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DARKENING (IPD) REACTION IN NORMAL INDIVIDUALS
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Abstract. In order to investigate the clinical characteris-
tics of the immediate pigment darkening (1PD) reaction for
normal healthy Caucastan individuals and its concelvable
relation to age. sex. skin type and to the minimal erythema
dose (MED). a standardized light testing procedure was
used and 72 subjects were studied. Skin tvpe 11l was the
most common. being found in 78 % of the individuals: skin
types 1l and 1V were less common. found in only 12.5%
and 9.5 % respectively. Skin type 1 was not observed at
all. Individuals with skin type Il were found to have a
significantly lower mean MED than those with skin types
111 and 1V, and the 1PD threshold dose was 9.0 J/cm?® or
more. which was significantly more than for skin types 111
and V. The IPD reaction was absent in several individu-
als with skin type Il under the experimental conditions
used. Some differences were observed concerning the
mean MED and 1PD threshold doses between skin types
11! and IV but they were not statistically significant. Age
or sex did not appear to be significantly related to the
MED and IPD threshold doses observed. and. further-
more. no significant correlation. either positive or nega-
tive, was found between the MED and the IPD threshold
doses when investigated for individuals with skin type 11 1.

KNev words: Standardized light testing; Normal healthy
Caucasians: Skin type: Minimal crythema
dose. MED: Immediate pigment darkening.
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Ultraviolet irradiation may induce darkening or in-
creased melanin pigmentation of human skin. but
the degree of pigmentation obtained varies between
different individuals. Two distinct  tanning
phenomena can be distinguished—immediate tan-
ning or the immediate pigment darkening reaction
(IPD). and the delayed tanning (D T) reaction.

The IPD reaction is induced by both long-wave
ultraviolet (UVA) radiation and by visible light (4,
12. 13, 14). The phenomenon occurs without laten-
cy immediatcly after exposure to sufficient radia-
tion. usually within 5 to 10 min of midday summer-
sun exposure and becomes maximal after 1 h of
irradiation, However, after discontinued exposure,
the pigmentation so obtained gradually fades within
afew hours (1,3, 10, 11, 12,13, 14).

The delayed tanning reaction. however. is a
gradual process which involves new synthesis of
melanosomes and changes in the functional state of
the melanocytes and Keratinocytes (5. 6. 14, 17).
The DT reaction is optimally stimulated by expos-
ure to short-wave ultraviolet radiation (UVB) and to
a lesser extent by exposure to UVA and visible
radiation. Maximum reaction is scen 48 to 72 h post
irradiation (6. 7. 11, 14. 17).

Photochemical and micromorphological fcaturcs
of the IPD and DT reaction have been reviewed
elsewhere (5. 6. 12. 13, 14, 15, 16, 17).

Normal individuals without any quantitative or
qualitative known pathological reaction to light ex-
posure may tolerate solar radiation quite differently
depending on their skin type. Some individuals al-
ways burn initially, without subsequent pigmenta-
tion, while others almost never burn yet are easily
pigmented. Furthermore. patients with a pathologi-
cal light sensitivity or photodermatosis are predo-
minantly individuals who arc always and easily
burned and who have poor tanning capacity prior to
first appearance of photosensitivity (19).

The aim of the present study was to investigate
the IPD reaction and its clinical characteristics in
normal healthy individuals in relation to skin type
and photodermatological parameters established by
a standardized light test procedure, such as the
minimal erythema dose (MED).

MATERIALS AND METHODS

Subjects

72 voluntary healthy Caucasian individuals without any
known pathological reaction to solar irradiation were in-
vestigated by means of a standardized light test procedure
described in detail elsewhere (18). No internal medication
was allowed during the test period. The group comprised
28 men and 44 females. each sex having roughly the same
age distribution. men: 39* 18 (range 22-76) years: females:
37+ 11 (range 22-62).
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Classification of skin tvpe

The normal reactions to solar radiation were evaluated for
all individuals. The criteria (9) were based on the history
of the usual reaction to the first hour of full sun exposure
in early summer in Sweden with regard 10 the degree of
erythema and pigmentation usually obtained. and asses-
sed according to the following type of reaction. Skin type
1: always burn. never tan, [I: always burn. sometimes tan:
I1l: sometimes burn, always tan: and 1V: never burn. al-
ways tan.

Light source

Light testing was performed with an Osram High Pressure
Xenon arc lamp (XBO [50 W). at a distance of 15 cm from
the lamp aperture to the skin (18). For MED estimations
the lamp was equipped with a Schott WG 295 filter giving a
sun-spectrum-like radiation (18). In order to exclude
short-wave ultraviolet radiation (UVB and UVC) the lamp
was equipped with a filter combination of a Schott WG 295
filter. a 3 mm ordinary glass filher and a KG | heat protec-
tive filter. thus providing predominantly long-wave (UVA)
and visible radiation suitable for IPD provocation.

Total flux at skin level for sun-spectrum-like radiation
as measured with a Hewlett-Packard radiant flux meter,
was 28 mW ¢m 2. The intensity of the lamp in the UVA
reagion when used with the filter combination was meas-
ured primarily around the 360 nm band with a Waldmann
UVA-meter (H. Waldmann Werk fiir Lichttechnik. Ger-

many) and estimated to 7.5 mW ¢m 2.

Light test procedure

Threshold doses for delayed erythema (MED) werc de-
termined in accordance with a standardized method ear-
lier described (18) by administering a series of increasing
exposures of 2-sec increments. The untanned midback
was the test site. Assessment was pertormed 24 h after the
exposure.

The IPD reaction was investigated by exposure to the
lamp used with the filter combination. Continuous irradia-
tion was administered and the time elapsed before the
appcarance of a significant. clearly visible, gray-brown
IPD reaction was registered. from which the correspond-
ing threshold dose was calculated. irradiation was discon-
tinued after a maximum dose of 9 J cm 2 in order to avoid
any disturbance caused by a gradual increasing erythema
seen for higher doses. The maximum dose used corre-
sponds to about 45 min exposure to mid-day summer solar
radiation in Sweden. The untanned gluteal region was
used as test site.

No previous light exposure was allowed for at least 4
months prior to the test procedure.

RESULTS

The minimal erythema dose (MED) and the dose
required to provoke the IPD reaction were esti-
mated for all individuals and the mean value was
calculated for each skin type. as seen in Table 1.
Among those investigated. only skin types II. 1Il
and 1V were represented.
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Table 1. Minimal ervthema dose (MED) and -
mediate Pigment Darkening (1°0) threshold dose

for ditferent skin txpes tmean valuestS.0.)

Skin Number of

lype individuals MED (s) IPD (J/em?)
11 9 10.7x6.2 29.0

111 56 15 3x7.6 3.8%23
AY 7 8.624.1 2,819

Individuals with skin type [ showed a significantly lower
MED and a significantly higher IPD threshold dose than
those with skin types 111 and 1V. but the differences seen
between skin types Il and IV are not statistically sig-
nificant

The mean MED value (Table I) was found to be
signficantly lower tor individuals with skin type H
when compared with those with skin type 111
(p<0.03) and skin type 1V (p<0.01). The ditterence
between skin types 111 and 1V was not statistically
significant.

There was no significant correlation between the
individual’s age and the MED. either for men or for
women. the squared correlation coefticients (%)
being 0.00 and 0.03 respectively. Furthermore. no
significant relationship was found between sex and
MED when the mean values were calculated for the
largest group of test persons (2 =36), viz. skin type
i1

The mean threshold doses for the IPD reaction
was 2.8+ 1.9 J/em®, 3.8+2.3 J/cm?* and 9.0 J/cm? or
more. tor skin types 1V, i1l and 11 respectively. The
difference between skin types II and I1l. and be-
tween Il and V. was statistically significant
(p<0.05 and p<0.01 respectively). but not between
skin types IIl and IV. Nine individuals had skin
type Il but only one showed a positive IPD reac-
tion, seen at a threshold dose of 9 J/cm? coincident
with the maximum dose given. Four persons were
subsequently retested with higher doses. up to 16
Jlcm?. Two of them were then positive with 1PD
seen for 12 and 14 J/cm®: the other two individuals
were still negative.

No significant correlation was found between age
and the IPD threshold dose for men or women (*
was 0.01 and 0.24 respectively) and there was no
significant ditference between the mean IPD thresh-
old dose value assessed for men and women with
skin type 11 (n=356).

Furthermore. no significant correlation. either
negative or positive. was found between the indi-
vidual's MED and IPD threshold dose for those



with skin type llI. /*=0.00 and 0.08 for men and
women respectively. The mean MED was 15.31£7.6
(range 6-42 s) and the mean IPD threshold dose
3.8%2.3 (range 0.9-9.0 J/cm?).

DISCUSSION

In clinical experience. individuals with skin type |
seem to be rare. which was confirmed in the present
study ot 72 normal Caucasians without any known
intolerance of solar radiation. Skin types Il and IV
were observed in 12.5% and 9.5% respectively.
Skin type III was the most trequently seen. being
registered in 78 %.

Individuals with skin type [l are fairly sensitive to
solar radiation. being easily burned and having a
poor tanning capacity. In this study their mean
minimal erythema dose (MED) was significantly
lower than for skin types Il or IV. The clinical
importance of the MED reaction is not fully under-
stood but MED is considered to be a well estab-
lished parameter for the investigation and assess-
ment of individual light sensitivity. even if the pre-
cise mechanisms underlying the reaction are still
largely unknown. Current knowledge on the topic
has recently been summarized and reviewed else-
where (8. 11).

The immediate pigment darkening reaction (I1PD)
seems to be related to the delayed tanning capacity
(DT) for difterentindividuals (5. 6.7. 12, 13,14, 17).
DI is most efficiently provoked by shortwave ul-
traviolet radiation (UVB) but erythemogenic doses
are needed (6. 7. 14). IPD is provoked by longwave
ultraviolet (UVA) and visible radiation (4, 12, 13,
14). IPD can be seen after tairly low doses of UVA
(6. 7. t1). without any preceding erythemal reac-
tion. Fair-skinned individuals have a low tanning
capacity, with insufficient IPD and DT reactions.
This investigation proved an insufficient and even
absent IPD reaction in skin type I1. viz. individuals
reporting poor DT capacity. The IPD threshold was
significantly elevated compared with skin types 111
and IV. and totally absent for several individuals in
spite of exposures amounting 16 J/cm? (UVA).

Individual MED and IPD threshold values varied
within each skin type. but no correlation. either
positive or negative, was observed. Subjects with a
low MED may have a low IPD threshold dose and
vice versa. when calculated for the largest group of
56 individuals with skin type [1l. Furthermore. age
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and sex was not correlated to MED or IPD in any
significant degree.

MED and IPD should be considered as separate
phenomena. However. MED observed for previ-
ously untanned skin in Swedish mid-day summer
time amounts about 20 min of solar radiation. 1PD
may under similar conditions be clearly visible after
5-10 min exposure and a protective role cannot be
excluded. The clinical significance of the IPD reac-
tion may be related to acute effects. A protective
role may also be claimed when long-term adverse
reactions to solar radiation are considered.

Individuals with skin type Il and insufficient or
absent [PD should be more prone to develop
pathological light sensitivity. actinic degenerative
changes and cutaneous malignancies. This was
documented in a previous study (19) where skin
types | and Il were clearly overrepresented prior to
the first appearance of pathological light sensitivity.
Skin types I and Il were represented in 48 % of
patients with polymorphous light eruptions. in 42 %
of patients with light-sensitive psoriasis and in 57%
of patients with discoid or systemic lupus
erythematosus. Similarly, skin types I and Il were
recently found to be twice as common in patients
with malignant melanoma than in controls (2).

Thus. from a theoretical point of view [PD may
provide protection against ultraviolet solar radia-
tion. This claim is supported by substantial. though
indirect evidence. However. more definite clinical
significance remains to be verified and further
studies are required.
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