
ually test vehicle-control animals 
simultaneously with the drug-treated 
animals. Scores are recorded by groups 
at the end of an appropriate time inter- 
val, converted to their logarithms, and 
averaged. The difference between these 
two means represents the response for 
that particular dose. Linear log dose- 
response curves have resulted from 
data recorded in this manner. 
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Ureotelism of Echidna and Platypus 

Abstract. Analyses of plasma and 
urine and the demonstration of argi- 
nase in the liver indicate that both the 
adult echidna (Tachyglossus aculeatus) 
and platypus (Ornithorhynchus) are 
ureotelic. 

Data reviewed by Needham (1) 
show that the echidna excretes 80 to 
90 percent of its nitrogen in the form 
of urea, and this animal is therefore 
classified as ureotelic. There is no 
published information on the platypus. 
The generalization has been made that 
animals with a closed egg are uricotelic 
and this raises interesting questions 
concerning the monotremes which are 
egg layers. The echidna lays a soft 
noncalcareous egg from which the 
young emerge in the pouch at an early 
stage and proceed to feed on the milk 
which exudes into the pouch. For 
these reasons the pouch has been re- 
garded as "a uterus located in an un- 
usual position," and the echidna may 
therefore be classified as viviparous. 
Thus, this exception to the generaliza- 
tion has been tentatively argued away. 
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Thus, this exception to the generaliza- 
tion has been tentatively argued away. 

As Needham writes, "It would be very 
interesting to investigate the nitrogen 
partition in the urine of the platypus 
which allows its eggs to develop out- 
side the body." Our results indicate 
that both the adult echidna and pla- 
typus are ureotelic. Since we do not 
possess any information concerning the 
nitrogen metabolism and water rela- 
tions of these animals in the egg stage, 
it cannot be determined how completely 
the generalization concerning the rela- 
tionship between the closed egg and 
uricotelism will have to be modified. 
Smith (2) raised doubts on this prop- 
osition when reporting that turtles 
excrete most of their nitrogen as urea. 

Table 1 shows the analyses of blood 
plasma and urine. The urea was de- 
termined by the method described by 
Hawk (3), allantoin by the method 
described by Young and Conway (4), 
and uric acid by the Folin method (5). 

The results show that there is con- 
siderable excretion of nitrogen in the 
form of urea in both the platypus and 
the echidna. In the echidna, urea is 
present in the plasma at a concentra- 
tion similar to that found with mam- 
malian species. Unfortunately we do 
not have any determinations on the 
plasma of the platypus. Table 1 also 
shows that uric acid and allantoin ex- 
cretion occurs in the monotremes, but 
in comparison with sheep, a known 
excretor of allantoin, and the chick, a 
known excretor of uric acid, the 
amounts in the specimens we collected 
are small. 

To confirm these results, the pres- 
ence of arginase was sought in the 
livers. A simple homogenate of fresh 
liver was prepared by dispersing 1 g 
of tissue in 25 ml of 0. M Na2HPOo 
with the aid of a Potter-Elvehjem 
homogenizer. The homogenate (1 ml) 
was mixed with a solution of arginine 
(40 mM) which had previously been 
adjusted to the same pH, and the 
mixture was incubated at 38?C. The 
disappearance of arginine and the ap- 
pearance of ornithine were followed 
chromatographically by taking serial 
samples over a period of 1 hour. The 
solvent system was butanol, acetic acid, 
and water (80:10:10, by volume), and 
the chromatograms were run for 2 
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Table 1. Urea, uric acid, and allantoin per 100 ml 
of blood plasma (P) and urine (U) collected from 
two echidna (Tachyglossus aculeatus), a platypus 
(Ornithorhynchus), a sheep, and a chicken. 

Urea Uric acid Allantoin 

U P U P U 
(g) (mg) (mg) (mg) (mg) 

Echidna 
65 * 0.1 

3.43 49 24 0.9 13 

Platypus 
3.4 18 8 

Sheep 
* 0.3 60 

Chicken 
2 5.6 

*Positive. 
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days. The chromatograms clearly indi- 
cated the presence of arginase in con- 
siderable amounts: the hydrolysis of 
40 ftmoles was complete in less than 40 
minutes. Under the same conditions 
liver tissue from the rat completely 
hydrolyzed the arginine in 20 minutes, 
but liver tissue from the chick showed 
no trace of activity. Determination of 
stoichiometric amounts of urea formed 
confirmed that the enzymatic activity 
measured was that of arginase. We 
therefore conclude that both the 
echidna and the platypus use urea as 
the main pathway of nitrogen excretion. 

Because of the difficulty of obtaining 
further animals we thought that these 
results were sufficiently conclusive at 
this stage to warrant publication (6). 
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