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Iy the first article of this series it was indicated that outbreaks of
“ geeldikkop 77 amongst small stock in the Karroo areas could
definitely be ascribed to excessive feeding on Tribulus during certauin
periods of the year. Bevond this, very little ix known about the
factors rendering the plant toxic or of the toxic principles concerned.
This is primarily due to the insidious nature of the disease and the
difficulty of carrving out experiments under natural conditions. Thus
a pasture which is generally considered excellent for sheep, suddenly
becomes extremely toxic.  Furthermore, the problem is complicated
by the fact that oulbreaks of a disease, which appears in all respects
to be 1dentical with geeldikkop, may at times be encountered on @rass
pastures and even in lucerne paddocks wheve Tribulus can be
excluded.  When, however, any of these suspected plants, including
Tribulus, are fed to sheep under laboratory and even under field
conditions, the results wsually  obtained arve either negative or
mxignificant.  Where watery extracts of 7rihulus are dosed, as shown
in the second article, death may result from methaemoglobinuria.
This was found to be due to the large amount of nitrite present in such
extracts.  Clinieally, however, geeldikkop appears with a sudden
onset of oedema of the exposed and unpigmented parts of the head
and accompanied by detinite signs of photosensitisation.  This 1=
soon followed by o progressive gener: sed lcterus first evident on
the visible mucous membrauves, and subsequently on the skin. The
urine too is deep yellow. TIn chronie cases the affected skin of the
face and ears undergoes necrosis and subsequent sloughing. The
blood serum by this time ix deep vellow and shows a strongly positive
direct van den Bergh reaction. At post-mortem, the most striking
finding 13 the intense icterus, together with enlargement of the gall
bladder, although the common bile duct is always found patent. The-
liver especially is deeply bile-stained.
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Corpuscles: Normals. Extract in 1 c.c. of ether shows +
fluorescence, no spectrum.

Sensitive.  Extract in 2 c.c. of ether  owed red
fluorescence in ultra-violet light: absorption
spectrum * was—

i ether 635; 600-575; 565-5H5; H2 5—,) 0 Order III, 11, TV,
1 11 111 10Y

in 259, MOl 600-595; 570 Orvder TI, 1.
1 11
~ * Absorption spectra measured by a Zeiss direct-vision pocket spectroscope.
Liquid layer 2 cm.

Serum : Normals, Extract in 0-5 ¢.c. e er: no Huorescence,
no spectrum.
Sensitive.  ISther extract shows deep red fluorescence
and following al)smptmn spectrum-—

630 ; ,)))' (H83); ’)78 7 IRT-HR5H

I II 11T IV
Order TII, I1, IV,

On another occasion, 19 c.c¢. of serwm from the same three sensitive
sheep was worked up with the following results: —

Extract in 2 c.c. of ether was hrownish pink in colour and showed
an 1ntense red fluorescence. Spectrum:

6355 (620); 600-590; 565-555; 520 Order 111, = 1V, I.

I 11 IIT 1v
The pigment was esterified in methyl alcoholic hydrochlorie acid

solution and crystallised from chloroform-methyl alcohol yielding a
small quantity of microscopic prisms.

H

In chloroform solution, these exhibited the following spectium:

6:32; H95; HTT; H60 Order 111, II, 1.

1 1T 111

The characteristies of this pigment, present only in the blood of
sheep which are actually photosensitive at the time of bleeding or
slaughter, indicate that it belongs to the class of porphyrins.

It was also demonstrated that in sensitive animals the photo-
active pigment is confined almost entirely to the serum, well washed
corpuseles yielding only a trace of a porphyrin in all prohahility
identical with protoporphyrin (compare Hymans van den  ergh,
Grotepees and Revers, 1932).

The cesult of the examination of organs taken from sensitive and
non-sensitive animals was unfruitful. In no case was an unusual
pigment detected.
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STUDIES IN PHOTOSENSITISATION OF ANIMALS IN SOUTH ALFRICA.

Some comparative experliinents were made with sheep poisoned
by the administration of lead acetate. In these cases examination
of the blood revealed the presence of considerable quantities of a
porphyrin having the properties, absorption spectra, etc., of proto-
porphyrin. In no case did the animals exhibit photosensitivity.

Attention was next directed to an examination of the bile. Bile
fistulae were introduced into a number of sheep and the secretion
collected 1n bottles strapped to the animal’s bodies, a little toluol
being added to prevent putrefaction. It was found that even in
normal bile, taken from the gall bladder at the time of operation, a
small quantltv of the same porphvrln Like material was present as
had been detected in the blood serum of photosensitive sheep. After
the operation in which the fistula was inserted, however, a pro-
nounced rise in the concentration of this pigment was observed in
nearly every case. The final concentration, reached in about 4 to 12
days, was anything tfrom 3 to 20 times the normal pre-operative con-
centration of pigment.

Quantitative comparison was made 1n the following manner:
A representative sample of normal bile was obtained »= combiningy
the contents of the gall bladders of healthy laboratory  eep passing
through the post-mortem room. In all 450 c.c. was obtained and
the porphyrin extracted from this by the usual method. From the
hydrochloric acid solution, the pigment was passed back to ether and
the volume of the ethereal solution adjusted to 450 c.c. A solution
was thus obtained having a pale pinkish-brown colour and exhibit-
ing a well-marked fluorescence in ultra-violet light. When examined
in a 2 cm. layver, the absorption band at 560 mp was just plainiy
visible but no trace was seen of the remainder of the absorption
spectrum owing to the relative weakness of these bands. Such a
solution (found afterwards to contain 12 mg. of the pure pigment
per litre) was adopted as the comparison standard of normal bile
and other bile samples evaluated by diluting the ethereal solutions
of their contained porphyrin until the 111te1181tv of the 560 mu
absorption band matched that of the standard solution. Such a
comparison is admittedly rather rough, but in view of the wide
fluctuations encountered in porphyrin concentration, was deemed to
be of sufficient accuracy. If, for example, the porphyrin from 20 c.c.
of bile had to be diluted in ether, to 40 c.c. to match the standard,
this concentration was spoken of as “ 2 Dhile units ’’, and so on.

The following experiments are selected as illustrating, in a
typical manner, the rise in bile porphyrin following the fistula
operation. It will be noted that the significant increase occurred
within just that space of time that was found requisite, previously,
for bile-ligature animals to become sensitive.

Sheep 32979.

Gall bladder sample Vol. 11 c¢.c. contained 1-1 units of porphyrin
15-5 hrs. after operation 105 c.c. - -, 'l
39-5 " " 118 c.c. . 72, s
63-H ' . 177 c.c. . 9-0 .
875 ys . 224 ¢.c. " 4-3 .
Died.
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Sheep 28632,

(Grall bladder sample Vol. 59 c.c. contained 1-6 units of porphyrin.
18 hours after operation 150 c.c. . 1-4 .
84 . )5 170 c.c. ' 1-0 '
108 'y . 180 c.c. ' -0, .
elc.

Sheep 35329.
Gall bladder sample contained ... 1-4 units of porphynn

6 hours after operation contalned 1-5 's

4 ) N N 3-0 3 33
2 dii,}'S 33 3 3 66 3 33
3 ) 'y . 17-3 . )
4 N 3 iR 336 3 2
5 56-0 . .
6 L) 33 (X 309 5 bR
7 vy R ERd lg.a b b
8 2 3 b GO.E) b 22
9 > b ) ]2.::) bR bl
10 . ) . 123 Y, ,,
11 3 3 12.0 2 2

That some external condition such as diet was the factor
responsible for the increase in porphyrin concentration after opera-
tion appeared most probable, and was at a later stage abundantly
proved to be the case. It was our practice to offer th~ animals a
Hberal supply of green stuff immediately following e operation
since on the ordinary ration they frequently lost appetite. Some
incidental observations upon the bile of other animal species may
be briefly recorded here. The findings ave all in harmony with the
thesis that the porphyrin originates from the green feed.

Horse bile. Sample taken post-mortem volume 5 c c.; golden-
brown in colour, mixed with a little blood. Iixtract in 2 c.c. of ether

showed DI8; H60; 323 Order 11, I, 11T
I IT 111

———
n 259%, 1CL 610; 565.
Porphyrin obtained in crystalline condition from chloroform.
Oz bile (No. 4225) sample taken post-mortem volume 120 c.c.; con-
tained 3 units of porphyrin. Spectrum in ether

598-580; 560; 525 Order 11, I, III.
I 11 IIT

Mall-fed calf. Sample taken from gall bladder at operation
(ligature of bile duct). Porphyrin nil. Animal did not become
sensitive.

Dog’s bile. White bull terrier. Sample taken at operation
(ligature of bile duct); spectrum in ether (greenish-blue).

(G60-630; 595-580; H35; (500). Animal did not become sensitive.

Cat’s bile.—Sample taken post-mortem, combined from 4 young
cats, volume 5 c.c. Porphyrin nil.
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STUDIES IN PHOTOSENSITISATION OF ANIMALS IN SOUTH AIFRICA.
It was found that a concentration of 9 per cent. of hydrochloric
acid was necessary to remove most of the pigment from the ether

(i.e. its acid number was in the region of 9).

In 25 per cent. IICI the spectrum was:-—

610-600; 595; 580-55H Order 111, I,
1 11 IIT

On evaporating the acetic acid-ether solution of the pigment at
room temperature, a crystalline deposit of fine prisms was obtained
(see I'ig. I). These, together with a similar crop from bile of case 1,
were converted into the methyl ester, freed from fatty material by
washing with petroleum ether, and taken up in chloroform.

Spectrum of ester in chloroform 630; 595; 560; 530-525 Order
ITI, I1, TV, I. I II II1 v

Fig. 1.—Porphyrin from dikkop bile (Dassiespoort) crystallised from acetic
acid ether. Magn. 175X%.

From the gall bladder of case 1 was obtained 20 c.c. of bile
similar in appearance to that of case 2. It was very rich in por-
phyrin, the ether solution exhibiting the following spectrum:

635; 598; 580; 5605 530-520; (492) Order 1IT, II, TV, I.

I II IT1 IV
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The crude pigment could be extracted from 259 HCl by shaking
with chloroform and was deposited from this solvent in clusters of
fine needle-like crystals very similar in appearar~= to those similarly
obtained from fistula bile crude porphyrin (see ig. 4).

Urine: The urine from all three cases appeared to be free from
porphyrin, although containing muech bile pigment.

The above results with the bile from these two geeldikkop cases
were amply confirmed when an examination was made of specimens
secured during a subsequent outbreak at Middelburg, C.P. The
quantities of porphyrin were evaluated in terms of the arbitrary
“ normal »* standard and were found to range from 4 to 13 units, as
follows : —

Porphyrin Concentration

Case No. Volume of Bile, c.c. m C Units 7.
1 66 11-0
2 56 3-3
3 63 8-4
4 127 3-0
6 34 10-4
7 20 85
8 100 (°° yellow bile ) 3-8
9 97 10-0

10 33 6-0
11 59 12-5
12 60 10-0
13 5 (no clinical icterus: 4-2

“ yellow bile *').

It was concluded from these experiments that the pigment
causing photosensitivity in geeldikkop 1s identical with that found
to be responsible for this symptom 1in the experimental, biliary-
obstruction cases produceable at the laboratory. In addition, in both
instances, the porphyrin content of the bhile was found to be high,
considerably higher than in sheep subsisting upon the usual diet
supplied to the available pen animals.

iSOLATION OF THE PH T T PIG

Clearly, the most readily available source of the pigment for
isolation purposes was fistula bile, consequently the isolation and
chemical identification of this pigment was approached as the next
step in the logical elucidation of the geeldikkop problem. Quantifies
of bile amounting to 12-5 litres in all were obtained from fistula
sheep. The porphyvrin concentration was such that this quantily
was equivalent to 67 litres of normal bile. It was evaporated to d»v-
ness by fanning thin layers exposed in large shallow trays. 7 =2
residue was extracted repeatedly with pyridine until this solvent was
no longer coloured pink, some glacial acetic acid was then added to
the pyridine, followed by a considerable quantity of ether and
sufficient water to cause the separation of two phases. Great difficulty
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STUDIKS IN PHOTOSENSITISATION OF ANIMALS IN SOUTH AFRICA.
These three erystalline forms were shown to be interconvertable
and to yield similar analytical figures.

The acid number of the pigment was shown to he 9. 'The absorp-
tion spectra were:—

In ether 635; 59) 0—78; 560; 523 Order III, IT, 1V,

——

I 1T IIT 1V

——

in 259, HCI 620 GO7; 568 Order IT, I.
II

Its methyl ester was prepared by suspending some of the crystal-
line pigment in absolute methyl alcohol and saturating the ice-cooled
mixture with gaseous hydrochloric acid. Chloroform was then added
and a considerable quantity of ice-water. After shaking, the chloro-
form layer was removed, washed repeatedly with dilute alkali and
water to remove the excess of acid and finally concentrated to dry-
ness. The residue was taken up 1n a little anhydrous  loroform and
filtered ; five volumes of hot methyl alcohol were then adde? and the
ester allowed to crystallise. Tt was obtained in fine prisms = P. 259°
(see I'ig. H). Combustion micro-analyses were performed upon the

preparations of free pigment and of the methyl ester. romr the
collected results the pigment was identified with phylloerythrin.  his

was confirmed by preparing a sample of the methyl ester of the latter
and demonstrating that the melting point was not lowered by admix-
ture of the methyl ester of the bile pigment. The analytical figures
for carbon content are somewhat low, but it is well known that phyi-
loerythrin is very difficult to combust quantitatively and alveys tends
to give low figures (in this connection compare Noack and iessling,
1950) The peltlnent data are recorded below :—

C H CH.,O
Micro-analysis: Bile pigment from pyri-
dine ... 72:26 7-02  9-69
Bile plo’ment from ether 72-16 652 10-07

Phylloerythrin

CyH, N,O, vequires 74-15 6-37 10-49
Bile pigment methyl

ester (M.P. 2590) . 73-08 6-539 11-08 6-06
C,H,N,0, (M.P. 2620)

requires ... ... T4-45 6-57 10-22 5-65

The ethyl ester of the bile pigment melted at 245°, whereas that
of phylloerythrin (from faeces) is given as 248°.

-~

The absorption spectra of phylloerythrin are as £ ows:—

In ether (Hellstrém 1931) 635-2; 595H; H89-8; HHY; H26-6-5H12-3

1 I1 ITI V
Order III, II, IV, T

In 259 HCL 6195 607; 577 Order 11, T.
T II

I8
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