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CONTACT DERMATITIS

Functional map and age-related differences in the
human face: nonimmunologic contact urticaria

induced by hexyl nicotinate
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Variation in human skin reactivity to various irritants in association with age and body region has
been reported. Hexyl nicotinate (HN), a lipophilic nicotinate ester, was used to induce nonimmuno-
logic contact urticaria in human volunteers of 2 age groups: 10 young subjects [24–34 years, mean �
standard deviation (SD) 29.8 � 3.9 years] and 10 older volunteers (66–83 years, mean � SD 73.6 �
17.4 years); and to define skin function and potential age-related differences in various facial areas.
About 5 mM of HN in ethanol was applied to 8 locations on the face, neck, and volar forearm. A
laser Doppler flowmeter was used to determine baseline blood flow and to monitor the skin blood
flow changes after HN application. In the contralateral areas, stratum corneum turnover was deter-
mined using 5% dansyl chloride in petrolatum. In the young group, the perioral area exhibited the
strongest reaction to HN. In the older group, the chin was the most sensitive site. In both the groups,
the forearm was the least responsive. The older group demonstrated a stronger reaction than the
younger group in 3 sites (forehead, cheek, and nasolabial area). Stratum corneum turnover was
slower in the nasolabial area and in the forearm in both age groups, whereas the fastest was in the
perioral area and the chin in the younger group and in the chin and the forehead in the older group.
Compared to the older group, the younger group showed a slower stratum corneum turnover in the
nose and the neck. This study demonstrates the regional and the age-related variability of the stratum
corneum turnover and the skin reactions to HN. These observations may help explain some aspects
of the cutaneous intolerance in skin care of the face.
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Age-related and regional variation studies of the
human skin reactivity to various irritants have
been reported (1–5). Marked variation of the var-
ious areas of the face in reactivity to benzoic acid
has been documented by Shriner andMaibach (6).
In the present study, hexyl nicotinate (HN),

a more lipophilic compound than benzoic acid,
was used to induce nonimmunologic contact urti-
caria (NICU) in the same sites as documented by
Shriner and Maibach (6). Blood flow changes
were recorded to determine potential regional
and age-related differences in cutaneous vascular
reactivity to HN.

Subjects and Methods

Subjects

2 age groups were studied: 10 healthy volunteers
in the young group, aged 29.8� 3.9 years, ranging
from 24 to 34 years, and 10 in the older group,
aged 73.6 � 17.4 years, ranging from 66 to 83
years.

Exclusion criteria were a history of atopy and
current antihistaminic drug use.

All the volunteers gave written consent, and the
studywas approved by the local ethical committee.

Methods

8 regions (forehead, nose, cheek, nasolabial and
perioral areas, chin, neck, and volar forearm) were
studied in terms of stratum corneum turnover
(dansyl chloride test) and pharmacodynamic
response to HN.
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5 per cent dansyl chloride in petrolatum was
applied for 16 hr on the 8 locations of the skin
using 8-mm Finn Chamber1 aluminium discs
(Epitest Ltd Oy, Tuusula, Finland) (7).
After dansyl chloride patch removal, the sub-

jects were allowed to acclimate to the examination
room for 15 min and then the baseline measure-
ments were taken on the contralateral locations.
Baseline measurements of the cutaneous blood

flow laser doppler flowmetry (LDF) were taken
using a laser Doppler flowmeter (Laser blood flow
monitor MBF3D; Moor Instruments, Axminster,
UK) (8). Blood flowmeasurements were not taken
on the upper eyelid because of the potential effect
of the laser beam on the retina. Blood flow was
monitored at 1 measurement per second for 30
seconds, and the values were averaged.
Using a saturated absorbent filter paper disc

(0.8-cm diameter) (Finn Chamber1; Epitest Ltd
Oy), 5 mM HN in ethanol was applied on the 8
skin areas for 15 seconds to elicit NICU. Then, the
blood flowmeasurements were taken every 10 min
for 1 hr in order to detect the maximum vascular
response of the skin to HN.
Stratum corneum turnover was determined by

detecting fluorescence on each skin site everyday
using an ultraviolet (UV) lamp. The period for the
fluorescence to disappear was considered as the
stratum corneum turnover.
Room temperature and relative humidity were

recorded each time when a subject was studied.
Room temperature during the study of young
group (20.3 � 2.3 centigrade) was significantly

(P ¼ 0.042) lower than that during the study of
older group (22.1 � 2.3 centigrade).
Relative humidity during the study of young

group (52.6 � 3.8) was significantly higher (P ¼
0.009) than that during the study of older group
(46.5 � 5.5).

Statistical analysis

To compare the measurements in the various skin
sites within each group, the analysis of variance
test was used. The two-tailed Student‘s t-test for
unpaired data was used to compare the differences
between the 2 age groups.

Results

Baseline to peak changes

Cutaneous reactivity to HN was assessed by the
baseline to peak changes (peak¼maximum LDF-
baseline LDF). In some investigations, area under
the curve was also considered to assess these
changes (6, 9, 10), but as it was correlated to peak
values (6), only the baseline to peak changes
(peak) were considered in our study.
Comparison between regions. In the young

group, the perioral area, followed by the neck,
was most sensitive to HN (Fig. 1). The perioral
and nasolabial areas, the nose, the forehead, and
the neck were more sensitive than the forearm
(P < 0.05). The perioral area (P ¼ 0.012) and
the neck (P ¼ 0.009) were more sensitive than
the cheek.
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Fig. 1. Baseline LDF to peak changes. Regional variation in the young and old groups and age-related differences. *The
regions where the difference between the 2 age groups was significant (P< 0.05). FA, forearm; FH, forehead; PO, perioral area;
NL, nasolabial area; SD, standard deviation.
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In the older group, all the areas of the face were
more sensitive, except the forearm. The chin, fol-
lowed by the cheek and the nasolabial area, was
the most sensitive. However, no difference in reac-
tivity to HN was found between the various areas
of the face.
The forearm was the less sensitive area in both

groups.
Comparison between the 2 age groups. Peak val-

ues were higher in the older group in 3 areas: fore-
head (P ¼ 0.047), cheek (P < 0.001), and
nasolabial area (P ¼ 0.012) (Fig. 1).

Stratum corneum turnover

Comparison between regions. The stratum cor-
neum turnover was slower in the nasolabial area
and the forearm in both age groups (Fig. 2).
The fastest stratum corneum turnover was

shown in the perioral area and the chin in the
young group and in the chin and the forehead in
the older group.
In the young group, stratum corneum turnover

in the nasolabial area and the forearm was signif-
icantly slower (P < 0.05) than in the forehead, the
cheek, the perioral area, and the chin. The stratum
corneum turnover was slower in the nose when
compared to that in the forehead (P ¼ 0.028),
the perioral area (P ¼ 0.016), and the chin (P ¼
0.015). The stratum corneum turnover was slower
in the neck than in the perioral area (P ¼ 0.004)
and in the chin (P ¼ 0.029).
In the older group, the forearm and the naso-

labial area demonstrated a significantly slower

stratum corneum turnover than the forehead (P
< 0.001 and P ¼ 0.008, respectively), the nose (P
< 0.001; P ¼ 0.025), the cheek (P < 0.001; P ¼
0.011), the perioral area (P < 0.001; P ¼ 0.023),
the chin (P< 0.001; P¼ 0.001), and the neck (P<
0.001; P ¼ 0.013).

Comparison between the 2 age groups. In the
nose and the neck, the stratum corneum turnover
was significantly (P < 0.05) slower in the young
group than in the older group (Fig. 2).

Discussion

Vascular response to HN (peak)

In the young group, the highest vascular responses
to HN were by the perioral area and the neck.
In the older group, the chin, the cheek, and the
nasolabial area showed the highest skin reactivity
to HN.

This difference between the 2 age groups might
be partly explained by the enlargement of the seba-
ceous glands in the elderly (11). The ultra violet A
(UVA) has been reported to induce sebaceous
gland hyperplasia (12) that might lead to the en-
largement of the sebaceous glands in the face when
compared to other areas (13, 14) and in the elderly
when compared to the younger subjects (11, 15).

Appendages may be an important factor in HN
absorption because the areas in the older group
where peak values were significantly higher than
those in the young group are known to have a high
appendage density (16), and the enlargement of
the sebaceous glands in the elderly (11) might
explain that in the older group, the absorption

YOUNG
OLD

St
ra

tu
m

 c
or

ne
um

 tu
rn

ov
er

 (d
ay

s)
 (m

ea
n 

± 
SD

)

0

4

8

12

16

20

24

FH Nose* Cheek NL PO Chin Neck* FA

Fig. 2. Stratum corneum turnover. Regional variation in the young and old groups and age-related differences. *The regions
where the difference between the 2 age groups was significant (P < 0.05). FA, forearm; FH, forehead; PO, perioral area; NL,
nasolabial area; SD, standard deviation.
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of HN seems to be higher where the appendage
density increases.
Reviews and investigative studies have been

published discussing the contribution of the vari-
ous structures of the skin in the drug diffusion.
Some note that the contribution of the appen-
dages in the skin permeability to chemicals should
not be overlooked, especially during the early
phase of absorption (17–19). The appendageal
route was reported to contribute to methyl nico-
tinate transport in the skin (5). Using normal and
artificially damaged skin (without follicles and
sebaceous glands), Hueber et al. (20) demon-
strated that the appendageal route accounts for
the transport of hydrocortisone and testosterone,
but it is more important for latter, the more lipo-
philic compound. Illel et al. (21), studying rat skin,
found that appendageal diffusion is a major path-
way in the absorption of hydrocortisone, caffeine,
niflumic acid, and p-aminobenzoic acid. Other
studies (22, 23) suggest that intercellular lipids
composition is a major factor in barrier function.
However, one should keep in mind that skin

reactivity to HN is probably not only the expres-
sion of the sole transcutaneous penetration of the
molecule but also the manifestation of individual
variability in the vascular response to HN.

Stratum corneum turnover

The stratum corneum turnover was slower in the
nasolabial area and the forearm in both age
groups.
Kawai et al. (24) reported a longer transit time

in the volar forearm than in the face in women. In
previous studies reviewed by Grove and Kligman
(25), the stratum corneum turnover of the forearm
was reported to decrease in the elderly. In our
study, the same trend was found, although not
statistically significant in all the areas, probably
because of the shorter application time of dansyl
chloride (16 hr). Kawai et al. (24) did not find
changes in the stratum corneum turnover in the
face in the elderly.
So, in the volar forearm, a photoprotected area,

mainly the ageing process is responsible for the dif-
ferences in stratum corneum turnover between the
age groups. The face is themost exposed area to the
UV radiations. This could account for the reverse
trend in the stratum corneum turnover, although
endogenous factors could also intervene. The stra-
tum corneum transit time was shorter in the face
than in the protected area (the forearm) and in the
older subjects who have received much UV radia-
tion during their life than the young group. So, it
seems that the photoageing process probably
decreases the stratum corneum transit time.

Conclusions

Many factors certainly account for the percutane-
ous absorption of the drugs. Besides the various
physical parameters used in our study, non-invasive
methods for the study of the appendageal density
(26) and the stratum corneum lipids composition
(27) should be considered to evaluate the influ-
ence of these 2 parameters on percutaneous
absorption of chemicals.
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