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the Influence of a Bloodmeal 
on Porphyrin Excretion in 

Normal Bovines. 

By G. C. S. ROETS, Section of Chemical Pathology, Onderstepoort. 

IN the course of experiments on the coproporphyrin excretion of 
normal cattle it was observed that animals receiving bloodmeal in 
their rations excreted increased amounts of porphyrins. Since the 
diagnosis of congenital porphyrinuria is based partly on an 
abnormally high porphyrin excretion via faeces and urine it is of 
importance to know to what an extent the porphyrin output in 
normal animals may be influenced by dietetic factors, both as regards 
the actual increase, if any, and the nature of the porphyrins excreted. 
In this paper the effect of :feeding sterilised porphyrin-freed blood­

·meal of known haematin content is recorded. 

The relation of porphyrins and other closely related pyrrole 
pigments to haemoglobin formation or destruction has been studied 
[Fischer, H. (1931), Petek, A. J. and Minot, G. R. (1934), Petek, 
A. J. (1936), Robscheit-Robbins, F. S. and Whipple, G. H. (1930), 
Kohler, G.O., Elvehjem, C. A. and Hart, E. B. (1939), Hughes, 
J. H. and Latner, A. L. 1937)], but although cases of anaemia have 
been reported upon where dietetic pyrrole substances influenced the 
haemoglobin production, nobody has as yet succeeded in producing 
an anaemia due to a deficiency of porphyrin precursors. 

Porphyrin which is closely related to haemi~ is present in normal 
erythrocytes and their precursors [Vannotti, A. (1937), Fischer, H. 
(1933), Roth, E. (1935), Vigliana, E. and Angeliere, C. (1934), 
Burmester, R. B. (1937), Seggel, K. A. (1937), Seggel, K.A. (1934), 
Watson, C. J. and Clarke, W. 0. (1937)]. Grotepass, W. (1937) 
isolated protoporphyrin III from normal erythrocytes. V. d. Berg 
and Revers (1932) observed' that the liver is capable of converting 
protoporphyrin into coproporphyrin. · 

. The total amount of coproporphyrin extracted from 10,000 litres 
of normaJ human urine was found to be 200 mg. No protoporphyrin 
could be detected [Grotepass, W. (1939), Deusberg, R. (1938)]. It . 
should, however, be kept in mind that protoporphyrin is excreted in 
the urine in cases of live!' and bile syste~ diseases [Boas, I. (1933)]. 
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Improved methods made it possible to estimate quantitatively the 
coprDporphyrin excretion in normal urine and :faeces, thus providing 
an experimental basis :for comparative studies [Dobriner, K., S.train, 
W. H. and Localio, S. A. (1937); Fourie, P. J. J·. and Roets, G. C. S . 
(1939); Dobriner, R. (1937)]. 

ExPERIMENTAL. 

The experimental animals were 5-year-old grade Sussex 
steers bred at the Ermelo Experimental Fanl;l.. They were fed a 
basic daily ration consisting of 4 Kg. crushed yellow maize, 500 gm. 
veld hay, and 500 gm. green barley; to this as occasion demanded 
200 gm. sterilised bloodmeal was added. No porphyrin could be 
detected in 100 gm. of such bloodmeal. In the first batch of blood­
meal used the haematin concentration was equivalent to 11 · 24 gm. 
haemoglDbin, whilst in the second batch it was equivalent to 19 · 9 
gm. haemoglobin per 100 gm. bloodmeal. The haematin determina­
tions were made by the method described by Roets (1940). 

The metabolism stables used were those described by Rl.mington, 
Roets and Fourie (1938). The animals were allowed 3-day periods to 
.accustom themselves to the' new conditionll before collections of faeces 
and urine were m§lde for · analytical purposes. 

In the· case of 5466 and 6043 bloodmeal feeding was stopped 
when collections were commenced; The collections of faeces arid 
urine were made over a period of 14 days. The quantitative porphyrin 
determinations were made daily on the faeces, and every second day 
on an aliquot o£ the combined two-day urine o£ each animal. The 
·urine and faeces of 6491 and 6498 were examined daily. Collections 
of and determinations on the faeces and urine of 6491, were made 
three days before and six days after bloodmeal fee.ding- had been 
stopped. The examination Df the urine and faeces of . bovine 6498 
was made one month after bloodmeal feeding ':Vas stopped, collections 
being made for 5 days. Bloodmeal was again given, and determina­
t ions made for a further 5 days. After a rest period of 5 days wj_thout 
bloodmeal the second batch of bloodmeal was fed for three days 
before collections were resumed. After the sixth day of these 
collections, the bloodmeal was again stopped and collections continued 
for 5. more days. 

Faeces .---'-The faeces were collected and mixed and a 200 gm. 
sample extracted as described by Fourie and Roets (1939). Porphyrin 
estimations were made before and after the final 5 per cent. hydro­
chloric acid solution of porphyrins had been shaken with chloroform. 
A 200 gm. sample of faeces yielded 31 c.c. of porphyrin solution in 
5 per cent hydrochloric acid. Before the chloroform extraction 2 c.c. 
of this solution had to be diluted up to 6 c.c. to match the standard 
of 1 mg. per 100 c.c. 

The con~entration therefore = 31 x .!?_ x 1000 y per 200 gm. 
100 2 

= 930 y per ~UU gm. 

This concentration will hence be called the Total Porphyrin 
Concentration. 
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The amount of faeces passed during this day was 2,870 gm., 
thus the amount of Total Porphyrins 

= 2870 x ·93. mg. 
200 

=13·81 mg. 

It is fully realised that values obtained m such a way cannot 
be regarded as exact, since the intensity of the overlapping 550 and 
557 bands of copro- and protoporphyrins respectively are together 
measured against that of the 550 band of the coproporphyrin standard. 
However the figures thus obtained give reliable comparative values. 

The remaining 29 c.c. of the porphyrin solution in 5 per cent. 
hydrochloric acid, was then transferred to a separatory funnel, hal£ 
this amount of chloroform added, shaken thoroughly and the 
chloroform solution then run off. This process was repeated at least 
three times fresh chloroform being used each time. A final ether 
washing removed the chloroform, leaving a clear solution. Of this 
final solution 5 c.c. had to be diluted to 6 c.c. to match the standard. 
Thus the cop1•oporphyrin concentration 

= 31 x ~ x 1000 y per 200 gm. 
100 5 

= 372 y per 200 gm. 

Total coproporphy1·in in this sample of faeces 
=2870 x ·372 mg. 

-200 
= 5·524 mg. 

U1·ine (24 hour samples).-vVhen the amount of 2,000 c.c. urme 
could not be obtained, the total amounts available were used for 
extractions. The ether extractions of the acidified urine sample was 
made by shaking the urine 3 times in succession in a separatory 
funnel with half the amount of ether using fresh ether for each 
shaking. The combined ether so.lution thus obtained from the urine 
sample is transferred to a separatory funnel, washed and extracted 
as described by Fourie and Roets (1939 ). No difference could be 
observed in the intensity of the spectrum of the final porphyrin 
solution in 5 per cent. hydrochloric acid before and after shaking 
with chloroform. Determinations were therefore made only after the 
chloroform shakings. 

CoPROPORPHYlUN 1 
CoPROPORPHYRIN III 

RATIO. 

For the purpose of examining the relation of coproporphyrin I 
to coproporphyrin III in the urine and faeces of animals on rations 
with or without bloodmeal, the porphyrin fractions, after the deter­
minations had been made, were accumulated. Collections from 
animals on a bloodmeal diet were commenced 3 days after bloodmeal 
was fed. The coproporphyrins from such samples were precipitated 
by neutralising with sodium hydroxide. Esterification, separation of 
the ·methyl esters and quantitative determinations were made as 
rl.escribed by Rimington, Roets 9.nd Fourie (1938). · 
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RESULTS. 

Faeces.-The results obtained on the faeces are diagramatically 
presented in Figures I, II, III and IV for animals 6043, 5466, 6491 
and 6498 respectively. The relations of the vall}.eS for (a) total 
porphyrin and (b) total coproporphyrin concentrations and (c) the 
total porphyrin and (d) the total coproporphyrin output for successive 
days are shown. For further details see Appendix Tables 1, 2 and 3. 

The ratio of coproporphyrin"! to coproporphyrin III in a sample 
accumulated from the faeces of 6491 and 6498 on rations free from 
bloodmeal was found to be 1 : 1·57, whilst the ratio in a sample 
accumulated from the faeces of the same animals on the ration con­
taining the bloodmeal supplement was 1 : 1·4. 
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The recrystallised methyl esters obtained from these samples 
when mixed with pure materials d'id not show depressions of melting 
points. 

To obtain an idea of the percentage of haematin of such 
sterilised bloodmeal digested, the faeces of 6498 were examined on 
22.~.1940 and the concentration wa~ found to be equivalent to 0·598 
gm. haemoglobin per 100 gm. faeces. The total amount excreted for 
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that day was equivalent to 21· 25 gm. · haemoglobin. The daily 
amount fed was equivalent to 39·8 gm. haemoglobin, the. amount 
digested thus being 18·45 gm. or approximately 46 per cent. haemo­
globin £or this animal on this particular day . . 
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Fig. 2.- (5466) Faeces. 
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U rine.-The daily coproporphyrin concentrations and daily 
coproporphyrin output in the urines o£ 6491 and 6498 are presented 
in figures V and VI respectively. The values in detail for all four 
animals concerned are. tabulated in Tables 1, 2 and 3 (appen·dix). 
For bovines 5466 and 6040 (Table 1), it will be seen that the copro­
porphyrin concentrations and output are tabulated for successive 
2-day periods. 
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The ratio of coproporphyrin I to coproporphyrin III in a 
sample accumulated from the urines of 6491 and 6498, whilst on . a 
ration of bloodmeal, was found to be .1 : 1· 26. Unfortunately the 
amount collected from the urine of cattle fed on a bloodmeal free 
diet was insufficient for an analysis. 
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Fig. 5.-(6491) U~ine. 
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On examination of the data it is obvious that the total porphyrin 
concentrations and output in the faeces promptly respond to .dietary 
bloodmeal, the chloroform-soluble porphyrin being chie:fl.y responsible 
for the increases noted. According to spectroscopic and. methyl ester 
melting point examinations this por.phyrin fraction probably con­
sisted mainly of protoporphyrin (identifications will be fully reported 
on in a later connnunic::ttion). In the urines, however, no chloroform 
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soluble porphyrin could be detected. The most likely explanation 
for its absence is that any protoporphyrin which may be absorbed 
through the intestinal mucosa is changed, possibly by the liver, into 
coproporphyrin, and excreted as such via the urine. 

In the faeces o:£ all four animals concerned and in the urines 
of 6491, 6498 and 5466 the increase or decrease of the daily copro­
porphyrin concentration and output, respectively, is dependent on 

'whether bloodmeal is or is not fed. In the case of the daily urinary 
coproporphyrin output of 6043 it will be noticed that there is an 
increase jn the output. A decrease could have been reasonably 
expected. The increase is due to the exceptionally high rate of urine 
excretion towards the end of the experimental period as compared 

- with that at the beginning. The concentration, however, decreases 
regularly. 

During the first experimental period, i.e., whilst the first batch 
of bloodmeal was being fed, the bloodmeal effect, especially on the 
chloroform soluble porphyrin output of 6043, 5466 and 6498, was 
more intense than during the second experimental period when the 
second batch of bloodmeal was fed to 6491 and 6498. The possi­
bility exists that the digestibility of different batches of bloodmeal 
may vary. 

In both 6043 and 5466 the daily porphyrin excretions followed 
a more or less parallel course from the tenth day onwards after 
cessation of bloodmeal feeding. A definite rise in the porphyrin 
level could be observed from the second day after bloodmeal feeding 
was commenced. After being on the second batch of bloodmeal for 
4 days 6498 excreted porphyrins on the same level as 6043 and 5466 
which had been on bloodmeal for over 6 months. 

SuMMARY. 

Results are presented showing the effect of dietary bloodmeal on 
the porphyrin excretion of .four mature normal steers. 

Bloodmeal causes a higher excretion in the faeces of copro- and 
chloroform soluble porphyrins. The coproporphyrin excretion of the 
urine is increased but no chloroform soluble porphyrins could, how­
ever, be detected in animals fed on bloodmeal. 
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