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Effect of F u r o s e m i d e  on A m i n o p e p t i d a s e  Act iv i ty  in the Rat  Kidney  and Ur ine  ~ 

Many inves t iga tors  ~ have  d e m o n s t r a t e d  t h a t  in t he  
r a t  by  inject ions of furosemide  3 (4-chloro-N(2-furyl-  
methy l ) -5-su l famoyl -an thran i l i c  acid) t he  excre t ion  of 
water ,  sodium and  chloride is marked ly  increased.  Clear- 
ance and mic ropunc tu re  s tudies  indica te  t h a t  the re  is an 
effect  of t he  an thran i l ic  acid der iva te  on the  ac t iv i ty  of 
the  reabsorp t ion  mechan i sm in the  p rox ima l  tubule  and  
in t he  ascending  l imb of Henle ' s  loop4vL As has  been  
shown in t he  ra t  and  dog kidney,  furosemide  is excre ted  
in t he  p rox imal  tubuleS, 9. In  expe r imen t s  using th is  
com pound  in a h igh  dosage, l ight  microscopic  invest iga-  
t ions  revealed tubu la r  a l te ra t ions  in t he  r a t  k idney  
main ly  in t he  outer  s t r ipe  of medul la  1~ To de t e rmine  
whe the r  these  tubu la r  changes  a f te r  furosemide  applica-  
t ion  occur in response  to  induced  diuresis w i th  wa te r  and  
electrolyte  depr iva t ion  or to  a d i rect  epi thel ia l  effect,  
a ry lamidase  ac t iv i ty  in urine was  examined  in com- 
par ison wi th  h i s tochemica l  s ta in ing of aminopept idase .  
The m a s u r e m e n t  and  demons t r a t i on  of these  enzymes  
are accepted  to  be sensi t ive  m e t h o d s  for de tec t ion  of 
renal  d a m a g e l l - l L  

Material  and methods. 63 male  and  37 female Wis ta r  
ra ts  (200-250 g) were used. The an imals  were housed  in 
metabol ic  cages wi th  free access to  water .  Ur ine  was col- 
lected twice  dai ly  in 12 h samples.  K idneys  were r emoved  
i n  e ther -anes thes ia  a t  var ious  hours  af ter  i.p. in jec t ion  
of furosemide (10-100 mg/kg  b o d y  wt.).  Tissue blocks 
of 2-3 m m  th ickness  were frozen in CO, and  sec t ioned 
a t  5 ~ in a c ryos ta t .  The s ta in ing  of aminopep t idase  was  
per fo rmed  by  t h e  m e t h o d  of NACHLAS et al. ~6 wi th  
L- leucyl-f l -naphthylamine;  t he  ac t iv i ty  of a ry lamidase  in 
non-d ia lysed  urine was de t e rmined  wi th  a t e s tk i t  '13oeh- 
r inger '  for L-leucyl-p-nitroanil ide.  The enzyme  ac t iv i ty  
in urine is expressed in mil l iunits  (mU) per  12 or 24 h. 
HANSON et  al. '7 d e m o n s t r a t e d  t h a t  t he  ac t iv i ty  of a 
pa r t i c le -bound  aminopep t idase  (arylamidase) de t e rmined  
b y  L-leucyl-f l -naphthylamine and  by  L-leucyl-p-nitro- 
anilide differs kinet ical ly  f rom t rue  leuc inaminopept idase .  
His tochemica l ly  there  is a group of 3 or 4 aminopep t idases  
spl i t t ing  L-leucyl-f l -naphthylamine 18, ~. The h is tochemica l  
reac t ion  is ve ry  sensi t ive (10 -9 ~moles/h  hydro lyzed  sub- 
s t rate)  ,0. 

.Results. In  the  ra t  k idney  the  aminopep t idase  is 
ma in ly  confined to  the  cortex.  The p rox imal  tubules  show 
a high, t he  dis ta l  tubules  only  a sl ight  ac t iv i ty  (Figure 1, 
left  part) .  S ta in ing is more  in tense  in t he  s t r a igh t  por-  
t ions  of p rox ima l  tubu les .  In  all pa r t s  of t he  p rox imal  
tubule  2 zones in the  cell reac t  p r e d o m i n a n t l y :  t he  b rush  
border  and  the  basal  p a r t  ad jacen t  to the  nucleus. In  
con t r a s t  to male  ra t s  the  enzyme ac t iv i ty  in female  ra t s  
is ve ry  high and  of ten  obscurs  t he  t ubu la r  lumen.  The 
glomeruli  and  the  ascending l imbs  of Henle ' s  loop exh ib i t  
only  a sparse enzyme  act iv i ty .  As shown a t  t he  r ight  

p a r t  of Figure 1 ( represent ing h is tochemica l  changes  
induced  by  an i.p. b o d y  in jec t ion  of 50 mg furosemide/kg  
body  wt.) the re  is a diffuse d iminu t ion  of aminopep t idase  
ac t iv i ty  in all pa r t s  of the  p ro x i ma l  tubules  In  all slides 
f rom kidneys  r emoved  96 h af ter  t he  same dose of furo- 
semide,  t he  charac ter i s t ic  p a t t e r n  of t he  loss  of enzyme 
ac t iv i ty  is absent .  The enzyme ac t iv i ty  of the  brush-  
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Fig. 2. Arylamidase activity in 24 h urine of male rats after applica- 
tion of several doses of furosemide. 
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Samples Arylamidase activity (mU) 
Control 1 • 50 mg 

furosemide 
per kg body wt, 

Urine volume (ml) Osmolarity (mosm/L) 
Control 1 • 50 mg Control 1 • 50 mg 

furosemide furosemide 
per kg body wt. per kg body wt. 

(a) 12 h (night) 91.80 ~ 8.84 a 410.11 4- 97.39 
(n=27) (n=9)  
p = < 0.001 

(b) 12 h (day) 47.58 4- 3.10 127.13 :t: 10.22 
(n = 27) (n = 9) 
p = < 0.001 

10.33 i 1.26 13.83 ~ 1.12 652.01 -t- 52.77 524.44 ~ 43.31 
(n = 27) (n = 9) (n = 27) (n = 9) 
n.s. n.s. 

3.75 i 0.85 5.53 -4- 1 .52  1278.57 =l= 80.28 1125.33 -4- 112.40 
(n = 27) (n = 9) (n = 27) (n = 9) 
n.s. n.s. 

SEM. 
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24 h after 50 mg furosemide/kg body wt. Control 

Fig. 1. Male rat kidney (15 min incubation time). Outer stripe of renal medulla. • 160. 

border  and the  basal  par ts  of p rox ima l  tubu la r  cells in 
kidneys r emoved  1 h af ter  in ject ion of a single dose 
furosemide (i.e. 10 mg /kg  body  wt.) is a l ready marked ly  
diminished.  Lightmicroscopica l ly  no tubu la r  a l tera t ions  
were obta ined  under  these condit ions ]~ 

The  Table  demons t ra tes  a s ignif icant  increase of aryl-  
amidase  ac t iv i ty  in the  urine of male  rats  fol lowing a 
single dose of 50 mg furosemide/kg body  wt.  F igure  2 
shows a rising of the  ary lamidase  ac t i v i t y  in the  urine 
due to va ry ing  doses of furosemide ranging f rom 10 to 
100 mg/kg  body  wt. I t  is r emarkab le  t h a t  in the  kidneys  
of female  rats  the  h is tochemical  changes are ve ry  l ight  
and occur only in spots  in the  outer  str ipe of the  medul la  
compared  to the  results  in the  kidneys of the  males. 
There  is a d iminu t ion  of enzyme ac t iv i ty  only in some 
s t ra ight  por t ions  of the  p rox imal  tubules.  No signif icant  
e levat ion of a ry lamidase  ac t iv i ty  in urine could be 
detected,  despite repea ted  massive  doses of furosemide 
(up to 100 mg/kg  body  wt.). In  all  cases there  is a con- 
spicuous his tochemical  and b iochemical  difference be- 
tween the  kidneys  of the  male  and female  rats. 

Discussion. In  cont ras t  to our histological  experiences 10, 
even  a single low dose of furosemide is able  to change 
the  a ry lamidase  ac t iv i ty  in the  ra t  k idney  and urine. 
This fact  and the  possibi l i ty  to observe h is tochemical  
changes ear ly  dur ing the  furosemide- induced diuret ic  
phase indicate  a direct  effect of this  compound  on the  
p rox imal  tubu la r  cells. Elect ron-microscopical  studies 
concerning tubu la r  a l terat ions induced by  furosemide 
suppor t  this conclusion 14. Fu r the rmore  the  l inear i ty  be- 

tween the  dose of furosemide and the  q u a n t i t y  of excre ted  
arylamidase  refers to augmen ta t ion  of t ubu la r  lesions 
following enhanced furosemide applicat ion.  In  accordance 
wi th  these results an increased aminopept idase  excret ion 
in urine of m a n  dur ing furosemide diuresis was repor ted  
recent ly  21. I t  is concluded t h a t  increased ur ine a ry lamidase  
ac t iv i ty  in furosemide t rea ted  pa t ien ts  or  animals  m a y  
be caused only by  thd anthrani l ic  acid der iva te  and not  
by  tubu la r  damage  due to renal  diseases 22, 23. 

Zusctmmen/assung. Histochemische  und biochemische 
Unte rsuchungen  des Verhal tens  yon AminoPept idasen  
IlaCh Furosemidgabe  zeigen einen Abfal l  bzw. Anst ieg 
der Enzymak t iv i t i i t en  in Nierenschni t ten  und im Urin  
von  miinnlichen Wis ta r -Ra t t en .  Die Resu l ta te  weisen auf 
eine direkte,  Furosemid- induzier te  reversible Epi the l -  
sch~idigung im prox imalen  Tubulus  hin. Un te r  gleichen 
Bedingungen sind entsprechende Befunde  bet  weibl ichen 
W i s t a r - R a t t e n  nicht  zu erheben. 
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