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THE SIGNIFlCANCE OF LONG WAVE UVL (320-400 NM; UVA) IN UGHT 

DUCED DISEASES 
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rrom the D.-portme,11 oj V<>rmoto/ogy. '1,ew York M,•dical College. 

Metropo/iwn Ho1pitnl Center, ,,ew YorJ.., .,V, Y., USA 

Ab.,rrac1. The hblopathologic respoose lo a fi;-.ed do,e of 
ultraviolet radiation in the long wa\'e ultra1·iolet (UVA) 
range wa, ,tudicd. Specimens from control ,ubjcct,, a, 
wcll as an individual "ho prc,cnled ,dth a photoallergic 
contac1 dermaliti, (PACD) 10 tribrom,alic)lanilide (TBS), 
showed only an increasc in the number of epidermal clear 
cells. In an er) I hem al rcspon,e lo UV A a significant 
dermal pcrirnscular inflammatof} re,ponse "as seen. The 
,ubjccts who rcacted cllnically as persistent light rcacton 
all de1 elopcd papulovesicular re,ponse, lo LV A, mimick­
ing thc clinical and hi;topathologic state. "l hc demonstrn• 
tion of ahnormal reactions to UV A irradiation in those 
indh iduab in \I horn no specific photoacti\'c agent wa, 
found ,ugg�sts the nccd for u modificd definition of 
per,i�tent light rcaction. This definition should unify thc 
bioph)sical conccrits "ith the clinical picture. It would 
app�ar that by using a high intensily sourcc of UVA, 
morc abnorma! reactiom, lo light alonc will be discloscd. 

Va�cular injury progressing from a mild peri­

,a\cular respon�c 10 a le�ion rc�embling the dis­

ea�e state has been considered 10 be of importance 

in the pathogenesis of ultraviolel (UV) injury 

( 16). Yascular damage progressing to dilitation 

has been demonstrated in the vessels of the cutis 

(2, 13, 14). In 1957 Miescher (10) de�cribed the 

development of an angiitic response in the corium 

as a result of irradiation in the UVA 1 (320-

400 nm) range. 

8) utiliLation of an instrument whose spectral

' Abbreviations 

UVA = long "a,e ultraviolet; 320-400 nm 
Ml:D minimal crythcma dosc 
UVB ~ �90-3:'0 nm: midrange ultra,iolet 
TCSA = tctrachlorosalicylanilidc 
TBS - tribrom,alicylanilide 
OBS = <librom,�licylanilide 
BT - bithionol 
PACD = photoallergic contact dermatitis 
PLR persistent light reactor 
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output resembles "midda)" summer sunlight (I), 

the natura! environment leading lo UV-induced 

disease states can be reproduced. Evaluation of 

the rcsponse to the natura! UV spectrum a� it 

reaches Earth is thus practicable. Ho,\ever, since 

approximately 90 % of the sun's UV energy 

reaching Earth lies in the UVA during the sum­

mcr months and 98 % du ring the winter, and 

since the same �pectrum i, often implicated in 

the pathogcnesis of photoallergy (3, 5, 6), this 

stud) of the response to UV A was performed. 

METHODS 

Subjects studied were in-patient, and out-patients s�en at 
Metropolitan Hospital Center with various skin diseases 
unrelated 10 ultra,iolet light (UVL) e,posure. lncluded in 
this study wcre 2 patients "ho de,·elopcd an er) thematous 
respon,e 10 UVA, 3 palients who davelopcd abnorma! 
resJ)Onses to MED tcsiing in addition to papulo,csicular 
reactions to UVA. L patient who had similar abnorma! 
reactions and "ho;e diseasc "as the result of ingestion 
of hydrochlorothiaLide, I patient "ho was a per;b,tent 
light reactor by the criteria of' Jillson el al. (7), and 
I patient "ho had an uncomplicated photoallergic con­
tact dermalitis (PACD) to tribromsalicylanilidc. 

A 150 W a.c. xenon arc solar simulator was used as 
the source ultra, iolet radiation. The physics of thb in­
strument has been describcd prcviously (I). 

A Il subjects "ere irradiated on clinically unin,ohed 
skin of the dor,al paravertebral area. MEDs were deter­
mined using the full range of the instrument (290 to 
400 nm) b) irradiating using dose increments of approx­
imatcly 40°•. Jrradiation limes ranged from 21 scconds 
to 116 seconds. All light tests were evaluated 24 hours 
after irradiation. 

In order to evaluatc the cffect of UVA irradiation 
on human skin, the ,kin of the dor.al spine wa, also 
irradlated u,ing a fixed do,e of 3 minutcs with the Schott 
WG 345 filter in place. This transmits UV only above 
320 nm. This dose ha, been ,ho" n to produce no rcac-
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tion in normal indhiduah )et i, sufficient 10 elicit an 
abnormal reaction in susccptible indidduals. The energ} 
output or the instrument a, used here is 72.R mW I cm' 
with 56.3 mW /cm' in the UVA. 

Photopatch tests to thc ha!ogenatcd salicylanilides 
(TCSA TBS OBS BT) 0.1 % in hydrophi!ic petrolatum 
wcre performed on the skin 0\ erl) iog the dorsal spine 
on all individuals ,uspected of being light reactors as 
well as on 2 control patient,. Ouplicate ro,-. of the test 
substanccs werc applicd, co,ered, and allowed to remain 
in p!ace for 24 ho urs. Al that time one row was irra­
diated u,ing UVA and then reco,ered. Twent)-four hours 
later the tests were cvaluatcd. Jf lhe UVA irradiation 
elicited an abnorma! response, then thc do,e used for 
photopatch testing was titrated down to the dose which 
in itself produced no clinical response. A photopatch test 
wa, considered a po,iti,·e reaction if thc disea,c state was 
reproduced. Tn order to facilitate proper evaluation, the 
control 48-hour closed patch test must be negative at the 
same time as a photopatch test is positive. 

Biopsies were taken from the site of UVA irradiation 
al the same time or evaluation in 5 subjects without 
Ught-associated diseasc who developed no clinical response; 
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Fi11. /. No clinical re,ponsc to UVA. Thcre 
is 1.1n incrc::a!lc in thc nun1bcr of cpidermal 

clcar cell,. H & 1:., x 150. 

from 2 subjects who developed an crythcmatou, response 
(one of "horn ha� used chlorproma7ine for se,eral )ears, 
and one ;ubject who can only be classed as a photo­
sensitivity reaction of undetermined I) pe): from 4 subjects 
who de,·eloped papulo,csicular re,p0nses (one or "horn 
was a persistent light reactor with positive photopatch 
tests to �e\'eral of the halogenated salic>lanilides, two 
werc clinically persistent light reactors with no dcmon­
strable contact photoallergen. and one subject "ho had 
a photoallergy to hydrochlorothiazide). Thi, lattcr subject 
pre,ented "ith an apparcnt clinical reaction to light ,1 hich 
de,eloped arter bcing placed on the medication for 2 wecks 
for an unrelated disordcr. Light tcsting was pcrformcd 
while he "a\ still using the diuretic. 

In addition, biopsies were performed from the ,ites 
of non-reactive photopatch teMs to TCSA in 2 patients; 
from a papu!o,csicular photopatch test rcaction to TSCA 
In I subject (a persistent light reactor); and from a po,i­
tive photopatch test to TBS in 1 patient with a photo­
allcrgic contact dermatilis to TBS. 

Contralateral normal skin was also biopsied in those 
individuals \I ho developcd 110 clinicul rcaction to UVA as

well as in one who de,eloped an er) themic respon�e. 



Table I 

Subject 

65 WM 
37 WM 
23 WM 
47 PRF 
59 PRM 
57 WF 

60 WM 

43 PRM 

56 PRM 

73 PRM 

65 WM 

Response to 
UVA 

No response 
No response 
No response 

o response
No response 
Erylhcma 

Erythcma 

Papulovesicles 

Papulovesicles 

Papulovesiclcs 

Papulovesicles 

Comment 

MED normal 
MED normal 
MED normal 
MED normal 
MED normal 
Psoriatic. using chlorproma-
zine. MED normal 

Non-specific photosensitivity 
reaction, MED llOrmal 

PLR with positive PPT, 
abnorma[ MED 

PLR. no demonstrable photo 
allergy, abnorma! MED 

PLR. no demonstrable photo-
allergy, abnorma[ MED 

Photoallergic response to 
hydrochlorothiazide. 
abnorma! MED 

WM = white malc, W F = white fem ale, PR M Pucrto-Rican 
male, PRF Puerto-Rican remale, PPT= photopatch test. 

RESULTS (Figs. 1-9; Table I) 

No clinical response to UV A 

All of the individuals so tested, those considered 

as "normals" as well as the subject who presented 
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as a PACD to TBS, presented a similar picture 

and will be discussed together. The epidermis 

showed an increase in the number of clear cells 

over the unirradiated site. In addition, rare dys­

keratotic cells were seen. Tn the dermis there was 

a perivascular infiltrate consisting of lympho­

cytes. This vascular response was not significantly 

greater than at the unirradiated sites. 

Erythemal response 10 UV A 

There were 2 subjects who developed an erythe­

mal response. One was a psoriatic patient who 

had used chlorpromazine for several years and the 

other developed erythema in the sun-exposed 
areas after minimal exposure to midday sunlight. 

Both of the biopsies were rather similar in quality 

to those in the previous group. However, the der­

mal perivascular reaction in the upper dermis was 

increased in intensity, the cellular infiltrate now 
appearing to involve the vessel walls. This was 
not seen in contralateral unirradiated skin. 

Papulovesicular response to UV A 

In this category were 4 patients who react clini­

cally as persistent light reactors. One of these pa­

tients developed positive photopatch tests to the 

Fig. 1. Biopsy from erythe1natous responsc 

to UVA in a patient using chlorpromazine. 
H & E, x 75. 
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h�. 3. Contralateral unirradia1ed skin bi­

op,y from pali�nl who devclopcd erylhc• 

matous respon,e. Il & E. 75. 



halogenated salicylanilides. 2 had no demonstra­

ble photoallergy, and another developed a photo­

allergy to hydrochlorothiazide. All of these pa­

tients also had abnorma! responses to MED test­

ing. All of the biopsies showed a similar picture 

but in varying degrees of intensity. The 2 subjects 

who had no demonstrable photoallergy had the 

mildest reactions while the most severe reactions 

were seen in the individual who developed posi­

tive photopatch tests. The light reactor whose dis­

ease was due to hydrochlorothiazide ingestion was 

iotermediate. All showed epidermal changes of 

spongiosis, exocytosis, liquefaction degeneration 

of the basal layer, and scattered dyskeratotic cells. 

Tn the dermis was a perivascular infiltrate of 

lymphocytes and endothelial proliferation. In­

volvement of the blood vessels hy lymphocytes 
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Fig. 5. Papulovesicular response lo UV A 

in a patient with no dcmonstrablc photo­

allergy and an abnorma! MED. H & E, 

X 75. 

was prominent. Jn all of these instances the clin­

ical disease state was mimicked. 

Results using photoactive agents 

A closed patch test biopsy to halogenated salicyl­

anilides was carried out in 2 individuals. One of 

these was a control patient without Jigbt-associ­

ated disease, and one was a subject who developed 

an abnorma! photopatch test to TBS. Both of 

these biopsies were unremarkable. 

Non-reactive photopatch tests performed on 2 

subjects without light-associated disease also re­

vealed a picture similar to UV A alone. Two papu­

lovesicular photopatch tests were also biopsied. 

One of these was from a persistent light reactor 

who developed an abnormal response to TCSA 

and the other developed a photoallergic contact 
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dermatitis to TBS. His response to UVB testing 
a�d UVA testing was normal. Although both 
showed sirnilar findings, the markedly greater in­
tensity seen in the persistent light reactor was 
striking. Epiderrnal changes consisted of exocy­
tosis, spongiosis, and a marked increase in the 
number of clear cells. ln the dermis was a peri­
vascular infiltrate of lymphocytes. endothelial 
proliferation and endothelia] thickening. 

COMMENT 

By using a light source whose spectral output 
resembles "midday summer sunlight" and whose 
output lies predorninantly in the UV A portion 
of the ultraviolet spectrum, the histopathologic 
responses to UV A were studied. At the outset it 
must be emphasized that almost all UVA which 
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Fig. 6. Papulovesicular response lo UVA 

in a patient with no demonstrable photo­

allergy and an abnorma) MED. H & E, 

X 150. 

is incident on the skin penetrates lhrough the 
epidermis to reach the dermis (4). The vascular 
reaction which occurs with no obvious clinical 
response is intensified in subject.s who developed 
an erythematous response. There is now involve­
menl of the papillary vessel walls, a phenomenon 
not observed in normal subjects. 

The individual who had a circulating photo­
allergen (hydrochlorothiazide); the 3 who, in addi­
tion to developing a vesicular response to UV A, 
had abnorma! MEDs; and the patient with a posi­
tive photopatch test reaction to TCSA (a per­
sistent light reactor) all showed a similar histo­
pathologic picture. There is an intense vascular 
reaction localized to the upper dermis associated 
with epidermal alterations (to be discussed later). 
This marked reaction may well be the result of 
the photoreaction between UVA and a photo-



active agent present in the dermis. This agent 

can reach the dermis via the circulation (as did 

the hydrochlorothiazide) or by topical applica­

tion-the positive photopatch test. The histo­

pathology of these abnorma! responses to UVA 

bears a strong resemblance to the biopsies of 

MED responses in patients with polymorphous 

light eruption (PMLE) (16). lt would thus seem 

that the skin reacts in a non-specific yet similar 

manner to these varying wavelengths of UVR. 

Significantly, abnorma! response to UVA with­

out the use of added photoactive agents developed 

at sites distant to sun-exposed areas. (History 

failed to reveal ingestion of any known photo­

sensitizer and porphyrin studies were normal.) 

This reactivity at distant sites suggests the likeli­

hood that an immunologic mechanism plays a 

significant role. The abnorma! photopatch test 

has the same significance as any abnorma! patch 

test, with an additional feature. The photoantigen 

must be produced at the site of action. The pa-
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Fig. 7. Negative photopatch test to TBS. 

H & E, x 75. 

tient must also recognize this new photoproduct 

as immunogenic and react accordingly. Since the 

case is matle for some photoactive agents mediat­

ing abnorma! reactions to UVA, it follows that 

such substance should persist long after the of­

fending agent is withdrawn. Such a hypothesis 

has been proposed (17). 

Because incident UV A has not been shown to 

be appreciably absorbed in the epidermis, the sig­

nificant alterations occurring in response to UVA 

irradiation requirc explanation. There is an ap­

parent increase in the number of epidermal clear 

cells in response to non-erythemogenic UV A. 

These cells have been presumed to be melano­

cytes (9). On using irradiation in the UVB (290-

320 nm) range, an increase in melanocytes (or 

melanocyte activity) was observed in response to 

single-dose and repeated irradiation (11, 12). Al­

though no attempt was made to study the phe­

nomenon of immediate pigment darkening (Mei­

rowsky phenomenon) in response to UV A, the 
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apparent increase of clear cells seen after 24 hours 

is striking. The presence of these cells and the 

epidermal changes of spongiosis, exocytosis. and 

liquefaction degeneration certainly sugges1 epi­

dermal participation in response to UVA irradia­

tion. This may result from direct action on epi­

dermal D A (Willis et al. (18) has dernonstrated 

an increase in epiderrnal DNA synthesis in re­

sponse to UV A) or via mediation of lysosornal 

liberation (8, 15). The likelihood that there is a 

direct effect on epidermal DNA which can be 

magnified by the addition of photoactive agents 

i� under�cored in the �tudy by Zirenberg et al. 

(19). They demonstrated an increase in dimeriza­

tion and single- and double-stranded breaks in 

D A after 313 nm UV irradiation in an in vitro 

system to which a photosensitizcr was added. 
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Fi�. 8. Rcactive photopatch tc�t to TBS 
in a patient "ith an uncomplicatcd PACD 
to TBS. H & f, x 75. 

This effect wa� significantly gn:ater than after 

UV alone. The data thus tends to confirm, rather 

than deny, the impre55ion that abnorma! reac­

tions 10 UVA may be mediated by a photoac1ive 

agent. 

Finally, the concept of what defines a persistent 

light reac1or is in need of revision. An alternatc 

definition, and one wl1ich coincides with the clin­

ical picture. can now be forrnulated. An indi,·id­

ual who, in re�ponse 10 UV testing with a source 

mimicking the physical environment. develops an 

abnormal MED response as ,�ell as an abnorma! 

rcspo115e to UV A, "ill react clinically as a per­

sistent light reactor. A patient whose disorder is 

the result of a circulating photoantigen is thu 

included in such a definition. The presence of a 

photoscnsitizer is assumcd, whether exogenous or 
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Fig. 9. Papulovesicular photopatch test io TCSA in a patient with persistent light reaction. H & E, x 92. 

endogenous. It is anticipated that these criteria 

will be confirmed as more patients are studied, 

and the list of photosensitizers will increase. 
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