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1 Exposure to midrange ultraviolet radiation (UVB) is known to produce skin in¯ammation
similar to sunburn. The aim of this study was to characterize the hyperalgesia and cytokine
upregulation induced by UVB and their modulation by antiin¯ammatory cytokines.

2 Acute exposure of the dorsal skin of mice to UVB (200, 250 and 300 mJ cm2) resulted in a dose-
dependent decrease in the latencies of the hot plate and tail ¯ick tests, without evident signs of skin
lesions.

3 The observed hyperalgesia displayed a biphasic temporal evolution with an acute phase (3 ± 6 h)
and a late (48 ± 96 h) phase.

4 Exposure to UVB (300 mJ cm2) elicited signi®cant upregulation of interleukin (IL)-1b, tumour
necrosis factor (TNF)-a and nerve growth factor (NGF), determined by ELISA in the exposed skin.
This upregulation was more important during the acute phase of hyperalgesia.

5 Daily treatment of mice, with i.p. injections of either IL-10 or IL-13 (1.5, 7.5 and 15 ng in 100 ml
saline) produced a dose-dependent attenuation of the UVB-induced hyperalgesia.

6 Treatment with the highest doses of either IL-10 or IL-13, produced signi®cant attenuation of the
levels of the cytokines and NGF by UVB, with relatively more pronounced e�ects by IL-13.

7 Acute exposure to moderate amounts of UVB results in a systemic hyperalgesia related to the
upregulation of cytokine and NGF levels, since both were prevented by treatment with
antiin¯ammatory cytokines.
British Journal of Pharmacology (2000) 131, 1317 ± 1324

Keywords: In¯ammatory hyperalgesia; interleukins; NGF; ultraviolet radiations; TNF-a; pain-tests

Abbreviations: NGF, nerve growth factor; IL, interleukin; TNF-a, tumor necrosis factor-alpha; UVB, ultraviolet, mid range;
UVR, ultraviolet radiation

Introduction

Acute exposure to ultraviolet radiations (UVR) has been
shown to produce a biphasic reaction in the mammalian skin
with an immediate phase (within a few minutes) and a late
phase lasting 2 to 3 days (Cotran & Pathak, 1968). Mid range

UVB radiations (280 ± 320 nm) have been considered the
most e�ective in simulating sunburn reaction (Hruza &
Pentland, 1993) and in inducing in¯ammatory reactions

characterized by erythema (Cotran & Pathak, 1968), and
oedema and pain in the exposed area of the skin (Benrath et
al., 1995; Eschenfelder et al., 1995; Gillardon et al., 1992; and

for review, see Hruza & Pentland, 1993). Accumulated
evidence on the e�ects of UVB exposure during the past
two decades, can be summarized under two main headings

which include skin in¯ammation and immunosuppression
leading to carcinogenesis.
Skin in¯ammation due to acute exposure to UVR has been

shown to be characterized by the release of neuropeptides,

histamine, prostaglandins, serotonin and oxygen radicals
(Benrath et al., 1995; Eschenfelder et al., 1995; Greaves &
Sùndergaard, 1970; Hawk et al., 1983; Hruza & Pentland,

1993) and the upregulation of proin¯ammatory cytokines,
such as interleukin (IL)-1 (Araneo et al., 1989; Gahring et al.,

1984; Kupper et al. 1987) and IL-6 (Urbanski et al., 1990)
and tumour necrosis factor alpha (TNF-a) (KoÈ ck et al., 1990;
Oxholm et al., 1988). Prolonged or repetitive exposure to
UVB, however, has been reported to lead to generalized

immunosuppression (Streilein et al., 1994) through the
production/secretion of antiin¯ammatory cytokines such as
IL-4, and IL-10 (Araneo et al., 1989; Rivas & Ullrich, 1992;

Shreedhar et al., 1998).
Direct neural involvement in the e�ects of skin exposure to

UVR was ®rst reported by SzolcsaÂ nyi (1987) who showed

increased activity of polymodal nociceptors by UVR. A large
proportion of these nociceptors, has been known to
constitute a group of capsaicin sensitive primary a�erents,

characterized by their ability to secrete neuropeptides from
their peripheral and central terminals. Subsequent studies
have established the contribution of neuropeptides (Substance
P, CGRP) in the in¯ammatory reaction induced by UVR

(Benrath et al., 1995; Gillardon et al., 1992; Eschenfelder et
al., 1995; Scholzen et al., 1999). Furthermore, cytokines and
nerve growth factor (NGF), increased during UVB-induced

in¯ammation, have been shown to produce hyperalgesia
following either local or systemic injections (Andreev et al.,
1995; Cunha et al., 1992; Ferreira et al., 1988; Lewin &

Mendell 1993; Watkins et al., 1994).
Based on the above mentioned evidence, UVB exposure

has been used as a rodent model for in¯ammation-induced

hyperalgesia. In this model, unilateral UV exposure of one
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hind leg induces bilateral mechanical and thermal hyper-
algesia and alteration of the levels of neuropeptides in the
spinal cord (Perkins et al., 1993; PolgaÂ r et al., 1998; Urban et

al., 1993).
In the present study, we investigated the acute and long

term alterations of nociception in mice following acute
exposure to UVB. The results show a sustained and systemic

hyperalgesia assessed in areas remote to that exposed to
UVR. This hyperalgesia is paralleled by a sustained
upregulation of IL1-b, TNF-a and nerve growth factor

(NGF). We also show that pretreatment of mice with the
antiin¯ammatory cytokines IL-10 and IL-13 prevents the
UVB induced hyperalgesia and the upregulation of the levels

of proin¯ammatory cytokines and NGF.

Methods

Animals and experimental protocols

All experiments were performed on Balb/c mice housed in
cages of 5 ± 6 under standard colony conditions (To 22+28C,
12 h dark/light cycle) with free access to water and food.
Invasive procedures were performed under deep anaesthesia
(pentobarbitone 50 mg kg, i.p.) and all tests involving

nociceptive reactions were carried with strict adherence to
the ethical guidelines for experimental work on animals
(Zimmerman, 1983).

The standard design of the experiments was based on the
following steps. In the ®rst week, mice were brought to the
laboratory, to be familiarized with the new environment. Pain

tests were performed in daily sessions during the morning and
at the end of the ®rst week the skin of the back of each
mouse was shaved 2 days before exposure to UVB. At the
beginning of the second week, the mice were placed, in

individual compartments, in a special plastic cage covered
with a wire mesh and subjected to one session of UVB
radiation. Naives or sham mice were placed in the same cage

without receiving UVB radiation. After the UVB sessions, the
mice were either subjected to pain tests or sacri®ced, under
deep anaesthesia, and at di�erent time intervals, for surgical

isolation of the irradiated skin tissues.
A bank of two UVB lamps (FS40 T12) was used. Mice

were placed in individual compartments (1265.5 cm) of a

special cage (3662264.5 cm) covered with a special wire
mesh, at a distance of 20 cm from the lamps. Intensity of
irradiation was measured by a UVB radiometer (National
Biological Corporation, Ohio, U.S.A.) placed in the centre of

the exposed area. The exposure times of 4 min 42 s, 5 min
52 s and 7 min 3 s, used were selected to provide 150, 200 or
300 mJ cm2, respectively. The maximum amount

(300 mJ cm2) of irradiation produced evident erythema
without any signs of skin burn that leads to visible skin
lesion and scar formation.

Assays of thermal hyperalgesia

The tail ¯ick and the hot plate tests were used to assess the

changes in thermal nociception. The hot plate test is known
to be coordinated at supraspinal level, while the tail ¯ick is
mainly coordinated at the spinal level. For the hot plate test,

each animal was placed on a metal pad heated at
52.8+0.28C, and the time for paw licking or jumping was
measured as the latency of the test. A hot plate analgesia

instrument (Stoelting, Illinois, U.S.A.) was used to perform
this test. For the tail ¯ick, each animal was restrained in a

plastic cone and the tip of its tail (2 cm) was dipped in a
water bath heated at 48+0.28C. The time for tail curling or
¯icking was measured as the latency of the test. Each animal

was subjected to three trials separated by a minimum interval
of 3 min. The average of three measurements was considered
as the latency of tail ¯ick test for each mouse (for more
details, see Kanaan et al., 1998).

The baseline of each pain test for each group (n=5) was
established during 1 week before the UVB exposure.
Variations of the latencies of these tests were assessed at 3,

6, 24, 48, 96 and 120 h after UVB or sham exposure. The
obtained values for each group were compared to the baseline
established before UVB exposure, using each animal as its

own control, and to the measurements made on a sham
group (n=5), to account for any possible variation in the
nociceptive thresholds produced by stress due to frequent

manipulation. Four groups (n=5 each) were used, one for
each UVB intensity exposure and one for sham.

Administration of IL-10 and IL-13

Both IL-10, human rDNA (WHO reference 92/516) and IL-
13 (WHO reference 94/622) produced in CHO cells (a gift

from Dr Stephen Poole, National Institute of Biological
Standards and Control [NIBSC], Blanche Lane, Potters Bar,
U.K.) were dissolved in sterile saline and injected intraper-

itoneally (i.p.) at one of each of the following three
concentrations: 1.5, 7.5 and 15 ng in 100 ml. Individual
animals from each group received daily injection of one

concentration of either cytokine, starting at 1 h before UVB
exposure and over the following days of observation. Other
sham groups (n=5 each) received daily injections of either
the highest dose of each cytokine or saline.

Preparation of skin samples and assay for IL-1b, TNF-a
and NGF

Skin tissues from the exposed areas were isolated, under deep
anaesthesia, from di�erent groups (n=5 each) of mice for the

determination of the cytokine and NGF levels.
For the determination of the e�ects of UVB exposure,

tissues were sampled from the following groups: one naõÈ ve
group, one saline injected group and one group per time

interval sampled at 2, 5, 24, 48 and 96 h following UVR.
Determination of the e�ects of pretreatment with IL-10

and IL-13, on cytokine and NGF levels, was made on the

following groups: one group for each cytokine with tissues
sampled at 5 h following the injection without UVB exposure
and one group for each cytokine pretreatment, at each of the

following time intervals after UVR: 2, 5, 24, 48 and 96 h.
Removed skin tissues were weighed and stored at 7708C

until the processing for cytokine measurement by a two-site

Enzyme-linked Immunosorbant Assay (ELISA) as described
in detail by Kanaan et al. (1998). Brie¯y, tissues were
homogenized in phosphate bu�ered saline containing 0.4 M

NaCl, 0.05% Tween-20, 0.5% bovine serum albumin, 0.1 mM

phenylmethylsulphonyl ¯oride, 0.1 mM benzethonium, 10 m
EDTA and 20 KI ml71 aprotinin. The homogenates were
centrifuged at 12,0006g for 60 min at 48C and the super-

natant was used for the determination of cytokine levels.
A two-site sandwich Enzyme-linked immunosorbant assay

(ELISA) was used to assay for the cytokines and NGF in the

supernatants, as described in detail previously (Kanaan et al.,
1998).

For IL-1b assay, immunoa�nity-puri®ed polyclonal sheep
anti-mouse IL-1b antibodies (S5/150799/JW supplied by the
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NISBC, England) were used to coat high binding plates
(Nunc) at a concentration of 1 mg ml71 and incubated
overnight at 48C. The following day plates were washed

and after blocking for non-speci®c binding, standards in
100 ml (preparation 93/668, supplied by NISBC) and
samples (100 ml) were added to the plates and incubated
overnight at 48C. Following the washing of the plates,

biotinylated immunoa�nity-puri®ed polyclonal antibodies
(S329B4/190799/JW) diluted 1/4000 were added in (100 ml)
and the colour developed with the chromagen 3,3',5,5'-
tetramethyl-benzidine (Sigma) after the development of the
colour the reaction was stopped with 1 M sulphuric acid
and the optical density measured at 450 nm (Kanaan et al.,

1998; 2000).
For TNF-a assay, a similar procedure was utilized. The

coating antibody was FPLC-puri®ed sheep polyclonal anti-

mouse TNF-a antibody (NIBSC, H92/090899/JW) and the
detecting antibody was biotinylated FPLC-puri®ed (NIBSC,
H92/120899/JW). The standard was a recombinant mouse
TNF-a (NIBSC preparation 88/532). Both assays were

validated by Dr Stephen Poole, and no cross-reactivity
between cytokines and antibodies was reported.
For NGF assay, a commercial kit was purchased from

Promega (U.S.A.), which was also based on a two-site

sandwich ELISA. The assay was performed as recommended
by the manufacturers (Sa®eh-Garabedian et al., 2000).

Data analysis

Data are presented as mean+standard error of the mean
(s.e.mean) for each experimental group at each time interval

and for the various experimental procedures. Di�erences
between experimental groups and controls were analysed by
one way ANOVA followed by the Bonferroni post hoc test,

using Graph-Pad Instat and Prism 3 (California, U.S.A.).

Results

Effects of UVB exposure on nociceptive thresholds

All reported results are based on UVB exposure producing

reversible erythema without any sign of skin lesion. In few
exceptional cases, where signs of skin lesions were reported
either in the exposed or non-exposed skin to UVR, animals
were eliminated from the experimental groups.

UVB exposure, at 300 mJ cm2, produced a biphasic
decrease in the latencies of the nociceptive tests, which was
more pronounced for the hot plate test (Figure 1). A

signi®cant decrease of 32 and 22% in the latencies of the
hot plate and tail ¯ick tests (hyperalgesia), respectively, was
observed at 3 h followed by a partial recovery at 24 h

following the exposure. A more sustained hyperalgesia,
however, was observed during the second and third days
which was followed by a progressive recovery to control level

at 4 ± 5 days after UVR.
Exposures to increasing amounts of UVB, at 150, 200 and

300 mJ cm2, elicited progressive decrease of the nociceptive
thresholds or increased hyperalgesia, which was more evident

during the late phase (Figure 2). A more pronounced
hyperalgesia was also observed following UVB exposure at
400 mJ cm2 (data not shown); however, delayed skin

ulceration was observed in few cases. For this reason, UVB
exposure at 300 mJ cm2 appeared to provide the optimum
condition for the induction of hyperalgesia without skin

lesion and, therefore, was selected for the remaining parts of
this study.

Effects of pretreatment with IL-10 and IL-13 on
UVB-induced hyperalgesia

Daily injections of either IL-10 or IL-13 (15 ng in 100 ml, i.p.)
produced an almost complete reversal of UVB-induced
hyperalgesia (Figure 3). Pretreatment with lower doses (1.5
and 7.5 ng in 100 ml, i.p.) of either IL-10 or IL-13 produced

dose-dependent reduction in UVB-induced acute and late
hyperalgesia, as illustrated in Figure 4. Injections of the
highest doses of IL-10 and IL-1b (15 ng) did not elicit

signi®cant alteration of the latencies of nociceptive tests in
mice not exposed to UVR (Figure 4).

Effects of UVB on cytokines and NGF levels

Skin tissues were isolated from one group of sham mice and
from groups subjected to UVB 300 mJ cm2. The level of IL-

1b increased from 9.76+1.16 pg mg71 in sham to
27.42+2.91 at 2 h (P50.05) and to a peak of
40.07+5.75 pg mg71 at 5 h (P50.001) and was still increased

at 24 ± 48 h then returned to sham value at 96 h following the
UV exposure (Figure 5).

Figure 1 Time courses of the variations of the latencies of the
nociceptive tests following UVB (300 mJ cm2 -~- or sham (control
-&- ) exposures. The zero time on the X-axis indicates the time of
exposure to UVR. Each point in each curve represents the average+
s.e.mean of measurements conducted on ®ve di�erent animals. The
values of signi®cance of di�erences (*P50.05; **P50.01; ***P50.001)
are measured in reference to the average baseline values obtained on the
same group of animals before the treatment, and to values measured in
sham animals for the same time interval.
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TNF-a levels displayed a biphasic variation with an early
increase from 5.75+3 pg mg71 in sham to 25.82+2.85 at 2 h
(P50.05) and a peak of 31.4+6.37 pg mg71 at 5 h (P50.01)

following UVB exposure. During the second phase, however,
TNF-a level returned to baseline level at 24 h and showed a
second peak at 48 h (P50.05) which was followed by
recovery to the basal level at 96 h following the exposure

(Figure 5). NGF levels, elicited the same pattern of temporal
variation, with an increase from 35.6+2.4 pg mg71 in sham
to 78.15+3.4 at 2 h (P50.001) and to 116.5+13.5 pg mg71

at 5 h (P50.001), but were still signi®cantly increased at 48 h
post exposure (Figure 5).

Pretreatment with IL-10 and IL-13

The e�ects of pretreatments with either antiin¯ammatory

cytokines (15 ng in 100 ml, i.p.) were assessed on di�erent
groups of mice for each time interval following UVB
exposure. The obtained results are illustrated in Figure 5.
Both pretreatments produced signi®cant attenuations of the

upregulated levels, by UVR, of IL-1b and NGF. However,
IL-13 exerted a more potent e�ect than IL-10 on NGF levels.
A di�erent pattern of e�ects was elicited by IL-10 and IL-

13 on the upregulation of TNF-a by UVR. Both cytokines

reduced TNF-a levels at 2 h post exposure, while IL-10
showed further increase of its level at 5 h with maintained

decreasing e�ects elicited by IL-13. Furthermore, during the
late phase, IL-13 did not alter the level of TNF-a, while IL-
10 pretreatment maintained its increasing e�ect.

Finally, injections of either cytokines at 15 ng dosage did
not alter the basal levels of IL-1b, TNF-a and NGF in sham
treated mice.

Discussion

This study presents a detailed characterization of the
hyperalgesia induced by UVB radiation that produces

erythema without resulting in a real burn or evident skin
lesion. Furthermore, the hyperalgesia was assessed in areas
(the paws in the hot plate test) which were not directly

exposed to UVR and not necessarily receiving the same
amount of radiation like the exposed back skin of the animal.
It is also interesting to note that the tail, used in the tail ¯ick

test, did not show evident signs of erythema or late
desquamation, which suggests that it was not exposed, like

Figure 3 Time courses of the e�ects of pretreatments with IL-10
(~) and IL-13 (*) on the hyperalgesia induced by UVB exposure
(300 mJ cm2, &). Each point in each curve represents the
average+s.e.mean of measurement performed on a di�erent group
of mice (n=5) for each indicated type of treatment. *P50.05;
**P50.01 and ***P50.001 as calculated in reference to the average
latency measured before the treatment on each group.

Figure 2 Dose-dependent e�ects of exposures to various amounts of
UVB radiation. Each bar represents the average+s.e.mean of the
latencies of nociceptive tests performed on a di�erent group of mice
(n=5) for each indicated exposure. Measurements were made at 6
and 48 h following exposure to UVB radiations, which correspond to
the peak of hyperalgesia in the acute and late phases, respectively.
*P50.05; **P50.01 and ***P50.001 as compared to the baseline
established before treatment in each experimental group.
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the skin of the back of the animal, in its relatively restrained

position during UV session. These observations suggest that
the hyperalgesia could be a kind of `illness induced
hyperalgesia' which was described by Watkins et al. (1994;

1995) following i.p. injection of endotoxin and attributed to
the action of cytokines (IL-1b, in particular) on the brain.
This possibility will be discussed in more details later.

The observed hyperalgesic e�ects were biphasic with a
short acute phase (3 ± 5 h) and a latent sustained (48 ± 96 h)
phase. This observation correlates well with the early

description of the UV-induced erythema by Cotran & Pathak
(1968). On the other hand, cytokines (IL-1b and TNF-a) and
NGF levels showed signi®cant increase during the acute
phase and a less pronounced increase during the late phase.

This temporal evolution (mainly for NGF and TNF-a) is
comparable to that of the observed hyperalgesia.
Upregulation of IL-1b, TNF-a and NGF during in¯am-

mation, induced by various agents, has been well documented
by several authors and by reports from our laboratory
(Kanaan et al., 2000; Sa®eh-Garabedian et al., 1997; 2000;

Woolf et al., 1997). Furthermore, the key role of each of
these factors in the induction of in¯ammatory hyperalgesia
has also been demonstrated (Andreev et al., 1995; Cunha et

al., 1992; Ferreira et al., 1988; Lewin & Mendell ,1993).
Despite di�erences in animal species and in the amounts

and methods used for UVR, several authors have reported
long lasting changes in neuropeptides (Benrath et al., 1995;

Eschenfelder et al., 1995; Gillardon et al., 1992; Greaves &

Sùndergaard, 1970; PolgaÂ r et al., 1998), histamine and

prostaglandins (Greaves & Sùndergaard, 1970; Hawk et al.,
1983) and other mediators known to contribute to the
in¯ammatory reaction (for review, see Hruza & Pentland,

1993). Increased levels of proin¯ammatory and antiin¯am-
matory cytokines in the skin or in the plasma have also been
observed following UVR. As illustration, increases in

proin¯ammatory cytokines such as IL-1b (Araneo et al.,
1989; Gahring et al., 1984; Kupper et al., 1987; Oxholm et
al., 1988), TNF-a (KoÈ ck et al., 1990; Oxholm et al., 1988;

Streilein et al., 1994) and in antiin¯ammatory cytokines,
mainly IL-4 and IL-10 (Araneo et al., 1989; Rivas & Ullrich,
1992; Shreedhar et al., 1998) were reported. Thus our
observation, of increased levels of IL-1b and TNF-a,
correlates well with previous reports and are in line with
established role of these mediators in in¯ammatory reactions.
Epidermal keratinocytes have been shown to constitute the

major source of NGF in the skin (Tron et al., 1990). UV
exposure has been shown to increase NGF production by
keratinocytes (Bull et al., 1998; Gillardon et al., 1995; Tron et

al., 1990) and this modulation appears to rescue skin cells
from UV-induced apoptosis (Gilchrest et al., 1996; Marconi
et al., 1999; Zhai et al., 1996). The mentioned reports on its

origins and upregulation by UV are in line with considerable
evidence suggesting its key role in the hyperalgesia associated
with in¯ammation of various origin (Kanaan et al., 1998;
2000; Sa®eh-Garabedian et al., 1997; Woolf et al., 1997 and

for review, see Lewin & Mendell, 1993).

Figure 4 Dose-dependent e�ects of pretreatment with IL-10 ( ) or IL-13 ( ) on the hyperalgesia induced by UVB exposure
at 300 mJ cm2. Each bar represents the average+s.e.mean of measurements performed on a di�erent group of mice for each
indicated treatment at 6 and 48 h following exposure to UVB or treatment with each cytokine alone. The degree of signi®cance of
di�erences (*P50.05; **P50.01 and ***P50.001) was calculated with reference to values obtained from animals receiving
injections of either cytokines without exposure to UVB. Injections of IL-10 or IL-1b did not elicit signi®cant alteration of
nociceptive thresholds when compared to control animals.
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Pretreatment with anti-in¯ammatory cytokines IL-10 and
IL-13 prevented, in a dose-dependent manner, the hyper-
algesia induced by UVB. This inhibition can be characterized

by the following (see Figure 4): ®rst, at equal dosage, IL-13
had more potent e�ects than IL-10; second, the e�ects were

more pronounced on the hot plate test (supraspinally
coordinated) than on the tail ¯ick test; third, the e�ects on
the tail ¯ick were more pronounced during the acute phase

(6 h) than during the late phase (48 h). These observations
provide supportive evidence for the in¯ammatory origins of
the hyperalgesia and its similarity with the syndrome of
`illness-induced hyperalgesia' due to systemic increase of

proin¯ammatory cytokine levels (Watkins et al., 1995).
Furthermore, the antihyperalgesic e�ects of IL-10 and IL-
13 are directly correlated with the concomitant downregula-

tion of the increased levels of IL-1b, TNF-a and NGF by
UVB.

Similar e�ects of IL-10 on the hyperalgesia and increased

levels of IL-1b, TNF-a and NGF by endotoxin have been
recently reported by our group on a mouse model of local
in¯ammation induced by endotoxin (Kanaan et al., 1998).

The antiin¯ammatory role of IL-10 has been demonstrated in
various in¯ammatory models (Bogdan et al., 1991; De Waal
Malefyt et al., 1991; Fiorentino et al., 1991; Oswald et al.,
1992; Poole et al., 1995; Van der Poll et al., 1997). However,

it is worth mentioning here that IL-10 exerted a consistent
downregulation on NGF, while its e�ects on IL-1b and TNF-
a were most evident during the acute phase of UVB e�ects

(2 h). These observations are in line with several studies that
established the key role of IL-10 in the persistent
immunosuppression observed following chronic exposure to

UVR (Araneo et al., 1989; Rivas et al., 1992; Shreedhar et
al., 1998).

Finally, a relatively more potent e�ect on the hyperalgesia

and cytokine and NGF upregulation was shown by IL-13.
Despite many common features with IL-10, IL-13 has been
shown to act through an IL-4 independent mechanism
(Doherty et al., 1993; Kambayashi et al., 1996), which

suggests that IL-13 and IL-4 are not redundant Th2
mechanisms (McKenzie et al., 1998). Reported di�erences
between the e�ects of IL-10 and IL-13 on UVB-induced

hyperalgesia and cytokine upregulation, provide further
support to this suggestion.

In conclusion, this study demonstrates that acute exposure

to relatively moderate amounts of UVB results in an
upregulation of proin¯ammatory cytokines and NGF levels
in the exposed skin area, which is paralleled by systemic
hyperalgesia assessed on skin areas not directly exposed to

UVB irradiation. The close relationship between the hyper-
algesia and the in¯ammatory reaction is supported further by
the action of the antiin¯ammatory cytokines. Furthermore,

nuances or small di�erences between the e�ects of IL-10 and
IL-13 are in favour of the existence of separate mechanisms
mediating the action of each of these cytokines.

The authors thank Mrs Sawsan Sharrouf for her technical
assistance. This project was supported by grants from the
University Research Board and the Lebanese National Council
for Scienti®c Research.
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