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INTRODUCTION. 

'rnrs communication deals with a grade short horn herd, in which 
some 13 cases of what has been diagnosed as congenital porphyrinuria 
occured after the introduction of a certain short horn bull as sire. 
'l'he bull himself does not show any symptoms of the condition. 
In addition to the occurrence of the condition, the symptomatology 
and haemat,ology of four clinical cases, as well as the pathology of 
two (Jther cases will be discussed. The nature of the pigments 
present in the bl·ood, urine, faeces (one case) and various organs 
(2 cases) will be discussed independently by Ri mington elsewhere in 
this journal from the chemical point of view. 

Congenital porphyrinuria is an abnormality in pigment meta
holism, which rarely occurs in man and some animals. Gunther 
(1925) devotes an entire chapter to the discussion of the whole 
condition under the heading " Haematoporphyrie ". The abnor
mality is very extensively reviewed, particularly as it occurs in man. 
He points out that haematoporphyrinuria can on ly be 1;egarded as 
being present when abnormal quantities of porphyrins are indentified 
in the urine, as traces occur normally in urine. Even when in 
various diseases, porphyrins are present in rthe urine ;;omewhat in 
excess of the normal amounts, one eannot speak of a haematopor
phyrinuria, and their presence in urine and faeees in certain organ 
rliseases, is of no diagnostic significance from a clinical point of 
view. When abnormal amounts of porphyrins are present, it 
indicates a constitutional anomaly in pigment metaholi;;m. Such 
inclivicluals have a tendenr.v towanl;; nervous irritability, sl eeplessness 
and neurosis: 

Clinically Gunther recognises two forms of the condition: (1) 
Acute haematoporphyrinuria, which co.mvrises . (a) the idiopathie 
form, and (b) the toxic form; (2) congenital haematoporphyrinuria. 
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(1a) Acu·te idiopath·ic haematopoPphyrinuJ·ia.-Although a 
hereditary tendency is not well marked in the acute idiopathic 
eases, the case of Barker and Estes,' quoted by Gunther i:; 
nevertheless significant, as fom sisters developed symptoms of 
the condition at more or less the same age (18 to 22 years). There 
would seem to be evideuee thaL the mother and grandmother (of 
these four sisters) on the mothers side, had attacks of vomition, 
colic, obstipation an<l discolouration of the urine . Nervous disorders 
seem to occur in families of affected individuals. 'l'he symptoms 
include: intestinal disturbances- spasm of portions of the small 
intestine, atony of other portions of gastro-ontestinal canal, with 
severe constipation; nervous disturbances-sleeplessness, paralysis, 
etc., markedly increased excretion of what is described as 
haematoporphyrin in urine and faeces, at the time of the aeute 
attack, but the subsidenee of the excretion of these substanees during 
the intervals between attacks; pigmentation of the skin; rw \Yell 
defined changes are regularly present in the blood, photosensitization 
is absent. Intervals between attaeks vary from weeks, months, to 
one to two years and more. Pigmentation ·of the bones is not a 
characteristic of this form of ~he condition. The cause is not known. 

(lb) Acute toxic haematoporphyrinuria.-These acute toxic 
cases are differentiated from the idiopathie form in that the 
use of substances sueh as sulphonal and trianol bring on the 
attacks which are usually fatal, ending in ascending· paralysis. 
Gunther would seem to suggest that the insomnia whieh 
learls to the abuse of these na1;cotics ma y inrlicate a constitutional 
almonnality in which the use of the dru"g-s mentione<l would result 
in an aeute attack of haem a toporphyri nuri n. The use of sulphonal 
favours attads especially in women . 

2. Congendal haemalopor7Jhyrin11ria. - vVbereas ut the aeute 
form 92 per cent. of the reported cases were females, the congenital 
form seems to occur more frequently in males (78 per cent.). Cases 
have repeatedly been found in more than one member of the same 
family and the presenee of a hereditary factor is suggested, but 
not yet definitely established. In one case (also Gray's 192G ease) 
the parents were related. The symptoms are : (1) Photosensitization, 
especially during spring, produeing lesions of exposed parts of the 
skin (Hydroa Aestivale), particularly of the ears , nose, cheeks, 
eyelids, upper lip, fingers, the hack of the hall<l, nails. These 
lesions may pr·oduce very marked disfiguration and deformity. It is 
remarkable that lesions do not occur on the chin anrl the mouth 
region. There is pigmentation of the skin, hypertrichosis, frequently 
with excessive growth of hair under the arms, eyebrmvs, beard from 
the chin and sometimes of the puhie hairs. 'l'he hair of the hea<l 
may he coarse. 

(2) 'fhe exeretion of porphyrins in unne an<l faeces. 'l'he unne 
is of reddish brown colour. The brownish discolouration is due to 
the temporary presenee of large amounts of urobilin and urofuscin. 
In one case (Fischer and Schumm) quoted by Gunther, the crude 
porphyrins determined quantitatively were excreted in unchange<l 
amounts for a perio<l of three years. In some eases porphya·ins are 

536 



P. J. J. Jo'OURn:. 

present in the serum. Schumm, quoted by Gunther, found amongst 
others, uroporphyrin, whilst Fischer also quoted by Gunther, be lieves 
that Coproporphyrin is present in the serum. Sweat and saliva are 
free from porphyrins. 'l'he teeth may be yellowish white, the roots 
1eddish hrown . 

In some cases [Mackey and Garrod (1922) and (1926) and Ashby 
(1926)] the temporary and permanent teeth are pink. There is 
clark brown discolouration of the bones whilst tendons and ligaments 
1·emain unpigmented. In s·ome cases there IS a severe anaemia 
(anisocytosis, poi kilieytosis, polychromasia, punctate basophilia) 
whilst in others normal counts are present. The course of the 
disease is influenced by a number of factors . S.ome individuals reach 
ages of 50 and ()5 years, others die younger from some intBrcurrent 
disease, but if sufferers from the condition take certain precautions 
to protect themselves against harmful rays, the bad effects of the 
condition can be controlled to a considerable extent. Up to that 
time no clinical case in an animal was available for examination 
:mrl study. 

Garrod (1892) has shown that haematoporphyrin is frequently 
present in minute amounts in healthy in(livicluals and in larger 
amounts in m·ines of sufferers from a great variety of diseases. 

Mackey and Garrod (1922) and (1926) describe a case of con
genital porphyrinuria in a hoy in whom at 4! years of age there 
was delayed ossification of the ulna and some carpal bones, hut 
ossification was normal at 9t years. There is excessive vulnerability 
of the skin to slight injuries, f.or instance the rubbing of t.he ear 
with cotton-wool soaked in spirits, produces a bleeding surfacP-. 
Later on the spleen and the liver become enlarged. The number 
of red cells remained at a level round about 4 · G millions when 
counted in 1921, 1925 and 1926. There are no gross changes in the 
differential counts, but there would seem to he an increase in the 
number of cells described as endothelials. There is anisocytosis, 
poikilocytosis, polychromasi:;t, punctate basophilia and normoblasts. 
In confirmation of the views expressed by Price Jones and Robitschek, 
quoted by .Mackey and Garrod (1926), these changes are interpreted 
as being indicative of an actively functioning hone marrow. This 
is regarded as a compensatory reacti-on to haemolysis which is taking· 
plac~o, hut it ifi not believed that haemoglobin from br-oken d{)wll 
r:orpuscles is the parent substance of the porphyrins excreted. 'l'he 
hyperactivity of the hone marrow maintains the red cells at a fairly 
hiQ;h level, so that no anaemia develops in spite of haemolysis, 
which is thought, may he clue to the action of lic·ht on the sem;itized 
blood in the peripheral circulation. The authors quote Sehmnm 
and Fischer who have shown that the staining of the bones is t1ue 
to uroporphyrin and not to coproporphyrin. The authors claim 
that at that time their case and that of Ashby (1924), are the onh· 
ones amongst the recorded co11genital porphyrinuria cases, in which 
there is c-onspicuous discolonration of the teeth including the enamel. 
'l'hev are inclined to believe that the exnlanation for this is thai 
larg.e amo.unts of porphyrins were available for staining these 
structures at the time they were being formed even during foetal 
life. 
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In the case of Ashby (1924) already referred to there is in 
addition to the pink teeth, also photosensitization and red urine. 
These changes were present at birth. A cream containing quinine 
seems to protect the skin against the harmful rays. Gray (l!:J~6) 
describes a case in a girl, who was apparently healthy up to 5 
years of age. In alltlition to the presence ·of red urine, skin lesions, 
yellowish brown teeth, there is considerable hirsuties on the exposed 
parts of the body. She is ·one of a family of seven, all of ,~·hom 
are free from the disease, but the parents are first cousins. 

Garrod (1923) points out that of the few known cases of congenital 
porphyrinuria in humans, in several instances more than one member 
of the same family suffered from the same complaint. 'rhis is 
apparently the only evidence suggestive of the possible hereditary 
nature of the condition, apart from other factors, such as its greater 
incidence in males, in which respect it strongly resembles other 
conditions sueh as albinism and alcaptonuria which are thought to 
be transmitted as recessive hereditary characters. Garrod is inclined 
to agree with Fischer who, at that time, favoured the view that 
porphyrin is an intermediate product in the conversion of haemoglobin 
into bilirubin. 

Mason, Courville and Ziskind (1933) state that in all 27 cases 
of congenital porphyrinuria are recorded. They describe four cases 
of the acute idiopathic type of the disease. The t>ymptoms recorded 
include, amongst others, abnormal urine, abdominal pain, disturb
ances of the nervous system, with parenchymatous degeneration of 
peripheral nerves, gangliQn cells of dorsal root and sympathetic 
ganglia and central nervous system, ending sometimes irt death 
from ascending paralysis. 

Borst and Koningsdorffer (1929) give a verv exhaustive des
cription of the pathology of the case Petry. Further reference will 
subsequently be made to their pathological findings and to their 
views on the pathogenesis of the condition. 

Hegler, Fraenkel and Schumm (1913) describe a case of a young 
woman in whom photosensitization was absent, there was no red 
urine at the time of the examination, but on post mortem examination 
the bones were found to be disooloureil. 

Fraenkel (1923) injected porphyrins prepared from the urme of 
Petry into experimental animals. The pigment was deposited in 
growing bone and he was further able t{) show that after fractures 
in adult animals, pigment was deposited <Only in the callus and not 
in the rest of the skeletal bones. He is of opinion that pigment 
once laid clown in bone, remains permanently. He st::.te5 that all 
cases of congenital porphyrinuria in man are not photosensitive and 
this he also finds in experimental cases. 

Fischer, Hilmer, Lindner, & Pi.itzer's (1925) work concerning the 
porphyrins present in Petry, is arlequately reviewed by Rimington 
elsewhere in thit> journal. · 
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Turning now to the reoorded case& in domesticated animals 
(bovines and swine), as far as one can make out from the descriptions 
given, there is not a single instance in which an animal showing 
C"linical symptoms was available for examination. In spite of the 
fact that Tappeiner (1885) (paper not available) quoted by Poulsen 
(1910) and Schmey (1913), showed that a pigment which be described 
as baematoporphyrin, is present in bone of a swine, which had 
~ocallecl ochronosis, confusion of this condition in animals with 
true ochronosis of humans was maintained in veterinary literature 
for a number of years [see the cases of M·oselman and Hebrant(1898), 
Remy, Brouvier and others quoted by Schmey (1913)]. 

:M:ettam (1910) (pig) and Witte (1914) (bull and calf) describe 
as ochronosis what are almost certainly true cases of porphyria. 
Witte's cases are of special interest in that the affecte<l bull was 
the sire of an affected calf, hut a Gal£ from the ~ame bull out of a 
different cow was normal. 

Poulsen (1910) was the fi1st author to recognise that ochronosis 
of animals and man are bYo entirely different conditions. Whereas 
in man the pigment in ochronosis is melanin, in the ochronosis as 
deserihed in animals the pigments are haemosiderin and h aemato
porph.}Tin. In man the bones as well as tendons, ligaments and 
carti lage are pigmented, where as in animals only the bones are 
pigmented and tenflons, cartilage and ligaments are entirely free 
from :uigment. 

S<:hmey (1913) briefly reviews human cases of ochronosis hut 
gives full details of 15 cases of ochronosis described up to that 
time in animals . Ht> quotes the spectroscopic examination of the 
pigment acconling to various authors: (1) :Moselman an<l Hebrant 
(1898)-heifel·-melanin. [Pouls·on (1910) states that the chemical 
reactions described ::mel the spectroscopic measurements recorded by 
these authors, do n{)t justify them in C·oncluding that they were 
dealing with the pigment melanin]. 

(2) Poulson (1910)-case No. 3-emY-haematoporphyrin m 
hones (haemosiderin in bone marrow). 

n) 'fappeiner (188[1)-bones of a pig-haematoporphyrin. 

(4) Ingier (1911) (2)-pig-not a blood pigment-probably 
melanin or a derivative of chlorophyll. 

(5) His O\nl cases (HJ12)-2 pigs-haemoglobin derivative, 
probably that of acid haematin, but not haematoporphyrin. (The 
two bands which he describes may equally well be that of acid 
uroporphyrin as that of acid haematin ). 

Schmey further quotes Schenk and Colberg each of whom 
describes discolouration of the enamel of the teeth in a cow and 
a three day old cal£ respectively. 

539 



CONGlcNITAL PORPHYRINURIA IN CATTLE IN SOUTH AFRICA. 

Seh mey emphasises that ochronosis in humans is an entirely 
Jifferent condition to what has been descnbed as ochronosis i1, 
animal>; and that osteohiimatochromatosis more suitably describes 
the condition in animals. His leaJ in thus designating the anomaly 
·in animals was subsequently followed by 'l'e1o1tschlaender (1914); 
Mante,· (1928) and Cohrs (1931) (Osteohiimoebromaiose) ; Kitt (1921) 
(Haemoehromatosis ossium); and by .Toest \1!:126) (Ha.moehromatose). 

'l'eutschlaender (1914) states that at that time 19 eases (including 
his own) of socalled pseurlo-o~;hron ·osis, in animals are reporte<l iu 
lhe literature. In one of his ·O Wn case~; as well as one of Poul sen 's 
referred to by him [also a case of Fikentscher (1930)], only a 
proportion of the bones were pigmented. In some cases the pigment 
is not uniformly present thr·oughout the bones, hut is laid <l<.mn 
lil alternating darker and more lightly strained rings . 

Fikentscher (1930) describes changes in organs an<l bone::; fron1 
a bovine, concerning which nothing elinically abnormal was known. 
By the use of a fluorescence microscope the presence of porphyrins 
could be demonstrated. His work was confirmecl by the chemical 
observations of Fink quoted by him. 

OWN CASES. 

HISTORY. 

In view of the fact that these cases are the first to be described 
clinically, it is proposed to give a detailed description of the hi story 
of the whole herd. Mr. Cassie, Anniswells, Bremersdorp, Swaziland, 
intro<luced a pure bred short horn bull No. 7010, to his grade 
short horn hercl in 1931. The owner has for some time been grading
up his herd with short horn bulls . 'rhree bulls were used. 'rhe 
first bull is not in any way related to bull 7015, hut the second 
bull is out of the same herd , as the sire of bull 7015. After the 
introduction of bull 701G he found that some of his young stock 
began to do badly, soon after weaning. Sueh animalR loose con
(lition and develop a rough staring coat. In some cases scabs are 
present in the middle of the back, where the hair parts; erusts 
and scabs may he present around the eyes and nose and there 
may he a nasal discharge. The urine is red and may remain so for 
months on encl. 'l'hese cases do not respond to treatment for redwater 
(piroplasmosis) by injection -of trypan blue. In December 1934 one 
such animal was killed and apart from the red urine and a certain 
amount o£ discolouration of internal organs, Mr. Cassie tlid 11ot 
observe anything abnormal, and the carcase was given to the natives 
for food. When the natives cut up the cm·case they saw the pink 
teeth and when Mr. Cassie's attention was directed to this he noticed 
that not only the teeth, but all the bones were of a reddish brown 
col·our. One of the natives who consumed a large amount of this 
meat had violent colic, but none of the others reported sick . ·During 
1935, whilst on holiday in Swaziland, the Principal Veterinary 
Officer, Mr. W. A. Elder, M.R.C.V.S., consulted me concerning 
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these ease::;. On exammmg the mouths of these animals, I wa~ 
amaze<l tD see all the teeth (temporary and permanent) of a brownish 
pink cDlour. Not having seen anything like it before, I could at 
the time only speeulate as to t he nature of the oondition and 
ventured rather bDldly an opiniDn of a possible haemopoietic dis
turbance . However, anangements were m[Jde for the collectiDn of 
speei meu:; and these were subsequently submitted by Elder, when 
the condition was immediately recognised to be osteochaemochro
matosis as described by Kitt, Joest and Cohrs, already referred to . 
A piece of bone was handed to Rimington in order to determine 
th e nature of the pigment presen t. After obtaining the pigment in 
solution, he was able to indentify it as porphyrin spectroscopically 
and t chemically and the diag nosis of porphyrinuria was definitely 
establish ed . 

! 
• During 1935 Cassie had more or l ess 270 head of cattle. Of 

these 67 w·ere cows (it is not possible t·o give definite figures of th e 
numbers of breeding stock clunng 1901, 1932, 1933 and 1934) . Sinet 
the first case was observed in D ecember, 1934, and the beginning 
of 1936, 12 cases of the condition were found in Cassie's herd 
(p01lphyrins were determined ch emically and spectroscopically in six 
of these 12 cases) and one ease was found on .an adjoining farm A 
Sf'e 'below). 'fhe bull 7015 was occasionally used on this farm A 
ami this one case is his Dffspring. On the adjoining farm C on 
t he ' South side, the bull was never used as a sire and no cases of 
the C<mrlition were observed in any of the animals there. Bull 
7015 was the only hull usert in Cassie's herd at that t ime . 

N. 

E. 

I Adjoining farm 260 head ' Cassie's farm 270 head J Adjoining farm South1 
' of cattle I of cattle, 67 cows, ' side, bull 7015 not 

A. 

l case of porphyria sired 
by bull 7015 

1935 used. 

B. 

12 cases of porphyria 
all sired by bull 7015 

w. 

c. 
No cases of porphyria , 

observed. I 
s. 

Of the 13 cases, ] 0 are males and 0 are females. In 3 case:=; 
the abnormality was seen by Cassie immediately after birth ; the 
teeth and hones are pink, hut aecorcling to the owner, the urine is 
not discoloured. T'he last of these three eases was also seen by 
:Nir. C. 'L'. N ilson, B .V .Se., Government Veterinary Officer, Bremers
dorp, to whom I am indebted for a personal communication concerning 
it. Unfortunately this hull calf was deRtroyed by the owner before 
arrangements were made for th e collecti·on of specimens from him . 
The parents of this calf are bl.oorl relations. He is out of a daughter 
of hull 7015 and sired b y the same bull. 'l'he mothers of the other 
12 eases may be related to th e bull, as the bull which is in all 
probability t heir sire, is out. of the same h erd as the sire of bull 

541 



CONGENITAL PORPHYRINURIA IN CATTLE IN SOUTH AFRICA. 

7015. This bull, 2 normal cows (mothers of affected animals), 3 
normal heifers, 7019, 7021 and 7022 (daughters of the bull) and 4 
affected animals (3 steers, 7016, 7017 and 7018 and one heifer, 7023) 
were purchased by the Division of Veterinary Services and are now 
at Onrlerstepoort under observation and being . used for breeding 
purposes (Figs. 1 and 2). * 

Fig. 1.-Hull and four affected animals, some daughters of the bull and one 
cow (extreme right of picture) mother of affected bullock beside 
her. 

~'ig. 2.- Bull and four affected animals. 

Since this article has gone into press two of the above heifers 7021 and 7022, 
both daughters of the' bull and served by the bull , calved on the 8.3.37. Both 
calves are heifers. ~he calf of 7022 is normal but the calf of 7021 has pink 
teeth. 'J.'he urine of this animal is not discoloured when it is being voided. No 
porphynn bands cal). be recognised spectroscopically when the urine was 
examined within 48 hours after the birth of the animal. 
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Apcestry of bull 70.15.-'The bull was bred by Mr. B. of S.P.K.P. 
Easte'.fn Transvaal. He is a pure bred short horn but not registered. 
'l'he sire of . the bull is Br. 2. 'This bull died in .1929. 1'he owner 
does not remember seeing anything abnormal in the progeny of 
this bull, and those of his descendants which were available · in 
.1935, were examined and found to be normal, by Elder, to whom 
I am indebted for a personal oommunication concerning this point. 
The dam, Bilsington Admiral, was never a healthy ( ?) cow, was 
in fact a bad doer and even thought to be tuberculous. The owner, 
however, states that she did not have tuberculosis, but it is not 
known ·on what grounds this statement is made. According to the 
owner animals which did not thrive were met with from time to 
time iu his herd and he particularly remembers a bullock bred 
from Bilsington Admiral, he was a bad doer and was eventually 
destroyed. This animal may possibly have had porphyria. Bilsington 
Admiral died eventually on this owners property. She is supposecl 
to he descended from 'Texas stock brought into South Africa after 
the Boer War. It is unfortunate that both the herds from which 
the dam and the sire of bull 70.15 came, are no longer in existence, 
No case of porphyria could be found in a few herds to which the 
dispersal of the now non-existent herds could be traced. However, . 
it is hoped that the breeding experiments referred to al>ove, will 
produce conclusive evidence of the hereditary nature of the condition, 
already strongly suggested by the foregoing history. 

CLINICAL FEATURES. 

General.-As already stated the usual history is that affected 
animals do not thrive. This is particularly noticeable soon after 
weaning. The animals lose condition and develop rough staring 
coats. In one animal (70.17) there is a lot of coarse, long hair on the 
head, behind (polar region) between and below (frontal region) the 
horns. 1'his may not be analogous to hypertrichosis described in 
some human cases (Gunther, Gray) as one sometimes finds normal 
bovines having this course hair about the head. No definite statement 
concerning temperament can be made. 'Vhen the animals arrivecl 
here, they were all in rather poor condihon and were usually handled 
with ease. However, one old cow (a normal cow herself), the mother 
of an affected animal, gave birth to a normal heifer calf, two clays 
after she arrived here. She was so weak that she had to he lifted, 
but in spite of that she charged anybody who caine near her and on 
account of her weak state she usually went down in the attempt. 
The animal with the coarse hair (701 7) is bled weekly and on one ocea
sion was so nervous and irritable that he charged the assistant and 
natives in his box. The cow unfortunately died from metritis within 
a week after arrival here. Although these animals cann·ot be 
truthfully described as friendly, these were the only occasions that 
they showed such a marked degree of irritability and hervousness. 
In the circumstances one is not justified in definitely attributing to 
this a pathological significance analogous to nervousness and irrita
bility deseribed in some human cases, especially as occasional normal 
animals will sometimes also behave like this. 

543 



CONGENITAL PORPHYRIXUIUA IN CATTJ.E IN SOUTH AFRICA. 

The skin of ·the first animal examined, was simply one mass of 
lice, this animal was not regularly dipped, on account of its weak 
state and this \vas undou bteclly largely responsible for the gross 
parasitic infestation. In these circumstances it would not be true 
to say that such animals are prone to ectoparasitism. If this 
should be the case, it would not be unexpectecl on general grounds. 

Details of the pulse, respirations and ruminal movements of four 
affected animals and ·one normal animal (7022) of the same breeding 
fr.om the same farm will be found in the accompanying table. 

Pulse. Itcspirations. Ituminal Movements 
during 5 Minutes. 

May. 
I 

October. May. 
I 

October. May. 
I 

October. 

7016. 70 74 36 :3!) 8 lO 
7017. 136 84 28 2:1 lO 12 
7018. 80 72 :!8 :w ll- ll 
7023. 70 74 a6 ..(.) 7 9 
7022. 72 !)0 44 0U 8 10 

•-

No significant fu ndional differences a re present. 'l'he indiYid ual 
Yariations are probably due to excitement during handlin g, etc. 

These anim als were placed on temperatures for long perio<ls. 
'l'he temperatures recorded vary hom 100° F. to 105° F. in affected 
as well as unaffected animals. These individual variations are 
probably due to a number of factors, such as handling, antimosan 
injections and climatic conditions. 

Photosensitizatio11.-Lesi.ons are present on the skin which is not 
protected by hair. Scabs and crusts form around the eyes an<l 
nostrils (Fig. 3); there is a na sal discharge and sometime~ ulcers 

fi'ig . :!. - -Animal from which speeimens 16786 were collected. 
J.esions around eyes an,l nostril s. 
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on the buccal mucous membrane, particularly of the . gums and the 
lips. In four out of the six animals, which were avai lable for 
examination, scabs are present on the middle of the back, where 
the hair parts. In one case the scab measured 12 by 5 em. (Fig. 4). 
In at least two other cases the scabs have a similar situation anrl 
look almost exactly like the one just described. In one of these 
r:ases (7017) scabs are in addition also present behind the horns 
and around the base of the ears. 'fhe hair seems to be efficient 
proteetion against the harmful rays of the sun, as lesions are not 
present even in unpigmented portions of the skin and various parts 
of the hocl.v, which is covered by hair. 

Fi g . 4 .- Lesions on portions of the skin not protected >'by the hair. Th~ same 
animal as in figure 3. 

Teeth and bones.- In all eases the temporary and permanent 
teeth are oonspicuously discoloured. Six out of the 13 cases were 
examined personally. '!'here is no reason why the owner 's wonl 
should not be accepted for the other eases . . The owner's word must 
also he accepted for the statement that in three out -of the 13 cases, 
pigmentati-on of the teeth was observed immediately after birth. 
\Vhen the mouth is opened, the general colour impressi-on one gets 
of the teeth. is that of pink. An attempt was made to reproduce 
as truly as possible the colour of the incisor teeth in a portion of a 
formalin preserved mandible (Fig . 5). If the masti.caw'r:y surface of 
an ineisor tooth is examined with the lingual surface c\£ the tooth 
towarcls the observer, the macroscopi cally clear unpigmented enamel 
is seen to stand out ii.1 sharp contrast to the dentine which is of a 
hrownish pink colour . The labial surface of the tooth on the other 
hand has a dull brownish pink c:olour. It is, however, not . the 
enamel which is discoloured, but the dentine which is seen throug-h 
the somewhat translucent enamel. In the case of the molar teeth, 
the cement substance on the buccal and lingual surfaces is of a clark 
red colour. The colour of the table of the tooth varies. The outer 
enamel is white. 'fhe dentine immediately within the outer enamel 
is brownish pink. Inside this again is the infundibulum, having 
a white enamel ring, within which the cement substance appears 
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dark red, almost black in colour . Macroscopically therefore, the 
dentine is pigmented and the cement substance would seen to eontain 
the pigment in even greater concentration, but the enamel is free 
from pigment. As far as can be determined clinically the pigment 
distribution in the teeth of the four living animals now at Onderste
poort is similar to that of the case just described. Schmey (1913) 
also fouml the enamel of an effected pig to be free from pigment; 
unfortunately the papers of Colberg and Schenk, who describe 
pigmentation of the enamel in the teeth of affected bovines, quoted 
b.y Schmey, are not available to me. 'fhe human cases in whom 
p1gmentation of the enamel is claimed to be present, as described 
by Garrod and Mackey (1922) and (1926) and by Ashby (1924) have 
already been referred to. 

All the bones are of a deep reddish brown colour (:Fig. G), but 
cartilages, articular surfaces, llgaments and tenrlons have a normal 
oolour. The long bones are not uniformly discoloured. 'l'his is 
clearly seen in trans verse sections (Fig. 7) where there are alternating 
darker and more llghtly stained rings as described by 'L'eutsehlaender 
(1914) and others previously referred to. Whether this is due to 
an alternatin~· increased and decreased excretion of porphyrin or to 
deposition of 'p-orphyrin corresponding to alternating periods of growth 
in Rmnmer and absence of this during the winter cannot be stated 
at the moment. The pathological description of the bones will not 
l1e included in this paper, but will be presented at some later date. 

Fig. 8.-Bull 7015. Harness with bucket for the collection of urine. 

The Urine.-In no case was a discolouration of the urine ob
served il:nmediately or soon after birth~ A slight discolo4ation 
may eas~ly ha:ve be\)n m_issed,_ whe_n t~e urine is examined 'Yi h the 
naked e~e wh1lst the ammal 1s unnahng and yet such a unn may· 
have e-on.tained sighificant amounts of porphyrin. The urine f five 
cases "·as available for examination . 'l'he urine is not red as ~ccurs 
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in cases of haemoglobinuria. The colour of the urine as seen in the 
urinating animal varies from deep amber to reddish brown. When 
cdleeted in a flask, even the more lightly coloured urines are seen 
to have a reddish tinge. For the collection of the urine in males, 
a special harness was designed, to which a bucket can be fastened 
and suspended under the abdomen of the animal. (Fig. 8.) The 
urine should be collected in a glass container as meta.l is unsatisfactory 
for porphyrin work. Rimington (1936) found uroporphyrin and 
coproporphyrin in all five cases. The one case he reports fully in 
this journal and the m·ines of the other four cases, together with 
that of a control unaffected animal, were determined by him as: 

Colour. Spectrum. Nature of Pigment. 

7016 Male, 2.3.36 .... . Reddish brown..... 574 ·3, 537 ·8, 500 ·8... copro- and uro-porphyrin. 
Pinkish brown...... 574 ·8, 538 ·7, 500 ·2... copro- and uro-porphyrin and 

some metal complex. 
7017 Male, 4.3.36 .... . 

7018 Male, 28.2.36 .. .. Deep red........... 574 ·4, 538 ·3, 504 ·0... copro- and uro-porphyrin and 
some metal complex. 

i023 Female, 4.3.36 .. . Amber-pink tinge... spectrum indistinct.... copro- and uro-porphyrin. 
Daughter of bull-normal animal-urine normal appearance-no porphyrin 

present. 
7021 Female, 4.3 .36 .. . 

i0l5 l\Iale ........... . Bull-yellow urine- turbid, undetermined protein present--but no porphyrins 
present. · 

10 

At this stage it is necessary to mention that these animals were 
unfortunately also infected with Schistosomes. Le Roux (1929) 
quotes a number of authors (Stiles, 1898), (Piller 1915), (Kaup, 
1918), who describe haematuria in cattle infected with schistoso
miasis. . Haematuria is not present in any of these cases, neither 
is there any disoolouration of the urine in other animals infected 
with bilharzia, hut not affected with porphyrinuria, from the same 
farm. Some of the bilharzia infected animals were treated with 
tartar emetic, but as the use of this drug did not coi:npletely 
succeed in curing the animals, antimosan was used, with apparently 
greater success. (For details of treatment see tables 1 to 5). The 
excretion of porphyrins continued for some months after completion 
-of the treatment. In the circumstances there would seem to be 
very little doubt that the excretion of porphyrins in the urine of 
these animals cannot in any way be associated with the bilharzia 
infection which was present. To make absolutely certain of this 
point, it would be necessary to examine the urine of bilharzia cases 
in which haematuria is present, for porphyrins. Such cases have 
unfortunately up to the present not been available for examination. 
At the moment no opinion can be given as to whether there may 
be a variation in the daily amount of porphyrin excreted by these 
affected animals. 

HAEMATOLOGY. 

Of the four clinically affected animals, two young bullocks 
(7017 and 7018) seem to have the condition in a more severe form. 
A haematological examination of these two cases was made weekly 
and the other two (7016, young bullock, and 7023, heifer) were 
examined bi-weekly. In addition a bi-weekly examination was 
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made of another normal animal (7022, heifer) of the same breeding, 
of more or less the same age and fr{)m the same farm. This animal 
is being regarded as a oontrol. Details concerning these haemato
l{)gical observations will be found in the accompanying graph and 
tables (7018-graph 1 and table 1; 7017-table 2; 7016-table 3; 
7023-table 4; 7022-table 5). 

These ·observations lose a great deal in value on aceount of the 
fact that even as late as the 20th October, 1936, bilharzia eggs were 
found to be present in the faeces of animal No. 7017, indicating 
that the antimosan treatment was not successful in completely 
destmying the bilharzia infection in all the animals. However, 
in the case of 7018 bilharzia eggs were never found in its faeces on 
the two or three occasions that an examination was made subsequent 
to treatment, the last examination being· made on the 20th October, 
Hl:JG. Even though this is the case, the di sturbing possibility that 
bilharzia infection may be a contributary fador in the production 
·of any haematological changc:s which may be present, cannot be 
ignored. In any case no marked morphological changes are present 
in the red cells of any of these animals, with the exception ·of No. 
7017, in which case the anaemia is largely if not entirely due to 
an acute attack of anaplasmosis. 

1018.- Young o:c, 2-3 y ears o.zd.-When the animal arrived here 
in December, 1935, this animal was undoubtedly the poorest of the 
lot. His red counts were 2· 9 million per c.c. The reel C{)unts in
creased to 4 · 6 million pe1· c.c . a month after the animal was treated 
for bilharzia and then remained at this level for a period of 3 
months . (See graph 1). 'fhe animal wa s then placed in a clark 
stable (11.8.36) in order to see to \rhat extent further impr{)vement 
in its blnod picture and general c·ondition will take place if it is 
protected against the harmful rays of the sun. The reel counts dicl 
actually increase, until they finally fluctuated around ahout the 
5 · 5 million level. ·whether this is due t() the absence of haemolysis 
as a result of the protection afforded by the clark stable cannot be 
stated at the moment, but it is hoped to clear up this point at a 
later date. · 

The blood relations of this animal, more or less of the same 
age and running in a small paddock in which they can freely move 
about, have counts which vary from G-8 million per c.c. of blood. 
Canham (1930) has shown that animals confined to pens will have 
reel oounts which are 1 to 3 million per c.c. {){ bl·oocl less than those 
of similar animals running in the veld. In an ordinary loose box, 
in which animal 7018 is always being kept, he cannot get any exercise 
at all and it is believed that his counts of 5·5 'rniHion per _c.c. of 
bl{)od can in the circumstances be regarded as normal f{)r him. 

No well marked morphological changes are present in the red 
cells of this animal. Occasional normoblasts :mel occasional punctuate 
basophiles were recognised, but not in sufficient numbers ~ regard 
them as a significant disturbance of the blood picture. It is con
ceivable that if the exposure of the animal to the sun had been 
continued, a more severe degree of anaemia may have developed, 
when more pronounced morphological changes in the reel cells may 
have taken place. 
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P. J. J, FOURIE. 

The improvement in the blood picture was not nearly as striking 
as the improvement in the general appearance and condition of 
the animal. (See figs. 9 and 10). His weight increased from 630 
lb. at the time he was placel in a dark stable (11.5.36) to 970 lh . 
on the 26.10.36 (5! months in dark stable) at the rate of more or 
less 2 lb. per day. There are possibly a number of factors which 
are responsible for this remarkable general improvement in con
dition, etc. By eliminating the photosensitizing factor, the animal 
is now in a state of greater complacency and is in a position not 
only to relish its food , but will probably also eat more of it. Being 

Fig. 9.- Animal 7017; 11.5.36; weight, 630 lb . 

alone in the stable, it is no longer necessary for him to compete 
with its fellows, in collecting his share of the food an d may possibly 
on this account eat more and in greater comfort. The food he is 
getting is otherwise practically the same as he was getting before, 
except that a small daily rati·on of green food was prescribed. ill 
order to avoid the possibility of introducing a vitamin deficiency 
factor in the absence of sunlight. 1'he improvement in his hloocl 
picture is probably also a factor, but here again, it cannot at present 
be stated whether the elimination of the harmful rays is directly 
(a hsence of haemolysis) or indirectly responsible for this. 

The scabs around nose and eyes have disappeared and the scab 
on the back is completely healed . At the moment the general state 
of health of the animal is excellent, but the porphyrin excretion 
continues, and the urine remains <liscoloured. It is true that the 
nrine is no longer as darkly col<m1·e<l as it was some 5 month ago, 
before the animal was placed in the clark stable. At that t~me the 
colour of the urine was described as deep red; to-day the c0lour i~ 
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CONGENITAL PORPHYRINURIA IN CATTLE IN SOUTH AFRICA. 

deep amber with a brownish tinge, but still very much darker in 
colour than the mine of the normal animal. It is difficult to avoid 
the conclusion that the t:hanged enviroment, viz. the dark stable 
is responsible for this and the bwwn pigment in the urine is mainly 
due to the effects of the rays of the sun on the photosensitive 
porphyrin animal. 

On examining the plasma of this an imal it was found to he 
a deep yellow colour . It gave <1 negative direct and indirect van 
den Berg's reaction but on fmther examination the yellow colom· 
was found to be due to the presence of lipot:hromes. 

Fig. 10.-Same as figure 1; 26.10 .36; weight, 970 lb. 

The total number ·of leucocytes fall within normal limits, but 
the neutrophiles would seem to be deneased in number. At times 
this decrease is due to a relative int:rease in the lymphocytes, but 
on some days there would seem to he a relative increase in the 
monocytes and the eosinophiles. Ill several instances eosinophile 
myelocytes were recognised. The nuclei of quite a number of other 
eosinophiles have the appearance of young forms. The presence of 
these cells suggest a certain amount ·of immatmity. The evidence 
(negative faeces examination) suggests that the animal is now free 
form bilharzia, but in view of the fact that some of the other 
animals similarly treated are still definitely infected and further 
that even higher eosinophile t:otmts aro recorcle(l for the contr.ol 
animal 7022 (table 6) which is free from porph yrinuria, but was 
also infected with bilharzia, one cann·ot at the moment attribute the 
presence of the eosinophiles to either a possible bilharzia infection 
or to the porphyrinuria, with any degree of certainty . 
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P. J. J. FOUIPE. 

On some days the monocytes are decidedly increased in number 
and on the whole the monoeytic counts in all four porphyrinuria 
animals run ·on a rather higher level than those of the control animal 
7022 (table 5). Even though this is the case, Wirth (1901) records 
the variations in the number of monoeytes as being from 0 to 10 
per cent. and although counts beyond the 10 per cent. limit are 
repeatedly recorded, one cannot at this stage, remembering at the 
same time also, the llilharzia factor , reg·~ud a monocytosis as a 
significant reaction in cases of porphyria. However, the possibility of 
this should not be lost sight of, particularly in view of the statement 
by Mackey and Garrod already quoted, that there would seem to 
be an increase of cells cleseribecl by them as endothelials in the case 
of a boy examined by them. 

7017. Young o.v. 2-3 years old.- 'fhe effects of porphyria are 
well marked in this animal. It was intended to keep him exposed 
to the sun, as a control to 7018, when this animal was placed in 
a dark stable. Unfortunately animal 7017 developed an acute attack 
of anapla smosis (Gallsiclmess). He was treated with mercurochrome 
on the 26.5.36 and in order to save the life of the animal the origmal 
idea, to keep him exposed to the sun , had to be abandoned and he 
was also continuously kept in a tlark stable. In spite ·of getting a 
course of ten injections of antimosan, during April and May, 1936, 
bilharzia eggs were found to he present in his faeces on the 20.10.36. 
\ Vhen this animal alTived here his red cells were also fo1111d to 
be deereasecl in number. (4 million per em.). He then hail 
porphyrinuria, as well as being infected with bilharzia. 'l'he five 
injections of antimosan given to the animal during the period 
18.2.36 to the 26.2.36, made no appreciable di:fference to the excretion 
<Jf bilharzia eggs in its faeces, and this may have been responsible 
for the eontinuecl low counts. Neither rlid the further course of ten 
injections of antimosan (see table 2) during the period 2~L4. ;l6 to 
the 13.5 .36 succeed in improYing the reel counts, which 1·emainefl 
more or less stationary until the 3.5.36, ancl were further decreasefl 
on the 27.5.3(i. However, this further decrease is undoubtedly clue 
to thP, anaplnsmosis infeetion, which almost certainly took place 
from infected tieks , which the animal must have picked up whilst 
he was being moved forwards and backwards to receive the antimosan 
injections in a erush s·ome distance a way from its qua.rters during· 
the period 23.4.3G to the 13.5.3G. Iu view of the anaplasmosis and 
bilharzia comp lications, a further discussion of the bloocl picture 
of this animal in relation to porphyrinuria will be of no Yalue at 
the present time. 

Animals 7016, 7023 and 7022 (contTol). - 'l'he neutrophiles seem 
to be on the low side in all three a nimal s. In animal 7022 (free 
from porphyrinmia, but also infeeted with bilharzia) the eosinophiles 
run on a higher level, than in the case of the other two animals. 
In none of these animals do the mon·ocytes c:1ll for special comment. 
No morphological chan ~·es are preHent in the reel cells. Morphological 
ehanges in the reel cells of the 0ontrol animal 7022, may have been 
present as a refmlt of an acute attack of redwater (Piroplasma bigem) 
during the period 18.6.36 to 27.7 .36 when an examination of its 
blood was not macle. Theileria mutans is a parasite ""'hieh is present 
in nearly every normal bovine in eertain nreas in Souih Africa and 
is not lmmn1 to proiluce any disturhanees. 
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CONGENITAL PORPHYRINURIA IN CATTLE IN SOUTH AFRICA. 

PATHOLOGY. 

Specimens from two animals were available for examinatio11. 
These animals were both killed in Swaziland on the owner's farm. 
In view ·of the presence of bilharzia infection in the animals which 
came from that farm and that bilharzia eggs were definitely found 
to be present in sections cut from the liver of one of these animals, 
it is exceedingly likely that both these animals were infected and ·one 
would consequently not be justified in regarding the various pigments 
present in the organs as being due to the porphyrinuria alone. It 
is nevertheless thought desirable to give a short description of the 
appearance of the pigment stained with various stains, with the 
hope that this may serve as a comparison for the histological des
cription to be presented at some later date, of an animal which is 
free from bilharzia and which has been kept in the dark stable, to 
eliminate any secondary factors such as a possible haemolysis, which 
may take place when the porphyria animal is exposed to the sun. In 
view of the fact that the sections from these animals were not 
examined by the fluorescence microscope, any analogous reference to 
the pigments present, in terms of Borst and Ki:iningsdro:ffer's descrip
tion asP, P 2 , P 3 , P., P 5 , must be regarded as speculative. 

Specimen 16786, bovine, 2 years and 4 months old, killed on 
the farm. The biochemical details of the pigments in bone, urine, 
blood and other organs are described by Rimington elsewhere in 
this journal. 

Kidney.-This organ is darker in eolom than normal; ita 
surface has a mottled appearance; on section marked striation is 
seen to be present in the cortex, dark lines alternating with greyish 
ones. The medulla is of a pinkish colour. The bladder contains 
a small amount (50 c.c.) of clear urine, having a port wine colour 
with a slight brownish tinge. 

Microscopic e.xamination.-Haem. Eosin. most of the pigment 
is in the form of yellowish brown granules (br·own with v. Giesen) 
in the cells of the renal tubules of the cortex and perhaps also of 
the boundary zone, but very little, if any, is seen in the straight 
and collecting tubules of the medulla. Bigger c-onglomerate masses 
<lf brownish yellow (brown with v. Giesen) pigment are also present, 
mainly in the cortex and boun<lary zone but to a less extent in the 
medulla. Neither of these pigments are present in the structures 
of the glomerulus. The finely granular yellowish brown pigment 
described by Borst and Ki:iningsdroffer in the endothelial cells of 
blood vessels, is probably also present, but was recognised with 
difficulty and then only with the high magnifications under oil. 
A. structureless pink (br·own with V·On Giesen; greenish blue, but 
sometimes the colour is very faint with Berliner Blue) staining 
substance , is present in the lumen of the renal tubules. This sub
stance is sometimes also present in Bcnyman's capsule. 

With Berliner Blue. there is a considerable Ynriation in the 
staining reactions of the pigment, which appears as : (1) small 
granules of varying size in t.he cells of the t11hules. :Most of them 
are brown. hut some are of a greenish blue colour; (2) very small 
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granules, which can Qnly be see!1 with a 2 m.m. oil immersiQn lens. 
'l'hey are mostly of a yellowish brown colour, but occasionally they 
are of a greenish colour. 'l'hey occur in cells, in the walls Q{ the 
tubules. Praetically all the cells of s·ome tubules may contain this 
pigment, but the collecting tubules o£ the medulla contain much 
less of this pigment than do tubules in Qther parts Q£ the kidney; 
(3), (a) big conglomorate brown pigment masses in tubular cells, 
~ b) pigment masses o£ similar size, etc ., but staining of a greenish 
blue CQlour, (c) what appears to be an intermediate stage between 
(a) and (b), 11·here the pigment has only a slight greenish tinge. 

Sudan III.- The pigment granules are brown and the conglo
merate pigment masses are darker in colour. The granules and 
bigger pigment masses may occur in the same tubule and even 
in the same cell. The structureless material in the tubules does not 
stain differentially with the fat stain. It bas a faded bluish 
colour. In Bowman's capsule a brownish staining pigment is 
sometimes seen to be present. In some glomeruli, pigment granules 
are only seen in the neck, but all other structures o£ the glomerulus 
are free from pigment. ·with tlu~ lo11·er magnifiication no pigment 
granules can be seen in the tubules of the medulla, but with a 
4 m.m. dry lens, a number of tubules in the medulla are seen to 
contain very fine granules. In addition to the pigmentation o£ the 
kidney, there is fairly well marked fibrosis of the organ. From the 
other animal kidney specimens were not available fOJ' examination. 

Diagnosis : marked pig11Wnlat'i.on-fi bTosis. 

LiveT: 2 an·inwls, spec·im..ens 16786 and 16719.- 'l'he stern cell;; 
are prominent and are loaded with pigment. The pigment is mostly 
in the form of granules, some of which stain of an almost lemon 
1·ellow colour, whilst others stain of a yeUo,Yish brown colour, with 
haemalum-eosiu and with Sudan III. vVith von Giesen the granules 
stain hrmYn, l~ss fr~quently similarly staining cong·lomerate pig·
ment masse;; a 1 e seen to l~ e m esen t, proba hly also in stern r·ells. 
·with Berliner Dh1e very little iron · staining pigment can he 
indentified under the l-ower magnification;;: b1ft \Y ith a 2 m.m. oil 
immersion lens one can easily recognise pigment which is in the 
form of fine blue lines or rings. especially in the sinusoids. \Vith the 
>:ame magnification one can also recognise bluish staining pig·ment 
in the liver cells themselves. 

In some of the bigger Yessels of the liver (specimen 1678G) 
ovoid structures are present. They have a definite outer \Yall, 
IYithin which cellular elements can he recognised. These structures 
are reganled as eggs ·of bilharzia parasites and in the cireumstances 
one cannot he sure to what extent some of the pigment present may 
not be due to these parasites . . In Giemsa stained sections, numerous 
t>osinophiles ean readily be recognise(] along the int~rstitial tissues, 
hut some are also present in the sinusoids. Hem~mbering tlw 
hi lhan:ia infection one is not justifier] in reganlinQ' the eosinophiles 
as being signifir;an tly associ a ted ,,-it h the presence of porphyrins. 

Din,qnosis: pigmentation ancl bilh a?'Zia inje1Ct·io11. 
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CONGENITAL PORPHYRINURIA IN CATTLE IN SOUTH AFRICA. 

Lymphatic glands 16786 and 16719.-In freezing sectious the 
the distribution (lf the pigment, mainly in the reticulum of the gland 
is well shewn. In embedded sections, the dominating pigment is 
seen to be present in the reticulum cells as fine granules, haYing a 
yellowish brown cQlour (P,). The lymphoid follicles seem to be 
free of pigment, except that in the germ centres of some of them 
one may find stru ctureless masses 5 to 10 times the size of the red 
cell, staining of a lemon-yellow colQur with van Giesen. Occasionally 
masses of yellowish brown pigment (P,) are seen in the lymphoi<l 
oords. ln addition to the pigments just described one sometimes 
finds cells which are loaded with fine granules staining ·of a purplish 
colQur with Giemsa, in the lymphoid cord:;. 

Berl·iner Blue.-"Most of the granular pigment in the 1·eticulum 
cells stains of a greenish yellQW colour, but a well defined iron 
reacting pigment as described by Borst and Koningsdroffer for Petry, 
could not be recQgnised. With a 2 m.m. oil immersion lens one 
dQes sometimes see blue rings or blue lines in or about the reticulum 
cells, but except for the ·occurrence of very occasional blue granules, 
this is the only evidence of stainable iron in the lymphatic glands. 
In places an increased number of e·osinophiles would seem to he 
present. 

SzJleen-specimens 16786 and 16719 . Haemalum eos·in.-Large 
amounts of pigment are present. The granular (P,) type (lf pigment 
is present in relatively small amounts. .M:ost of the pigment is 
in the form of big masses (P,) but in some cases it is als-o coarsely 
granular. Close t(l the pigment masses one nearly always sees a 
nucleus but the type of cell in which the pigment occurs, cannot 
be so clearly recognised as in the case (lf the liver. The pigment 
varies in colour from a light yellowish brown to a dark brown or 
almost black colour. In some of these pigment masses, one 
sometimes sees w·ith a 2 m.m. lens small darkly staining pigment 
granules. 

Berliner Bl1w.-In the pulp ·one recDgnises: (1) cells containing 
hig blobs Qf pigment staining yellowish brom1, with small darkly 
staining granules within the bigger pigment mass; (2) cells con
taining granules staining yellowish brown; (3) cells containing 
pigment blobs staining greenish blue; (4) cells containing granules 
staining greenish blue. In some cases the pigment stain s between 
green and yellow and one has the impression that the yellowish stain
ing pigment is being changert or converted into the stainable baemo
si rlPrin. The flistribntion of the pigment i 01 well shewn with this 
stain. 'rhe malpighian bodies stand out prominently anrl do not con
tain any iron-staining pigment, but they clo sometimes show the 
presence of fairly big, round, lemon yellow, pigment masses. 

In the pulp one sees what can be most suitably <leserihecl as 
7J1~.lJment 1'in,r;s. On careful examinati-on under high magnification 
the space enclosed by the rings which consist of bluish pigment is 
seen to be occupied by a red cell. It almost seems as if the bh1 e 
ring represents pigment which is lying free between the red cells 
and which has in SQme way become ahsDl'hed to the periphery of 
the cells. In order to find out if the red cells of porphyrin animals 
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contain any stainable iron, smears were made from animal 7018 
but no iron could be recognised after staining with Berliner Blue. 
ln some cases it is not possible to recognise with certainty what is 
present in the space enclosed by the rings. The pigment is not only 
present in the form of rings, but occurs sometimes in the form of 
irregular lines, also in small amounts in the trabeculae. Although 
no undoubted phagocytosed red cells were encountered in the spleen, 
one cannot entirely ignore the possibility that some of the large 
pigment masses may be the remains of phagocytosed red cells. ln 
the pulp eosinophiles are numerout:s. 

Luny. Only one spec,imen, 16786.- 'l'here is only slight pig
mentation of the lung. Pigment, in the form of fine granules (P,) 
is present in the interalveolar walls. The granules stain yellowish 
br,own with Haem. eosin and brown with Berliner Blue. Occasionally 
pigment masses are seen in cells as well as in the interalveolar walls. 
'fhese stain blue with Berliner Blue, but dark brown granules can 
be recognised under high magnification in the substance of this 
bluish structureless mass. 

ilfyocardiunL-A small amount of non iron staining coarsely 
g-ranular pigment is present in the interstitial tissues. It stains of 
a lemon yellow colour with Berliner Blne and of a dark yellowish 
brown colour with Haem. eosin. 

ilfuscle. - No pigment was recognised . 

A notable ,ommission in the pathological description is that of 
the bones. During 1935 Sir Arnold Theiler signified his willingness 
to collaborate in the further work which was contemplated and he 
would have been resposible for the pathological study of the bones. 
His unexpected death unfortunately broke this collaboration. It 
is a tragedy that an authority of his standing, on osteopathology, 
could not complete the work, for the successful execution of which 
he was brilliantly equipped. 

pATHOGENESIS. 

Nothing fundamentall y new anrl original can be contributed 
at this stage. Animals 7016 and 7()23 seem to be affected to a mild 
degree only and consequently do not afford a clue as to the possible 
sequence of events. Animal 7017, in spite of treatment, still harbours 
bilharzia parasites and has in addition only recently recovered from 
an acute attack of anaplasmosis (Gallsickness). On account of these 
complications this animal is not at the moment a suitable subject 
for the discussion of porphyrin pathogenesis. None of these objections 
can be raised against the use of animal 7018 for this purpose. One 
shoul?, l:owever, ~·emen~ber the possibility that a negative faeces 
exammat10n for bilharzia eggs, even though it is repeated 2 or 3 
times, as was actually clone in this case, does not necessarily mean 
that the animal is free from infection. 
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'l"he catabolism (Abbau) theory and the anabolism (Aufbau) 
theory of porphyrin genesis are exhaustively discussed by Gunther, 
Borst and Konigsdi:irfer and others . lt is oonsequently unnecessary 
to present here details of all the claims for and against these 
theories, but briefly stated the theories are:-

(1) Catabolism (flbbau) theo1·y.- During the catabolism of the 
haemoglobin molecule porphyrins are formed before the final degrada
tion to bile pigments. Chemically this is possible but it has not yet 
been established that this occurs in vivo, neither has it up to the 
present been possible to split the haemoglobin molecule to bile pig
ments, through a porphyrin stage in vitro. 

(2) Anabolism (A1~jbau) theo1·y.-Here it is postulated that the 
synthesis of the haemoglobin molecule from pyrrol bodies passes 
through a porphyrin stage. Chemically this is not only possible 
but Fischer (1931) was actually successful in synthesising the 
haemoglobin molecule through a porphyrin stage, by coupling the 
resulting haematin \Y!th native globin. Furthermore, Borst and 
Konigsdor:ffer find that porphyrins are present under normal physio
logical conditions in serum, liver, .kidne.v and bones of young 
embryos. · In the six months old human embryo, porphyrin containing 
cells are only present in the liver. but not in the blood and bone 
marrow. A proportion of the erythroblasts in the blood islands 
oceurring in the liver of the 4-6 months old human foetus show a 
weak porphyrin fluorescence. and at the same time faint haemoglobin 
staining, with recognisable haemoglobin absorption bands. 'l'his 
is interprete<1 to mean that porphyrins form a link in the normal 
haemoglobin synthesis . 

In their pathological investigations, they find erythro- and 
megalo-blasts containing porphyrin in the bone marrow, spleen and 
bl·ood of humans and equines suffering· from pernicious anaemia. In 
the bone . marrow of Petry they describe erytluophagoblastosis (if 
one may be permitted to use this term where phagocytosis of 
erythrohlasts occurs as against erythrophagoeytosis, where the 
erythroeytes are phagocytosed). Porphyrins are present in phago
cytosed as well as in free erythroblasts. althmrgh they also find some 
erythroblasts , which do not show any porphyrin fluorescence. This 
they regard as evidence that at least a portion of the haemoglobin 
synthesis occurs normally. The other portion :=;tops short at the 
porphyrin stag·e indicating the persistence of a foetal process, in 
post foetal life. 

The question now arises as to which of thf'se two theories can 
satiflfactorily explain the recorded observations on these animal 
<:ases. For reasons already stated, animal 7018 is the only one worth 
<liscussing at this stage. When this animal arrived here , i.ts red 
r·onnts were 2·9 miUoin per c.c . Being infected with bilharzia , 
n.ntimosan treatment was applied and within a month after treatment 
the red counts increased to 4· 6 million per c. c. and rema ined at this 
level for some months. He was then place<1 in a dark stable an<1 
the rf'n eounts further inereased to the 5 · 5 million level. This is 
heinu· 1·eg'arded as a normal c-ount for this animal under conditions 
of inactivity in a loose box. N0 well marked morphological changes 
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are present in the red cells or the leucocytes. Without being unduly 
conservative the most that one can say is that the occasional nor
moblasts and the occasional punctate basopilic cells, as well as the 
eosinophile myelocytes and other young fm:ms of eosinophiles are 
slightly suggestive of immaturity or youthfulness of the elements 
of the blooJ concerned. Even if the presence of immaturity is 
assum8d, it would be necessary to establish if this is something 
inherent in the porphyrin animal or perhaps merely a compensatory 
reactive process, before definitely regarding it as evidence which 
favours the anabolism theory of porphyrin genesis. In a porphyrin 
animal exposed to the sun, secondary compensatory processes are 
probably present but the same compew;atory processes have 
been eliminated in this animal by confining him to a dark stable. 
If the porphyrins can destroy red cells even in cases where the 
porphyrin animal has been adequately protected against the harmful 
rays of the sun, as is implied by the statement of Borst ond 
Konigdroffer that " Die Porphyrine wirken schadigend auf die r·oten 
Blutkorperchen ", can probably only be definitely established when 
specimens from an animal which has been kept in a dark stable 
for a considerable length ·of time are available for pathological 
examination. The blood picture (5 · 5 milloin cells) and the marked 
general improvement in condition, etc., of animal 7018 in the dark 
stable, suggest that porphyrins do not produce markedly harmful 
effects on the red cells under such conditions, but previous to that, 
when the animal was exposed to the sun, such a destruction of the 
red cells possibly did take place. Except for the slight suggestion 
of immaturity of its blood picture, animal 7018 is in good health 
and daily putting on weight in the dark stable. Porphyrin excretion 
in the urine continues. 'l'he urine is no longer as dark in col·our 
as it was whilst the animal was exposed to the sun, and it seems 
likely that a g·ood leal of the brown discolouration of the urine may 
be due to the effects of photosensitization. If the porphyrins are 
clue to the persistence of a foetal process, this ,,-ould not seem to. 
produce any disturbance of haemoglobin metabolism, in the absence 
of sunlight. If there is only ·one kind of haemoglobin, it is 
difficult to understand why a pmtion of the building stones of that 
kind of haemoglobin should be picked out for .a maturation arrest 
and the remainder allowed to proceed to full maturation. If the 
rlualism of haemoglobin postulated by Fischer were proved this 
would not be so clifficult t{) accept, as the inherited deficiency may 
then be present only in the one haemoglobin, and the ·other remains 
unaffected.. Such a maturation arrest at the porphyrin stage of 
haemoglobin synthesis, would bring the anomaly into line with the 
maturation arrest nf tl-1e white cells postulated by Fitz-Hugh and 
Krumbhaar (1932) (Paper not available) quoted by Darling, Parker 
and Jackson (1936) in Agranulocytosis, as well as with the erythro
blast arrest in pernicious anaemia, also quoted by Darling and 
co-W·orkers. 

It iR of (:·onrse possible that in the a hsenee of the effects of 
photosensitization red cell destruction takes place, but not at the same 
rate as when the animal is exposed to the sun; consequently young 
forms of red cells as "·ell as leucoeytes may be present in the blood, 
as the reRult of compensatory hyper-activity of the haemop{)ietic 
{;)sRUPS. rfhiH compen::;atory process in the absenee of exposure to 
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the sun may be able to maintain the elements of the blood at a 
more or less normal level. No confirmatory evidence of this c-ould 
be established clinically in animal No. 7018. 'l'he serum of this 
animal is yellow, this is due to the presence of lipochromes, but 
bile pigments are c.:ompletely absent . 

The pigment;, present in the two animals which were killed, 
seem on the whole to corespond with those deseribed by Borst and 
Konigs<lorfrer in the case of Petry. 'l'he1·e is perhaps less iron in 
these animal cases. 'l'hese animals were almost daily exposed to 
the sun an d one assumes that this 'vas not the case with Petry. 
In the circ umstances it would seem that the effects of photosensi
tization are not mainly responsible for the presence of ir-on in the 
various organs of porphyrinuria cases. It is, however, almost certain 
that the protective mechanism of bovines against photosensitization 
in virtue of the hair coat and pigmented skin is much more efficient 
than in the case of the human subj ect and consequently one cannot 
on the abO\·e ground exclude the possibility that the effects of 
photosensitization may be responsible for the iron in the organs of 
porphyrinuria cases, even though a smaller amount of suc.:h irou 
is present in animal cases, in which a more intensive exposure to 
the harmful rays of the sun took place. In addition to prophyrinuria, 
Petry also suftered fr.om other complaints. One of these two animals 
was definitely (and the other one probably also) infected with 
bilharzia. Therefore in neither instance is one dealing with an 
uncomplicated porphyria r;ase f,lnd lllltil such a case, in which the 
effects of photosensitization have in addition als-o been controlled, 
is avai lable for biochemical and pathological examination, one will 
be at a disadvantage in interpreting some of the pathol·ogical 
findings. 

lVomenclaturc.-There seems to be no sound reas·on why in the 
present state of our knowledge the nomenclature of this condition 
in animals sh-ould not be brought into line with the more correct 
terminology used in medical li terature. Porphyria would seem to 
be the most suitable designation for the general state of the con
dition: porphyrinuria, where porphyrins are excerted in abnormal 
amounts in the urine, and porphyrinaemia. for the abnormal presence 
of porphyrins in the bl·ood plasma. Pink tooth is suggested as a 
popular name f-or animal cases, thus emphasising the clinical 
feature of the anomaly by means of which it can be easily different
iated from redwater (piroplasmosis). 

SUMMARY. 

1. 'L'he occurrence of congenital porphyrinuria in 13 bovines, 
all of which are the pr·ogeny of one bull, is flescribed. 

2. 77 per cent. of the affected animals are males and 23 per 
cent. are females. In this respect the incidence of the condition 
resembleR the analogous cDndition in humans as well as the incidence 
of recoriled cases of Alcaptonuria and albinism thought to be 
hereditarily transmitted as recessive characters. ' 
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3. The available evidence strongly suggests the heredita ry 
transmission o£ the condition thr·ough a particular bull. 

4. Details o£ the clinical symptoms of four cases are presented. 
'l'hese are the first animal cases of the anomaly available for clinical 
examination. The teeth are brownish pink, but the enamel is not 
pigmented. 'rhe poor condition and the scabs and crusts on parts 
of the skin unprotected by hair, are mainly due to the effects of 
photosensitization. The urine is amber, brown or reddish brmYn in 
colour and contains amongst ·other nro- and copro-po!·phyrin. 

5. " Pink tooth " is suggested as the popular name for the 
animal cases. 'rhis emphasises the clinical feature of the anomaly 
by means of ''"hich it can be easily differentiated from redwater 
(pir·opbsmosis). 
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