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There is  p r e s e n t l y  a great  deal of i n f o r m a t i o n  
suggest ing t ha t  exposure to cadmium both in the indus-  
t r i a l  and general environment r e s u l t s  in human t o x i c i t y  
( c f .  F r ibe rg  e__t_t a l . ,  1971). However, the mechanism 
of cadmium induced renal damage and the development 
of b iochemical  t e s t s  r e f l e c t i n g  the onset and s e v e r i t y  
of t ha t  damage have not been worked out .  His tochemical  
s tud ies  on the d i s t r i b u t i o n  of enzymes in the k idney 
have shown tha t  s p e c i f i c  s t r u c t u r e s  of the renal neph- 
tons are r i c h  in acid phosphatase, a l k a l i n e  phosphatase, 
g lu tamic  o x o l o a c e t i c  t ransaminase,  carbonic  anhydrase 
and l a c t i c  dehydrogenase (Wachisten,  1955; Bont ing e__tt 
a l . ,  1960; Pol lak  and Mat tenheimer,  1962: Mat tenheimer,  
I~68) .  Cadmium-induced renal damage may cause the re- 
lease of these enzymes i n t o  the u r ine  (Nomiyama et a l . ,  
1973). 

The enzyme $-g lu tamyl  t r anspep t i dase  (GT) is pre- 
sent in va r ious  t i s sues  of the body, but the h ighes t  ac- 
t i v i t y  is  found in the k idney ( A l b e r t  et a l . ,  1961), 
Large changes in serum a c t i v i t y  of  GT have, however, 
been noted in c e r t a i n  diseases of the l i v e r  (Szczek l i k  
et a l . ,  1961; Zein and Discombe, 1970), 

Evidence has shown tha t  acute and d e s t r u c t i v e  
diseases of the urorenal  system r e s u l t s  in increased 
a c t i v i t y  of  GT in u r i ne .  Chronic d iseases produce s i g -  
n i f i c a n t l y  reduced a c t i v i t y  (Levy and Dubach, 1972). 

I t  has been pos tu la ted  t ha t  when the k idneybecomes 
sa tu ra ted  w i th  cadmium, r e - a b s o r p t i o n  decreases and tu -  
bu lar  p r o t e i n u r i a  appears. 

The o b j e c t i v e s  of t h i s  i n v e s t i g a t i o n  were to study 
the e f f e c t s  of cadmium t o x i c i t y  on the k idney at chro- 
n ic and acute dosing and to determine whether there is  
a re lease of the t u b u l a r  enzyme GT i n to  the u r i ne .  
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MATERIALS AND METHODS 

Male Sprague Dawley r a t s  (225 -250  g) were d i v i d e d  
i n t o  f i v e  g r o u p s ,  f o u r  r a t s  per  g roup .  One c o n t r o l  
group was g i v e n  3 s u b c u t a n e o u s  ( s c )  i n j e c t i o n s  per  
week, f o r  f o u r  weeks,  o f  200 ul  s t e r i l e ,  i s o t o n i c  sa-  
l i n e .  Two groups  were a c u t e l y  dosed:  h i g h  acu te  dose 
was a s i n g l e  sc i n j e c t i o n  9 mg Cd/kg body w e i g h t ;  low 
acu te  dose was 3 mg Cd/kg body w e i g h t .  Two groups  were 
c h r o n i c a l l y  dosed,  3 t imes  per  week f o r  f o u r  weeks:  
h i g h  c h r o n i c  dose was 0 .75  mg Cd/kg body w e i g h t ,  low 
c h r o n i c  dose was 0 .25 mg Cd/kg body w e i g h t .  A l l  a n i -  
mals were s a c r i f i c e d  a t  4 weeks,  and the  k i d n e y s  re -  
moved f o r  meta l  a n a l y s i s .  

The c o n d i t i o n  o f  the  a n i m a l s  was e v a l u a t e d  d u r i n g  
the  cou rse  o f  t r e a t m e n t  by the  f o l l o w i n g  measurements ;  
t o t a l  body w e i g h t ,  8 hour  u r i n e  c o l l e c t i o n  e v e r y  3 days ,  
GT a c t i v i t y  in  u r i n e ,  and t o t a l  u r i n a r y  p r o t e i n  ex -  
c r e t i o n .  Every  t h i r d  day u r i n e  samples were c o l l e c t e d  
in  c o l d  (2 -4  ~ ) v i a l s  f o r  e i g h t  hours  f rom r a t s  i n d i -  
v i d u a l l y  housed in  m e t a b o l i c  cages.  The volume o f  
u r i n e  c o l l e c t e d  was r e c o r d e d .  U r i n e  samples were 
c e n t r i f u g e d  a t  l lOOxg  f o r  ten  m i n u t e s  to remove c e l l u -  
l a r  d e b r i s  and d i a l y z e d  w i t h  3 changes o f  c o l d  d e i o n i z e d  
wa te r  f o r  16 h o u r s .  T o t a l  a c i d  i n s o l u b l e  p r o t e i n  e x c r e -  
ted was measured by a m o d i f i e d  Lowry method (Layne ,  1957) .  
GT was assayed u s i n g  the  method o f  Szasz ( 1 9 6 9 ) .  Cadmium 
a n a l y s i s  in  u r i n e ,  and cadmium and z i n c  a n a l y s i s  o f  k i d -  
ney were done a c c o r d i n g  to  the  method o f  H i n n e r s  e t  a l .  
( 1 9 7 5 ) .  

RESULTS AND DISCUSSION 

The d o s i n g  reg imen was e s t a b l i s h e d  in  such a way 
t h a t  a f t e r  f o u r  weeks,  the  low c h r o n i c  group had re -  
c e i v e d  abou t  the  same t o t a l  amount o f  cadmium as 
the  low acu te  g r o u p ,  and the  h i g h  c h r o n i c  group r e -  
c e i v e d  abou t  the  same t o t a l  amount o f  cadmium as the  
h igh  acu te  g roup .  Tab le  1 summar izes the  meta l  accu -  
m u l a t i o n  d a t a .  K idney  cadmium c o n c e n t r a t i o n s  in  the  
a c u t e l y  dosed a n i m a l s  reached h i g h e r  l e v e l s  than in  
the  c o r r e s p o n d i n g  c h r o n i c a l l y  dosed g r o u p s .  Z inc  
l e v e l s  remained e s s e n t i a l l y  the  same f o r  a l l  dosed 
g r o u p s .  Cadmium l e v e l s  in  u r i n e ,  f o r  a l l  g r o u p s ,  
t h r o u g h o u t  the  e x p e r i m e n t ,  were l e s s  than  0 .05  u g / m l .  
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1 TABLE 1 Metal Accumulation in Kidneys 

Total Cd Total Cd 
In jected Accumulated [Cd] [Zn] 

Group mg mg ug/g ug/g 

Control . . . .  < l .5+l  17.8+I.0 
Low Chronic .92 .07+.02 22.3u 24.5u 
High Chronic 2.72 .21+.04 62.8~14.6 26.851.7 
Low Acute 1.04 .11u 33,7u 28.052.7 
High Acute 3.20 .26T.05 91.358.2 29.3u 

Means + Standard deviat ion 

Figure 1 shows the di f ferences in body weight gain for  
a l l  groups. 
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Fig. l ,  Weight gain of animals as a funct ion of weeks 
a f te r  onset of the experiment. Values are 
expressed as a per cent of the control  for  
that week. Numbers in brackets represent 
standard dev iat ions.  

Both acutely dosed groups gained s u b s t a n t i a l l y  less 
weight than the ch ron ica l l y  dosed goups. The l a t t e r  
showed normal gains when compared to contro ls (p<O.05). 
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Figure 2 shows t o t a l  u r i n a r y  p r o t e i n  ou tput  fo r  
24 hr pe r iods .  Acu te l y  exposed animals showed g r e a t l y  
depressed p r o t e i n  e x c r e t i o n  f o r  a l l  days measured. 
C h r o n i c a l l y  exposed animals showed e s s e n t i a l l y  the 
same p r o t e i n  e x c r e t i o n  as con t ro l  animals.  Ur ine 
volumes fo r  a l l  exposed groups ranged between 70 and 
150 per cent of  con t ro l  volumes. Sca t te r  and standard 
d e v i a t i o n s  in the data were such tha t  we observed no 
s i g n i f i c a n t  (p<O.05) changes in u r ine  volume, when 
compared to c o n t r o l s .  
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Fig.  2. Total  u r i n a r y  p r o t e i n  excre ted as a f u n c t i o n  
of days of exposure. Values are expressed 
as a per cent of  the con t ro l  f o r  t ha t  day. 

Normal p r o t e i n u r i a  in male mice o r i g i n a t e s  mainly 
from the p roduc t ion  of t es tos te rone-dependen t  low mole- 
cu la r  weight  p r o t e i n s  in the l i v e r  and the e x c r e t i o n  of 
these p ro te i ns  through the k idney (F in layson et a l . ,  
1968; Thung, 1956; Reuter et a l . ,  1968). 

The s i g n i f i c a n t  decrease in e x c r e t i o n  of u r i n a r y  
p r o t e i n  by acu te l y  dosed animals may be caused (Nord- 
berg, unpubl ished o b s e r v a t i o n )  by cadmium accumulat ion 
in and around the wa l l s  of  the c a p i l l a r i e s  in the i n -  
t e r s t i t i a l  t i s s u e  of the t e s t i c l e s .  An e f f e c t  on 
t e s t o s t e r o n e  p roduc t ion  of the Leydig c e l l s  could the re -  
by r e s u l t  in decreased u r i n a r y  e x c r e t i o n .  A decrease 
in u r i n a r y  p r o t e i n  e x c r e t i o n  could also be a t t r i b u t e d  
to a decrease in p r o t e i n  consumption. 
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U r i n a r y  GT l e v e l s  are p resen ted  in F ig .  3. Acu te -  
l y  dosed an imals  show s i g n i f i c a n t  decreases from day 3 
to day 21. C h r o n i c a l l y  dosed an imals  a lso  show d i -  
m in ished  GT l e v e l s  a f t e r  day 7. The decrease in  u r i -  
nary  amounts o f  GT may be due to processes caus ing  
changes s i m i l a r  to c h r o n i c  k idney  d e g e n e r a t i v e  d i seases  
(Levy and Dubach, 1972) .  A l t e r n a t i v e l y  t he re  may have 
been a decrease in p r o t e i n  consumpt ion or a b s o r p t i o n  
r e s u l t i n g  in a change in amino ac id  t r a n s p o r t  r e q u i r e -  
ment by the k idney  ( M e i s t e r ,  1973).  A decreased need 
f o r  GT might  ensue. 
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F ig .  3. GT Leve ls  in  u r i n e  as a f u n c t i o n  o f  days 
a f t e r  onset  o f  the e x p e r i m e n t .  Values are 
expressed as a per cent  o f  the c o n t r o l  
va lue  f o r  t h a t  day. 

GT, a l t hough  h i g h l y  c o n c e n t r a t e d  in the k i d n e y ,  show- 
ed on ly  small  changes du r i ng  t h i s  4 week i n v e s t i g a t i o n .  
I f  the d u r a t i o n  o f  exposure were i nc reased  one might  see 
g r e a t e r  changes in e x c r e t i o n  o f  the p r o t e i n .  The hypo th -  
e s i s  o f  d o s e - l e v e l  and response of  the k idney  to  cadmium 
could  be more c o n c l u s i v e l y  e v a l u a t e d .  The data p resen ted  
here are c o n s i s t e n t  w i t h  minimal d e s t r u c t i o n  o f  rena l  
t u b u l e s  du r i ng  the 4 weeks o f  exposure a t  the c h r o n i c  
and acute l e v e l .  
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