
Understepoort J OU1'1ULl of Veterinary Science and Animal lnd~1stry, 
Volume 17, Nwmbers 1 and 2, J uly and October, 1941. 

Printed in the Union of South Africa by the 
Government Printer, Pretoria. 

Studies on the Photosensitisation of Animals in South 
Africa. XI.-The Reaction of the Sensitised 

Merino Skin to Radiation in Different 
Regions of the Spectrum. 

By GERTRUD RIEMERSCHMID, Department of Public H ealth, 
and JOHN I. QUIN, Section Physiology, Onderstepomt. 

INTRODUCTION. 

DuRING the period 1931 to 1937 Quin, Rimington and Roets published a series 
of articles on investigations concerning the problem of geeldikkop in South 
Africa. In these publications it was demonstrated that a part of the symptom 
complex of this disease in sheep was associated with extreme photosensitivity. 
This in turn was provoked by the pres~nce, in the peripheral circulation, of 
minimal amounts o£ phylloerythrin, a photo-active plant porphyrin derived from 
the degradation of chlorophyll in the digestive tract. The only parts of the 
skin which were clinically affected by light were the unpigmented and exposed 
areas of the head and ears and at times the lower parts of the limbs. Quin (1931, 
1933) showed that haematoporphyrin and such :fluorescent dye-stuffs as eosin, 
erythrosin and rose bengale all produced photosensitisation in sheep, the clinical 
symptoms of which were identical with those seen in geeldikkop caused by 
phylloerythrin. Likewise the effects of hypericin obtained from the plant 
Hvpericum ethiopicum var. glaucescens Sond. and Hypericum leucoptychoides 
(syn. H. latnceolatum .Lam.) on sheep were found to be identical with those of 
phylloerythrin. At the same time it was found that a variety of pigments applied 
to the exposed parts of the head and ears protected the underlying skin of sheep 
rendered photosensitive, 1.e. they afforded protection somewhat similar to that 
of true skin melanin against the penetration of those light rays which ordinarily 
cause tissue damage. 

As a result of this finding stock owners were advised to apply black niarking 
:fluid to the head and ears of sheep as a preventive against the acute symptoms 
of photosensitisation in geeldikkop. This measure proved beneficial especially in 
areas where natural shade against sunlight was scarce or even completely absent 
as, for instance, on many Karroo farms. In the above-mentioned experiments a 
variety of pigments were tested on the skin of sheep for their efficacy in wardint; 
off the harmful influence of sunlight. On the whole it was found that black 
and dark brown afforded more protection than the other colours. Sunlight filtered 
through ordinary window glass still caused oedema of the head and ears of 
animals sensitised with haematoporhyrin, although this was not as intense as 
that caused by unfiltered sunlight. 
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Exposure of haematoporphyrin sensitised sheep to a quartz mercury vapour 
lamp (Quin, 1931) (Hanovia artificial Alpine Sun) produced none of the symptoms 
of photosensitisation, although these were elicited in the same animals by ten 
minutes exposure to sunlight. On the other hand, light from a strong carbon 
arc lamp did produce some photosensitisation with subsequent oedema formation 
although again not as severe as that seen in sunlight. 

None of these experiments gave definite information as to which of the 
rays in the solar spectrum were responsible for the typical symptoms so readily 
produced by a variety of photodynamic substances. 

Physical .Aspects. 

In order to gain more precise information, artificially photosensitised sheep 
were exposed t() sunlight transmitted through glass filters. The sheep were 
photosensitised with two different agents, namely, group 1 with eosin and group 2 
with phylloerythrin, which is responsible for causing geeldikkop. 

The experiments were undertaken in accordance with the following physical 
considerations :-

The Grotthus-Draper I.aw states that " Radiation must be absorbed in order 
to bring about the reactions which its effect produces." Accordingly in any study 
on the effect of light, two factors have to be taken into account:- . 

1. The light source and its quality, i.e. the spectral distribution of light 
emitted from the source; 

2. the ability of the medium to absorb the inconung light . 'l'his ability 
varies for the different parts of the spectrum. Therefore the spectral 
distribution of absorption in the medium sets a limit to the ·possible 
effect of the light. When these theoretical oonsiderations are applied 
to the ca1:1e of geeldikkop, the position is as follows:-

The source of the light which causes the damage is the sun. 'rhe 
amount of energy emitted in the different parts of the solar spectrum 
is known. This energy is reduced on its way through the atmosphere 
before it arrives at the surface of the earth. It influences the exposed 
skin of the sheep, but, according to the above law reactions would 
he expected only in those parts of the spectrum in which r ays are 
readily absorbed by the photosensitising substance in t he peripheral 
circulation of the animal. 

'l'h8 aim of the following experiments was to determme which _portions of 
the solar spectrum produce a reaction in artificially photosensitised sheep, and 
to find out whether these portions coincide with absorption bands of the dye
stuffs used for photosensitisation. 

A. SpectT(tl Dist·r£bution of the Intensity of the SolaT Radi-ation at Onderstepoort. 

The reduction of the light emitted by the sun on its way to the surface 
of the earth is due to absorption and scattering by gas molecules and small 
particles. The reduction depends on the thickness of the atmospheric layer 
which has to be traversed by the rays before arriving at the earth's surface. 
The length of the path through the air depends on the altitude of the sun. The 
lower the sun. the thicker is the reducing layer of air. Thus the path is much 
longer in the early morning and late afternoon than at midday. The spectral 
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distribution of the solar rays accordingly varies during the course of the day. 
Consequently it is essential to take into account a mean altitude of the sun 
prevailing during the experiments. As this mean altitude and hence the average 
thickness of the air layer was known during the periods of exposure, it was possible 
to compute the mean spectral energy distribution curve of the solar radiation 
at Onderstepoort during the experimental periods. For this calculation the 
experiments were divided into two groups with a mean sun altitude of 65° 
and 35° respectively. The calculations were based on values for normal solar 
energy spectral distribution as determined by Abbot and his collaborators. 'Their 
fundamental data on the transmlsswn eoefficient for variou~ wavelengths and 
on the solar intensity outside the atmosphere were used in our calculat ions. 

For the group 1 experiments (sun height 65°) the mean air mass at 
Onderstepoort was 1 ·22 (Bemporad tables) corrected for 665 mm. Hg. mean 
barometric pressure, which gives a corrected air mass of 1·05. Abbot's .values 
of the atmospheric transmission coefficient for air mass 1· 0, were considered 
to be close enough to the conditions prevailing during the experiments a t 
Onderstepoort to be used in computing the spectral distribution of solar energy. 
T he short-wave end of the spectral distribution curve was taken from Richard's 
(1939) determination of the shortest wavelengths observed at Johannesburg. 
These were 299 · 6 m,u for 65°, and 303 · 3 m,u for 35° sun alti tude. The same 
method was used for the curve of the group 2 experiments with a mean sun 
height of 35° (mean air mass 1 ·74, 665 mm. Hg. mear, barometric pressure; 
corrected air mass, 1 · 5) . 

B. Spectral D'istn:bution of Absorption in Eosin and Phylloerythrin. 

The seooncl factor. which had to be considered was the possible absorption 
of the light by the absorbing medium. Dealing with this subject we will refnnu 
from considering the question of how the rays, which arrive at the skin or 
the exposed sheep, are reduced and changed on their way into and through the 
skin , since, as will be shown, the absorption of solar radiation does not cause 
any severe damage to the skin of unphotosensitisecl sheep. I£, th erefore, the 
photosensiiising dye-stuff is r esponsible for the damage, vi'e may assume that 
reactions are to be expected only with radiation from that part of the spect rum 
in which the photo-active agent shows absorption. 

The ability of a medium to absorb rays of certain wavelengths is r epresented 
by its absorption spectrum. 'l' his shows a varymg intensity for the different 
wavelengths thus indicating that not all wavelengths are absorbed to the same 
ext~nt. 'l'he amount of absorption is partly dependent on the thickness of th e 
absorbing layer. Part of the light is absorbed in the outer layers of the medium, 
a r educed amount penetrating to the deeper layers. This results in a change in 
the quality and quantity of the radiation which is avail.able for absorpt ion in th e 
var ious layers. To determine the distribution of absorption over the wh ole 
spectrum, however, it is necessary to refer to a unit of absorption irrespect ive 
of the thickness of the absorbing medium. This unit is the molecular absorpt ion 
coefficient which indicates how much of the light energy of various wavelengths 
can be absorbed by a solution of known concentration and thickness. The absor p
ti(•n coefficient was calculated for eosin (Fig. 1) and phylloerythrin (Fig. 3). 
'\Vhere both the absorption spectrum of the dye-stuff and the spectral distribution 
of the incoming light are known, a combination of these two curves shows how 
m uch energy is absorbed oy eosin and phylloerythrin respectively in the different 
parts of the spectrum. Absorpt ion curves correctecl for the ligh t intensity are 
given in Fig . 2 (eosin) and Fig. 4 (phy'l.loerythrin) . 
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(a) Eosin Absorption. 

The eosin 'calculations are based on the absorption spectrum given by Weigert 
(1916) . This graph, unfortunately, only refers to the visible part o£ the spectrum 
and had to be completed for the ultraviolet part from readings given by Kriiss 
(1!:!05). As his readings are not given in absolute units, · the height of the 
absorption maxima in this region could not be deduced with certainty. The 
position of the bands, however, is clearly indicated.* 
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Fig. I.-Absorption coefficient of Eosin and spectral distribution of soiar energy. 

The information gained from Fig. 1 may shortly be summarised as follows : 

The graph shows that in the eosin experiments we are concerned only with 
a comparatively narrow range of the spectrum, namely from 600-300 mp.. Wave
lengths longer than 600 mp. are not absorbed by eosin, while wavelengths shorter 
than 300 mp. are absorbed by ozone on their way through the atmosphere. The 
maximum absorption between 470 and 540 mp. coincides with the maximum 

.. FooTNOTE.-'Ihe molecular absorption coefficient ''"as calculated according 0 the following 
formula:-
I. = l 0e -kcz where I. = the intensity at a depth z em, I0 = the original intensity, c = concen

tration in gr. mol/ litre, e = base of natural logarithms and k = molecular absorption
coefficient. 
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intensity of the solar radiation. A second region of increased absorption, between 
:170 and 300 mp. corresponds to a rapidly decreasing solar intensity. The amount 
actually absorbed in eosin is practically confined to one band, namely between 
470 and 540 mp., the amount o£ solar energy absorbed on either side of this band 
being negligible. This can be seen clearly in the graph in Fig. 2 which was 
obtained by multiplying the absorption coefficients of eosin by the solar intensities 
at corresponding wavelengths. 

This graph indicates that reactions on the sheep's skin can be expected only 
under filters which transmit part or all of this absorption band. 
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~ " Fig. 2.-Eosin absorption corrected for solar energy at Onderstepoort, 65° &l.titude of sun. 

(b) Phylloerythrin Absorption. 

The phylloerythrin absorption coefficient was calculated from spectral trans
mission data provided by Messrs. C. Zeiss (J ena) for Yarious wavelengths. The 
molecular absorption coefficients are given in Fig. 3, the circles representing 
actual spectrophotometric determinations. As these determinations were not made 
at sufficient points to show the structure of the absorption bands in great detail, 
the approximate shape of the absorption curve in this zone was inferred from 
the wedge spectrogram provided by the above firm. With wavelengths shorter 
than 438 mp., the absorption was so great that the transmitted light was too weak 
to be measured by the method applied . Consequently no accurate value of the 
absorption coefficient in this region was determined, but the absorption must 

. have been greater than. at 438 mp., where the transmitted intensity was just great 
f'nough to be measurable. The absorption coefficient at this wavelength was 
therefore used in calculations at shorter wavelength to indicate the lower limit 
of the possible absorption of energy. 

The significant points of the information gained in Fig. 3 are :-
(a) Infra-red part of the spectr·um. In the region of wavelengths 800-700 

mp. the relative amount of light obtained from the sun is fairly great, 
but there is practically no absorption by phylloerythrin. 
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Visible part of the spectrum. · Below 700 mtt the solar intensity 
steadi'l.y increases until it reaches a maximum at 520 mtt. The absorp
tion in phylloerythrin in this part of the spectrum also shows an 
increase below 700 mtt with a small maximum at 638 mtt; following 
a minimum there is a rapid increase with three maxima between 600 
and 520 mtt. In this region the absorption maxima coincide with 
maximum intensity of solar radiation. A minimum absorption at 
wavelength 488 mt!- is followed by a strong absorption in the blue, 
violet and ultraviolet ·part of the spectrum, where the solar intensity 
decreases rapidly. 

The combined effect of the two factors shown in the graphs in 
Fig. 3 is demonsrated in Fig. 4 (which corresponds to Fig. 2 for eosin) 
which combined the absorption spectrum of phy'lloerythrin with the 
solar distribution curve. 
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Fig. 3.-Absorption coefficient of phylloerythrin and spectral distribution of solar energy. 

2. ExPERIMENTAl, . 

A. Procedure. 

']'est exposures ·were conducted on the skin of 33 artificially photosensitised 
adult merino sheep. An area of skin large enough to take a cardboard frame 
(10 by 30 em.) containing the filters was shorn slightly to the side of the 
vertebral spine extending forwards from the tuber coxae. Various methods of 
obtaining a complete depilation. of the skin after shearing were tried out but t he 
exceptional tenderness of the merino skin offered considerable difficulty. I n 
many cases the skin reacted to shaving or barium sulphide depilation and showed 
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e:s:eessive hyperaemia followed by varying degrees of cyanosis and oedema. 
S0metimes petechiae an.d subsequent scab formation were noted. 'fhese reactions 
made the skin unsuitabl.e for testing the light effect. The method eventually 
adopted was the close clipping of the wool with a pair of fine scissors. Although 
depilation was not quite complete, vascular disturbances of the skin were thereby 
avoidert . 
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Fig. 4.--Phylloerythrin absorption corrected for solar energy at Ondestepoort, 35° altitude 

of sun. 

Following the clipping of the skin, the animal was sensitised by intravenou~ 
injection in the eosin experiments, or by dosing with poisonous plant material 
such as Lantana camOJl'a in the phylloerythrin experiments. 

After being removed from the stable, the animal was placed in a specially 
constructed and movable crush pen. In this it could stand normally but not 
move about. The cardboard frame containing the filters was then fixed in position. 
At the same time the colour of the skin was noted. In order to protect the head 
and other parts of the body from sunlight a hessian screen, with a winrtow 
large enough to allow sunlight to fall on the test areas of the back, was fixed to 
the sunny side of the crush pen. 

In the actual reading of the skin tests some difficulty was experienced at 
times as a result of the rapidity and irregularity of the colour changes. This 
was ped1aps only to be expected since the type and intensity of colour change 
depends primarily on the vasomotor response of the skin capillaries, a factor 
" ·hich, in itRelf, is capable of very wide variations in a brief space of time. More
over, the area of skin along the hack used in these tests is normally covered by 
varying lengths of wool throughout th<' life of the animal. Consef1uently the 
capillaries in this locality are more fully protected against the influence of 
direct solar rarliation than the capillaries in the skin over the face and ears, 



l'HOTOSENSITISATION OF ANIMALS IN SOUTH AFRICA. 

which are more exposed to sunlight. However, in spite of these complications, 
the type and severity of the skin reactions permitted the comparison of the findings 
in the different squares. The procedure usually followed was to expose the 
test .area continuously for a period up to six hours . . During this. time observations 
were made at short intervals. After completion of the exposure the animal was 
returned to a darkened stable and the test area covered with cotton wool. The 
test areas were then inspected daily but not again exposed to sunlight. 'l'he 
secondary changes such as. spreading and gravitati<m of the oedema, necrosis 
and rate of repair could be followed. 

In order to illustrate the whole procedure of an experiment, the following 
example may be quoted:-

Code 
No.• 

0' L.-a .... -
c!IJ 
8-..: 

Experiment No. 3 b, 
Filters used : . No. 1 = U viol 

No. 2=BG 9 
No. 3 =control area 
No. 4= Wratten 23 

The transmission curves for these filters are given in Fig. 5. 

Ultraviolet. Visible Spectrum Infra ·red Sped rum 

1·00 

0 ·60 

0 ·20 

1·00. 

0·60 

o·ao 

1·00 

0'60 

0•20 

4-"'-"'¥-"""' ..... "'-"';....:.."""-~"""""""~"""~ 1·00 

O·liO 

0 ·20 

Fig. 5.-Filters used in eosin experiment No. 3 (b). 

Procedure· 

10.35 a.m.-Injected 1 gram eosm m 20 c.c: saline. 

10.43 a.m.--Exposed to sunlight; skin pinkish within 10 minutes of the 
injection of eosin. 
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11.10 a.m.-Animal flinching as a result of the sunlight striking the back 
along the test areas, i.e. the first definite symptoms of photo
sensitisation were noticeable within 35 minutes of eosin 
injection. ' 

Ob.~er1:at£ons: 

Pilter No. l. (Uviol). 
11.10 a.m.-Skin bright red, swollen. 
11.30 a.m.:.. -Skin ·deeper red, sharply defined within square. 
12.00 a.m.-Skin purplish red (cyanotic), slightly swollen. 
12.30 p.m.-Purplish red, definite oedema present. 
2.30 p.m.- As at 12.20 p.m. 
3.30 p.m.-Condition unchanged. 

Filter iVo. 2 (B .G. 9). 
·11.10 a.m.~Skin red, somewhat swollen. 
11.30 a.m.-Skin darker red, sharply demarcated within square. 
12.00 a.m.-Purplish red, swelling indefinite. 
12.30 p.m.-Slight purplish red as in filter No. 1, although slig_htly more 

oedema. 
2.00 p.m._:,Lig·ht purplish red, slightly swollen. 
3.3b p.m.-Condition unchanged. 

No. 3 Control (No Filte1·). 
11.10 a.m.-Skin red, swollen. 
11.30 a.m.-Red discolouration demarcated by edge o£ square. 
12.00 a.m.- Slightly less red than No. 2, S\velling indefinite. 
12.30 p.m.--Light p-urplish red. 

2.00 p.m.-Deep purple red and markedly swollen, more than No. 1 and 
No.2. 

3.30 p.m.---Still clark red and markedly swollen. 

l!'ilter No. 4 (W1·atten 23). 
11.10 a.m.-Skin appears normal, rather white. 
11.30 a.m.-Skin no different from that of surrounding area. 
12.00 a.m.-Skin appears normal. 

2.00 p.m.-No effect. 
3.30 p.m.-No definite effect. 

B. Eosin Experiments. 

In all, eight merino sheep were used in the eosin experiments. Immediately 
be:fore the exposure each animal received a solution of 1 gm. pure eosin (yellow) 
in 20 c.c. saline intrajugularly. 

The filters used were supplied by Messrs. Schott & Gen., Jena, except for 
a few Wrattert filters which were also used in the experiments. The code numbers 
and transmission curves of the Schott filters were taken from their " optical 
glass filter" catalogue No. 4892 E, and are represented in Fig. 6. In this 
graph the eosin absorption band is also shown, superimposed on the filter trans
mission curves. The limit of the eosin band was taken at the wavelengths where 
the absorption was 1

/ , 11th of the maximum absorption. 
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2 x (nil). 

1 x nil. 
2. ><(nil) 

1 x :.li~ht :.weUin 

2 x nil. 

ax nil. 

a x reacl:ionr. 

1 x (ni:.action) 

·ax re.acbo~ 
(1 "' rc.aohon) 

'* 
~~~~~~~~m~ 

o·zo 

1·00 

o·&o 

1·00 

0'110 

the rcacf>ionr 9i111U> in braclreiJ ,"nccf'ccrhz lf>af. l!lc 
simullone.oUI' reaction in the control area wcu very 

.sti9M. 
Fig. 6.- Filters used in eosin experiments,. 
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D-iscussion. 

The results of the eosin experiments are given in 'fable 1. 'fhey showed 
cle~rly that t~e Draper-Grot~hus law holds in the case of sheep ~ho~osensitised 'Yith 
eosm. Reactwns on the skm were (except once) only observed m those regw~s 
of the spectrum where light is transmitted through the filters and. where eo.sm 
a bsorbs strongly. In one case [experiment No.9 (a), filter RG 5] a shght swelb.!lg 
occurred under a filter which transmitted light not absorbed in eosin. Otherwise 
reactions were observed only within the region of eosin absorption. The intensity 
oi these reactions was dependent on the degree of photosensitisation as can be 
seen from a <Xlmparison of the readings of the control area with simultaneous 
filter readings (see Table 1). 

C. Phylloe1/}thrin Expertments. 

Lantana ca11Ullra is a widely distributed indigenous verbenaceous shrub. It 
is closely related to Lippw rehmanni Pem·s, which was shown to cause icterus 
and photosensitisation in sheep (Quin, 1933; Rimington and Quin, 1934, 1937). 
The leaves of Lippia 1·ehma;nni contain an icterogenic princip"l.e (icterogenin) 
that causes a paralysis of bile flow, with symptoms of regurgitative jaundice, and 
photosensitisation. The photosensitisation is due to phylloerythrin in the peri
pheral circulation following the liver damage. Dried leaves of Lantana camara 
also contain an icterogenic principle termed Lantmnin which provokes symptoms 
in sheep similar to those caused by dry Lippia material. As a supply of drie.d 
leaves o:f Lantana camara was available,· a series of experiments was <XJnducted 
on sheep photosensitised with it and also with lantanin, derived from it. 

(a) Effect of Sunlight on Normal Skin under Different Glass Filters. 
Before ascertaining the influence of sunlight on the skin of sheep sensitised 

with Lantana, all animals, during the preperiod o:f lucerne :feeding, were clipped 
on one side along the back and a series o:f filters, selected for the subsequent 
experiments, tested out beforehand on the normal skin. As usual, one of the 
squares was kept as a contro"l. i .e. continuously exposed to direct sunlight without 
a filter. In these tests all the filters used completely inhibited any visible skin 
reaction, even after five hours insolation. The control area , however, :frequently 
revealed a typical circumscribed bright red erythema within one hour or more, 
depending on solar intensity. The erythema was, however, always of a light 
grade and subsided rapidly without oedema :formation. 

(b) Dosing of the Sheep in the PhylloMythrin Etcperiments. 
In aU 12 adult merino sheep were used :for the phylloerythrin experiments. 

As mentioned before the :formation of phylloerythrin was stimulated by feeding 
lucerne :for a :fortnight preceding the poisoning of the sheep. 250 gm. of dry 
powered · Lantana camara leaves were used as a dose. When the supply of this 
plant material was exhausted, lantanin crystals were used to produce geeldikkop 
conditions. 

The r eactions, even when using the same amount of poisonous material, were, 
however, not always o:f equal severity. 'fhe control areas (without glass filters), 
which could be taken as an indication of the degree of damage caused by the 
poison, showed varying degrees o:f reaction. 

This can be readily explained as :follows : -
1. Idiosyncrasy of the ~nimalS. where the phylloery thrin concentrat ion 

and solar irradiation remained constant. 
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2. Variation of the phy lloerythrin concentration in the peripheral blood 
circulation. This depends on the amount of chlorophyll ingested, the 
rate of phylloerythrin formation and its absorption from the intes
tines, the severity of the disturbance in liver' function and finally on 
the rate and efficiency with which phyl.loerythrin is eliminated by the 
kidneys in the urine. 

3. Variation in the amount of solar irradiation to which the animals were 
exposed. 

(c) Effept of Varying the Duratwn of Ex]JO'Stt1'e of Sheep Poisoned with Lantana 
camara. 

The following experiment indicates the type and severity of the reaction when 
test squares of skin on a sheep poisoned with Lantana oormara were exposed to 
direct sunlight for varying lengths of time. A sheep was placed on a diet of green 
lucerne on the lOth of June, 1940. The object of this was to increase the total 
intake of chlorophyll, so that more phylloerythrin ~ould be available for absorp
tion and sensitisation afer the liver had bee:g. damaged by dosing with Lantana 
camam. Repeated bleeding during the fourteen days on this diet revealed a 
water-clear blood serum free from bile pigments. It should be mentioned here 
that this is the normal condition for healthy adult merino sheep in which a 
physiological bilirubinaemia is usually completely absent. A fortnight later the 
anima'l. was dosed by stomach tube with 125 grams of dry powered Lantana ca7/UJ!ra 
leaves in 1·5 litres water. The same dose was repeated the following day. Two 
days later the blood serum was a deep yellow and gave a positive direct v.d. Bergh 
reaction . On the same clay at 10 o'clock a.m., six different squares on a previously 
clipped test area of skin were exposed to direct sunlight for varying lengths of 
time, the last square being covered at 3 p.m. Readings were taken on the squares 
at 3 p.m. on the same day and at 9 a.m. the following day. The following results 
were noted : - • 

Duration of Exposure. Results at 3 p.m. same Day. 

No discolouration, no swelling ...... . 
No discoloura.tion, no swelling .. . ... . 
Faint orange, very slight swelling ... . 
Slightly deeper orange, slight swelling 
Orange brown, marked swelling .. . .. . 
Light greyish, very marked diffused 

swelling 

15 Minutes ....... .. ............. . 
30 Minutes ...................... . 
I Hour ......................... . 
2 Hours ........................ . 
3 Hours .......... . ............. . 
5 Hours ........................ . 

I Results at 9 p.m. next Day. 

Faint orange tinge. 
Very slight orange tinge. 
Slight orange. 
Definite purple. 
Marked purple. 
Very marked purple. 

It will be noted that no swelling was recorded in the observations taken at 
9 a.m. the following morning. It had disappeared or gravitated to a level below 
that of the original' test area. These results indicated the progressive nature 
of the reactions when sensitised skin was exposed to sunlight for varying periods. 

The following macroscopic changes were noted in the irradiated skin when 
the animal was kiUed 17 days later for the collection of skin material for histolo
gical examination 

(a) 15 min. exposure-no change at all. 
(b) 30 min. exposure-slight hyperaemia, slight oedema. 
(c) 1 hour exposure-more d·efinite hyperaemia and more oedematous 

swelling. 

~d;) 2 ~ours) exposure-more distinct oedematous swelling of the skin and (ii ! h~:~:J subcutaneous tissues and also deeper purplish discolouration. 

100 



GERTRUD RIEMERSCHMID AND J. I. QUIN. 

The orange tinge noted above was due to the presence of bile pigments in the 
peripheral circu"l.ation even before clinical jaundice could be definitely established 
on. the skin, and represented a blending of the yellow colour of the biliary 
pigments with the bright red of the arterial blood during the stage of acute 
erythema. 

The same sequence of colour changes noted above occurred in each test in 
which a reaction was observed (see Fig. 7 a and 7 b). The first colour change 
varied from a circumscribed greyish white, due to vasoconstriction, to a bright 
red erythema, following vasodilation. These reactions were soon followed by 
purple discolouration accompanied by swe'l.ling and later by oedema. Skin sections 
showed marked stasis of red cells in the damaged blood vessels. Eighteen hours 
after exposure the purple discolouration was more intense and more diffuse and 
the oedema showed a tendency to gravitate. The centre of the test areas remained 
swollen and became darker, almost purple black, in colour. Later the skin lost 
its elasticity and acquired a tough, dry, leathery texture. The breakdown 9£ 
haemog'l.obin in the affected areas resulted in the formation of bile pigments. 
These pigments together with those accompanying the generalised icterus caused 
an intense, localised deep yellow-green discolouration which usually persisted 
until the final sloughing of the necrosed skin. Wool growth in such areas was 
suppressed for a considerable period. 

In this connection it should be explained that the skin reaction which is noted 
dur·ing the acute stage of naturally occurring cases of geeldikkop may be slightly 
different from that described above. Thus the oedematous swelling of the head 
and ears in true geeldikkop is not preceded by the same degree of erythema and 
cyanosis as revealed on the back of the artificially photosensitised sheep. This 
may be due to either a difference in the reactivity of the skin capillaries in the two 
areas or to slightly greater protection of the face and ears by its covering of hair 
and dust as compared to the closely shorn, clean skin of the test areas. However, 
the extent and severity of the intra- and subcutaneous oedema as well as the 
chronic 'l.esions of skin necrosis are fully comparable in the natural . and in the 
experimentally produced conditions. 

(d) Resu1ts of the Phylloerythrin Experiments. 

The results obtained in the phylloerythrin experiments are given in Table 
2. The filters used are represented in Fig. 7 which contains tlie transmission 
curves of the filters with the phylloerythrin absorption bands superimposed. The 
limit of the absorption bands were taken at the wavelengths where the absorption 
was 40 per cent. of the maximum absmption in each area. 

As mentioned before, tne phylloerythrin absorption takes place main'l.y in the 
region between 610 and 510 mp in the form of a triple band, and below 460 mp, 
i.e. the blue, violet and ultraviolet portion of the spectrum. 

The results obtained in the phylloerythrin experiments can clearly be seen in 
.Fig. 7. Again the Draper-Grotthus Law holds for sheep artificially sensitised 
with phyU.oerythrin. Reactions in the skin only occurred when light emitted 
from the sun in certain definite portions of the spectrum penetrated both the 
atmosphere and the filter and were finally absorbed by the phylloerythrin. 

The two filters RG 8 and RG 5, which transmitted long-wave red rays 
outside the absorption bands prevented reactions. As soon as any of the phylloe
rythrin absorption bands were transmitted, reactions occurred, as shown by all 
the remaining filters. 
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Ultraviolet: . 

500 600 700 
Wavelen~ths in 

InFrared Spectrum. 

2 x reac~ions 

3 x reacl-ion6 
1. x (ra.act-ion) 
1 x nil. 
3 ><.(nil). 

4 y. reactions. 
1 x (reaclion) . 
3 ~{nil). 

2. x reaclion& . 

( ble reacl/ons given /n brac:Ad.J /ndrcale rhaf · !he. 
s/multan~ouJ reacfion /n fhe confrol area was very 

sliqhl.) 
Fig. 7 .- Filters used .in phylloerythrin experiments. 
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The next point of interest was, whether all three areas of absorption (see Fig. 
4) in phylloerythrin were responsible for reactions. Readings taken under fil.ter 
RG 2 and BG 1 proved that this was the case. Filter RG 2 only includes the 
small absorption band with a maximum at 638 mp. but showed definite reactions 
which were proportional to the severity of simultaneous reactions in the control 
field. Filter BG 1, which excludes both this narrow band and the triple band 
between 610 and 510 mp., proved that the intensive absorption of phylloerythrin 
in the blue, violet and ultraviolet part of the spectrum gave definite readions 
on the sheep skin. Filter UG 1, which only transmits a small part of this 
absorption area of phylloerythrin gave one positive and one negative reaction. 

SuMMARY. 

1. 'rhe effect of sunlight on sheep artificially photosensitised with eosin 
and phylloerythrin was investigated. Glass filters were used to ascertain whether 
any of those rays readily absorbed by these dye-stuffs produced skin reactions. 
Small square test areas on the back of photosensitised sheep were exposed under 
these filters to sol.ar radiation for various l(mgths of time, up to six hours. 

2. A spectral distribution curve was calculated for the solar radiation at 
Onderstepoort for an altitude of the sun of 650 and 35° respectively. When this 
spectral distribution curve was combined with the absorption spectrum of eosin 
and phylloerythrin the resulting curve delimitated those regions of the spectrum 
which might be expected to yield skin reactions in the photosensitised sheep. 

The results may be summarised as follows:-

(a) The skin of closely shorn, non-photosensitised, adult merino sheep, 
exposed to solar radiation for several hours showed only a light 
erythema which rapidly subsided without oedema formation. 

(b) Sheep photosensitised with phylloerythrin (dried leaves of the Lamtana 
camara plant) and subsequently exposed to sunlight, showed reactions 
which increased in severity depending on the duration of exposure. 

(c) The reactions of the skin of sheep photosensitised with eosin, were 
strictly confined to those parts of the spectrum where eosin strongly 
absorbs radiation, namely from wavelength 540-460 mp., i.e. in the 
green and blue part of the spectrum. 

(d) The phyUoerythrin absorption is spread over a much wider area than 
that of eosin. The phylloerythrin shows three regions of absorption 
namely a single band from 654 to 626 . mp. (orange), a triple band 
between 610 and 510 mp. (yellow and green) and high absorption below 
460 mp. (blue, violet and ultraviolet). The filter experiments showed 
t.hat reactions in the skin of sheep photosensitised with phyl'l.oerythrin 
were restricted to parts of the spectrum where radiation is absorbed 
hy phylloerythrin, namely the region between 650 and 380 mp., which 
includes practically all visible light. 
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