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PRIMERE PIGMENTASIE

22 October 1960

Primere of direkte pigmentasie moet onderskei word van
sonbrand-pigmentasie wat gewoonlik enkele dae na son
blootstelling plaasvind en wat gewoonlik volg op 'n
sonbrand-eriteem. In die geval van primere pigmentasie
vind die verdonkering reeds tydens die bestraling plaas.
Dit is gewoonlik binne tien minute na blootstelling aan
direkte sonlig baie duidelik waarneembaar veral by die
gekleurde rasse. Die verskynsel is die eerste keer in 1938
deur Hauserl en, onafhanklik van horn, in 1938 deur
Henschke en Schulze2 waargeneem by bestraling met
ultraviolet ligbronne.

Aanvanklik is primere pigmentasie beskou as 'n taamlik
ongewone reaksie wat net by sommige mense voorkom.
Kooij en Scott3 kon. egter aantoon dat dit 'n algemene
verskynsel is by gekleurde rasse en dat dit selfs by Blankes
maklik op te wek is indien daar reeds pigment aanwesig
!S. In hierdie uiJgawe van die Tydskrif word 'n oorsig van
werk wa:t .reeds. op hjerdie gebied gedoen is, gegee en
yerdere ekspeqmente wora gerapp·orteer.

Dit is v~rbasend dat in die verle.de so-weinig aandag aan
"hierdie' verskynsel, wat so maklik by ge!>1eurde iasse op
le wek is, gege.e is. 'In hulle eerste publik;isie oor hierdie
onderwerp het J(60ij en Scott3 met die hulp .van filters die
aktiewe spektrum vir hierdie verskynsel op ongeveer 300
460 mfL vasgest~L Dit verskil dus van die kortgolwige
ultraviolet-spektrum van die son wat tussen 290 - 320 mfL
le en wat vir die sonbrand-pigmentasie verantwoordelik is.

In die.artikel waarna ons verwys word verder gerappor
teer oor die invloed van verskillende stowwe op hierdie
verskynseL Geeneen van die veertien stowwe het by plaas
like aanwending enige invloed op die verskynsel gehad
nie. Een stof egter, nl. metoksalen, 'n furokumarien, het

'n duidelike invloed op die sonbrand-reaksie vertoon.
Met die hulp van verskillende filters kon aangetoon word
dat hierdie stof verantwoordelik is vir verskuiwing van
die sonbrand-verwekkende strale na 'n langer golflengte.
llierdie bevinding, naamlik die veranderde gevoeligheid
vir sonstrale, mag nuwe lig werp op die uiters belangrike
vraagstuk van siektes wat ontstaan op die basis van oor
gevoeligheid vir sonstrale -'n groep aandoeninge wat 'n
belangrike rol by die huidpatologie van ons sonryke land
speel. Die skrywers spekuleer oor die moontlikheid van
abnormale stowwe (metaboliete) wat onder die invloed
van sonlig ontstaan en verantwoordelik is vir die abnor
male reaksie.

Met hierdie werk wat in Suid-Afrika gedoen word, word
'n verdere bydrae gelewer tot die ingewikkelde meganisme
van pigmentvorming. Of ons hier net met 'n eenvoudige
pigmentasie van 'n ligtere na 'n donkere soort melanien
te doen het, kan alleen deur verdere eksperimente aan die
lig gebring word. Ook die verband met die alreeds lank
bekende postmortale verdonkering (,pigment darkening')
moet nog aangetoon word. In 'n volgende artikel word
hierdie verskynsel behandel en word daar oor eksperimente
met uitgesnyde stukkies huid gerapporteer.

Suid-Afrika met sy oorvloed van sonlig en uitstekende
materiaal bied 'n guide geleentheid vir studies op hierdie
gebied. Die Fotobiologiese Navorsingsgroep van die
W.N.N.R., onder wie se beskerming hierdie navorsing
plaasvind, behoort 'n belangrike bydrae tot die huid-
patologie in ons land te lewer. .
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OBSERVATIONS ON PRIMARY AND POSTMORTEM PIGMENTATION BY
SUNLIGHT*

I. PRIMARY PIGMENTATION. ACTION SPECTRUM OF METHOXSALEN

R. KOOIJ, M.D., Department of Dermatology, University of Cape Town and Groote Schwl/' Hospital, and

F. P. SCOTT, M.MED.(DERM.) (PRET.), Dermatologist, National Hospital and Postgraduate Steering .Committee,
Bloemfontein .

Primary pigmentation, which was discovered independently
by Hauserl in 1938 and Henschke and Schulze2 in 1938,
is not a well-known phenomenon. It was also studied in
detail in 1939 by Miescher and Minder.3 Primary pig
mentation occurs almost immediately after, or even during,
exposure to sunlight, whereas the well-known secondary
pigmentation (suntan) only occurs a few days after'
exposure.

The wavelengths responsible for primary pigmentation
lie roughly between 300 and 460 mfL, while those for
secondary pigmentation lie between 230 and 320 mfL. No
ultraviolet· rays from the sun shorter than 290 mfL reach
the surface of the ·earth. Primary pigmentation can easily
be produced in Coloured races after 10 to 30 minutes of
exposure to sunlight.

':' Paper presented at the Congress of the Dermatological
Sub-Group (M.A.S.A.), Cape Town, 16 - 17 April 1960.

It is assumed that no new pigment is formed in primary
pigmentation but that a simple oxidation of paler melanin
to darker melanin takes place. The process is reversible;
fading usually starts 30 to 60 minutes after exposure and
disappears completely in I or more days.

The general occurrence of this phenomenon in coloured
races was discovered accidentally by Kooij and Scotti in
1953 while experimenting with sunlight in a Coloured
patient suffering from chronic porphyria.

More than 100 B~ntu and Coloured subjects studied
by them showed this phenomenon without a single excep
tion. Although it could not be evoked in albino Bantu
subjects it could be demonstrated in about one-third of
White subjects exposed to sunlight, as it is found only
when pigment is already present. Direct erythema often
occurred simuitaneously with the pigmentation, usually
when filters transmitting wavelengths above 460 mfL were
used.
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TABLE I. THE ABSORPTION SPECTRA OF THE SCHOTT FIl.TERS USED

Filters

All filters used were t mm. in thickness .
• Adapted from tables supplied by Schott and Gen., le",! Glassworks.

Mainz, Germany.

Fig. 1. Delayed erythema and pigmentation of areas
treated with methoxsalen '/,0.000 - '/ , ,000 following ex
posure for 20 minutes to sunlight which passed through
glass. Photograph taken 3 days after expo ure. Primary
.pigmentation had disappeared after I day.

RESULTS

The above substances did not exert any noticeable in
fluence on primary pigmentation as compared with the
controls. The duration and the degree of pigmentation
was the same in both.

Primary pigmentation occurred in all the non-White
subjects tested. It usually faded' considerably after 30
minutes and sometimes it was bardly visible the next day.
It could however often be observed several days after
e>..posure. The duration of the primary pigmen.tation is
prcbably due to the intensity of the irradiation and the
ability of the individual to tan.

An interesting fact was observed in the exposec areas
treated with rnethoxsalen. These areas showed a faint
erythema on the day following the experimental expo ure
to sunlight. The primary pigmentation had di appeared
by this time. The erythema gradually became stronger and
was marked the next day, when slight pigmentation became

close observation during the first hours and also for
several days thereafter. The degree of erythema and pig
mentation was estimated with the naked eye and marked
+, + +, and + + +. The exposed areas were covered
with glass slides so as to cut out wavelengths below
320 mp..

In some instances Schott filters were used. For details
about the transmission (absorption spectra) of these filters
see Table I.
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MATERIAL Al'o'D METHODS

The experiments were carried out on a number of non
White subjects. Each substance tested was applied twice
on the back of every subject - 2 hours before exposure
to sunlight and also immediately before this exposure.
Those substances applied 2 hours before were removed
before exposure, but those applied immediately before the
exposure were left on during the period of exposure.

The following substances were tested: 5% tannic acid
in 95% ethyl alcohol, 5% cWorpromazine in 95% ethyl
alcohol, 5% sulfanilamide ointment, antbisan ointment,
15% hydrogen peroxide in eucerin anbydricum, 10%
ascorbic acid in eucerin anhydricum, 1% testosterone.
phenyl propionate in ethyl alcohol, 20% benoquin oint
ment, 2t% hydrocortisone ointment, t% oestrogens (pre
marin) in aqueous solution, t% aqueous solution of copper
sulphate, 1% aqueous solution of sodium fluoride,
methoxsalen (8-methoxypsoralen) 1/10.000, Ih.ooo, and 1/1.000 in
95% ethyl alcohol, and' I % haematoporphyrin in ethyl
alcohol.

The areas were exposed to sunlight for 20-minute
periods between the hours of 2 p.m. and 3 p.m. during
the months November to March. The results were read
immediately after exposure and the areas were kept under

With the aid of llford filters it was possible to show
that the wavelengths between 300 and 460 mp. were
responsible for the primary pigmentation. The slight in
crease of pigment in the basal layer described by Hamper!,
Henschke and Schulze5 and Miescher and Minder was con
firmed by frozen-section examinations made immediately
after exposure.

Continued studies were done at Cape Town by one of
us (R.K.) and at Bloemfontein by the other (EP.S.) to
establish the influence of different locally-applied sub
stances on the phenomenon, and to investigate the occur
rence of primary pigmentation after death and after
excision of skin (see part ll, to be published later).
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visible; this increased in intensity over the following days.
This delayed erythema followed by pigmentation also

appeared when the methoxsalen-treated areas were covered
with a glass slide, which cut out the 'sunburn rays' below
320 mj.L (Fig. 1). No such reactions occurred in the areas
treated with the other substances. With the aid of the
absorption filters VG3, UG4T, WGI, and GG3A an
attempt was made to determine the active wavelengths
of thi phenomenon (for details about the transmissions
of these filters see Table D. The delayed erythema and
pigmentation could only be evoked with the filters UG3
and UG4T and not with the filters WGI and GG3A.
This was shown on several occasions in 2 subjects.

From these results it can be concluded that the delayed
erythema and pigmentation in the methoxsalen-treated
areas are probably elicited by wavelengths near 334 mj.L
and below ;366 mj.L.

No delayed erythema occurred in areas not treated with
methoxsalen and exposed to sunlight through the filters
VG3, UG4T, UG5, UGII, WG1, GG3A, GGl4A and
RG 1A. As could be expected primary pigmentation was
only seen through the filters VG3, VG4T, UG5, VGll,
WGI, GG3A but not with GGl4A and RGIA.

DISCUSSIO '

one of the substances applied in the concell1racion IIsed
altered the primary pigmentation. It appeared at the same
time and in the same degree as in the controls. In com
paring degrees .of primary pigmentation one must realize
that slight alterations of the angle of incidence of the
sun's rays may produce great changes in pigmentation.
Tronnier et al.6 showed that some of these substances
(15% hydrogen peroxide and 10% ascorbic acid in eucerin
anhydricum) activated the phenomenon of secondary
erythema and pigmentation. It should be noted that the
so-called 'sunburn-protecting' ointments, such as 5% tannic
acid and 5% sulfanilamide ointment, with absorption
spectra between 290 and 320 mj.L, did not prevent primary
pigmentation.

It is remarkable that chlorpromazine, haematoporphyrin,
and methoxsalen with absorption spectra in long-wave
ultraviolet light also did not alter the primary pigmenta
tion. According to the Grotthus-Draper Law, radiation
must be absorbed in order to bring about a reaction.

An interesting feature is the finding of a secondary or
delayed erythema with pigmentation the day following
exposure to sunlight in the areas treated with methoxsalen
- this was not noticed when the other substances were
used. It also occurred after the sunlight had passed through
a glass slide which cuts out the ordinary sunburn-produc
ing rays of between 290 and 320 mj.L. From the experi
ments with these filters it is concluded that this 'sunburn
reaction: is probably caused by ultraviolet wavelengths
near 334 mj.L and below 366 mj.L. It is generally accepted
that sunburn-reaction is evoked by wavelengths between
290 and 320 mj.L, although long-wave ultraviolet light can
also produce it· then, however, much more radiant energy
is necessary.

Several observations in the literature suggest that the
psoralens are able to potentiate ultraviolet radiation in

long-wave ultraviolet light. Sidi and Bourgeois-Gavardin'
and also FitzpatrickS reported activity through window
glass, Pathak and Fitzpatrick9 reported it with Wood's
light, wbile Fowlks et al. lD recently showed a photo
sen~itizing action of furocoumarins, e.g. methoxsalen, in
bacteria in the presence of long-wave ultraviolet light. The
exact wavelengths causing the. reaction are not mentioned
in any of these publications and it is possible that a few
wavelengths below 320 mj.L still reached the skin. It is
conceivable that the psoralens strongly increase sensitivity
to the wavelengths of the sunburn spectrum and that even
thes::: few wavelengths below 320 mj.L could evoke a sun
burn reaction.

Our findings show that this is not the case, but that
wavelengths near 334 mj.L produce the effect. A few wave
lengths below 320 mj.L are however transmitted through
our filters UG3 and UG4T. A monochromator or an
interference filter is needed to exclude these minimal trans
missions below 320 mj.L with certainty.

Assuming that this 'methoxsalen sunburn reaction' is
caused by long ultraviolet wavelengths near 334 mj.L, then
we are probably dealing with a shift of the wavelengths
producing the sunburn reaction.

Not much is known about the nature of the shift by
psoralens but the study of this phenomenon might explain
light sensitivity reactions. It is possible that in light-sen
sitivity conditions substances are formed in the skin which
cause a shift in the sunburn reaction similar to that
evoked by the psoralens. It is also possible that these
substances make the skin more sensitive to long-wave
ultraviolet light so that a 'sunburn reaction' could be
evoked by long-wave ultraviolet rays.

In agreement with this view are the following findings.
Wiskemann and Wulfll found, in cases of polymorphic
light eruption, a pathological reaction due to long-wave
ultraviolet light (320 - 400 mj.L). In cases of porphyria1·!

they found an erythematous reaction to wavelengths above
320 mj.L. Readings were made 7 and 24 hours after
exposure. Magnus, Porter and Rimington13 produced
abnormal reactions in a patient with porphyria cutanea
tarda with a monochromator, e.g. swelling, ecchymoses
and even blistering, sometimes leading to secondary pig
mentation, telangiectasia, and atrophy at wavelengths of
400 mj.L. This point is at the region of maximal absorption.
the Soret band, of most porphyrins. This strongly suggests
that in this patient photosensitivity was initiated by por
phyrins in the skin. The skin reactions of this patient to
ultraviolet light in the normal sunburn region of the wave
lengths (around 300 mj.L) were normal. However, Magnus
et alY, in the case they report, deal with an early or
immediate erythema evoked by wavelengths of 400 mj.L
in contrast to secondary erythema, observed with methox
salen and caused by long-wave ultraviolet light.

Magnus and Porter14 observed this early erythema
immediately after exposure to irradiation while the
secondary or delayed erythemata develop within about 6
hours. With the aid of a monochromator they determined
the wavelengths to be between 360 and 390 mj.L, but not
at 4()() mj.L. In pathological conditions other wavelengths
evoked an early erythema.

Scott and Molhuysen van der Walle1s reported increased
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ensitivity to the long-wave direct erythema-producing rays
(heat rays) in patients with lupus erythematosus; in
patients with dermatitis solaris more sunburn reactions
as well as direct erythema reactions to long rays (trans
mitted through a glass slide) were observed than were
seen in normal persons.

Riemerschmid and Quin16 have demonstrated a corres
pondence between the visible absorption spectra of eosin
and the cWorophyll porphyrin, phyllo-erythrin, and the
regions of the spectrum which are most effective in pro
ducing lesions of photosensitization in the skin of merino
sheep in South Africa. The above observations are con
sistent with the conception that photosensitivity reactions
can be produced by wavelengths above 320 miL due to
certain substances laid down in the skin. The practical
conclusion from tills is that in most of the above cases
the common sun-protecting agents are not effective,
because they usually prevent only the wavelengths between
290 - 320 miL from reaching the skin.

Finally it should be mentioned that Wiskemann17 and
Wiskemann and Wulfll found that most patients with
polymorphic light eruptions, in contrast to healthy people,
illd not show direct pigmentation at wavelengths of 300
350 miL. In another article Wiskemann and WisserlS

described the examination of 192 healthy individuals in
Hamburg for the occurrence of direct pigmentation with
the aid of a xenon arc lamp and filters. They reported that
of 110 people between 7 and 45 years of age 98 % showed
primary pigmentation and of 82 people between 45 and
79 years of age 72 % showed this phenomenon. It should
be noted that the difference in incidence of primary
pigmentation found by. Wiskemann and WisserlS and by
us can be explained cillefly by the fact that they used
a xenon arc lamp and we used sunlight. Nevertheless the
findings suggest a connection between absence of primary
pigmentation and photosensitivity.

SUMMARY

1. Local application of various substance, e.g. tannic
acid, sulfanilamide, hydrogen peroxide, a corbic acid,
benoquin, haematoporphyrin, hormones, and methoxsalen,
did not influence the primary pigmentation which can
generally be produced by sunlight in all non-White people.

2.. Protective agents for _unburn could not prevent
primary pigmentation.

3. Although methoxsalen had no effect on primary pig
mentation, the methoxsalen-treated area showed a sunburn
reaction by the following day. With the aid of filters it
was shown that this reaction was caused by long ultra
violet rays near 334 miL and below 366 fiiL. This 'shift'
of wavelengths producing a sunburn reaction by methox
salen is discussed with regard to photosensitivity reactions.

This study was undertaken under the auspices of the Photo
biology Research Group of the South African Council for
Scientific and Industrial Research.

We are indebted to the Upjohn Company, Kalamazoo.
Michigan, USA, for supplying, free of charge, the crystalline
methoxsalen used in these experiments.
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A CASE OF ACQUIRED HAEMOLYTIC ANAEMIA ASSOCIATED WITH
PREGNANCY

TOLL! lA, KELOWITZ, M.D., Deplll)' Chief, Department of Medicine C; BENJAMI ECKERLlNG, M.D., Deputy Chief,

DeparTment of Obstetrics and Gynecology; and HE RY JOSHUA, M.D., Head of The Clinical Laborarory

Beilinson Medical Centre, Beilinson Hospital, Petach-Tikva, Israel

Acquired haemolytic anaemia associated with pregnancy
is an uncommon occurrence, although there have been
isolated reports of this condition. In the case presented
here, an acute haemolytic crisis of a presumably acquired
type made its first appearance in a pregnant woman and
subsided shortly after delivery.

CASE REPORT

History
A patient, aged 28 years, was admitted to the Beilinson

Hospital on 12 October 1958 in the fifth month of her first
pregnancy. She complaine-d of extreme weakness, palpitations,
and respiratory distress. These symptoms had started a month
earlier. A blood examination performed then had shown a
haemoglobin of 7 g. per 100 m!. and a red cell count of
2,000,000 per c.mm. Intensive treatment with iron, vitamin
B12, and folic acid failed to improve her blood picture.

The patient was already known from 2 previous hospitali
zations (1954, 1958) to be suffering from mitral stenosis and

aortic insufficiency, proved by X-rays and cardiac catheteriza
tion. Blood examinations on both occasions were found to be
within normal limits. At that time, conservative treatment
produced a fairly good compensation.

On admission to the medical department, the patient dis
played a marked pallor with no detectable icteric tinge. She
had a severe orthopnoeic dyspnoea. Her blood pressure was
130/70 mm.Hg and her pulse-rate was 130 per minute. Her
temperature was normal. There was no glossitis or brittle
nails. The liver, spleen and lymph nodes were not palpable.
The size of the uterus corresponded to the duration of the
amenorrhoea. Auscultation of the heart confirmed the diagnosi
of mitral stenosis and mild aortic insufficiency. Delicate dUes
were heard over the bases of both lungs.
LaboraTory Investigations

The blood examination gave the following information:
haemoglobin 4· 6 g. per 100 ml.; red cell count 1,600,000 per
c.mm.; haematocrit 18%; leucocytes 5,000 per c.mm.; platelet
count 184,000 per c.mm.; reticulocytes 8·4%. The blood film
showed marked anisocyto is with macro- and poikilocytosi,




