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Variation of Urinary Enzymes N-AcetyI-Beta- 
Glucosaminidase, Alanine-Aminopeptidase, and Lysozyme 

in Patients Receiving Radio-Contrast Agents 
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A urinary enzyme pattern consisting of two lysosomal enzymes, 
N-acetyl-beta-glucosaminidase and lysozyme, and one enzyme 
originating from kidney tubular brush border membrane, alanine- 
aminopeptidase, were studied in 30 patients undergoing intravenous 
urography and arteriography. N-acetyl-beta-glucosaminidase and 
iysozyme showed the greatest diagnostic sensitivity and were still 
abnormal on the fifth day after the administration of radio contrast 
agent. The results, which are statistically significant (Student's t test), 
suggest that radio-contrast agents are potentially nephotoxic. 
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We studied a pat tern  of ur inary enzymes in patients 
subjected to intravenous urography and arter iography 
to test  the potential  nephrotoxicity of radio-contrast 
agents. The enzyme pat tern  selected for this purpose 
included two lysosomal enzymes: N-acetyl-beta-gluco- 
saminidase (NAG) (EC 3.2.1.30) and lysozyme (EC 
3.2.1.17) and one enzyme, alanine aminopeptidase (AAP) 
(EC 3.4.11.2) which is an integral part  of the brush 
border membrane  of the proximal tubular  epithelium. 

M a t e r i a l s  a n d  M e t h o d s  

M any compounds affect the kidney. About 80 
nephrotoxic agents are listed by Muehreke (1), the 

majority of which damage the proximal convoluted 
tubule. The region of the nephron is part icularly vul- 
nerable because 75% of the filtered water  is re-absorbed 
in this segment. The result ing concentration, coupled 
with the high blood flow through the kidney, makes it 
particularly vulnerable to toxic attack. 

Some materials  are avidly taken  up and may be stored 
in the lysosome or bound to endogenous protein (cad- 
mium). Others are trapped in the glomerular filter, or 
glomerular damage may result  from metabolic inter- 
ferences. All these events cause the loss of cellular 
enzymes into the urine, but  the ur inary  enzyme content 
will vary  with the type and severity of the damage. 

The study of ur inary  enzymes as diagnostic indicators 
has received little at tent ion compared to tha t  given to 
serum enzymes. The principal reason for the slow devel- 
opment of this field is the difficulty involved in the assay 
of enzymes in a fluid which varies in volume, composi- 
tion and which is a hostile environment  for many  
enzymes. The overcoming of technical problems e.g., the 
removal of interfering substances by appropriate prepa- 
ration of urine before enzyme analysis facilitates the 
application of u r inary  enzyme determinations as a diag- 
nostic tool (2, 3). Changes in ur inary  enzyme output  
reliably reflect discrete and otherwise undetectable 
kidney damage. The simultaneous determinat ion of 
several enzymes of different in t rarenal  and intra- 
cellular origin may allow inferences on the na ture  and 
localisation of renal  damage (4). 
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Thir ty  hospitalized patients with an average age of 46 
years  (range 32-54 years) were studied, including 20 
pat ients  with obstructive ar ter iopathy and 10 with 
renal  calculi. Pat ients  with obstructive ar ter iopathy 
had obstructions in the abdominal aorta (n = 6), in the 
subclavian ar tery  (n = 2), in the carotid ar tery  (n = 4), 
and in the femoral ar tery  (n = 8). No patients were 
diabetic and all had normal renal  function with no pro- 
teinuria,  negative ur inary  bacteriological examination,  
and creatinine clearance of 1.53 +_ 0.13 mL/s. All the 
patients  had serum creatinine lower than 106 ~mol/L. 
Serum and ur inary  creat inine were measured on an 
auto-analyzer (Technicon Corp., Tarrytown, NY 10591) 
by the technique of Chasson et al. (5). 

Ur inary  levels of NAG, AAP, and lysozyme were 
determined on 24-h urine collections before, and in the 
successive five days, after x-ray analysis. Contrast  
media used for ar ter iography and urography were: 
Renografin* and Isopaque#, respectively. Character-  
istics and procedure of analysis are reported in Table 1. 

Reagents were obtained from Sigma Chemical Co., 
St. Louis, MO (USA). 

ENZYME ASSAY 

Alanine-aminopeptidase activity was measured with 
L-alanine-4-nitroanilide as substrate by monitoring the 
increase of absorbance due to release of 4-nitroaniline 
catalyzed by alanine-aminopeptidase activity for 2 min 
according the method of Jung  and Scholz (6) at 410 nm 
and 37°C. 

N-acetyl-beta-glucosaminidase was determined with 
p-nitrophenyl-N-acetyl-~-D-glucosaminide as sub- 
s t ra te  by monitoring the increase of absorbance due to 

*Renografin diatrizoate meglumine and sodium. 
tIsopaque metrizoate sodium. 
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TABLE 1 
Choice and Volume of Media 

Concentration Volume 
Procedure Site of Injection Media (%) (mL) 

Arteriography 
Carotid Carotid artery Renografin 60 4-12 
Femoral Femoral artery Renografin 60 15 
Subclavian Subclavian artery Renografin 60 15 
Aorta abdominal Aorta Renografin 76 55 

Urography Brachial vein Isopaque 60 20 
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Figure 1- -NAG,  AAP, and lysozyme before and after 
arteriography. Enzyme activity is expressed in U/g creatinine 
for NAG and AAP and in ~g/mL urine for lysozyme. The arrow 
indicates uptake of radio contrast agent, p value after one day 
is less than 0.01. Normal range: AAP 0-7 U/g creatinine; 
NAG 0-4 U/g creatinine; Lysozyme 0-2 ~m/mL. 
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Figure 2 -- NAG, AAP, and lysozyme before and after urogra- 
phy. Enzyme activity is expressed in U/g creatinine for NAG 
and AAP and in ~g/mL of urine for lysozyme. The arrow 
indicates uptake of radio contrast agent, p value after one day 
is less than <0.01. Normal range: AAP 0-7 U/g creatinine; 
NAG 0-4  U/g creatinine; Lysozyme 0-2 ~g/mL. 

release of p-ni trophenol  according the method of 
Gressner  and Roebruck (7) a t  405 nm and 37°C. 

Lysozyme was determined according the method of 
Prockop and Davidson(8). The statistical analysis  was 
performed by Student 's  t test. 

R e s u l t s  

Figure i shows the act ivi ty of AAP, NAG, and ly- 
sozyme in 24-h ur ine  samples  before and in the suc- 
cessive five days af ter  ar ter iography.  A significant 
(p < 0.01) increase in the act ivi ty of all enzymes is 
visible in the  first  day. 

The act ivi ty of all enzymes rapidly increases af ter  
adminis t ra t ion  of radio-contrast  agent,  then  the h igh  
values decrease slowly and differently for each enzyme. 
NAG shows the most  abnormal  deviation, while AAP is 
the only enzyme tha t  re tu rns  to the normal  range  after  
five days. 

In pat ients  undergoing ar ter iography of the abdomi- 
nal aor ta  the increase was most  pronounced. This fact 
seems to be related to the higher  dose of contrast  
med ium administered.  No significant differences were 
observed between other patients.  

Pro te inur ia  appeared after ar ter iography in two 
pat ien ts  and disappeared within five days. 

Figure  2 shows the activity of NAG, AAP, and 
lysozyme after  urography.  In this case, there  is a rapid 
and significant (p < 0.01) increase in activity of all 
enzymes after  adminis t ra t ion  of radio-contrast  agent,  
but  levels are lower than  in ar ter iography.  The 
behaviour  of the three  enzymes is quite s imilar  with 
pronounced decrease of all enzymes in successive days 
af ter  investigation.  

One pa t ien t  showed prote inur ia  after  urography but  
it d isappeared within  three days. 

No significant var ia t ion  of se rum crea t imne was 
observed af ter  a r te r iography and urography.  

D i s c u s s i o n  

The effect of contrast  media  on the kidney ha~ been 
studied in modera te  detail. Some years  ago, Idbohrn and 
Berg (9) demonst ra ted  tha t  renal  damage  could be pro- 
duced by the injection of Diodrast  into the abdominal  
aor ta  obstructed below the renal  arteries.  

The damage  produced was variable.  In  some in- 
stances, the ent i re  kidney was involved; in others, 
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small areas of the kidney were affected. In subsequent 
studies these investigators demonstrated that  Hypaque 
and Renografin were significantly less noxious and 
indeed, produced no demonstrable renal damage (10). 
To this end, it must  be pointed out that  one of the charac- 
teristics of the kidney is its ability to compensate for 
damage and for this reason classical function tests are 
insensitive, since they deviate when there is a large 
reduction in effective nephron mass. 

Another approach is to assay enzymes which are 
markers for different subcellutar compartments. Both 
the amount  and pat tern of enzyme activities can give 
valuable information regarding the type, extent, and 
severity of renal disease (11,12). 

Our results confirm the great  sensitivity of ur inary  
enzymes for the detection of renal damage and suggest 
that radio-contrast agents are potentially nephrotoxic. 
All the enzymes studied were elevated in the majority of 
patients after x-ray analysis. The assay of NAG appears 
to be the most effective test and is preferable to lysozyme 
and AAP also because NAG is more stable in urine and 
is present in higher concentrations in the kidney. 
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