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Abstract

We have developed methods for sampling and extraction of trans-urocanic acid and cis-urocanic acid from human skin,
and subsequent high-performance liquid chromatographic measurement of these isomers. Sampling involves applying
cellophane adhesive tape to the skin for 10 s. Urocanic acid isomers were completely extracted by immersing the tape in
KOH solution. The HPLC column was a Tosoh ODS 80, (250X4.6 mm 1.D., 7 wm average particle size) eluted with 20
mM potassium dihydrogenphosphate containing 1 g/1 sodium heptanesulphonate (pH 3.7)-acetonitrile (93:7, v/v) at a
flow-rate of 1.0 ml/min. The isomers were detected by UV absorbance at 264 nm. This technique was used to analyze the
ratio of trans-urocanic acid/cis-urocanic acid on human skin at various sites on the body. It was found that the ratio was low
in naturally light-exposed skin and high in naturally shielded skin. © 1997 Elsevier Science B.V.
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1. Introduction postulated to have an adverse role in that it may be a

chemical mediator of the transient immunosuppres-
sion that follows UV irradiation [5]. In fact, there is
evidence to suggest that cis-UCA acts as a mediator

Normal mammalian stratum corneum contains a
high concentration of trans-urocanic acid (UCA) [1],

which is synthesized from histidine by the catalytic
action of histidine ammonia-lyase [2]. On exposure
to UV radiation, trans-UCA 1is isomerized to cis-
UCA [3]: trans-UCA is considered to act as a natural
protective agent against sunburn and damage to
DNA in skin [4]. cis-UCA which accumulates in
skin after exposure to sunlight, has recently been
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of UV-induced immunosuppression [6—16]. Accord-
ingly, the ratio of trans-UCA/cis-UCA on skin
provides important information on the immune sys-
tem.

Although methods for simultaneous determination
of trans-UCA and cis-UCA by high-perfromance
liquid chromatography (HPLC) have been reported
[17-24], the procedures for sampling and extraction
of UCA isomers from skin are more or less invasive
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[17-23], one of them is time-consuming {24], and
none of them are readily applicable for experiments
in the field. We, therefore, developed a simple
procedure for sampling and extraction of the UCA
isomers from human skin, followed by simultaneous
HPLC analysis. Using this method, we investigated
the ratio of UCA isomers in naturally light-exposed
skin and naturally shielded skin.

2. Experimental
2.1. Chemicals

trans-UCA was purchased from Aldrich, (Mil-
waukee, WI, USA). All the other chemicals were of
the highest purity obtainable from commercial
sources.

2.2, Sampling and extraction method

Part of the stratum corneum was detached by
applying a cellophane adhesive tape (20X18 mm
wide; Nichiban, Tokyo, Japan) to skin for 10 s. UCA
isomers were stable for at least 2 weeks on the
sampling tape when it was stored in the dark at
around 30°C. Therefore, this sampling method can be
applied in the field. trans-UCA and cis-UCA on the
tape were completely extracted by immersing the
tape in 200 pl of 1 M KOH for 30 min at room
temperature. The extract was neutralized with H,PO,
to minimize column damage. The neutralized solu-
tion was centrifuged for 3 min at 8000 g to remove
large solid particles, the supernatant filtered through
a 0.45-pm filter and injected onto the HPLC column.
The procedure is summarized in Fig. 1.

2.3. Sweat

Sweat taken from a cheek was directly filtered
through a 0.45-pm filter and injected onto the HPLC
column.

2.4. Liquid chromatography
The HPLC system consisted of an LC-9A liquid

chromatograph (Shimadzu, Kyoto, Japan), a Model
7125 syringe-loading sample injector (Rheodyne,

| cellophane adhesive tape (20 x 18 mm wide ; 3.60 cm?)

[—-apply tape to skin for 10 s
-— immerse tape into 200 1l of 1 M KOH for 30 min at room temperature
exi

tract

—— transfer 100 ul

——add 200 pl of 0.67 M phospheric acid
}——centﬂfuge at 10,000 x g for 3 min
supernatant

filter the supernatant through a 0.45-um microfilter

inject 2011 ento HPLC column

Fig. 1. Sampling and extraction procedure for urocanic acid
isomers.

Cotati, CA, USA), a Tosoh ODS 80,y column
(250X4.6 mm LD., average particle size 7 pm)
(Tosoh, Tokyo, Japan), and an SPD-6A spec-
trophotometer (Shimadzu) and Chromatopac C-R6A
for data processing (Shimadzu). The mobile phase
was a mixture of 20 mM potassium dihydrogenphos-
phate containing 1 g/l sodium heptanesulphonate
(pH was adjusted to 3.7 by addition of 147 M
phosphoric acid)—acetonitrile (93:7, v/v), the flow-
rate was 1.0 ml/min, the detection wavelength was
264 nm. The column temperature was maintained at
40°C with a CTO-6A column oven {(Shimadzu).
Under these conditions, cis-UCA and trans-UCA
were eluted at about 6.5 and 8.5 min, respectively.

2.5. Subjects

Subjects were Japanese females aged between 19
and 22 years. The number of subjects was dependent
on the sampling (n=17 to 48).

3. Results and discussion
3.1. Calibration curve and limit of detection

The concentration of standard zrans-UCA was
determined by using the molar absorptivity value of
19 000 at 264 nm in H,0. To obtain cis-UCA, which
is unavailable commercially, we irradiated a solution
of 1.54:10™* M trans-UCA in H,0O with a 100 W
Hanovia Xenon lamp filtered at 280 nm for 30 min.
The amount of cis-UCA formed by this treatment
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was determined as follows. A known amount of the
starting solution of frans-UCA was injected onto the
HPLC column, yielding a single peak at around 8.5
min. From this, we calculated the integrated peak
area of 1 nmol of trans-UCA to be 560 6185216
(mean+S.D., n=10). An irradiated sample was then
injected onto the column, yielding the chromatogram
shown in Fig. 2A. A new peak at 6.5 min, which was
taken to represent cis-UCA, increased with irradia-
tion time until about 30 min and remained constant
thereafter. The amount of cis-UCA isomerized from
trans-UCA was calculated from the difference be-
tween the amounts of trans-UCA before and after
UV-irradiation. The integrated peak area of 1 nmol
of cis-UCA corresponded to 504 284+4025.
Calibration curves for cis-UCA and trans-UCA
were obtained by using the solution irradiated for 30
min. They were linear in the range of 2 pmol (276
pg) to 1.5 nmol per injection, with correlation
coefficients of 0.999. The amount of UCA isomers
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Fig. 2. Chromatograms of urocanic acid (UCA) isomers. (A)
Standard cis-UCA (632 pmol) and rrans-UCA (818 pmol). (B)
Extract from skin on the back of the hand; sample size, 20 pl;
cis-UCA, 985 pmol; trans-UCA, 625 pmol. See Section 2.4 for
conditions.

were calculated from the following equations: cis-
UCA (nmol)=(integrated peak area eluted at around
6.5 min)/504 000 and trans-UCA=(integrated peak
area eluted around 8.5 min)/560 000.

The detection limit for each isomer was 2 pmol at
a signal-to-noise ratio of 5:1. The coefficients of
variation in the analyses of cis-UCA (41 pmol
injection, n=10) and trans-UCA (82 pmol injection,
n=10) were each within 1%. We periodically mea-
sured the standard sample contained in a poly-
ethylene tube to determine the stability of cis-UCA
and trans-UCA. It was found that the standard
sample solution was stable for at least four months
when it was kept in a refrigerator (4°C) or freezer
(—25°C)

3.2. Extraction of cis-UCA and trans-UCA from
the tape

As shown in Fig. 1, the sampling and extraction
procedure is straightforward, non-invasive and takes
less time than other methods [17-24]. Cellophane
adhesive tape is readily available at local stationery
stores, and sampling in the field is simple. The
complete removal of both isomers from the tape
during the 30-min extraction was confirmed by their
absence in the second extraction.

A typical chromatogram of an extract from skin on
the back of the hand is shown in Fig. 2B. The total
analysis time required was around 15 min.

3.3. Ratio of trans-UCA/cis-UCA in naturally
light-exposed skin and naturally shielded skin

The roles of trans-UCA as a sunscreen [4] and of
cis-UCA as an immunodepressive mediator [S—16]
have been postulated, but only one paper [25]
reported on the relationship between cis-UCA and
trans-UCA content at different sites on the body,
presumably because a practical method for sampling
of UCA isomers on the human body was not
available. The method described here allows the
ready determination of the trans-UCA/cis-UCA
ratio on any site on the body. Thus, we compared
trans- UCA/cis-UCA ratios in naturally light-ex-
posed skin and naturally shielded skin.

Fig. 3 shows histograms of the trans-UCA/cis-
UCA ratios at various sites on the human body. The
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average ratios for skin on the back of the hand and
the cheek, which are naturally light-exposed sites,
were 0.83 and 1.14, respectively, while those on the
lower abdomen, inner thigh and armpit, which are
naturally shielded sites, were 5.86, 7.88 and 8.28,
respectively. These results demonstrate that cis-UCA
is mainly detected on naturally light-exposed sites. A
similar result was reported by Kavanagh et al. [25],
who found, however, a higher ratio for naturally
light-exposed skin. This difference may be due to a
racial difference between the Japanese and the
British subjects who participated in these studies.
Stab et al. [26] reported that the concentration of
total UCA was higher in black and Asian skin than
in European Caucasian skin.

When the skin is exposed to strong sunlight, trans-
UCA is isomerized to cis-UCA and the resulting
cis-UCA is thought to cause a systemic immuno-
suppression [5—16]. Thus cis-UCA must be quickly
metabolized or removed in order to maintain the
normal function of the immune system. However,
further metabolism of cis-UCA is unknown. To
examine the possibility that cis-UCA may be re-
moved specifically by perspiration, we measured the
ratio of trans-UCA/cis-UCA in sweat on the cheek.
The result is depicted in Fig. 4. The mean+S.D. of
the ratio was 1.57+0.58, not statistically significant
different from that of skin on the cheek, 1.14+0.46.

Frequency

s

trans -UCA/ cis -UCA

Fig. 4. Ratio of trans-urocanic acid (UCA)/cis-UCA in sweat
from the cheek (2=48).

Thus, sweat dissolved not only cis-UCA but also
trans-UCA.
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