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A case of wrticaria solare being available for
study, it has seemed wise to determine as many
of the characteristics of the photo-response as
feasible, in the hope that these might ultimately
shed light on the obscure etiology of this rare but
distressing disease. Preliminary studies of this
case by Blum, Allington and West (1) have
shown that the individual is sensitive to wave-
lengths included in the spectral region between
3900 and 5300 A, i.e., in the blue and violet parts
of the visible spectrum, radiation from which
region of the spectrum elicits no response in nor-
mal individuals. The wurticaria solare individual
responds to short periods of this kind of radiation
with an erythema restricted to the irradiated area,
followed by an edematous wheal over the same
area with spreading erythemal flare when the ir-
radiation is sufficiently intense or prolonged; this
response has thus the characteristics of the “ triple
response ” as described by Lewis (2), and we may
make the tentative assumption that it occurs as the
result of the elaboration of a histamine-like “ H”
substance, further evidence for which will be pre-
sented in the course of this paper. The response
disappears in a few hours, leaving no trace. Ul-
traviolet radiation shorter than 3200 A brings
forth the same delayed erythema followed by pig-
mentation that is produced in the normal indi-
vidual, but no traces of the urticarial reaction
characteristic of the response to blue and violet
light.

CLINICAL ACCOUNT

As a clinical report of this case has not been published,
the following brief account is included.

The patient, a white male, age 21, associates the first
appearance of abnormal sensitivity to light with a bee
sting on the left malar area which occurred May 18,
1934. Severe pain and swelling of the face which sub-
sided in a day or two followed the sting. The sensitivity
to light was noticed shortly after.

Previous history reveals no allergic or urticarial dis-

1 Assisted by a grant from the research funds of the
University of California.

orders. Prior to the onset of the present difficulty his
skin had always responded normally to exposure to light.
There is no family history of allergy or light sensitivity.

Physical examination shows a well developed male of
average height and weight. He is a brunette, but the
skin is pale from avoidance of light. He is suffering
from a moderately severe indolent papular type of acne
vulgaris, and presents scattered areas of tinea versicolor
over the upper trunk. There are no other abnormalities.
The skin reacts normally to heat and cold. There is no
dermatographism.

Laboratory findings

Blood. Numerous counts have shown an average of
about 5,000,000 erythrocytes and 7,000 leukocytes per cu.
mm. There is an increase in small lymphocytes up to
about 50 per cent, otherwise the differential count is nor-
mal. Hemoglobin determination, made with a photelome-
ter, based on the Newcomer standard, was 85 per cent.
Spectroscopic examination of the serum for abnormal
pigments negative.

Urine. Routine examination and examination for por-
phyrins were negative on several occasions.

Fasting blood sugar—100 mgm. per 100 cc.

Fasting blood uric acid—3.3 mgm. per 100 cc.
Wassermann—negative.

Gastric analysis. Alcohol test meal.
Time (minutes): fasting 15 30 456 756 90 105 120
Free H(Cl ates) 0 0 24 80
Total acidity 42 9.6 13.7 143 133 102 140 150

Scratch tests for a large variety of food, pollen, and
epidermal extracts showed no reactions.
Basal metabolic rate—minus 14,

METHODS

General method. The arrangement of the ap-
paratus used in the following experiments is dia-
grammed in a general way in Figure 1. It con-
sists of a 500-watt projection type Mazda lamp 4
placed at a given distance from an opaque screen
B, which has a circular opening S about 2 cm. in
diameter through which an area of the skin may
be irradiated. The screen is so fixed that the skin
of any desired part of the body may be firmly
pressed against it without disturbing the arrange-
ment of the apparatus; thus the distance between
B and 4 is established and reproducible through-
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F16. 1. ARRANGEMENT OF APPARATUS
A, 500-watt projection type Mazda lamp; B, opaque
screen with circular opening S; C, water filter; D, glass
color filter; E, concave mirror.

out a given experiment. C is a water filter for
removing infra-red radiation; it consists of a
pyrex cylinder 10 cm. in length and 5 cm. in
diameter with inlet and outlet tubes so that a cur-
rent of water may be passed through it to prevent
excessive heating of the apparatus. D indicates
the position at which glass filters may be intro-
duced to obtain restricted wavelength regions. E
is a concave mirror used in some experiments to
concentrate the light rays. The distances be-
tween the various elements of the apparatus were
altered to meet the requirements for any particu-
lar experiment, and in some cases one or more of
the elements was removed, as will be explained in
the description of the different procedures.

The sensitivity of the skin was measured in
terms of the time of irradiation required to pro-
duce a just observable erythemal response, the
threshold time; the justification of this criterion
will appear as the various experiments are dis-
cussed. The measurement was made in the fol-
lowing way. The skin was placed against the
screen B, and irradiated through the opening S
for a measured number of seconds. The skin
was then moved away from the screen and ob-
served for the appearance of erythema on the
irradiated area. Most of the experiments were
carried out at room temperature and under these
conditions it was found that if erythema did not
appear within fifteen minutes after the irradiation
ceased, none was ever observed. The procedure
was repeated on other areas of skin using different
periods of irradiation, the shortest period which
would just produce an erythemal response being
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taken as the threshold time. It was found that
this threshold time could be determined with an
accuracy better than ten per cent in most cases
but that it was safer to make no attempt to re-
duce this error. It is quite easy to make the de-
cision as to whether an erythema has appeared or
not, when no greater accuracy is attempted.

The 500-watt projection-type Mazda lamps
used as sources burn at a higher color temperature
than most incandescent lamps, and consequently
have a greater proportion of their emission in the
blue-violet region in which we are interested.
The shape of the emission curve, being very
nearly that of a theoretical black body, can be
readily calculated from Wien’s equation, if the
color temperature is known (see Harrison (3)).
Figure 2 shows emission curves for one of the

Intensity (relative values)

4000

5000

'l
4500
Wave lengths ; A
F16. 2. SPECTRAL DISTRIBUTION OF EMISSION FOR A
BrAack Bobpy AT DIFFERENT TEMPERATURES.
The temperatures are the color temperatures for one
of the Mazda lamps used, when operated at different
voltages as follows:

Voltage Color temperature
volts °K.
105 .o 3010
8 3060
5 RN 3110
120 (i i 3180

lamps used in the spectral regions with which we
are concerned ; the four curves are for color tem-
peratures corresponding to four different lamp
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voltages. The color temperatures at different
voltages were obtained from photometric deter-
minations against known standards. For most
of our experiments we are not interested in the
color temperature so long as it remains reasonably
constant throughout a given experiment. The to-
tal emission varies widely with the voltage, as will
be seen from Figure 2, and in order to control
this, the line voltage was stepped up by means of
a transformer, and the voltage across the lamp
controlled by means of a voltmeter and a carbon
disk rheostat. The lamp voltage was not the
same for all experiments; in some it was main-
tained at 120 volts and in others at 115 volts;
moreover, the distance from the source was not
the same in all experiments, and thus the threshold
times are not comparable for different experi-
ments but only within a given experiment.
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A-B indicates a variation of 10 per cent in the thresh-
old time.

While it is possible to make some estimate of
the variation of emission with voltage from the
curve shown in Figure 2, it was thought desirable
to make a more direct determination of the effec-
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tiveness of the lamp in producing the erythemal
response when burning at different voltages.
Figure 3 shows the results of an experiment to
determine this; the logarithms of the threshold
times are plotted so as to indicate the percentage
varjation in effectiveness of the incident radiation
at different lamp voltages; the shape of the curve
has no theoretical significance. An examination
of the figures shows that if the voltage is held
constant within two volts, the error in the thresh-
old time should not be greater than ten per cent.
Greater constancy than this was maintained with
the exception of occasional slightly greater fluctu-
ations which were of short duration, and probably
cancelled out in most cases.

If the lamp is placed close to the skin the full
radiation will produce a heat erythema; this ap-
pears immediately, and unless severe, fades very
quickly. On the other hand, the urticaria solare
response is always delayed in appearance unless
the irradiation is very intense or prolonged, and
is much slower in disappearing. Thus there is
little danger of confusing the two types of re-
sponse. In order to eliminate this heat erythema,
which in some cases might confuse our results,
we have used the water filter described above to
remove the infra-red radiation, or in some cases
a Corning glass filter (Number 395, extra light
shade Aklo, 3.9 mm. in thickness). The effect of
temperature on the threshold time will be dis-
cussed below.

The reciprocity law. The use of the threshold
time as a measure of sensitivity is only justified if
it can be shown that there is a reciprocal relation-
ship between intensity and duration of irradiation.
To test this, the intensity was varied by changing
the distance between the light source and the skin,
the threshold time being determined for each in-
tensity. Since it was found that the water filter
(C, Figure 1) served to focus the light rays and
thus prevented the estimation of the light intensity
by the inverse square law, it was replaced by the
Corning glass filter (Number 395, 3.9 mm. in
thickness) which served to remove the infra-red
radiation to a sufficient extent to prevent the oc-
currence of heat erythema. It was also necessary
to remove the mirror (E, Figurel). All the tests
were made on the skin of the abdomen, where it
had been previously determined that the sensi-
tivity was extremely uniform.
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TABLE I
The reciprocity law
d=distance from lamp in cm.; {=time in seconds;
IXt=k= ‘%Xt, where I=intensity.

B, Per cent
31::; Date d t k Average t;%‘;gog:l

1 |August29 |29.8| 95(.103
2191 65].136
15.5] 30[.125
10.0| 12.120

1214018 | 15.0
2 |[August 31 [10.0| 14].140
21.6] 65].139
50.3 |1 300 |.119
15.3| 30(.128
33.2 130 |.118

.1294-.011 8.5
3 | September 5[10.0| 14 (.140
50.0 | 315 [.126

.133+.700 5.2
4 | September 19{15.0 | 31(.138
30.0 | 100 [.111
100 13/.130
50.0 | 300 {.120
20. 55(.137

1274160 | 12.5

The results of four experiments on four dif-
ferent days are summarized in Table I. Of these,
Experiment 2 was the most carefully conducted
and may be taken as a fair index of the accuracy
of adherence to the reciprocity law under our
experimental conditions. It will be seen that for
this experiment, the values for % in the equation:
Intensity X time==F vary from the average by
about 8.5 per cent, indicating an outside error of
less than = 10 per cent. The results for the
other experiments, which cover a period of three
weeks, show average values for k which agree
within == 5 per cent, showing that there was lit-
tle or no fluctuation in the sensitivity over this
time; the variations within these experiments are
somewhat greater than in Experiment 2. Fig-
ure 4 shows graphically the range over which the
reciprocity law holds and the deviation of our
experimental measurements. It would seem from
these data that we may safely assume that the
reciprocity law holds for the urticaria response,
and that the threshold time may be used as a
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Fic. 4. THE Recrerocity Law.

The curve is drawn from the equation: I X ¢ = 0.129,

measure of the photosensitivity with an error of
not more than =+ 10 per cent if the conditions
are properly controlled.

A point of practical importance to the patient
as regards artificial illumination may be men-
tioned here. From the above data one may cal-
culate that at a distance from the lamp of 3
meters, 3 hours of irradiation would be required
to produce a response. Since the lamps ordi-
narily used for illuminating purposes burn at
lower temperatures, their emission is less, and
particularly in the shorter wavelengths to which
this individual is sensitive. Thus, ordinary con-
ditions of artificial lighting are not bothersome,
although even reflected sunlight in a room with
light colored walls may be a source of considerable
annoyance.

We may make a rough estimate of the quantity
of radiation required to produce the response.
From the data given by Luckiesch (4) we find
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that a black body at 3200° K. emits 6.12 micro-
watts per square centimeter per foot-candle in the
spectral region 4000 to 7600 A.. The color tem-
perature of a tungsten lamp is very close to that
of a black body at this range of temperatures
(Holladay (5)) so that this value may be taken
as sufficiently close for our purposes. From the
curve for emission of a black body at this tem-
perature it may be calculated that between one-
sixth and one-seventh of the emission between
4000 A and 7600 A lies between 4000 A and
5000 A, the spectral region which elicits the wurti-
caria solare response, so that we may estimate that
about one microwatt per sq. cm. per foot-candle
is emitted in this region. Our lamp emits about
1300 horizontal foot-candles, and from our data
for the reciprocity law we see that at a distance of
one foot, the threshold time is about one minute.
Thus we may estimate that approximately 1300
microwatts of radiant energy of wavelengths 4000
to 5000 A must fall on the skin of this individual
in order to produce an urticarial response in one
minute.

The effect of temperature on the response. It
was recognized early in the investigation that tem-
perature might have a considerable influence on
the response under certain circumstances. Stud-
ies were therefore attempted to determine the
magnitude of this effect so that an estimate of the
influence of temperature on the accuracy of our
measurements might be made.

The effect of temperature on the threshold time
was first determined. For these experiments the
stop B was replaced by a thin black paper stop
with a 2 cm. hole, placed tightly against the water
filter C, no color filters (D) being used. The
skin of the abdomen was held firmly against this
black paper so that the skin area next to the water
filter would tend to take the temperature of the
water which could be varied by passing different
mixtures of hot and cold tap water through the
filter. The temperature of the filter was deter-
mined by means of a thermometer placed in the
outlet stream from the filter, and the surface tem-
perature of the skin corresponding to any given
filter temperature was estimated as follows. The
skin was held against the filter for a given period
of time, then moved away, the time noted, and
the surface skin temperature determined as
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quickly as possible by means of a thermopile de-
signed for this purpose, the time at which the
measurement was made being carefully noted.
Further measurements were made at successive
intervals as the skin temperature changed toward
the normal, and from these successive measure-
ments a curve was plotted and an extrapolation
made to zero time which should correspond to the
temperature of the skin when in contact with the
filter. It was found that for periods shorter than
five minutes in contact with the water filter the
values obtained for skin temperature varied con-
siderably, but that when the skin was allowed to
remain in contact for periods as long as twenty
minutes, the values were very little different than
those obtained for the five-minute periods. In
our subsequent experiments we therefore kept the
skin in contact with the filter for five minutes be-
fore the beginning of each experiment, i.e., before
beginning the irradiation of the skin. From data
obtained for the skin surface temperature at vari-
ous filter temperatures we were able to plot the
curve shown in Figure 5, from which an estimate
of the skin surface temperature could be made by
merely measuring the temperature of the water at
the filter outlet. It is doubtful if these estimates
for the skin surface temperatures can be regarded
as within better than one or two degrees of the
actual skin surface temperature, and the tempera-
ture inside the skin where the response takes
place must have been somewhat different than
those of the skin surface. It would seem that the
range of temperatures inside the skin would be
somewhat less than those on the surface, but we
have no way of estimating this difference.
Measurement of the threshold time at different
temperatures was made as follows. The skin was
held against the filter for a period of five minutes
in order to establish the temperature of the skin.
The lamp was then turned on for a given irradia-
tion period, the skin being maintained in contact
with the filter during this time. The skin was
then moved away, and allowed to adjust toward
normal temperature while observation for the ap-
pearance of a threshold erythemal response was
made. By repeating this procedure for different
periods of irradiation, the threshold times for the
response at given temperatures were determined.
Data for a series of such measurements are plotted
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F16. 5. RELATIONSHIP OF FILTER TEMPERATURE T0O SKIN TEMPERATURE.

in Figure 6. From these data it appears that the
Q,, for the threshold time is about 1.3 to 1.4 over
the range studied. This is a quite reasonable co-
efficient for a photochemical reaction.

Reference to Figure 6 will give some indication
of how differences in temperature may affect the
experimental determination of threshold time in
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the rest of our experiments. We may assume
that the normal temperature of the skin surface
of the abdomen when exposed to ordinary room
temperatures is about 30° C., and in this region
we see that a change of about 3° C. would result
in a variation of 10 per cent in our measurements
of threshold time. This is a much greater tem-

o

200

4o

Fic. 6. EFFECT oF TEMPERATURE ON THRESHOLD TIME.
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perature variation than is to be expected if the
room temperature is maintained reasonably con-
stant as was the case in our experiments, but we
see that temperature variation is a factor which
cannot be entirely neglected, particularly in com-
paring experiments made on different days.

The low temperature coefficient of the threshold
time would indicate its rather direct relationship
to the primary photochemical mechanism. How-
ever, the rate of development of the urticarial re-
sponse as indexed by its latent period is not taken
into account in the measurement of threshold time.

§-

200
1

/00
1

<%0

Period of irradiation ~ secorids

1
5 /0
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using the same period of irradiation, but a shorter
total period in contact with the filter, or if the
erythema is not present, the total period is in-
creased. By a series of such trials the least time
required for a minimal erythema to appear is de-
termined and may be taken as an index of the rate
of development of the erythemal response for the
given temperature and period of irradiation. By
repeated experiments using different temperatures
and different periods of irradiation a series of
such measurements were obtained which are dis-
played in Figure 7. Since the primary photo-

e

! !
/. 20

S 5
7ime to appearance of minimal erythemal response~ minufes.

F16. 7. EFrrect oF TEMPERATURE ON LATENT PERTOD.

The latent period is shortened as the period of ir-
radiation is decreased. We have attempted to
measure the effect of temperature on the rate of
development of the erythemal reaction after the
end of the irradiation period, as follows. The
skin is held against the water filter for five min-
utes, the lamp then turned on, and irradiation con-
tinued for a given length of time which is known
from the data of Figure 6 to be longer than the
threshold time for the particular temperature.
When the lamp is turned off, the skin is kept in
contact with the filter for a further period of time,
and is then moved away and observed for the min-
imal erythemal response. If the erythema is ob-
served to be present at the time the skin is moved
away from the filter, the experiment is repeated

chemical reaction has a low temperature coeffi-
cient, the period of irradiation may be taken to
represent the production of the same quantity of
reactants at all temperatures used, and the rates
measured for different temperatures when the
same period of irradiation was used should be
subject to comparison. Unfortunately, these
measurements are laborious and trying to the sub-
ject, and the measurements which we have made
are scanty and rough for this reason; they seem,
however, to be significant.

The data collected in Figure 7 show that the time
of appearance of the threshold erythemal response
is greatly lengthened at low temperatures. In
fact, the effect is so great that it is difficult to
obtain comparable data over a wide range of
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temperatures, and no attempt has been made to
calculate the temperature characteristics of this
response. Furthermore, when a temperature of
35° C. was maintained in the filter and the skin
kept in contact with it for a long enough period
of time (over seven minutes), no response ap-
peared, so that the temperature coefficient could
not be determined in this region. Our results
would seem to be quite comparable to those ob-
tained by Lewis (2, Chapter VII), who found
that either low (12 to 15° C.) or high (45 to
47° C.) temperatures inhibit the appearance of
the triple response following histamine pricks in
normal individuals, or stroking in urticarial sub-
jects. Lewis has explained this as due, in part
at least, to changes in the local circulation pro-
duced by changes in temperature, and if we invoke
the same explanation it would seem meaningless
to attempt to determine the temperature charac-
teristics accurately, since they would not be an
index to the specific reactions of wurticaria solare,
but of more general reactions.

Lewis has suggested that the triple response in
other types of urticaria results from the release
of a histamine-like H substance from the cells of
the skin, and it seems reasonable to extend this
concept to urticaria solare. The similarity of be-
havior with respect to temperature is added evi-
dence to justify this position. We might, then,
suggest the following scheme to represent the
mechanism of urticaria solare:

1. S + hl’ -_> S r
2. Sy +cells>H
3. H - vessels — triple response

In the primary reaction, 1, S is the light ab-
sorbing molecule in the skin which is responsible
for the initiation of the response, kv is a quantum
of light absorbed by S (% ==Planck’s constant
and » the frequency of the radiation), and S, the
reactive molecule resulting. By S, we do not
wish to imply an activated molecule in the strict
photochemical sense, but merely to indicate that
the molecule S has been in some way modified and
enabled to take part in a subsequent reaction. In
reaction 2, S, reacts with skin cells to release the
histamine-like substance H, which then reacts
with the small blood vessels to produce the triple
response 3. Obviously reaction 2 may be a chain
reaction involving many steps. Reaction 1 must
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have a very low temperature coefficient since it is
a purely photochemical reaction, and its rate is
not dependent on the energy of activation but on
the capture of light quanta. However, reactions
2 and 3 are thermal reactions and may have high
temperature coefficients. It seems probable that
reaction 3 is the one which dominates the picture
when the effect of temperature on the rate of ap-
pearance of the urticaria solare response is stud-
ied, because of the similarity of behavior to that
obtained when histamine is introduced directly
into the skin. The temperature coefficient ob-
tained for the threshold time is probably deter-
mined principally by reaction 1 which would ac-
count for its low value; reaction 3 probably plays
little part in the determination of the threshold
time where the temperature is only maintained
during the period of irradiation, and the develop-
ment of the response takes place at approximately
normal skin temperature.

TABLE II
Sensitivity on various regions of the body, December 3, 1935

Region Threshold time

Ventral surface of abdomen.. 60 seconds

Lumbar region of back. . ... 60 seconds
Back over scapula.......... 70 seconds
Medial surface of thigh
near knee............... 165 seconds
Quter surface of forearm
(15 cm. above wrist). . ... 150 seconds
Inner surface of forearm
(15 cm. above wrist). . ... 105 seconds
Inner surface of forearm at
Wwrist. .................. 180 seconds
Palmof hand............. 180 seconds (itching only, no
observable erythema)
Dorsum of hand........... Longer than 20 minutes
Cheek.................... Longer than 20 minutes

Topographical distribution of photosensitivity.
Determinations of the threshold time for a num-
ber of regions of the body are given in Table II.
A constant light intensity was maintained through-
out, and all the determinations were made within
a period of three hours. The sensitivity varies
widely over the body, the abdomen and lumbar
region of the back being at least twenty times as
sensitive as the face and the back of the hands.
The surface of the abdomen is uniformly sensitive
within the limits of our experimental error, and
we have used this region in all our other experi-
ments. It is of interest to note how the sensi-
tivity may vary in adjacent regions, e.g., compare
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the palm and dorsum of the hand. Although we
were unable to produce any erythemic response
by exposure of the face and dorsum of the hands
to our light source for twenty minutes, it must
not be judged that these parts have become en-
tirely insensitive, for the response can still be
elicited by exposure to sunlight, and the subject is
still made uncomfortable by such exposure, al-
though to a much less extent than two years ago.
Unfortunately, no measurements of this kind were
made early in the development of the disease, the
figures in Table II being obtained about nine
months after its onset. We cannot, therefore,
make a definite statement that the decreased sensi-
tivity of the exposed parts has developed as a re-
sult of exposure to light; but judging from the
subject’s reaction to casual exposure to sunlight at
the onset and at present we feel no doubt whatso-
ever that this is true. Moreover, Duke (6), Val-
lery-Radot (7), and Blum, Allington and West
(1) have all found that exposure to light has some
effect in decreasing the sensitivity of the skin to
light.

Numerous possibilities offer themselves for the
explanation of the difference in sensitivity of vari-
ous regions of the skin, and the mechanism of
desensitization of local areas. Among these arises
the question of the thickness of the skin, and its
relative transparency to light. Miescher (8) has
pointed out that the thickness of the skin is very
important in determining the sensitivity of normal
skin to the erythema producing ultraviolet radia-
tion (principally shorter than 3200 A), and that
the decrease in sensitivity to such radiation after
exposure to it, may be due to the thickening of the
epidermal layers. The data of Bachem and Reed
(9) for the absorption of different wavelengths of
light by the various layers of the skin, afford the
opportunity to make some estimate of the effect of
the thickness of the epidermis on the normal ery-
themic response and on the wurticaria solare re-
sponse. The normal erythemic mechanism would
seem to be set off in the epidermis, probably
chiefly in the malpighian layer, since there is very
little penetration (9 to 16 per cent) of the exciting
wavelengths below this layer, since the malpighian
layer is the principal site of pigment deposition
which follows the erythema (Laurens (10)), and
since the erythema is delayed as though time might
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F1c. 8. ErrFEct oF THICKENING OF SKIN ON PENETRA-
TION OF RADIATION.

Abscissa—thickening in mm. Ordinates—per cent re-
duction in radiation reaching the photosensitive layer.
Broken line—3000 A, malpighian layer (normal erythemic
response). Solid line—4500 A, papillary layer (urticaria
solare).

be required for the products resulting from the
irradiation to reach the papillary layer where the
first blood vessels are found. In Figure 8 has
been plotted the percentage reduction in radiation
of wavelength 3000 A reaching the malpighian
layer which would be caused by thickening of the
corneum, based on the data of Bachem and Reed
which is for skin from the region of the flexor
surface of the arm and the abdomen. It will be
seen that a thickening of 0.03 mm., which amounts
to doubling the thickness of the corneum, would
reduce the radiation reaching the malpighian layer
by about 66 per cent, so that an amount of thick-
ening which would be difficult to observe would
cause a considerable difference in the sensitivity of
the skin to radiation of this wavelength. Thus
small differences in the thickness of the skin at
different regions of the body would produce
marked variations in sensitivity, and it is con-
ceivable that thickening resulting from irritation
caused by irradiation would account for at least
part of the resistance of the skin to ultraviolet
radiation subsequent to exposure (Laurens (10)).

The case of the wurticaria solare response is
somewhat different, the radiation which evokes it
being transmitted by the skin to a much greater
extent. The response appears almost immediately
after the irradiation, in contrast to the response
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elicited by ultraviolet light, which suggests that
the locus of action is close to the small vessels
which first appear in the papillary layer. Upon
reference to the data of Bachem and Reed (9),
we find that only about 20 per cent of the total
light of wavelengths 4000 to 5000 A incident upon
the skin is absorbed in the epidermal layers, but
that 50 per cent is absorbed in the papillary layer,
so that it is quite possible that the urticaria solare
response is elicited in the latter layer. In Fig-
ure 8 is plotted the percentage decrease in radia-
tion of wavelength 4500 A, which results from
increasing the thickness of the epidermis; this
indicates that the thickness of the epidermis
should have much less effect on the urticaria solare
response than on the erythemic response to ultra-
violet radiation. From Figure 8 it may be seen
that a thickening of 0.1 mm. which amounts to
tripling the thickness of the epidermis would be
required to reduce the light reaching the papillary
by 60 per cent. While differences in the thickness
of the skin might be an important factor in deter-
mining the threshold time for the various regions
of the body, it is improbable that it is a very im-
portant factor in the desensitization of the skin.

Blum, Allington and West (1) found that suc-
cessive irradiation of an area of the skin with the
quartz-mercury arc in quantity sufficient to pro-
duce a strong pigmentation reduced the sensitivity
of that area to a marked degree. A filter was
interposed (Corning 986) to remove the radiation
above 4000 A, so that the urticaria solare response
was not elicited during the building up of the pig-
ment. As we have pointed out above, thickening
of the epidermis could hardly account for a large
part of the decrease in sensitivity. The pigment,
which is deposited in the basal cells of the mal-
pighian layer of the epidermis, may be very effec-
tive as a filter if the urticaria solare response orig-
inates in the papillary layer provided it absorbs
strongly in the blue-violet region, and may con-
ceivably be the cause of the apparent desensitiza-
tion in the experiment of Blum, Allington and
West. However, at the time the tests recorded
in Table I were made, the face of the subject
showed very little pigmentation so that the lack
of sensitivity of this region could not be credited
to any extent to this factor.

Another possibility is that the exposed areas of
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skin in which the urticarial response has been fre-
quently produced by the action of light, has de-
creased in sensitivity to the products of the photo-
chemical reaction; for instance, its sensitivity to
histamine. This was tested by pricking histamine
into various regions of the skin, and comparing
the reaction with that of a series of normal indi-
viduals.? The subject’s reactions to histamine
were within normal limits on all parts of the body
including the exposed parts. The sensitivity to
histamine is normally less on the exposed parts,
but the difference is not of the order of the differ-
ence in sensitivity to blue-violet light shown by
our subject. Reactions to adrenalin pricks were
also within normal limits. Thus we have no rea-
son to suspect an abnormal vascular reactivity in
the subject.

Finally, we come to the concept that exposure
to light exhausts some part of the photochemical
mechanism. This is the suggestion of Duke
(11). We must admit this as a distinct and rea-
sonable possibility, but one that cannot be cate-
gorically accepted in face of the other possibilities
cited above, unless further proof can be found.
The fact that Blum, Allington and West (1) were
able to produce a decrease in sensitivity by ultra-
violet irradiation without eliciting the wurticaria
solare response demonstrates that some other fac-
tor is involved than the wearing out of the photo-
chemical mechanism. It is probable that all the
factors mentioned play a part in decreasing the
sensitivity of the skin which is exposed intermit-
tently to sunlight.

Variations in the general sensitivity with time.
An attempt was made to follow the sensitivity of
a region of the skin normally covered by clothing,
the abdomen, over the course of ten months.
These determinations were subject to a greater
error than our other studies, because it was im-
possible to use the same lamp throughout the en-
tire series, and because in some cases the voltage
was not carefully controlled. Moreover, at the
time of the earlier measurements we were not
aware of some of the possible errors in the detec-
tion of the threshold. In general, the later deter-
minations are more trustworthy, but it is difficult

2 These tests were made through the courtesy of Dr.
Eric Ogden who will publish an account of the method
and results of a series of such tests at a subsequent time.
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to see how the error could be greater than 50 per
cent throughout the series. Figure 9 shows a
series of measurements carried over a period of
three months which are probably comparable. It
shows no general trend of sensitivity over the
whole period of three months, but demonstrates
that there are fluctuations of short duration which
are undoubtedly greater than the estimated error.
These results indicate that it is probably impor-
tant to perform a given experiment on a single
day, and this has been our policy. They also in-
dicate that in any attempt at therapy one should
not be misled by minor changes in sensitivity
which may be only ephemeral.

The relative stability of the photosensitivity in-
dicates that the photochemically active substance,
whatever its nature, is constantly renewed. It
may be a product of abnormal metabolism, a sub-
stance elaborated by a parasite, or a substance
regularly introduced in the diet. In consideration
of the latter possibility, some attempt was made to
eliminate various factors from the diet, but with-
out any observable effect on the photosensitivity.

Miscellaneous skin tests. As has been indi-
cated in the preceding discussion, there is no rea-
son for believing that an allergic reaction in the
usual sense of the word is involved in the wurii-
caria solare response. The only assumptions
which are necessary to explain the response are
that a photoactive substance is abnormally present
which, when activated by light, initiates reactions
which result in the production of a histamine-like

substance. Nothing is definitely known about the
intermediate steps except that they are not of
the “ photodynamic ” type since they do not re-
quire molecular oxygen as was shown by Blum,
Allington and West (1) and Blum, Watrous and
West (12). There seems no reason for assum-
ing that they are related to allergic reactions, but
we have searched for an allergic background since
it is commonly suspected in urticarial cases. No
history of allergy either in the patient or members
of his family was obtained, and scratch tests with
a large number of food, pollen, and epidermal ex-
tracts gave only negative results. Reactions to -
heat and cold and to stroking are normal, and
there is no dermatographism. Thus no evidence
of an allergic background for this condition has
been found.

Passive transfer of the sensitivity was at-
tempted by intradermal injection of serum from
the patient into normal skins. In preparing the
serum, the active blue-violet light was excluded,
in order that any photolabile substance might not
be destroyed. No uniform differences were
found between the reactions to this serum and
those to serum from a normal individual. The
serum was then exposed to light and the injec-
tions repeated, but with similar results. Expo-
sure of the injected area to light also failed to
provoke any abnormal response.

Prompted by the close association of a bee
sting with the onset of the photosensitivity we
tested the patient’s sensitivity to an extract of bee
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venom, prepared as suggested by Thompson (13)
by triturating the poison apparatus in normal
saline and filtering through a Seitz filter. One-
tenth cubic centimeter of a solution estimated to
contain 1 to 1500 parts of venom when injected
intradermally provoked a wheal approximately
one centimeter in diameter showing free pseudo-
podia. In normal individuals the usual result is
an erythematous papule less than half this size,
so that the patient seems somewhat sensitive to
bee venom. Suspecting some relationship be-
tween this sensitivity to bee venom and to light,
attempts were made to desensitize the patient by
a series of injections of the dilute bee venom
solution, but without any definite effect on the
sensitivity of the patient to light. Simultaneously
and subsequently the patient was given hydro-
chloric acid by mouth to correct a condition of
achlorhydria, but no change in sensitivity to light
resulted.

The active wavelengths. As stated above, the
preliminary studies by Blum, Allington and West
(1) delimited the wavelengths which produce this
urticarial response to the region between 3900
and 5300 A, which is in very good agreement with
the findings of Duke (6), Vallery-Radot (7), and
Frei (14) for their cases. We must assume that
whatever the ultimate chemical reaction which
produces this urticarial response, the primary re-
action is the absorption of a quantum of light by
a molecule of some photoactive substance in the
skin as represented in reaction 1 above, and what-
ever this substance may be, it must have a char-
acteristic absorption spectrum, i.e., there must be
only restricted regions of the spectrum which it
can absorb, and consequently only light of these
spectral regions can bring about the urticarial re-
sponse. We dwell upon this fundamental point
because it has been too frequently disregarded in
the study of photosensitivity in man. The rela-
tive sensitivity to different wavelengths should
correspond to a certain degree with the amount
of light absorption of the photosensitizing sub-
stance, and the curve relating sensitivity and
wavelengths should approximate the absorption
spectrum of that substance. There are, of course,
a number of factors which would tend to produce
some disagreement in these curves, such as the
effect of the solvent on the absorption spectrum of
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the photoactive substance, the specific absorption
of the skin, variations in photochemical efficiency
with wavelength, etc.; but if we are able to obtain
a sensitivity wavelength curve for the photo-
dermal response, we have a basis for a guess as to
the nature of the photosensitizing substance. For
this reason we have attempted to make some more
quantitative determinations than those previously
reported.

In these studies colored glass filters were used
to isolate relatively narrow bands of wavelengths.
The transmissions of the various filter combina-
tions were determined for the visible region of
the spectrum by means of a spectrophotometer.
Since we had already determined by means of
glass color filters (Blum, Allington and West
(1)) and sunlight or quartz mercury arc that
wavelengths outside the 3900 to 5300 A region
were ineffective, we could disregard any filter
transmission outside of this restricted region.
The spectrophotometric measurements could not
be made for wavelengths shorter than 4300 A,
and it was necessary to extrapolate to zero trans-
mission beyond this point, but our preliminary
determinations would indicate that the sensitivity
below this wavelength is so slight that no sig-
nificant error could have been introduced.

The lamp used in these particular experiments
was the one whose emission curves are plotted in
Figure 2; it was operated at 120 volts, at which
voltage the color temperature was 3180° K. The
emission curve was calculated for a black body at
this temperature by means of Wien’s equation
(see Harrison (3)), and the transmission of each
filter combination for given wavelengths was mul-
tiplied by the emission for the corresponding
wavelengths; thus curves were obtained for the
relative quantities of radiant energy incident
through the various filters. A further correction
was made to give a relative number of quanta by
multiplying by the wavelength of the radiation.®

8 Since the amount of photochemical reaction depends
upon the number of quanta absorbed by the photochemi-
cally active substance S, it is proper to compare the rela-
tive number of quanta rather than the relative energies
corresponding to the exciting wavelengths. The correc-
tion is so small in this case as to be of little significance,
however. The subject is discussed by Blum and Scott
(15), in which paper Equation 8 should read: N\'=
DS\T\(—log T)).
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The curves for the relative number of quanta
passing through the filter are shown in Figure 10.

TABLE III
Photosensitivity to restricted spectral regions

(Experiments 1, 2, and 3 were performed on October 12,
October 29, and October 30, respectively)

. A Ex- 1
Filter Max-| A | peri- t k=4 Xt —
imum ment k\
A seconds
BG2 + GG3| 4350 | .44 1 150 66 015
2 150 66 015
3 195 86 012
Average =.014
038 4585 | 4500 | .38 1 90 42 025
2 90 42 .025
3 85 39 036
Average =.025
BG1 + GG8| 4650 [1.00 1 90 90 011
2 70 70 014
3 70 70 014
Average =.013
BG1 4 GG7| 4850 | .32 1 165 53 .019
2 195 62 016
3 165 53 019
Average =.018
352 4554 | 4900 | .19 1 330 64 016
3 300 58 017
Average =.016
986 300 (no response)
338 100 (heat response)

The relative number of quanta reaching the skin
through each filter should be proportional to the
area under the curves. These areas, measured by
means of a planimeter, are expressed in relative
units as A4 in Table III.

The threshold time for the erythemal response
was determined for each filter, the values for
three experiments being given in Table III.
Since the reciprocity law holds for light made up
of all wavelengths, it may be assumed that it also
holds for the restricted spectral bands which pass
through the filters. Thus the product of A4,
which is a measure of the relative number of
quanta passing a given filter, and the threshold
time ¢, should give a value k), which is a measure
of the relative number of quanta required to elicit
a response at that wavelength. The reciprocal of
k) should be a measure of the relative sensitivity
at this wavelength, and is the value which may be
compared with the absorption of a substance sus-
pected of being the photochemically active agent.
Assuming the values of 1/k\ to represent the
sensitivity of the wurticaria solare response at the
wavelengths corresponding to the maximum trans-
missions of the various filters, it would appear
that the sensitivity has two wavelength maxima,
one at about 4500 A, and another at about 4900 A,
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with a distinct minimum at about 4650 A. That
there is little sensitivity above 5000 A or below
4000 A was shown clearly by the earlier experi-
ments of Blum, Allington and West (1). Ob-
viously, these values of 1/k, are subject to a con-
siderable degree of error in both parameters, in
the one case due to the experimental error in-
volved in determining the threshold, and in the
other due to the fact that the band of light trans-
mitted by the filter is rather wide; the degree of
error in the latter case cannot be accurately esti-
mated. Another error is introduced, of course,
in the determination of the color temperature of
the lamp which might somewhat alter the relative
values, although this could hardly affect the posi-
tion of the maxima. At best, these values can-
not be considered as very accurate, but they might
be expected to give an approximate picture of the
absorption spectrum of the photosensitizing sub-
stance which is responsible for the urticarial
response.

We may now begin our search for the absorp-
tion spectrum of some biological substance which
will fit this region of absorption with a reasonable
degree of approximation. By reference to the
data on absorption bands accumulated in Tabulae
Biologicae (16, 17, 18, 19, 20) we find that only
one group of pigments there listed has the max-
ima of absorption of its members confined to the
general spectral region which elicits the wurticaria
solare response; these are the carotenoids. As
pointed out by Blum, Allington and West (1), the
porphyrins, which are active photosensitizers, ex-
hibit a minimum of absorption between 4000 and
5000 A (21); the bile pigments show no maxima
which will correspond with the region of sensitiv-
ity as is also true for cytochrome and hemochro-
mogens in general (22). The flavines, another
group of naturally occurring photolabile pigments,
absorb in the same general spectral region as the
carotenoids (4000 to 5000 A), but show greater
absorption in the near ultraviolet (23) ; so that if
one of these were the sensitizer in the present
instance, we should expect to find photosensitivity
in the corresponding spectral region where the
individual with wrticaria solare exhibits little or
no sensitivity.

Thus the carotenoids which are definitely pho-
tolabile seem to offer the best agreement with our

H. F. BLUM AND R. J. WEST

experimental data, and in Figure 11 we have plot-
ted the absorption spectrum of a carotene in alco-

L ! A
4000 4500

Fic. 11,

Abscissa—Angstrom units; ordinates—arbitrary values.
Circles—relative sensitivity of wrticaria solare (1/E).
Horizontal lines and crosses—relative sensitivity of pho-
totropic bending of the oat seedling. From Johnston
(25), corrected to relative number of quanta. Curve—
absorption of a carotene in alcohol. From Miller, Mac-
kinney and Zscheile (24).

hol (24), together with our experimentally ob-
tained values 1/k\ for the wrticaria solare re-
sponse. In the figure the ordinates for both were
chosen so as to bring the absorption curve of
a carotene and the values of 1/k) into relation-
ship. It will be seen that at least a rough agree-
ment exists.

In Figure 11 we have also plotted spectral sen-
sitivity data for the phototropic response of the
oat seedling, as given by Johnston (25), choosing
our ordinates so as to bring the data into ac-
cordance with the absorption curve of a carotene.
The agreement is rather good, but we could not
from this make a categorical statement that a
carotene or any other specific carotenoid is the
photoactive substance responsible for phototro-
pism in the oat seedling, although we must admit
that possibility which has been previously sug-
gested by Bachmann and Bergann (26). Wenote
the existence of two distinct maxima in the data
of Johnston corresponding approximately to the
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two maxima in our own data for the wrticaria
solare response. Other data for the phototropic
bending of the oat seedling do not agree quan-
titatively with that of Johnston (see Bachmann
and Bergann (26) ; Haig (27), but all the meas-
urements agree in the delimitation of the general
spectral region and in general in the display of
two maxima. In considering the data from sev-
eral sets of measurements on the phototropic
bending of the same organism, the oat seedling
(Avena sativa), we see that the deviations among
the various sets of measurements are as great as
the deviation of our own measurements from any
one of the above, even though our own data are
admittedly of a relatively low degree of accuracy.
Thus, so far as the evidence goes the photo-
chemically active substance may be the same in
both. Carotenoid pigments have been suspected
as the photosensitive materials in phototropic
bending of plants, and Castle (28) has been able
to extract such a pigment from phycomyces whose
absorption spectrum fits well with the spectral
sensitivity curve which he has determined for that
organism, and which would also approximate our
own data and that for the oat seedling. This
discussion of the spectral sensitivity of the orient-
ing mechanism in plants has been introduced prin-
cipally to show the deviation in measurements
obtained on other living systems. Numerous
factors exist which would create differences be-
tween the curves of spectral sensitivity of the
living organism, and the absorption curve of the
responsible photochemically active substance when
removed from the living tissue and in solution in
some solvent other than that in which it is dis-
solved in the organism. For example, the dif-
ference in transmissivity of the epidermis to the
various active wavelengths might alter the effec-
tiveness of the various spectral bands in eliciting
the wurticaria solare response; but from the data
of Bachem and Reed (9), we may estimate a
rather uniform decrease in transmittency of about
15 per cent from 5000 to 4000 &, which could not
greatly alter our sensitivity curve. Again, it is
unfair to make a comparison of the absorption
spectrum of a carotenoid pigment in solution in
alcohol with the spectral sensitivity curve of an
organism in which the absorbing pigment must
be in solution in some other solvent. The ab-
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sorption spectra of the carotenoids are shifted
very markedly with the solvent employed, so that
it is impossible to select any specific carotenoid
as showing better agreement with the data than
another. The choice of a carotene in alcohol for
plotting in Figure 11 was made only because it
showed the possibility of agreement, not to indi-
cate that this is the actual carotenoid involved.
An examination of the absorption spectra in the
monograph of Zechmeister (29) will show the
extent of the shift of the absorption spectra of
carotenoids with the solvent, and will also show
that these spectra display two principal maxima
separated by a well defined minimum, no matter
what the solvent. The apparent existence of two
maxima in our measurements of the spectral sen-
sitivity of urticaria solare, and of the phototropism
of Awena gives strong support to the hypothesis
that carotenoid pigments are responsible for both
photo-physiological responses.

Until other evidence is offered, then, we must
suspect that a carotenoid pigment is the photosen-
sitizing agent in the case of urticaria solare now
in hand, and may use this as a working hypothesis.
Following this evidence we have attempted to
produce local sensitivity to light by injecting solu-
tions of carotene and xanthophyll into rabbits’
ears and into human skin, but exposures of the
injected areas to sunlight for periods as long as
twenty minutes produced no response which could
be taken as definite evidence of photosensitivity.
The solvents used for injection were cottonseed
oil and propylene glycol. In both cases, particu-
larly the former, a considerable irritation was
produced by the injected material which may have
masked any response resulting from exposure to
light.

DISCUSSION

The evidence presented in the preceding pages
would best be explained by the postulation that a
carotenoid pigment is present in the skin, which
may be activated by light to set off a series of
reactions which result in the release of H sub-
stance in the region of the small blood vessels.
The ultimate result is the appearance of the triple
response on the area of skin reached by the light.
The only abnormal part in such a mechanism is
the presence of the carotenoid pigment, and it
will be well, therefore, to inquire into the plausi-
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bility of the presence of such a pigment, and its
possible origin. Carotenoids are taken up in large
quantities in the normal diet, a certain fraction
being changed into vitamin A, and a large part
excreted in the feces. In some cases, after in-
gestion of great quantities of food rich in caro-
tenoids, enough may accumulate in the skin to
give the individual a yellow or reddish color (29).
Hess and Myers (30) found that infants fed an
excess of carrots assumed a yellow coloration,
and that carotene could be isolated from the blood
and urine in such cases; there seems to be no
record of sensitivity to light, but Klose (31) states
that the yellow color is most pronounced on the
parts normally exposed to light.

It would seem thus that great quantities of
carotenoid pigments may be present in the skin
without sensitivity to light, at least in a degree
comparable with that of our subject. Moreover,
our patient does not show a general yellow tint,
so that there can be no great excess of carotenoids.
It seems probable that any carotenoid entering the
skin from the blood stream would be deposited
principally in the fat of the subcutaneous layers
because the carotenoids are very soluble in fat
and insoluble in water, and the observations of
Klose (31) would indicate that this is the point
of deposition. The penetration of blue and violet
light to the subcutaneous layers is not great, and
for reasons discussed above it seems probable that
the urticaria solare response is set off in the papil-
lary layer of the corium. It would seem neces-
sary to assume from this that in our subject the
carotenoid is deposited superficially to the subcu-
taneous fat, that it is not present in great quanti-
ties, and that it owes its effectiveness as a photo-
sensitizer to its position in the skin or that it is
a specific kind of carotenoid which is not ordi-
narily present in the human organism. All this
suggests that the carotenoid may be produced in
the skin through the agency of a parasite. It is
therefore worthy of remark that our subject dis-
plays a few of the yellow macules of Tenia versi-
color which result from infection of the skin by
the fungus Malasezia furfur, and that it may be
this organism which is producing the photosensi-
tizing carotenoid. We have been unable, however,
to show that the yellow macular areas are any
more sensitive than parts of the skin which appear
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free from the infection, so that this hypothesis
receives no substantiation for the present.

SUMMARY

Photo-physiological studies of an urticarial re-
sponse elicited by blue and violet light demonstrate
the following.

1. The response obeys the reciprocity law.

2. Studies of the effect of temperature indi-
cate that the mechanism of the response includes
a photochemical reaction which is not greatly af-
fected by temperature, and a thermal reaction
which is greatly modified by changes in tempera-
ture. The latter is probably the action of a hista-
mine-like substance on the small vessels of the
skin.

3. All parts of the body are sensitive to light
but the degree of sensitivity varies from region to
region. The exposed parts are much less sensi-
tive than the parts covered by clothing. The rea-
sons for these variations are discussed.

4. The sensitivity fluctuated somewhat with
time, but there was no general trend in the course
of ten months.

5. Determination of the spectral sensitivity sug-
gests that the photosensitizer is a carotenoid pig-
ment. The possible origin of such a carotenoid
in the skin is discussed.
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graciously given by the following: Dr. H. V. Allington
who made the clinical studies; Professor L. M. K. Boel-
ter who determined color temperatures of lamps; Pro-
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Krueger for bacteriological control of materials for in-
jection; and Doctors G. Mackinney and S. Lepkovsky
who provided samples of xanthophyll and carotene.
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