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Genetic studies of bovine erythropoietic 
porphyria in South Africa (2 ) ,  Denmark 
(3 )  , and the United States (4) , have shown 
it to be inherited as a simple somatic reces- 
sive trait. Homozygous animals are recog- 
nized clinically by their photocutaneous 
lesions and pigmented (and red fluorescing) 
teeth, while chemical confirmation is based 
on increased porphyrin content of their blood 
and urine (1-5). Heterozygous animals on 
the other hand, have seemed entirely normal 
except where intended or accidental breeding 
trials have shown them to be heterozygous 
carriers of the disease. Wass and Hoyt (4) 
have noted the discovery of three such bulls 
only after their use in artificial insemination 
programs, where one was thought to have 
sired more than 100,000 calves. Despite the 
large numbers of such offspring and their 
potential economic liabilities, their study has 
been seriously handicapped by the presence 
of very few (apparently less than 1 doz) 
animals known to be heterozygous for this 
condition in the United States. 

Because excessive amounts of type I 
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isomer of uro- and coproporphyrin are ex- 
creted in this disease, preliminary studies 
were made (1) of the proportion of types I 
and 111 isomers in urines from 2 heterozy- 
gous animals. The relative amounts of type I 
coproporphyrin found were intermediate be- 
tween those of 2 normal and several porphy- 
ric animals. The present studies were under- 
taken to extend these preliminary results and 
to improve the purification procedures em- 
ployed. 

MateriaZs and Methods. Urines were ob- 
tained from 7 normal, 4 porphyric, and 3 
heterozygous animals. All were Holstein- 
Friesian cattle from herds at this University. 
Blood samples were obtained from the same 
herds. We are indebted to J. J. Kaneko and 
to B. L. Glenn for additional urines sent from 
3 of their heterozygous animals. 

Most urines were single samples obtained 
at  7-10 a.m. Two of 3 samples from 
heterozygote M-38 were obtained within 1 hr 
after intravenous injection of a d i ~ r e t i c . ~  All 
samples were kept refrigerated or frozen un- 
til analyzed. 

Urinary porphyrins were fractionated for 
quantitative fluorimetric analysis in HCl as 
described elsewhere ( 6 ) .  Except for the above- 
noted preliminary studies ( l ) ,  these 1.5 N 
HCl extracts of coproporphyrin were reex- 
tracted into ethyl acetate after neutralizing 
with sodium acetate, washed with H20, and 
then reextracted into 0.3 N HCl. They were 
then alkalinized weakly with cold 3 N NaOH, 
frozen, and lyophilized to dryness. (Vacuum 
distillation to dryness from ethyl acetate ; 
acetic acid solutions, as done previously, 
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may result in appreciable loss of porphy- 
rin) . Following esterification overnight with 
methanol:HzS04 (20: l ) ,  the porphyrin was 
extracted into CHC13, washed 3 times each 
with 0.2% NaOH, H20, 10% NH40H, and 
7% NaCl, filtered, and vacuum distilled to 
dryness. Further purification was achieved by 
thin-layer chromatography on silica gel ( 7 ) ,  
using a 60: 60: 2.5 mixture (v/v) of CHCls, 
petroleum ether (bp 30-60°), and methanol 
for development. The fluorescing copropor- 
phyrin zone was identified by its correspond- 
ence with spots of standard coproporphyrin 
applied to the same plate. It was eluted from 
the gel with CHC13:methanol (10: 1 ) ,  dried, 
hydrolyzed overnight in a few ml of 7.5 N 
HCl, and then lyophillized to dryness. Ap- 
proximately 0.5 to 1.5 pg were dissolved in a 
drop of 10 to 28% NH40H containing 
0.0007 M tetrasodium ethylenediaminetetra- 
acetate (Na4EDTA) and applied to What- 
man no. 1 paper (20 cm high). Isomer sepa- 
ration followed the methods of Eriksen (8) 
and Aziz et al. (9), modified as follows: (a) 
Papers (except for approximately the top 1 
in.) were presoaked in 0.0007 M NaEDTA 
and dried. (b)  The solvent system contained 
2,6-lutidine:H20 ( 5 : 2 ) ,  with 0.0007 M 
Na4 EDTA in the HzO. A beaker containing 
concentrated NH40H was included in the 
chromatography jar. (3 ) Chromatography 
was continued for at least 24 hr, or almost 
twice as long as required for the liquid front 
to reach the top of the paper. (Because the 
optimum ratio of lutidine:H20 and duration 
of chromatography vary somewhat with dif- 
ferent samples of lutidine, these factors are 
pretested with suitable standards). Fluores- 
cing spots were cut out, soaked briefly in 3 
ml of 28% NH40H containing 1 drop of 0.05 
M Na4 EDTA, and rinsed with several addi- 
tions of H 2 0  to a final volume of 15 ml for 
fluorimetric analysis. 

Under the above conditions no overlap was 
seen in the fluorescence of the 2 spots of 
coproporphyrin I and I11 from either urines or 
standard reference solutions. Absence of 
bluish-fluorescing spots or of significant 
streaking indicated that the purity of the 
material was superior to that employed in our 
earlier urine studies. I n  the absence of 

added EDTA, a dark nonfluorescing purplish 
spot was frequently seen slightly above the 
point of application. Addition of concentrated 
H2S04 (but not HCl) to this spot yielded 
red-fluorescing porphyrin, suggesting that the 
EDTA prevents formation of a copper com- 
plex of the prphyrin. 

Purification of the erythrocyte copropor- 
phyrin did not include thin-layer chromatog- 
raphy of the methyl esters, but was limited to 
various solvent extractions described earlier 

Results. Results of the individuril urine 
studies, reported as percentage of the total 
urinary coproporphyrin which was type I 
isomer, are given in Table I. The average of 
65.870 distribution of this isomer found in the 
6 heterozygous animals was intermediate be- 
tween the 49.6 and 89.5% found in the 7 
normals and 4 porphyrics, respectively. 
Though these differences may be relatively 
small, no overlap was found among the aver- 
age values of individual animals in the 3 
groups. There was, however, overlap with the 
normal values in one of the 3 samples an- 
alyzed from heterozygote M-38 ; this sample, 
obtained within 1 hr after intravenous injec- 
tion of the diuretic, Lasix, showed only 40% 
type I isomer. Another sample from this 
steer obtained following injection of this di- 
uretic showed 73% type 1. Analyses of 2 or 3 
different urines from normal animals M-15 
and M-21 showed good agreement, as shown 
in footnote b to Table I. 

A known mixture of the 2 isomers, contain- 
ing 30% type I, was prepared from crystal- 
line material. Two separate samples were car- 
ried through the extraction procedure, includ- 
ing thin-layer chromatography of the methyl 
esters. Isomer analyses of these hydrolyzed 
samples then showed 28 and 31% type I, 
respectively. (Direct chromatography of 
known mixtures regularly show recovery er- 
rors of less than 4%). 

Concentrations of total coproporphyrin and 
uroporphyrin (pg/lOO ml) have not differed 
significantly in the individual urine samples 
of the normal and heterozygote animals 
tested, though 24-hr collections have not 
been made. 

Red cell studies showed no significant dif- 

(1). 
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TABLE I. Distribution of Urinary Coproporphyrin 
Isomers (I and 111) in  Cattle.“ 

Fraction of Coproporphyrin as Isomer I. 
~~ 

Normals Heterozygoties Porphyries 

No. I ( % )  No. I(%) No. I (%)  
-~ ~ 

M-256 50 K-1140 62 M- 84 80 
M- 9 52 G- 803 67 M-102 96 
M- 24 37 G- 848 64 M- 18 85 
M- 21 46b M- 38 67b M- 95 97 
M- 15 50b M-2121 66 
M-364 57 M-2800 69 
M-400 55 

Av 49.6 65.8 89.5 
SD 6.6 2.5 8.3 

((M,’) Univ. of Minn. herd; ( ( K , ’ )  supplied by 
J. J. Kaneko (Univ. of California, Davis, Cal.) ; 
((G,” supplied by B. L. Glenn (Oklahoma State 
Univ., Stillwater, Oklahoma). 

Averages from 2 or 3 different urine samples: 
M-21, three samples: 45, 51, and 42% I ;  M-15, two 
samples: 50 and 49% I; M-38, three samples: 89, 
40, and 73% I. 

ference between the 4 normal and 5 heterozy- 
gous animals tested. The average for the 
former was 53.6% type I (range 49-67%) 
compared to 57.8% type I (range 49-75%) 
for the latter. As seen in the photographs and 
other details given elsewhere ( l ) ,  the purity 
of at least some of the samples is open to 
question, and indicates the need for further 
study of this type of material. 

Discussion. Few attempts have been made 
to chemically characterize the heterozygous 
state of erythropietic porphyria. In  studies 
limited to only a few human subjects, Heil- 
meyer (10) indicated that heterozygotes may 
have increased amounts of total uroporphy- 
rin and of coproporphyrin I in their circulat- 
ing erythrocytes. As reported elsewhere ( 1 ) , 
the analytical method recommended by him 
(minus electrophoresis) yielded spectropho- 
tometric values from uroporphyrin in our cat- 
tle which were nonspecific and meaningless. 
We could also find no significant differences 
in the distribution of coproporphyrin isomers 
in circulating red cells of heterozygous and 
normal animals, as noted herein. 

Red cells or their hemolysates incubated 

with porphyrin precursors such as  delta- 
aminolevulinic acid ( ALA) or porphobilino- 
gen have also been studied ( 1, 11). While no 
consistent differences were found, solution of 
several technical difficulties might make this 
approach more informative. Of special inter- 
est is the report by Levin (12) that red cell 
hemolysates of mature porphyric cattle have 
less uroporphyrinogen I11 cosynthetase activ- 
ity than do those of normals. Since this en- 
zyme (as well as those responsible for decar- 
boxylation of the uroporphyrinogen I to co- 
proporphyrinogen I )  are very likely related 
to the relative increase in urinary copropor- 
phyrin I observed in both homozygous and 
heterozygous cattle, the application of Lev- 
in’s finding to heterozygous animals would be 
of special interest and value. 

Kaneko and Mills (13) reported no signifi- 
cant differences in the total porphyrin con- 
tent (uro-, copro-, and/or protoporphyrin) of 
red cells, plasma, urine, or feces of 3 
heterozygotes ( 2  mature and 1 young) as 
compared to normal cattle. Of great interest, 
however, is their observation of diminished 
glutathione stability in the red cells of the 
heterozygous animals, without evident change 
in glucose-6-phosphate dehydrogenase activ- 
ity. In addition to the diagnostic implica- 
tions, this may have significance for the 
phenomenon of photohemolysis of erythro- 
cytes from porphyric (and possibly heterozy- 
gous) animals. 

Earlier studies of normal human subjects 
(9) showed an average of 35 t 6% type I 
isomer by paper chromatographic analysis of 
urinary coproporphyrin in both males and 
females. Based on a “fluorescence quenlch- 
ing” technique, rabbits ( 14) were reported 
to have less than 30% type I, while dogs 
(14) had approximately equal amounts of 
the 2 isomers in urinary coproporphyrin. Sig- 
nificant species differences, therefore appear 
to be present normally. Aziz et al. (9), too, 
reported relatively less coproporphyrin I in 
normal children (av 19%) than in adults 
(9). The cattle studied here were all adults. 

Breeding programs here and elsewhere are 
aimed at  increasing the heterozygous bovine 
population available for study. The effect of 
variable such as erythropoietic activity, di- 
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uresis, and age can then be evahated in a 
larger number of animals. 

Summwy. The ratios of urinary copropor- 
phyrin isomers were found to differ signifi- 
cantly in normal Holstein-Friesizn cattle and 
in those known to be heterozygous or ho- 
mozygous for the porphyric trait. The aver- 
age percentages of type I isomer for these 3 
groups respectively, were 49.6 t 6.6, 65.8 t 
2.5, and 89.5 t 8.3. 
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