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Bile Pigment Excretion in Amphibia 
IN man and in other mammals, bilirubin is excreted 

in conjugated form, mainly as the glucuronide. 
Since in mammalian fretal liver the enzymatic 
mechanism for glucuronide formation is poorly 
developed, reaching its full capacity only after birth, 
transient hyperbilirubinremia is frequently observed 
during the neonatal period 1. In the amphibian genus, 
Rana, hepatic glucuronide formation is absent in the 
larva, but present in the adult2 • The larval forms 
undergo extra-uterine development and hence are 
readily accessible. These Amphibia would represent 
an excellent experimental model for studying various 
aspects of neonatal hyperbilirubinremia, if it could be 
established that they, like mammals., excrete bilirubin 
as glucuronide. Therefore, we have examined 
amphibian bile pigment excretion to determine, 
fo-st, whether in the adult Rana bilirubin is excreted 
as a glucuronide ; secondly, whethiir metamorphosis 
is associated with qualitative or quantitative changes 
in pigment excretion ; and thirdly, whether the 
excreted pigment is biliverdin, as has been postulated 
previously•, bilirubin, or another pigment. 

Larval forms of Rana catesbiana and adult forms 
of Rana pipiens, Xenopus laevis, and Necturus 
nu.1,culosus were examined. The last two remain 
aquatic throughout adult-hood; in addition, N. 
maculosus fails to metamorphose while achieving 
sexual maturity. As expected2, hepatic glucuronyl 
transferase activity was demonstrable only in adult 
R. pipiens but was lacking in the liver of the larvre, 
and tho two adult aquatic Amphibia (Table 1). 

Table 1. ENZYMATIO SYNTHESIS OF o-AMINOPHENYL GLUCURONIDE 
BY LIVER HOMOOENATE FROM AMPHIBIAN SPECIES 

No. of 

f~~~b~ti~~ o-Aminophenyl 
Species Sex glucuronide formed 

temperature 

('C.) Average Range 
R. catesbiana, larvre M,F 2; 21 not demonstrable 

R. pipiens, adults 
(pooled) 

M 6; 37 0·363 0•279-0·412 
6; 21 0·290 0·260-0·344 

X. laevis, adults M 4; 37 not demonstrable 
2; 21 not demonstrable 

N. maculosus, adults M 2; 37 not demonstrable 
2; 21 not demonstrable 

Liver was homogenized with 5 parts of 0·154 M potassium chloride. 
1 ml. of homogenate was incubated for 30 min. in air with 30 µM 
magnesium chloride, 1·0 µM urldlne dlphosphate glucuronic acid, 
0·125 µM o-aminophenol and O·l ml. 0 ·5 M phosphate buffer pH 8·0 ; 
final incubation mixture was 1 ·5 ml. (ref. 6), Results are expressed in 
µmoles per gm. of liver. 

The gall-bladder bile of adult R. pipiens invariably 
contained bilirubin (Table 2) and frequently bili
verdin', but on paper chromatographic analysis• 
bilirubin glucuronide could not be demonstrated. 
The bile of X. laevis and N. maculosus usually 
exhibited high concentrations of bilirubin (Table 2) 
and occasionally some biliverdin. The bile of R. 
catesbiana larvre, though yellow or green in colour, 
contained only trace amounts of bilirubin and 
biliverdin and gave a negative Gmolin reaction. 
Similarly, in adult R. pipiens, X. laevis and N. 
maculosus, but not in larvre of R. catesbiana, urobi
linogen was present in the intestinal tract. The serum 
of all adult species examined was coloul'less or only 
faintly yellow. Larval serum, on the other hand, was 
intensely yellow with peak absorption at 4600 A., 
suggesting the possible presence of bilirubin. The 
diazo reaction, however, gave only insignificant 
spectrophotometric readings, and it was not possible 

Table 2. BILE PIGMENTS IN AMPHIBIAN BILE AND INTESTINAL CONTEKT 
Gall bladder Intestinal 

Species Weight Bllirubin content• urobilino-
(mgm.) t•gm. per gall bladder gent 

R. catesbiana, larvre 19·4-33·5 0-0·2 absent 
R. pipiens, adults l 7·6-42·6 9·3-47·0 present 
X. laevis, adults 72·6--75·8 1·6- 43·0 present 
N. maculosus, adults 198·0-230·0 53·0-54·0 present 

• Bilirubin was determined by the diazo reaction (ref. 7). 
t Urobllinogen was identified spectroscopically with p-dimethyi

amlnobenzaldchyde (ref. 4). 

to establish that the yellow pigment was a bili
rubinoid compound. 

These observations indicate that, in adult Amphi
bia, biliary excretion of bile pigment is independent 
of the presence of a functioning mechaniam for 
glucuronido formation. Moreover, in adult R. pipiens 
no evidence was obtained for excretion of bilirubin 
as a glucuronide, even though glucuronY:l transferase 
is present in the liver. In larvre, the finding of yellow 
serum, the virtual absence of bilirubin and bilivordin 
in the bile, and the absence of urobilinogen from 
the intestinal tract suggest a mode of bile pigment 
excretion different from that in adult animals. 
Finally, in contrast to earlier reports3, the bile of all 
adult animals contained bilirubin while bilivordin 
could not be demonstrated in all instances. 
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Fractionation of the Motor Unit during 
Repetitive Response to Prostigmine 

RECENT work has demonstrated fractionation of 
the action potential of the single motor unit of the 
rat gastrocnemius into anatomically unidentified 
sub-units'. The temporal sequence of firing of these 
sub-units can be altered by intravenous admini
stration of curare or decamethonium. These drugs, 
by reducing tho end-plate potential, increase the 
latency of appearance of the propagated spike of 
some, but not all, of the sub-units which comprise 
the action potential of the single motor unit. When 
the time of rise for the end-plate potential of the sub
unit is sufficiently prolonged, the propagated spike 
of the sub-unit disappears•, and the total unit poten
tial is reduced. In order to evaluate the effect of 
prostigmine on the single motor unit, the work 
reported here was undertaken . 

Under intraperitoneal sodium pentobarbital anres
thesia, laminectomy was performed in 18 male albino 
rats, weighing 250-400 gm. With binocular magnifica
tion of x 25, a ventral root innervating the gastroc-
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