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ON AN URTICARIAL RESPONSETO LIGHT AND ITS PHOTOPHYSIOLOGY1

By HAROLDF. BLUM, H. ALLINGTON AND R. WEST

(Fronm the Division of Physiology, Uni-versity of California Mledical School and
the Cowell Memorial Hospital, Berkeley)

(Received for publication January 28, 1935)

The opportunity has recently been afforded to
study a case of abnormal sensitivity to sunlight
which fits the description of urticaria solaris given
by Duke (1923) and others. Certain observa-
tions have been made which shed considerable
light upon the photophysiology and photopathol-
ogy of skin and will be described herein. The
clinical findings will be reviewed elsewhere in the
near future and it will suffice here to say that the
patient has appeared at the time of our observa-
tions, and subsequently, to be completely normal,
except in the fact that a few minutes' exposure
to sunlight produces an immediate and severe ery-
thema and edema accompanied by itching. The
type of reaction involved appears to be sharply
differentiated from the normal reactions of the
skin to light, and in the following discussion we
will follow the plan of contrasting the two phe-
nomena.

Genteral description. When a portion of the
skin of this individual is exposed to sunlight for
a few minutes, a marked erythema and edema ap-
pear. With short exposures, say two minutes,
the erythema may not appear until a few minutes
after the cessation of the irradiation. This ery-
thema is discreetly limited to the area exposed.
After a short time edema appears, likewise re-
stricted to the exposed area, and still later an
erythema develops surrounding and spreading
outward from the edematous area. Figure 1
shows the appearance of the edema and erythema
following an irradiation of three minutes. A
very short exposure may result in an erythema
only, without edema. In all cases, even the most
severe, both edema and erythema disappear in the
course of a few hours, leaving no discoloration of
the exposed skin nor any other trace of the oc-
currence.

The resemblance to the " triple response " de-
scribed by Lewis (1927) is striking. He clearly

1 This investigation was assisted by a grant from the
Board of Research of the University of California.

demonstrated the similarity of such reactions to
that produced by histamine pricks and formulated
the hypothesis that a histamine-like " H " sub-
stance is released as the result of cell damage and
is responsible for the " triple response." Weare
immediately led to the hypothesis that in the case
herein described, a photochemical reaction occurs
in the skin which results in the release of " H"
substance.

This type of response differs very markedly
from the reaction of normal skin to ultraviolet
light. For example, immediately following ex-
posure of a normal skin to the radiation from a
quartz mercury arc, no erythema is observable
other than a slight one produced by heat. After
a period of an hour or more, an erythema appears
which may persist for a day or more, and pig-
mentation begins to appear before this erythema
has subsided; edema does not ordinarily occur
as a result of moderate doses. While Lewis
(1927) believed that the delayed erythemic re-
sponse following ultraviolet irradiation is an ex-
ample of the " triple response," resulting from
the elaboration of " H " substance, Krogh (1929)
contended that it is probably dependent upon the
production of another less diffusible substance.
At any rate, the difference in the rate of appear-
ance of the abnormal response and that of the
normal, a matter of minutes as against hours, in-
dicates a distinct difference in the two processes
even if both be the result of production of " H"
substance.

The active zwiave lenigths. In Figure 2A is
shown a curve representing the relative effective-
ness of the wave lengths which elicit the erythema
of normal skin.2 It will be seen that the ery-
thema-producing radiations are limited to those
of wave lengths less than 3200 A, and that there
is a sharp band of active wave lengths having its
maximum at 2970 A. Proceeding toward the

2 The curve is taken from that of Lukiesh, Holladay
and Taylor (1930).
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FIc. 1. Urticarial reaction of skin of back following 3 minutes of exposure to
sunlight. The square area of edema corresponds to the area exposed to the suIn's
rays. The spreading area of erythema around the edematous regioni is clearly shown.

short wave lengths of the spectrum, a minimumn
occurs at about 2800 A followed by a second in-
crease in effectiveness. Three groups of workers
agree oni the position of the maximiiumii at 2970 A,
but there is not comlplete agreemient as to the
vralues for the shorter wave lengths. In general
there seemls to be some disagreement as to
whether pigment production corresponds to ex-
actly the same wave lengths as erythemla produc-
tion, but certainly the agreement is good in the
region of 2970 A.3

From the curve it is reasonable to assume that
the maximum-i at 2970 A represents an absorption

3For a discussioni of this see Laurens (1933).

band of some compound whiclh when activated
brings about reactions wlhich end in the produc-
tion of erythema and pigmentation. Obviously,
an abnormal sensitivity to sunlight mnight repre-
sent an enhanced activity of this normat ery-
thenma-producing mechanism, but in this case the
wave lengths active in bringing it about must be
the samiie as those which elicit the normal reaction.

For this reason it is important to know the
wavre lengths wvhich are active in bringing about
abnormlal skin effects, and we have mlade a suffi-
cient number of observations to determine effec-
tivelvr the wave lengths which bring about the
abnormal edemna and erythema in our patient.
Table I shows the results of various exposures to
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FIG. 2. A, spectral region producing normal delayed erythema

response (after Luckiesh, Holladay and Taylor (1930)). B, spec-
tral region producing abnormal "triple response" in our patient
(roughly approximate). C, transmission of Corning 986 filter.
The approximate spectral position and relative intensity of the
lines emitted by the quartz mercury arc are also shown. D, ab-
sorption spectrum of "hematoporphyrin." (Composite from sev-
eral porphyrins, after Hausmann and Krumpel (1927).)

the sun's rays. An examination of these data
will demonstrate that the active wave lengths lie
between 3900 and 5300 A and that only the re-
gion between 4100 and 4900 A is very active,
since only erythema or very slight edema was
produced after long exposure to the region be-
tween 3900 and 4100 A, and to that between
4900 and 5300 A. Thus for rough purposes we
may say that the active region lies between 4000
and 5000 A. Observations using the quartz mer-
cury arc, which are also described in Table I,
correspond with those for sunlight. Fifteen min-
utes of irradiation at 25 cm. distance, with the
4050 A line virtually removed and all longer wave
lengths in the visible region completely eliminated
by the use of Corning 986, failed to produce any
trace of the immediate " triple response," although
it produced a strong delayed erythema followed

by pigmentation. On the other hand, the full
radiation from the arc, or only those lines passing
through window glass, i.e., above 3200 A, pro-
duced a slight erythema in the same time. Ref-
erence to Figure 2C shows the lines of the mer-
cury arc; the general lack of radiation in the
spectral region producing the immediate "triple
response," i.e., between 4000 and 5000 A, is evi-
dent. By controlling various factors it might be
possible to obtain a more exact estimation of the
effectiveness of various wave lengths, but as it
seemed that little was to be learned from more
exact data this study was not carried further.

So far as they go, these observations demon-
strate a number of very striking facts. In Fig-
ure 2B the active wave length for this response is
represented approximately and may be compared
with that for the erythema response of normal
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TABLE I

Delimistion of active spectral region

Filter Wave lengths Duration
Source Corning passed by of Result

number filter exposure

minutes
Sun ....................... 246 Longer than 5800 31 No reaction
Sun ....................... 351 Longer than 5300 30 No reaction
Sun ....................... 586 3300-3900 30 No reaction

Sun ....................... 338a Longer than 4900 12 Erythema (slight)
Sun ....................... 338a Longer than 4900 31 Erythema (very slight)
Sun ....................... 338b Longer than 4800 7 Erythema (slight)
Sun ....................... 986 2500-4100 12 Erythema
Sun ....................... 986 2500-4100 31 Erythema
Sun ........................l. Window glass Longer than 3200 1.5 Erythema
Sun ....................... 970 Longer than 2500 9 Edema
Sun ........................-. None All 9 Edema
Sun ....................... Window glass Longer than 3200 7 Edema
Sun ....................... 352 Longer than 5000 30 Edema (very slight)
Quartz mercury arc 15 cm....... None All lines 15 Erythema (slight)
Quartz mercury arc 15 cm....... Window glass Longer than 3200 15 Erythema (slight)
Quartz mercury arc 15 cm....... 986 2500-4100 15 No reaction

skin (Figure 2A); it may be readily seen that
there is no correspondence whatsoever between
the regions of wave lengths effective in produc-
ing the two types of response. Lacking any other
proof, this tells us that the primary photochemical
reactions responsible for the two effects are dis-
tinctly different, i.e., involve totally different pho-
toactive substances.

This is still more strikingly shown by the dem-
onstration of a normal erythema and pigment re-
sponse in the same individual who shows the ab-
normal immediate " triple response." When
exposed to those radiations from the quartz mer-
cury arc which pass through Coming 986 no im-
mediate erythema or edema was produced. Ery-
thema appeared, however, in the course of an
hour or more not accompanied by edema, and fol-
lowed by pigmentation, the reaction being in all
ways comparable to that of a normal skin. The
transmission of Corning 986 is shown in Figure
2C together with the positions of the lines emitted
by the mercury arc, and as will be seen by ref-
erence to this figure, Coming 986 virtually re-
moves all the lines which produce the abnormal
" triple response," while transmitting most of
those lines which are active in eliciting the nor-
mal erythema and pigmentation.

It will be seen from the above that this indi-
vidual has to all appearances normal erythema
and pigment mechanisms but has in addition,

independent of the first, a photochemical system
which produces the abnormal immediate "triple
response." This is of considerable interest from
the clinical point of view, for we have here to
consider a condition which apparently arises from
the activity of a photochemically reactive molecule
which normally is either not present or for some
reason fails to produce the immediate " triple
response." Thus to- choose any treatment de-
signed to correct an excess of the normal photo-
physiological mechanisms would be illogical.

Duke (1923, 1925), Frei (1925), and Vallery-
Radot and co-workers (1926, 1928) attempted to
treat their patients, who were apparently suf-
fering from the same condition as ours (see be-
low), by repeated exposure in the attempt to
exhaust the pathological mechanism. Their re-
sults were not highly successful, although some
degree of tolerance may have been achieved. Our
patient has developed a certain degree of tol-
erance to sunlight on his hands and face, i.e., he
can tolerate an amount of light -on these parts
which would produce a severe edema on parts of
the body ordinarily protected by clothing. It
seems reasonable to assume that at least the ma-
jor part of the tolerance developed on the hands
and face is 'due to pigmentation developed by the
small quantities of ultraviolet radiation which
these parts received by occasional short exposure
to the sun.
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By successive irradiations of an area of the
upper arm with the quartz mercury arc through
Corning 986 we were able to develop a strong
pigmentation, which provided a certain degree of
protection from the sun's rays. When this area
of the skin was exposed to the sun's rays simul-
taneously with the corresponding area of the
other non-pigmented arm, the edema which de-
veloped on the pigmented arm was much less pro-
nounced, apparently because of the absorption of
the rays between 3900 and 5300 A by the pigment.
Weare at present attempting to pigment the face
in the same manner in order to obtain protection
against the light rays.

In order to test definitely the possibility of in-
creased tolerance by continued irradiation with
the same wave lengths which produce the abnor-
mal response, we repeatedly exposed an area of
the forearm to the sun's rays filtered through
window glass to remove all the wave lengths be-
low 3200 A. The exposures lasted several min-
utes (5 to 15) and were made once or twice
every day for one week. A marked edema was
produced at each exposure, which was approxi-
mately as great at the end of the week as before;
some decrease in the reaction may have occurred
but certainly it was not very marked. No per-
sisting changes in the skin could be observed.
There was no trace of pigmentation of the skin,
thus demonstrating conclusively that this abnor-
mal erythemic response has no relationship to
the mechanism producing pigmentation.

The photoactive pigment. From the evidence
we are led to the conclusion that at some point
in the skin of this individual a photochemically
reactive compound is present which when acti-
vated sets off a reaction that eventually results in
tissue injury and the " triple response." This
compound must have an absorption band corre-
sponding to the wave lengths active in producing
this reaction, i.e., must lie between 3900 and
5300 A. Weare left to search for such a pig-
ment.

Hematoporphyrin or similar porphyrins have
been suspected for a long time as the etiological
agents in hydroa aestivale sue vacciniforme as
well as in other clinically distinct types of photo-
sensitization. This etiology has never been defi-
nitely established, as pointed out by Blum (1933),
for it has never been demonstrated that the der-

matological symptoms of hydroa can be produced
by wave lengths which are absorbed by these por-
phyrins. In the present case hematoporphyrin,
uroporphyrin and koproporphyrin are all defi-
nitely ruled out as the photoactive compound, be-
cause these substances do not show an absorption
band between 3900 and 5300 A. Hausmann and
Krumpel (1927) have studied the absorption of
these porphyrins, and none shows absorption in
this region. In Figure 2D we have drawn a curve
to represent the absorption spectrum of these
porphyrin compounds; the curve may be consid-
ered as a composite of Hausmann's and Krum-
pel's spectral absorption curves, which are nearly
identical for all the porphyrins that they studied.
On comparing this curve with the wave length
region which produced the immediate " triple re-
sponse" in our patient, it will be observed that
there is a complete lack of agreement, for the
porphyrin curve shows a minimum of absorption
just at the position of the active radiations. It
seems probable that the importance of hemato-
porphyrin has been greatly overemphasized in
relation to photosensitization, and the investiga-
tions of Templeton and Lunsford (1932) suggest
that hematoporphyrinuria is a result rather than
a causal factor, since it often appears in normal
individuals after exposure to ultraviolet light.

One of the facts which has contributed to the
widespread acceptance of hematoporphyrin as a
causal factor in photosensitization is that this
compound is capable of producing destructive ef-
fects in biological systems in general. Such pho-
tosensitization, produced by many dyes, is com-
monly referred to as photodynamic action (see
Blum, 1932). Recently Blum and Spealman
(1934) have summarized the facts, indicating
that sensitization by all those dyes studied, in-
cluding hematoporphyrin, takes place only in the
presence of molecular oxygen. Wehave been in-
terested in testing whether the photochemical re-
action involved in the production of this abnor-
mal " triple response " is dependent, similarly,
upon the presence of 02. To do so, the circu-
lation was cut off from one arm by means of a
sphygmomanometer cuff, this condition being
maintained for ten minutes in the hope of pro-
ducing a high degree of anoxemia. A small area
of the skin was then exposed to sunlight for pe-
riods of from one and one-half to three minutes,
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the circulation remaining cut off during this
period. A corresponding portion of the opposite
arm was exposed simultaneously for comparison.
After the reactive hyperemia following removal
of the cuff had subsided, the two arms were com-
pared; both showed erythema and edema in com-
parable degree. This was true in a number of
experiments. While these results would suggest
that 02 is not necessary for the reaction, they
cannot be considered as absolutely eliminating this
possibility, since it is impossible to say definitely
whether or not a high degree of anoxemia was
produced in the skin of the arm, and Blum and
Spealman (1934) found that a very low 02 ten-
sion must be established in order to abolish such
reactions. Thus the results cannot be accepted
as conclusive, although if they were they would
indicate that the reaction herein described does
not belong to the type of photosensitization pro-
duced by hematoporphyrin in the laboratory.

On considering these facts we were not sur-
prised to find that porphyrin could not be demon-
strated in the urine of our patient. Duke (1925),
Frei (1925) and Vallery-Radot et al. (1926)
were likewise unable to demonstrate porphyrin
in the urine of their patients.

We must look further for a pigment which
will satisfy the requirements, but we have no
great hope of success. Bile pigments are re-
ported to be photoactive but their absorption spec-
trum does not meet the requirements, and more-
over our patient showed no indication of jaundice
and no excess of bile pigments in the urine. We
know of no hem compound which has the re-
quired absorption spectra. The "yellow fer-
ment" of Warburg and Christian (1933) has its
absorption in the same spectral region which is
effective in the production of the immediate
"triple response," but any explanation in terms
of this compound must be highly speculative.
For the present we must be content with evidence
proving the existence of a photosensitizing sub-
stance without being able to identify it.

Relationship to other conditions. As Lewis
(1927) has pointed out, many irritating sub-
stances may produce the " triple response." Thus
the urticarias, while probably all resulting from
tissue injury and resultant " H " substance pro-
duction, may be brought about by quite dissimi-
lar mechanisms. It seems probable that the

present example of photosensitivity has little re-
lationship with the allergies, though the tendency
has been to place such cases in this class (see
Duke, 1925). The fundamental mechanism
would appear to be different, namely, the produc-
tion of " H " substance following the photoacti-
vation of a particular kind of light-absorbing
molecule. The classification of this type of re-
action with the " physical allergies," e.g., reactions
to 'heat and cold, by Duke (1925) is perhaps
somewhat misleading; actually the problem is a
photochemical one and is simplified when con-
sidered as such.

The relationship to other types of photosensi-
tivity, e.g., hydroa, eczema solare, lupus erythema-
tosus, etc., is extremely interesting. While it is
possible that all such conditions have a common
etiological factor, this is by no means a necessary
assumption and seems highly improbable. The
symptoms are different enough to be given dis-
tinctly separate clinical classifications, although
the custom seems to differ. Rasch (1926) sug-
gests a relationship between certain of the sepa-
rately classified conditions, but the identity of a
common photochemically active sensitizer 'has
never been definitely established, and in only one
condition-that herein described-has the spectral
region of absorption of such a sensitizer, i.e., the
effective wave lengths, been clearly delimited.

Duke (1923) has described a case in all ways
comparable with ours, in which the response was
likewise elicited by violet and blue light. The
case described by Frei (1925) and the two by
Vallery-Radot et al. (1926, 1928) were also defi-
nitely sensitive to violet and blue light, and the
latter investigators delimited the spectral region
between 4000 and 5500 A (1926), which agrees
with ours within the accuracy of the methods.
One of Wucherpfennig's (1928) cases (desig-
nated HW.) probably belongs to this group.
Although the active wave lengths given by this
author do not agree exactly with ours, there seem
to be objections to his method of measurement
which may account for the apparent difference.
The cases described by Ward (1905) and by
Cummings (1926) were also sensitive to wave
lengths greater than 3200 A,4 but the spectral
region was not delimited further than by the ob-

4 Through window glass.
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servation that the patients were sensitive through
window glass. Their cases probably represent,
however, the same condition as that described
herein.

The case which Beinhauer (1925) studied and
described as urticaria solaris manifested an im-
mediate " triple response " and was in this respect
similar to the cases mentioned above. However,
in that case the response was elicited by an alto-
gether different part of the spectrum, i.e., by
wave lengths shorter than 3200 A. Therefore,
it must have been etiologically different. Two of
Wucherpfennig's (1928) cases (designated Pa.
and Mi.) may or may not belong to the same
category as Beinhauer's but are certainly not the
same as ours, Duke's or Vallery-Radot's.

The case of Weiss (1932) was apparently dis-
tinct from ours in that the urticarial reaction was
delayed about four and one-half hours, and that
it was produced by quartz mercury arc radiation,
which was barely effective in our case.

In the very interesting series of Barber, Howitt
and Knott (1926) all the patients appear to have
shown some degree of eczema, which was absent
in our case and in those to which reference has
just been made. It would seem proper, therefore,
to classify their cases as eczema solare. Unfor-
tunately, the investigations by these authors of
the spectral region of the radiation evoking the
response in the skin were not exact enough for
us to compare this feature of their cases with
ours. It would appear from their data that some
of their patients were sensitive to visible radia-
tions, probably violet and blue, and some to ultra-
violet, but one cannot be sure. The case of ec-
zema solare described by Goeckerman, Osterberg
and Sheard (1929) seems to have been sensitive
to wave lengths in the region of 3000 A, which is
the region producing the erythemic response of
normal skin.

As stated above, the wave lengths producing
hydroa have never been definitely determined.
Gottron and Ellinger (1931) have recently re-
viewed the material on this subject and have
added another case. The results are in general
somewhat confusing; it would seem that while

5 Quartz mercury arc radiation was effective through
"nickel oxide glass" (probably the same type as Corn-
ing 986) but not through window glass.

some patients with hydroa show a greater sensi-
tivity to ultraviolet radiations, others may show
an increased tolerance to such radiations. Un-
fortunately, few of the investigators of this con-
dition have used sunlight in their tests; yet this
is the radiation to which the patients are most
frequently exposed and it is the most powerful
source of visible light readily at hand.

From this brief resume it would appear that
no common etiological factor for photosensitivity
in man has been demonstrated, and that there al-
most certainly exist more than one. Since the
etiological factor in photosensitization must be
the photoactive compound which absorbs the light,
it would seem highly important to attempt to char-
acterize this factor in terms of the wave lengths
of light which produce the clinical effects. The
determination of this spectral region is as impor-
tant -in the diagnosis and classification of these
diseases as is the isolation of the microorganism
associated with a bacterial disease.

Since these cases are rare, it is hoped that they
will be carefully studied when discovered. The
writers would greatly appreciate receiving reports
of any such cases and would gladly cooperate in
giving advice or assistance where possible.
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