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-4 Non-Competitive fl-Glucuronidase Inhibitor in Rabbit Urine." (26628) 

GAYLORD JI. CONZELMAN, JH., AND DAMEL W. CROUT 
(Introduced by L. H. Schmidt) 

The Christ Hospital Institute of .Ilrdiral Research, Cincinnati, Ohio 

It has been suggested by Boyland( 1) that 
urinary glucuronidase may be an important 
factor in induction of bladder cancer by cer- 
tain aromatic amines. According to this con- 
cept, non-carcinogenic glucuronic acid con ju- 
gates of 2-amino-l-naphthol might be hy- 
drolyzed by glucuronidase in the bladder to 
yield the carcinogenic 2-amiiio- 1 -naphthol 
(2) 

I n  an investigation of the relationship of 
2-naphthylamine metabolism to bladder tu- 
mor induction, urinary P-glucuronidase has 
been assayed in various species by the meth- 
od of Boyland et d ( 3 ) .  These determina- 
tions revealed marked variations in p-glu- 
curonidase levels of various species. An un- 
expected finding was the apparent absence 
of this enzyme in urine obtained from several 
kinds of rabbits ( 4 ) .  Subsequent experiments 
showed. however, that rabbit urinv did con- 
tain p-glucuronidase and that the enzyme 
could be precipitated from urine with ammo- 

*This project was supported in part by a gift 
--- - 

from the Jacob G. Schmidlapp Memorial Fund. 

nium sulfate. The failure to demonstrate 
p-glucuronidase activity in whole urine was 
due to the presence of inhibitory materials. 
Similar investigations indicated that glu- 
curonidase inhibitors were also present in 
urine of man, dog, rhesus monkey, mouse and 
rat (4). These observations confirm and ex- 
tend the findings of Abul-Fadl( 5)  and Lewis 
and Plaice (6) who demonstrated p-glucu- 
ronidase inhibitors in human urines. The 
present report deals with the partial charac- 
terization of the /3-glucuronidase inhibitor (s) 
in rabbit urine. 

-4laterinls and nzefhods. Two mzle and 2 
female rabbits, inbred animals from a tuber- 
culosis-resistant race,+ were used for this 
study. They were maintained on a diet of 
I'urina Rabbit Pellets with water ad libitum. 

During experimental periods the animals 
were housed in metabolisin cages equipped 
with stainless steel funnels; urine was col- 
lect ed in to iced vessels, without preservative, 

t We are indebted to Dr. Max Lurie, Henry 
Phipps Inst. for the gift of these animals. 

- - -_-_____ 
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FIG. 1. Reduction in glucuronidase-inhibitor content of rabbit urine after varying periods of 
dialysis. 

FIG. 2. Non-competitive inhibition of p-glucuronidase by rabbit urine dialysate. Reciprocal of 
initial velocity is plotted against reciprocal of phenolphthalein glucuronide concentration. Velocity 
expressed as micrograms of phenolphthalein liberated per ml per hour. Reaction mixtures contained 
0.2 ml 0.2 M acetate buffer (pH 4.5), 0.2 ml enzyme solution and phenolphthalein glucuronic acid 
in concentrations varying from 3.125 X 10” to 1.0 X lo3 M in a total vol. of 0.6 ml. Curve A 
(.-a), obtained in absence in inhibitor; Curve B (0-O), obtained in presence of 0.2 ml 
1:s dilution rabbit urine dialysate; Curve C (X-X), obtained in presence of 0.2 ml of 1:2 
dilution rabbit urine dialysate. 

FIG. 3 .  Relationship of reaction velocity (v) to p-glucuronidase concentration in presence and 
absence of urinary inhibitor. Velocity expressed as micrograms of phenolphthalein liberated per ml 
per hour from 0.4 mM phenolphthalein glucuronide at  pH 4.5. Inhibitor concentration: 0-0, 
nil; 0-0, 1:3 dilution of rabbit urine dialysate. 

for 24-huur periods. This chilled urine was 
used within a few hours after collection. 

P-glucuronidase activity was determined 
by a slight modification of the method of 
Boyland et al. ( 3 ) ,  using phenolphthalein glu- 
curonic acid$ as substrate and either Keto- 
dase or Worthington P-glucurunidase as en- 
zyme source. Unless otherwise indicated, the 
reaction was carried out at 37°C in 0.2 M 
acetate buffer, pH 4.5, with appropriate con- 
trol and reagent blanks. The action of the 
enzyme was halted by addition of 10% so- 
dium carbonate solution and glycine buffer, 
pH 10.6, and the reaction mixture clarified 
by centrifugation at 1600 x g for 15 min- 
utes. The amount of Phenolphthalein liber- 
ated was determined in a Klett-Summerson 
Colorimeter, using a No. 54 filter. 

The mucoprotein fraction of urine was iso- 
lated from pooled 24-hour specimens of rab- 
bit urine by the method of Anderson and 
Maclagan ( 7 )  and showed a typical diphenyl- 
amine reaction. I t  was diissolved in either 
acetate buffer, pH 4.5, or in a “synthetic 

$ Sigma Chemical Co. 

urine,’’ which contained inorganic ions and 
organic compounds at  concentrations corre- 
sponding to those found in normal urine. 

For the dialysis studies, urine samples 
were placed in cellulose tubing and were 
dialyzed at 4OC for 24 hours against running 
distilled water. 

Results and discussion. The anti-glucu- 
ronidase activity of rabbit urine can be re- 
duced but not eliminated by dialysis against 
cold running distilled water (Fig. 1). The 
loss of diffusible inhibitory material proceeds 
fairly rapidly during the first 8 hours of 
dialysis, then slows down markedly. The 
non-dialyzable fraction remaining after 48 
hours of dialysis represents 60% of the total 
inhibitor present in urine. 

Subjecting rabbit urine which had been 
dialyzed for 24 hours to autoclaving for 15 
min at 15 lb pressure had no effect on the ac- 
tivity of the non-dialyzable inhibitor, indicat- 
ing that i t  was heat-stable, but the ash from 
urine dialysates contained no glucuronidase 
inhibitors. This inhibitor therefore appears to 
bear a resemblance to the non-dialyzable, 
heat-stable, protein-like inhibitor (s) found 
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in plasma by Fishnian(8). and to an i i i X i -  

tar(  s) extracted from win= .  by .4bul-Fadl 
( 5 ) .  However. isolation of the mucoprotein 
fraction from rathit urine by benzclic acid 
precipitation ( 5 ) yielded a product which was 
devoid of anti-glucuronidase activity. 

Assay of the non-dialyzable. heat-stable 
inhibitor in rabbit urine a t  various pH levels 
indicates that it is active over a pH range 
from as low as 3.0 to approsinlately 6.0. with 
a maximum a t  pH 5 .5  (Table I ) .  Fuither- 
more, the results obtained in kinetic studies 
a3ree closely w:th those espxted  for pure 
non-competitive inhibition ( 9  ) . This was 
concluded from the following experiments. 

The reaction velocity of Ij-glucitronldase 
was determined without inhibitor and in the 
presence of rabbit urine dialysate a t  2 con- 
centrations (1:2 and 1:8) .  \\'hen the re- 
c:procsls of the reaction velocities ( 1  v )  are 
plotted against the reciprocals of substrate 
concentration ( l /S)  , curve A (control) inter- 
cepts the 1 /v axis at 0.13, corresponding to 
the liberation of 3.9 7 phenolphthzlein nil 
hr. The corresponding intercepts f:)r curve 
I3 (1:8 urine dialysate) and curw c' ( 1 : 2  
urine dialysate) were 0.18 and 0.25, equiva- 
lent to maximum velocities of 2.8 and 2.0 
y/ml/hr. The substrate concentration giving 
half maximum velocity ( K m ) .  which was 
unchanged by the presence of inhibitor, was 
8.7 X lo-: PI. 

To exclude the possibility of bbpseurlo-ir- 
reversible" inhibition, the test of Ackerman 
and Potter( 10) was applied (Fig. 3 ) .  The 
resulting curves, representing velocitj. o f  hy- 

drolysis as a function of glucurmidase con- 
cyntration, in presence and absence of a con- 
stant amount of inhibitor, were ind'icative of 
reversible in hi bi tion. 

These investigations indicate that the fail- 
iiw of rabbit urine to hydrolyze glucuronic 
sc;d conjugates is due not to absence of glu- 
curonidase, but to the presence of a glucu- 
ronidase inhibitor (s) which €unctions in a 
i;m-conipetitive fashion. They suggest that 
t:ie resistance of rabbits to bladder carcino- 
gens such as 2-naphthylamine may be at- 
t ributable to inhibition of urinary fi-glucu- 
ronidase. and the consequent inadequate hy- 
drolysis of 2 -amino- 1 -naphthyl glucuronide 
to  the carcinogen. 2-amino-1 -naphthol. 

Svmmar?. A heat-stable, nm-dialyzable 
inhibitor of p-glucuronidase is present in rab- 
bit urine. I t  is not associated with the muco- 
protein fraction of urine. Kinetic studies in- 
dic:rte the substance(s) functions as a non- 
cxnpetitive inhibitw, which combines revers- 
ibly wIth the enzyme. 
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