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Summary 

Activities of uricase, catalase, and acid phosphatase were meas- 
ured in the light mitochondrial subcellular fraction of liver from 
late fetal, neonatal, and adult dogs in order to examine the 
hypothesis that diminished hepatic peroxisomal uricase activity is 
responsible for elevated plasma uric acid concentrations in new- 
born puppies. Late fetal dogs had slightly lower uricase activity 
than lday-old puppies (1.4 * 1.0 (S.D.) and 3.9 * 0.7 x lo-' 
p o l e  hydrolyzed/min/g liver, respectively, P < 0.5), and both 
were much lower than 30-day-okl and adult dogs (463 f 33.7 and 
30.8 * 17.6, respectively, PC 0.5). Comparison with the pattern of 
development of catalase and acid phosphatase demonstrated non- 
parallelism with uricase activity lagging behind both other en- 
zymes. Plasma urate concentrations of 0.66 * 0.09 (S.D.) mg/dl 
in fetal animals were higher than the maternal plasma value (0.22 
mg/dl), which appears to exclude the possibility that low fetal 
uricase activity was the result of decreased enzyme substrate. 

The mongrel puppy has been used as an animal model for 
studying neonatal development of renal uric acid excretion and 
has been found to exhibit maturational patterns of urate excretion 
similar to human newborns (14). Despite diminishing fractional 
renal excretion of uric acid in the first 30 days of life, plasma uric 
acid wncentration also decreases. Uricase, which metabolizes uric 
acid to allantoin, is present in hepatocytes from most mammals 
(5, 10) (anthropoid primates and man being major exceptions 
(10)) and serves to maintain plasma uric acid at wncentrtations 
much lower than those observed in man. The Dalmatian coach 
hound has a plasmic uric acid concentration much higher than 
other dogs, a metabolic derangement thought to be due to inac- 
cessibility of uric acid to the enzyme that is present in adequate 
quantities in liver (6, 17). The defect is corrected by hepatic 
transplant (8). Because of these observations, we proposed that the 
observed elevated plasma uric acid in the newborn mongrel puppy 
might be due to insufficient activity of hepatic uricase. The 
purpose of these experiments was to determine hepatic uricase 
activity in late fetal, neonatal, and adult dogs to demonstrate the 
proposed inverse relationship between uricase activity and plasma 
uric acid wncentration. 

MATERIALS AND METHODS 

Mongrel dogs which had been housed in the University of 
Tennessee Animal Resources Division vivarium and maintained 
on standard Purina dog chow (mature canines) or on mothers' 
breast milk were sacrificed by excision of the liver during deep 
pentobarbital anesthesia followed by anesthetic overdose. Six 
near-term fetal animals (weighing 227 * 12 g) were obtained by 
Caesarean section while the mother was maintained under deep 
pentobarbital anesthesia. After removal, the livers were blotted 
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dry with laboratory towels and weighed immediately. The entire 
liver of smaller animals or 5 g from each lobe of larger animals 
was minced in three volumes of ice cold 0.25 M sucrose wntaining 
0,001 M Na-EDTA (sucrose-EDTA) and transferred to a Potter- 
Elvehjem tube where it was homogenized by ten strokes with a 
loosely fitting pestle. Light mitochondria1 fractions were prepared 
according to de Duve et al. (4), washed once with sucrose-EDTA, 
and resuspended to a wncentration equivalent to the original 25% 
homogenate. Aliquots were stored at -20°C for less than 30 days. 

~ r i &  (urate:oxygen oxoreductase, EC 1.7.3.3) activity was 
determined at saturation kinetics bv the method Schneider and 
Hogeboom (13) using as substrate ?SO phi uric acid in 30 mM 
potassium phosphate buffer, pH 7.4, containing 0.1% Triton X100. 
The reaction was initiated by the addition of enzyme to substrate 
in cuvettes maintained at 37°C by a circulating water bath. The 
decline in absorbance at 290 nm was monitored by a recording 
dual-beam Zeiss DM-4 spectrophotometer. Activity was calcu- 
lated as pmole urate oxidized/min/g wet liver, assuming Em = 
12.2 X lo3 mole-'. cm-'. 

Catalase (hydrogen peroxide: hydrogen peroxide oxidoreduc- 
tase, EC 1.1 1.1.6) was determined by the method of Beers and 
Sizer (1) using 0.1% H a 2  in 50 mM potassium phosphate buffer, 
pH 7.4, as substrate. The reaction was carried out at 37"C, and 
the decline in absorbance at 240 nm was recorded. Activity was 
calculated as pmole Hz02 hydrolysed/min/g liver, assuming Em 
= 27.4 mole-'. cm-'. 

Acid phosphatase (EC 3.1.3.2) activity was determined using as 
substrate 50 mM p-nitrophenylphosphate in 1 M Na-acetate 
buffer, pH 5.7, containing 100 mM MgC12 (2). A 10-min incuba- 
tion at 37°C in a shaking water bath was followed by alkalinization 
and measurement of the absorbance at 405 nm versus a reagent 
blank. Activity was calculated as pmole p-nitrophenyl hos hate ! P - 1  hydrolysed/min/g liver assuming, Em6 = 18.8 X 10 mole . 
cm-'. 

Enzyme assays were linear with respect to time and enzyme 
concentration, and activity was not reduced by storage at -20°C 
for 30 days. All assays were performed within this time. Chemicals 
were all reagent grade from Sigma Chemical Co. Plasma uric acid 
concentrations were determined by a fluorometric method previ- 
ously described (14). 
All statistical analysis was by Student's t test for unpaired data. 

RESULTS 

The specific activities of uricase, catalase, and acid phosphatase 
are given in Table 1. The dogs numbered 2,3,4, and 14 died during 
the course of experiments in which we were attempting to serially 
measure activities of enzymes in liver obtained by percutaneous 
biopsy: the data are excluded. Inspection of the data illustrates 
that uricase activity sharply increases from late fetal and early 
neonatal values to those at 30 days and in adult dogs (P < 0.05 
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Table 1. Enzyme activity of canine hepatic enzymes 

Acid 
Uricasc phosphatasc 

DOE pmole/min/g Catalasc pmole/min/g 
Number Age x l@ pmole/min/g x 10' 

1 Adult 60.1 57.2 28.6 
5 Adult 28.6 17.5 10.7 
6 Adult 12.4 7.6 6.9 
7 Adult 25.4 21.6 15.1 
8 Adult 27.6 14.0 21.2 

20 Fetal 0.5 4.7 9.1 
21 Fetal 1 .O 9.9 9.8 
22 Fetal I .O 29.2 12.7 
23 Fetal 0.7 7.0 11.2 
24 Fetal 1.7 23.3 10.5 
25 Fetal 3.3 37.4 12.3 

for differences between mean activities of adult or 30 day dogs 
versus fetal or one day pups). Catalase and acid phosphatase 
activities are not significantly increased during this same time 
period. The values of all three enzyme activites tended to be 
higher in 30 day pups than in adult animals although the differ- 
ences were not ~ i g n ~ c a n t  (P > 0.05). 

Figure 1 illustrates the pattern of development of uricase activ- 
ity. For comparison, the activities of the three hepatic enzymes 
have been normalized: individual values are divided by the mean 
adult value of the respective enzyme activity and the results are 
given as a fraction of the mean adult value. This plot exemplifies 
further that hepatic uricase activity increases sharply during the 
fust month of life. The ratios of uricase/catalase and uricase/acid 
phosphatase, similarly standardized, demonstrate the lack of par- 
allelism of hepatic enzyme development. The specific activity of 
uricase is diminished when wmpared to either catalase or acid 
phosphatase during early development. 

To determine if the delayed activity of hepatic uricase was due 
to absence of substrate during the fetal period, we examined fetal 
plasma uric acid concentration within one minute of Caesarian 
section. The uric acid wncentration of plasma from six fetal dogs 
was 0.66 * 0.09 mg/dl (S.E.M.), a value 3-fold higher than the 
maternal plasma urate of 0.22 mg/dl. 

DISCUSSION 

Our data suggest that the observed fall in plasma uric acid 
concentration from a mean value of 0.90 mudl  in the 1-day-old 
puppy to 0.21 in the adult (14) is due principally to the increasing 
activity of hepatic uricase during the fust month of life. These 
observations explain our previous observations of falling plasma 
uric acid concentration despite diminished fractional renal excre- 
tion. 

Peroxisomes are recognizable subcellular organelles containing 
the enzymatic activities of uricase and catalase. In mammals they 

FETAL 1 16 30 ADULT 

AGE 

Fig. I.  The pattern of development of hepatic peroxisomal uricase. 
Uricase activity (0) and the ratio of uricasc/catalasc (A) and uricase/acid 
phosphatase are normalized by dividing by the mean adult value. 
- - 

Mean values are plotted versus the age. The crossed bar indicates one 
S.E.M. 

are concentrated in hepatic and renal tissues. Canine kidney tissue 
has been shown to lack uricase activity (12); the liver appears to 
be the primary determinant of plasma uric acid in dogs. Kuster et 
al. (8) provided evidence for this association by transplanting 
livers from mongrel dogs into Dalmatians, which normally main- 
tain high plasma urate concentrations, and demonstrating nor- 
malization of plasma wncentration. Transplanting liver from 
Dalmatian intdmongrel dogs produced ~a&a t i an -he  elevation 
in ~lasma wncentration. This defect is evidently due to a defect 
in &ansport of urate into cells (17) and not due;o an absence of 
enzymatic activity in liver (6). Based on our data, we conclude 
that the elevated plasma urate concentrations in fetal and 1-day- 
old puppies is due to an immaturity of hepatic uricase activity. 

Fetal and neonatal liver (not canine) have been investigated 
with regard to peroxisomal enzyme development. In the mouse, 
uricase activity is very low at birth and increases more than 15- 
fold during the suckling period (9). Rat liver exhibits a very sharp 
increase in catalase activity at birth and a more gradual increase 
in uricase activity spanning the first 2 or 3 wk of life (7, 15). The 
pig likewise has a neonatal defect in uriwlytic activity (1 1). Our 
studies add to these observations by demonstrating a develop- 
mental pattern of uricase activity in the puppy that is similar to 
the mouse, rat and pig; moreover, we have shown a physiologic 
response in urate metabolism related to enzyme development 
while other investigators have not reported such observations. 

We wmpared the pattern of development of uricase with an- 
other peroxisomal enzyme, catalase, and a lysosomal enzyme 
isolated in the same tissue fraction, acid phosphatase. Our data 
demonstrate delayed development of uricase relative to both these 
enzymes. Uricase is lbcated in the core of the peroxisome whereas 
catalase is associated with the membrane (10). Previous ,data 
indicate that the development of uricase activity in rat liver 
proceeds by four mechanisms: formation of peroxisomes, forma- 
tion of nucleoids within peroxisomes, maturation of nucleoids 
(increasing sp4c activity of enzyme within nucleoids), and 
growth of nucleoids (16). Our data suggest a delay in formation, 
maturation, or growth of nucleoids because enzyme development 
is nonparallel &thin peroxisomes, uricase activity being delayed 
wmpared to cat&. Peroxisomes appear to form at a rate 
equivalent to lysosomes as demonstrated by similar patterns of 
catalase and acid phosphatase development. 
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The cause of the delay in uricase development is unknown. We 
hypothesized that it could have resulted from placental transport 
maintaining a low plasma concentration in the fetus. Birth would 
remove this mechanism and result in substrate excess and enzyme 
induction; however, we showed that fetal plasma urate concentra- 
tions are similar to those seen in the newborn (14) and higher than 
maternal values, essentially disproving our hypothesis.-possibly 
birth itself initiates development as it does microsomal develop 
ment (3). 
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Human milk samples were assayed for bie-salt-stimulated li- 
polytic activity in the presence of an uopurified and purified 
preparation of glycoconjugated Vie salts and two patterns of 
activity were obtained. One group of milks (high activity) had 
similar activities (mean f 1 S.D.) of 16.9 * 3.5 (purified bile salts) 
and 17.2 f 3.5 pmole-ml-'oh-' (unpurified bile salts) whereas 
another group (low activity) had a lower activity with the purified 
(4.2 f 2 3  pmole-ml-'-h-') than with the unpurified bile salt 
preparation (19.9 * 4.0 pmole- ml-' h-I). 

Activities of the low activity milks (assayed with the purified 
bile salts) could be increased following storage at -20°C, sodca- 
tion, or the preparation of an acetone ether powder and, in some 
cases, reached the maximal activity obtained with the uopurifled 
bile salt preparation. These procedures had no effect on the 
activity of the high activity milks. 

Recombination experiments, whereby the milk serum from a 
low activity milk was added to the milk fat of a high activity milk 
and vice vem4 and also kinetic studies suggest that the differences 
in activities between the two groups result from differences in 
availability of the enzyme and are independent of the source of 
milk fat. 

Human milk contains at least two different lipases. First, a 
lipase that requires added serum for activity and has properties 
similar to lipoprotein lipase (12) and second, a lipase that is 
stimulated by bile salts (11). The latter activity appears to be 
ideally suited for a physiologic role in the small intestine of the 
newborn. It remains active during passage through the stomach as 
it is stable above pH 3.5 and only slowly inactivated by pepsin 
(10). The optimal bile salt concentration for activity is around 2 
mmole-liter-' (9, lo), which is within the physiologic range found 
in the newborn (2, 5) and bile salts also protect the enzyme from 
tryptic inactivation (10). 

In a previous paper (9) we described a procedure for the assay 
of the bile-salt-stimulated lipase activity using human milk as both 
the source of enzyme and substrate, and reported some properties 
of this enzyme and its nutritional implications. We now report 
some additional studies which suggest that in human milk, the 
bile-salt-stimulated lipase forms a close relationship not only with 
its substrate but also with other components of milk that may 
regulate its activity. 

SUBJECTS AND METHODS 

Subjects. In total, 59 samples of human milk were collected 
from 24 women from the 2nd day to the 72nd wk postpartum. 


	Ontogeny of Hepatic Peroxisomal Uricase Activity in the Mongrel Puppy
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES AND NOTES


