Various benzalkonium
chloride concentrations are selected for experiment and
the results of penetration flux are shown in Figure 1.
There is an ascendant trend for benzalkonium chloride
to enhance the penetration capacity of all of three cap-
saicin analogues from the concentration of 0 to 0.05%.
The flux of SNA is relatively lower (t-test, P < 0.05) than
that of capsaicin and NVA. Since SNA shows a hydro-
philic character [Tsai et al., 1994], the SNA molecule and
hydrogel base complex to obstruct the release of SNA
from the gel.

The fluxes of capsaicin and NVA were reduced as
the benzalkonium chloride concentration was increased
to 0.10 and 0.20%. A possible reason for this phenom-
enon is the formation of benzalkonium chloride micelles
for capsaicin and NVA at the higher concentrations to
impede transfer across the skin barrier [Yalkowsky and
Zografi, 1972]. For SNA, no significant differences
(ANOVA test, P > 0.05) are observed among the fluxes
of 0.05, 0.1, and 0.2% benzalkonium chloride concentra-
tion, although the 0.1% dose of gel formulation shows
the highest enhancing effect for SNA, consistent with our
previous study [Wu et al., 1995]. Thus, the dose of 0.05%
may act as a maximum concentration to achieve the ef-
fective percutaneous absorption since the higher doses
may restrict their absorption amounts to the level of
0.05%. As observed in Figure 1, the flux of capsaicin and
NVA showed a maximum at 0.05% benzalkonium chlo-
ride. As a consequence, this dose was added to the gel
for these analogues, which was utilized as the formula-
tion to deliver for the in vivo study.

In Vivo Surface Recovery Technique

The cumulative absorbed amount-time profile of
three analogues is shown in Figure 2. The penetration

Fig. 2. Cumulative absorbed amounts vs. time profiles of 0.075% cap-
saicin, NVA, and SNA from gel formulations incorporated with 0.05%
benzalkonium chloride after percutaneous administration in humans. 2,
capsaicin; 7, NVA; Z, SNA. All data represent the means of six experi-
ments ± S.D.

TABLE 1. In Vivo Skin Surface Recovery Technique in Humans From 0.075% Capsaicin, NVA, and SNA Gel Formulations*

Capsaicin NVA SNA

Absorbed amount at 8 h (µg/cm2) 22.65 ± 3.73 28.17 ± 5.22 13.58 ± 2.53
Flux (µg/cm2/h) 2.28 ± 0.39 3.02 ± 0.56 1.41 ± 0.40
Permeability coefficient × 10–2(1/cm2/h) 1.52 ± 0.26 2.01 ± 0.37 0.94 ± 0.26
Antinociceptive potency ratio 1.14 1 2.00
Antinociceptive index 2.60 3.02 2.82

*Antinociceptive index is calculated by the antinociceptive potency ratio multiply to flux. Each value represents the mean ± S.D. (n = 6).
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Friend, 1990]. Most of an absorbed drug is taken up by
the blood in the capillaries of the skin at a depth of 200
mm. This is a much shorter distance for diffusion than
the 2–3 mm of full-thickness human, pig, and rat skin
[Bronaugh and Stewart, 1986]. Thus, the full-thickness
skin tested in vitro may underestimate the permeability
of the same skin in vivo.

Laser Doppler Flowmetry (LDF)

Figure 3 depicts the result of skin erythema test
quantified by LDF. The capsaicin and NVA gels show a
significantly higher erythema score compared to the SNA
gel. That no significant difference (t-test, P > 0.05) exists
between SNA and control groups suggests that no irri-
tant and pungent properties are found for SNA. The re-
sponse-time profile of Figure 3 can be subjected to area
under the curve (AUC) analysis as shown in Table 3, simi-
lar to that after systemic administration. The AUC accounts
for both the intensity and the duration of action of the phar-
macodynamic response [Chan and Li Wan Po, 1992].

The AUC value of capsaicin is significantly higher

(t-test, P < 0.05) than that of NVA. This indicates that
capsaicin causes more severe skin irritation than did NVA.
This phenomenon is consistent with the previous study,
which demonstrated that the relative pungent potency
of capsaicin was higher than that of NVA in rats [Chen et
al., 1992]. Treatment with capsaicin and NVA gels causes
an immediate increase in blood flow and the peak value
is reached within 1 h. During the first 1 h, capsaicin and
NVA show the similar erythema values to each other. The
values then gradually level off, but there is still an in-
creased blood flow at 1–4 h treatment duration as com-
pared to the control group. The major difference of
erythema AUC between capsaicin and NVA is also ob-
served in this later stage. The fact that no significant dif-
ference (t-test, P > 0.05) is noted between 6 and 8 h for
the control sites and capsaicin and NVA-treated sites sug-
gests that skin vasodilation and irritation are at control
levels after 6 h treatment.

Pharmacologically, the effects of capsaicin and
NVA upon cutaneous sensation and vasomotor status
are known to differ depending on duration of applica-
tion and characteristically evolve from early irritative
to late depressive phenomena [Simone and Ochoa,
1991]. The early sensory phenomenon is attributed to
sensitization of C-nociceptors leading to reduced re-
ceptor threshold. Initially, there occurs an excitatory
phase during which capsaicin produces spontaneous
burning pain, acute inflammation, and cutaneous va-
sodilation [Glinski et al., 1991]. After a long duration
of capsaicin application, a late-phase of action becomes
apparent. It is characterized by the disappearance of
burning pain and by inability of the skin to engage in
antidromic vasodilation. These effects are attributed
to desensitization of C-nociceptors or blocked con-
duction in the axons; this immediately singled the
neurotoxin as a potential agent to treat pain [Crimi et
al., 1992]. According to our LDF erythema data dis-
cussed above, capsaicin and NVA may initially attain
the first irritative stage from 0 to 4 h, then gradually
change to the second depressive stage after 4-h ad-
ministration. SNA does not exhibit this two-phase
pharmacological phenomenon as observed in Figure

TABLE 2. In Vitro Percutaneous Absorption of 0.06% Capsaicin, NVA, and SNA Gel Formulations From Pig Skin and Comparison With In
Vivo Skin Surface Recovery Technique*

Capsaicin NVA SNA

Flux (µg/cm2/h) 2.97 ± 0.33 3.08 ± 0.19 0.43 ± 0.09
Permeability coefficient × 10–2(1/cm2/h) 0.25 ± 0.02 0.26 ± 0.02 0.04 ± 0.01
Pig/human permeability coefficient ratio 1.43 1.86 2.38
In vivo/in vitro permeability coefficient ratioa 8.69 14.38 55.93

*Each value represents the mean ± S.D. (n = 3).
aThe in vivo/in vitro permeability coefficient ratio is calculated by the calibration of pig/human permeability coefficient ratio as (in vivo permeability
coefficient × pig/human permeability coefficient ratio)/in vitro permeability coefficient.

Fig. 3. Skin erythema quantification measured by laser Doppler flow-
metry for 0.075% capsaicin, NVA, and SNA from gel formulations in-
corporated with 0.05% benzalkonium chloride after percutaneous
administration in humans. 2, capsaicin; 7, NVA; Z, SNA; A, control
group. All data represent the means of six experiments ± S.D.
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3, suggesting that it can avoid the development of
spontaneous burning pain to achieve antinociceptive
regimen and to increase patients’ compliance.

The treated sites of capsaicin and NVA for 1-h
administration were detected by flowmeter for 7 h du-
ration to observe the elimination of erythema as shown
in Figure 4. As compared with the cutaneous blood
flow of longer (than 1 h) period treated sites at the

same detection time, the a.u. value of the treated sites
of 1-h administration is lower than that of longer pe-
riod administration. After peeling off the cotton cloth
with drug, the permeant is desorbing from the
biomembrane until the drug reservoir is empty. How-
ever, the reservoir always fills with drug at the curves
of filled symbols in Figure 4 to result in the higher
erythema scores. Judging from the treated sites of 1-h
administration, the skin returns to normal condition
within 2 h after the removal of both capsaicin and NVA
gels since no significant difference (t-test, P > 0.05)
of arbitrary unit is observed between the treated and
control groups after removing the gels for 2 h.

Transepidermal Water Loss (TEWL)

Among such techniques, skin water vapor loss mea-
surements proved to be useful in assessing the influence
of substances on the barrier function integrity [van der
Valk et al., 1985]. In this present investigation, TEWL
can be detected to evaluate the barrier function distur-
bance caused by 0.05% benzalkonium chloride. Since the
transpiration of water from stratum corneum is blocked
by the occlusive dressing technique (ODT), the TEWL
values are raised after the removal of cotton cloth as
shown in Figure 5. When comparing the AUC values of
TEWL, capsaicin and NVA gel forms show significantly
higher (t-test, P < 0.05) values than the control gel (with-
out active ingredient) as shown in Table 4. Furthermore,
no significant difference (t-test, P > 0.05) is found be-
tween SNA and control group. This result is similar to
that with LDF detection. For capsaicin, the AUC value
of TEWL shows a slightly higher value than NVA from
gel, although this difference is not statistically significant
(t-test, P > 0.05).

Comparing the gel control group of this present
study and the hydrophilic cream control group reported
previously [Fang et al., 1996b], the result of AUC values
shows that gel base is less irritative than hydrophilic
cream; this is likely because the cream contained sodium
laurylsulfate and isopropyl myristate in its formulation
[Dempski et al., 1965; Agner and Serup, 1990]. More-
over, the AUC value of gel control group of this present
study, which contained 0.05% benzalkonium chloride,
approximates that of the previous gel base without ben-

TABLE 3. Skin Erythema Test of 0.075% Capsaicin, NVA, and SNA Gel Quantified by Laser Doppler Flowmetry*

Control groupa Capsaicin NVA SNA

Tmax (h) 3 1 1 4
a.u.max 4.72 ± 2.54 102.56 ± 38.76 93.56 ± 19.12 3.75 ± 1.17
AUC (a.u. × h) 29.25 ± 11.78 217.12 ± 66.17 158.29 ± 33.86 26.29 ± 12.40

*Each value represents the mean ± S.D. (n = 6).
aControl group is the gel formulation with no active ingredient.

Fig. 4. Skin erythema quantification measured by laser Doppler flowm-
etry for capsaicin (A) and NVA (B) at 1-h-treated sites (7) and longer
(than 1 h) period-treated sites (2). All data represent the means of six
experiments ± S.D.
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al., 1986]. For capsaicin and NVA, the differences con-
sisted of a decrease in the ∆L*-value and an increase in
a*-value while b*-axis change was variable, similar to
effects of pigmentation and erythema reported earlier
[Serup and Agner, 1990; Hoffmann et al., 1994]. As the
erythema effect of capsaicin and NVA develops, skin tone
becomes darker and its redness increases. Therefore, the
intensity of the erythema response varies directly with
the ∆a* coordinate, and inversely with the ∆L* coordi-

TABLE 4. TEWL Parameters of 0.075% Capsaicin, NVA, and SNA Gel Quantified by Evaporimeter*

Control groupa Capsaicin NVA SNA

Tmax (h) 1 1 0.33 4
a.u.max 20.66 ± 3.66 39.63 ± 9.45 29.03 ± 6.53 18.70 ± 3.34
AUC (a.u. × h) 146.12 ± 35.10 234.91 ± 70.47 193.37 ± 41.38 124.66± 23.69

*Each value represents the mean ± S.D. (n = 6).
aControl group is the gel formulation with no active ingredient.

zalkonium chloride [Fang et al., 1996b]. This indicates
that 0.05% benzalkonium chloride may be sufficiently low
to avoid any skin irritation. This phenomenon may also
reflect the result of the surface recovery technique ex-
periment that the drug penetration capacity did not in-
crease after the addition of 0.05% benzalkonium chloride
when comparing the previous data [Fang et al., 1996b].
Accordingly, the Carbopol 940® gel base can be selected
as a vehicle to deliver capsaicin and its synthetic deriva-
tives because of its offering a moderate penetration ca-
pacity for drugs and avoiding any skin impairment.

The recovery of the normal condition of skin was
evaluated by the 1-h-treated site as in the LDF experi-
ment. After 1 h of removing the gel bases of capsaicin
and NVA, the TEWL values leveled off immediately and
then maintain an approximately constant level as shown
in Figure 6.

Colorimetry

In clinical circumstances, when the degree of sen-
sitivity of the skin to erythema is required, one can sim-
ply estimate the degree of erythema while comparing it
to normal neighboring skin as the value of color differ-
ence (∆L*, ∆a*, ∆b*) as shown in Figure 7 [Westerhof et

Fig. 6. TEWL values measured by evaporimeter for capsaicin (A) and
NVA (B) at 1-h-treated sites (7) and longer (than 1 h) period-treated sites
(2). All data represent the means of six experiments ± S.D.

Fig. 5. TEWL values vs. time profiles measured by evaporimeter for
0.075% capsaicin, NVA, and SNA from gel formulations incorporated
with 0.05% benzalkonium chloride after percutaneous administration in
humans. 2, capsaicin; 7, NVA; Z, SNA; A, control group. All data
represent the means of six experiments ± S.D.
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Fig. 7. Color differences measured by simpler indexes of colorimetry
between treated sites and neighboring untreated sites for 0.075% capsai-
cin (A), NVA (B), and SNA (C) from gel formulations incorporated with
0.05% benzalkonium chloride after percutaneous administration in hu-
mans. 2, ∆L*; 7, ∆a*; Z, ∆b*. All data represent the means of six
experiments ± S.D.

Fig. 8. Color differences measured by multiple indexes of colorimetry
between treated sites and neighboring untreated sites for 0.075% cap-
saicin (A), NVA (B), and SNA (C) from gel formulations incorporated
with 0.05% benzalkonium chloride after percutaneous administration
in humans. 2, ∆C*; 7, ∆E*. All data represent the means of six experi-
ments ± S.D.
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nate. On the other hand, it was not detectable with ∆b*-
value, perhaps because this value showed lower sensi-
tivity to skin color change induced by erythema than ∆L*
and ∆a* values. Accordingly coordinates ∆L* and ∆a*
were found to be more discriminative than ∆b* for the
application of capsaicin and NVA gels. Judging from the
color difference after administration of SNA gel, mea-
surements on ∆L*, ∆a*, ∆b* values revealed no signifi-
cant changes. So the changes in skin color were negligible,
which was due to the nonpungent property of SNA.

To indicate skin color change by the multiple indexes,
∆C*=[(∆ a*)2+(∆b*)2]1/2 and ∆E*=[(∆a*)2+(∆b)2+(∆L*)2]1/

2 were calculated. The ∆C* and ∆E* changes induced by
capsaicin, NVA, and SNA are shown in Figure 8. These
two values of the treated sites of capsaicin and NVA in-
creased significantly, along with the intensification of
erythema. The peak values of color changes occurred af-
ter 1 h of administered duration, which is the same with
the result of LDF for capsaicin and NVA. As similar as
the simpler indexes of ∆L*, ∆a*, ∆b*, SNA still exhibits
nonsignificant changes in skin color after calculation of
∆C* and ∆E*.

Correlation Between LDF and Colorimetry

The LDF is the only technique for direct cutane-
ous blood flow measurement [Schabauer and Rooke,
1994]. The laser-Doppler method was especially suitable
for the measurement values for blood flow and the inten-
sity of hyperemia as proved previously [Hoffmann et al.,
1994; Fang et al., 1996b]. To investigate the capacity for
detecting the blood flow magnitude of vasodilation for
capsaicin and NVA by colorimetry, the relationship be-
tween LDF and colorimetry was studied as shown in
Table 5. The intertechnique correlation coefficients are
greater than r = 0.96 (P < 0.01) for the comparison a.u./
∆a* and with r = 0.94 (P < 0.01) for the comparison a.u./
∆E*, which shows the highest values of correlation for
capsaicin and NVA, respectively. Thus after evaluating a
series of parameters of colorimetry correlated with LDF
a.u. values as shown in Table 5, ∆a* and ∆E* are more
discriminative parameters for vasodilation erythema than
the others in this study. These results suggested these
two parameters are suitable and reliable to quantify cap-
saicin and NVA erythema, and the change of skin color

TABLE 5. Correlation of Parameters of Colorimetry With the Arbitrary Unit Data of Laser Doppler Flowa

Drug ∆L* ∆a* ∆b* ∆C* ∆E*

Capsaicin Correlation coefficient 0.8350 0.9563 0.5419 0.9049 0.8893
Significance P<0.05 P<0.01 n.s. P<0.025 P<0.025

NVA Correlation coefficient 0.8856 0.8890 0.0194 0.8806 0.9376
Significance P<0.025 P<0.025 n.s. P<0.025 P<0.01

an.s., not significant.

in erythema reflected the change of cutaneous blood flow.
b*-axis values were increased after administration of cap-
saicin and NVA gel bases as depicted in Figure 7A and B;
however, this increase was variable and had no correla-
tion with erythema response of LDF.

Most of the correlation coefficients observed in
Table 5 are below the value of 0.9. A possible reason is
that the flowmeter and colorimeter measure somewhat
different features of cutaneous circulation. The flowme-
ter results are mainly determined by arteriolar tone and
the colorimeter results mainly determined by the amount
of blood in the subepidermal vascular plexus and papil-
lary loops [Serup and Agner, 1990; Agache and Dupond,
1994]. The coefficients of variance (c.v.) of AUC values
measured from Table 2 for LDF and Figure 8 for colo-
rimetry are 21.38–47.17 and 5.81–11.29%, respectively.
This result confirms that LDF varies more in erythema-
tous skin. This is due to the small area of skin illumi-
nated by the laser light in contrast to the colorimeter,
which operates with a far larger area and thus provides a
better overall assessment of the microcirculation [Serup
and Agner, 1990].

In conclusion, it may be considered that colorim-
etry is an adequate and convenient method to obtain
quantitative information for the pharmacological evalua-
tion of erythema caused by cutaneous environmental
sources of variation, which may disturb the recording of
LDF, making the method suitable for routine work. Ac-
cordingly, the combination of preclinical in vitro evalua-
tion, in vivo surface recovery technique, and a series of
non-invasive bioengineering methods could be used as a
reference for the assessment of penetration capacity, skin
erythema, and therapeutic effect of drugs and thereby
dictate future therapy.
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