
Chromium-51 Ethylenediaminetetraacetate for 

Estimation of Glomerular Filtration Rate 

Abstract. Renal clearances of inulin and chlromiumlni-51S ethylenedialiinetetra- 
acetate were compared in sheep. In 41 clearance periods fro;zn five animals the 
mean clearance ratio of the chelate to inulinl was 0.95 . 0.03 (S.D.). Part of the 
difference between the two sets of results may have been due to binding of the 
miietal chelate by plasma protein since 1.5 to 2 percent of chromlziumll-51 
ethylenecdicamziletetraacetate in plastma could not be removed by dialysis. 

inulin is the standard substance for 
estimating glomerular filtration rate, but 
it is not particularly easy to measure, 
and there have been many attempts to 
find a suitable alternative. Labeled com- 
pounds have not been overlooked; C14- 
carboxyl-labeled inulin, 1I"'-diatrizoate, 
and I 12i-allyl inulin have been recom- 
mended (/) but expense or other disad- 
vantages have limited their use. A com- 
pound labeled with a gamma-emitting 
isotope and excreted solely by glomeru- 
lar filtration would greatly facilitate the 
study of renal function, and the work 
of Watkin et al. (2) drew attention to 
the possibilities of Co'--vitamin B1,. 
Nelp, Wagner, and Reba (3) subse- 
quently showed that the freely diffusi- 
ble fraction of Co--vitamin B12 in 

plasma was excreted by the kidney in 
a manner similar to that of inulin, and 
several recent reports have been made 
on the use of the labeled vitamin for 
measuring the glomerular filtration rate 
in man (4). As a replacement for in- 
ulin, Co'7-vitamin B1 has two disad- 
vantages: (i) it is appreciably bound to 
plasma protein (5), and (ii) it has a 
long biological half-life in the liver s'o 
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Fig. 1. Comparison of inulin and Cr5- 
EDTA renal clearances in Merino ewes. 
Means and standard deviations are shown 
for five animals; the encircled numbers 
are the clearance periods from which the 
data were derived. 
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that repeated use of the labeled sub- 
stance in a patient with seriously im- 
paired renal function would be unde- 
sirable. 

In initial work with sheep we have 
shown that Cr5'-EDTA (6) may fulfill 

requirements for estimation of the 
glomerular filtration rate. Inulin (7) and 
Cr'al-EDTA clearances were compared 
simultaneously in five trained, con- 
scious, Merino ewes whose body weight 
was 35 to 40 kg (8). A steady diuresis 
was maintained by the administration of 
a water load through a rumen fistula; 
the animals were trained to urinate re- 

flexly when their hindquarters were 
gently touched. Urinary flow rates var- 
ied somewhat from animal to animal; 
for the five ewes (Fig. 1) the mean 
values ranged from 2.5 to 1 1.5 ml/min. 
Inulin was measured by the resorcinol 
technique (9) modified for use with an 
Auto Analyser (10); Cr'l was assayed 
in a well-type scintillation counter. Fig- 
ure I shows the clearance values for 
the two procedures. In each experiment 
there were between six and ten consecu- 
tive clearance periods of 15 minutes 
and the mean values for the experi- 
ments are shown by the heights of the 
bars in the figure. Altogether 41 clear- 
ance periods from five sheep are rep.- 
resented in Fig. 1, and the overall mean 
of the clearance ratio of Cr5' to inulin 
was 0.95 ? 0.03 (S.D.). With both 

techniques the coefficient of variation 
between clearance periods was 3 to 5 

percent. This low variation can prob- 
ably be attributed to the placid nature 
of the sheep. The animals were well 
accustomed to their environment and 
were unperturbed by the experimental 
procedures. In several experiments not 

reported here, similar clearances of Cr51 
and inulin were also obtained when 
mannitol was used as a diuretic. 

The clearance was not affected when 
the amount of Cr-EDTA in the plasma 
was grossly increased (Fig. 2). After 
cannulation of the ureters, bilateral 
renal clearances were estimated in an 
anesthetized sheep before and after 
the specific activity of Cr5' in the plas- 

ma was lowered by the infusion of a 
large dose of inactive Cr-EDTA. Diure- 
sis was induced with mannitol. Initially 
the concentration of Cr was 0.004 mg/ 
100 ml of plasma, and this figure was 
raised to a calculated level of I mg of 
Cr per 100 ml of plasma during the 
constant infusion of carrier Cr-EDTA. 
Since the excretion of the Cr51 was not 
affected by the excess of the carrier, it 
seemed clear that the renal clearance 
of Cr-EDTA was independent of the 
plasma concentration. 

The metal chelate is negatively 
charged, and the slight difference be- 
tween the inulin and isotope clearances 
could have been due, in part, to bind- 
ing of Cr51-EDTA to plasma protein. 
Plasma labeled with Cr51-EDTA was 
dialyzed for 16 hours against 0.9 per- 
cent saline at 25?C, and 1.5 to 2 
percent of the activity was nondialyz- 
able. 

Mellor (11) has emphasized that, re- 
gardless of the stability constant, metal 
complexes may be classed as labile or 
inert. Unlike most EDTA chelates 
used in biological work, the Cr(III) 
complex of EDTA is stable and inert 
(12), so it is unlikely that exchange 
reactions with other metal ions would 
occur in vivo. The deleterious effect of 
Ca-EDTA on the renal proximal tubules 
is well recognized (13); however it 
seems reasonable to assume that Cr- 
EDTA would not show similar effects 
because it is inert. Indeed this was 
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Fig. 2. Bilateral renal clearances in an an- 
esthetized sheep before and after lowering 
the specific activity of Cr5 by infusion of 
Cr-EDTA. Block heights are the means of 
five consecutive clearance determinations; 
the ranges of the values are shown by 
the central vertical lines. 
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shown to be so in some recent experi- 
ments in our laboratory. Rats were 

injected for 25 days with unlabeled Cr- 
EDTA in amounts that would have 
been nephrotoxic had the EDTA been 
given as the calcium chelate. At the end 
of the experiment the animals were in- 
jected with a single dose of Cr51-EDTA, 
and, since they excreted the labeled Cr 
as rapidly as normal animals did, their 
kidney function was presumably un- 
affected by the prolonged treatment 
with large quantities of Cr-EDTA. Also, 
histological examination of the kidneys 
failed to reveal any abnormalities. 

After intraruminal administration 
very little Cr-EDTA is absorbed from 
the gut, and Downes and McDonald 
(14) have described how the complex 
may be used to advantage as a soluble 
rumen marker. Our results suggest that 
Cr'1--EDTA may also prove of value 
in the investigation of renal function. 
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During an investigation of the physi- 
cal properties of normal and fully 
deuterated phycocyanins (1), it was ob- 
served that when urea was used as a 
structure perturbant and dissociating 
agent there was an increase in pH of 
the buffered protein preparations over 
a period of several hours. This finding 
raised the question whether the enzyme 
urease was present in the preparations. 
No previous report of urease activity 
in Cyanophyta has been found. There 
are conflicting reports about the use 
of urea as a nitrogen source by blue- 
green algae (2, 3). In addition, the 
mechanism of urea metabolism in blue- 
green algae was obscure, for urease ac- 
tivity could not be detected. An investi- 
gation of the origin and nature of 
the degradation of the urea by the 
phycocyanin preparations was therefore 
undertaken. 

A phycocyanin preparation from 
Plectonenma ca!othricoides in the pres- 
ence of urea was examined mano- 
metrically. A gas was evolved under 
both basic and acidic conditions in the 

approximate ratio of 2: 1, which is the 
proper stoichiometry for NH.3 and CO2 
evolution from the urease reaction. 
This fact and the determination of in- 
creasing amounts of ammonia with time 
by a Nessler technique appeared to in- 
dicate definite urease activity. 

Fresh cultures of Plectonema calo- 
thricoides, Phormidium luridum, Por- 
phyridiurn aerug,ineunf. and Porphyrid- 
imn crlientumit were obtained from the 
Indiana University culture collection 
and were maintained bacteria-free in ap- 
propriate media (4). Several cultures 
obtained from other sources were also 
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used in these experiments; Cyanidium 
caldarium (M. B. Allen, Kaiser Foun- 
dation, University of California, Berke- 
ley), and Synechococcus lividus (J. 
Middlebrook, Ling-Temco-Vought Re- 
search Center, Dallas, Texas). All the 
cultures were grown under fluorescent 
light on rotary shakers and, with the 
exception of the thermophilic S. lividus 
and Cyanidum caldarium, all were cul- 
tured at room temperature. Cells har- 
vested by centrifugation were washed 
twice with phosphate buffer (pH 7.0, 
:L = 0.1) and then were assayed whole 
or used to prepare cell extracts. Sam- 
ples of the harvested cell cultures were 
inoculated into casein hydrolyzate semi- 
solid agar with thioglycollate (5) and 
incubated at 37?C for 72 hours and at 
room temperature for another 72 hours. 
If no growth appeared at the end of 
the incubation period, the cultures were 
considered as probably free of most 
contaminants. Examination of these cul- 
tures under high magnification with a 
phase-contrast microscope did not re- 
veal detectable bacterial contaminants. 
If any contaminants were present they 
were extremely minute. Cultures found 
to be essentially bacteria-free by the 
thioglycollate test are listed in Table 1. 
Bacterial contaminants were evident in 
cultures of Synechococcus lividus and 
Porphyridium cruentumn. 

Cell extracts of Plectonema calothri- 
coides, Phoridium luridum, and Syne- 
chococcus lividus were prepared by 
adding lysozyme and leaving the sus- 
pension at room temperature for 24 
hours. The suspension was centrifuged 
at 18,000g for 10 minutes, the super- 
natant was decanted, and more lyso- 
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Urease Activity in Blue-Green Algae 

Abstract. The apparent enzymatic hydrolysis of urea has been detected in 
whole blue-green algae and in cell extracts. Urease is present as an intracellular 

component in cultures in which no bacterial contaminants are found. The activity 
in the cells was recovered from the extracts. 
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