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Renal Succinic Dehydrogenase and Mercurial 
Diuretics 

I t  is genera l ly  agreed  t h a t  the  ac t ion  of  mercur ia l  
d iure t ics  is p r e d o m i n a n t l y  rena l  and  t h a t  ex t r a - r ena l  
fac tors  are  of no or  on ly  l i t t le  i m p o r t a n c e L  There  are  
however ,  conf l ic t ing  opinions  as to  w h e t h e r  t he  p rox ima l  
c o n v o l u t e d  tubu les  or  t he  more  d is ta l  s egmen t s  of the  
n ep h ro n  are ac ted  upon  by  these  drugs 2. 

Recen t ly ,  MUSTAKALLIO and  TELKK.~ h a v e  r epor t ed  
t h a t  N o v u r i t  (Medica) (Mercuphyl l ine  39-5%) when  
g iven  to  ra t s  in large doses, depresses  h i s tochemica t ly  
d e m o n s t r a b l e  dehydrogenase  ac t iv i ty ,  especia l ly  in t he  
cells of HENLE'S loop, w i th in  a few hours  3. These  in- 
ves t iga to r s  conc luded  t h a t  mercur ia l  d iure t ics  h a v e  a 
dis ta l  t u b u l a r  ac t ion.  T h e y  found,  however ,  no signi- 
f ican t  microscopic  changes  in t he  k idneys  of these  ra ts  4 
and  no a l t e ra t ion  in t he  s ta in ing  pa t t e rn  of h i s tochemi-  
ca l ly  d emons t r ab l e  su l fhyd ry l  groups 5. These  f indings 
are a t  va r i ance  wi th  obse rva t ions  by  WACHSTEIN and 
MEISEL 6 and by  RENNELS and  RUSKINL Using  mercu-  
h y d r i n  (Meral luride sod ium 39% Hg) as d iu re t i c  agen t  
we found  w i t h i n  a few hours  m a r k e d  r educ t ion  of suc- 
cinic dehydrogenase  a c t i v i t y  p r e d o m i n a n t l y  in t h e  te r -  
mina l  por t ions  of  t he  p r o x i m a l  convo lu t ions ,  and  none  
in HENLE'S Ioop. I n a c t i v a t i o n  of t he  e n z y m e  coinc ided  
wi th  and of ten  s o m e w h a t  preceded  t h e  ce l lu lar  necrosis 
which  regu la r ly  occurs  wi th in  a few hours  a f te r  a large 
dose of m e r c u h y d r i n .  

In  v iew of these  a p p a r e n t  differences in t he  resul ts  
ob t a ined  and  the  impor t ance  of t he  p roper  loca t ion  of 
t h e  d iure t ic  ac t ion  in t he  m a m m a l i a n  k idney ,  we wish 
to  r epor t  add i t i ona l  e x p e r i m e n t s  w i th  N o v u r i t ,  t he  
subs tance  used b y  the  F inn i sh  inves t iga tors .  

Y o u n g  male  a lb ino  ra t s  of t he  ~,Vistar s t ra in  weigh ing  
I50-220  g were  in j ec t ed  i n t r a m u s c u l a r l y  w i t h  N o v u r i t  
" M e d i c a "  (ob ta ined  t h r o u g h  the  cou r t e sy  of K.  K.  Mu-  
STAKALLIO) in doses of 20 and  40 mg  H g / k g  b o d y  weight .  
F resh  f rozen sect ions were  cu t  w i th  a Ser to r ius  micro-  
t o m e  a t  a th ickness  of 10-15 p and incuba t ed  for 1 or  2 h 
a t  37 ° C in a m i x t u r e  of t he  fo l lowing compos i t ion  s. 

0.2 % n e o t e t r a z o l i u m  . . . . . . . . . .  10 cm a 
0"2 M s o d i u m  succ ina te  . . . . . . . . .  10 cm a 
m/10  p h o s p h a t e  buffer ,  ph  7.4 . . . . . .  10 cm a 
0-33 M ca lc ium chlor ide  . . . . . . . . .  0.2 cm a 
0.6 M sod ium b ica rbona te  . . . . . . . .  2.0 c m  3 
Dis t i l led  w a t e r  . . . . . . . . . . . . .  5.8 cm a 

Tissue pieces were  also f ixed in formal in  and  p repa red  for 
rou t ine  hema toxy l in - eos in  sections.  

I n  t he  k idneys  of an imals  sacrif iced 2-6  h a f te r  
rece iv ing  20 or  40 mg  m e r c u r y  per  k i logram b o d y  weight ,  
t he  changes  in rou t ine  sect ions va r i ed  cons ide rab ly  in 
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d i f ferent  animals .  I n  some) no ev idence  of necrosis was  
not iced .  I n  mos t  ins tances ,  however ,  focal  a reas  of  
degene ra t i on  and  necrobios is  occur red  in cells  w i t h i n  t h e  
d i s ta l  po r t i on  of  t he  p r o x i m a l  convo lu t ions .  I n  a few 
an ima l s  t he  changes  were  more  severe.  In  k idneys  in 
which  no microscopic  d a m a g e  was de t ec t ed  on rou t ine  
sect ions,  t he  d i s t r ibu t ion  of h i s tochemica l ly  d e m o n -  
s t rab le  succinic  dehydrogenase  was no t  d i f fe ren t  f rom 
t h a t  obse rved  in the  n o r m a l  ra t  k idney .  W i t h i n  t he  inner  
cor t i ca l  zone,  t he  ascending  t h i ck  loops of HENLE con- 
t r a s t e d  sha rp ly  wi th  t he  less in tense ly  s ta ined,  s t ra igh t ,  
d i s ta l  po r t ions  of the  p r o x i m a l  c o n v o l u t e d  tubules .  T h i c k  
l imbs  of HENLE'S loop loca ted  in t h e  o u t e r  m e d u l l a r y  
zone p re sen ted  the  cha rac te r i s t i c  s t rong  s ta in ing  reac-  
t ion  (Fig. 1). In  some  of t h e  k idneys ,  however ,  i n w h i c h  
necro t ic  changes  were  seen in rou t ine  p repara t ions ,  
d i s t i nc t  d iminu t i on  of  e n z y m a t i c  a c t i v i t y  in por t ions  
of t he  p rox ima l  convo lu t ed  tubules  was noted .  

I n  al l  k idneys  of t he  an imals  sacrif iced af te r  24 h 
e x t e n s i v e  necrosis was found  in the  inner  cor t ica l  zone 
loca ted ,  as in t he  case wi th  inorganic  mercury ,  in t he  
d is ta l  po r t ion  of the  p r o x i m a l  c o n v o l u t e d  tubu le s  and  
occas iona l ly  e x t e n d i n g  in to  t he  more  p r o x i m a l  por t ions .  
I n  these  necro t ic  tubu les  succinic  dehydrogenase  was  
m a r k e d l y  r educed  and  of ten  c o m p l e t e l y  absent .  T h e r e  
was no d i m i n u t i o n  in t he  s ta in ing  reac t ion  of HENLE'S 
loops loca ted  in t he  inner  cor t ica l  zone and  in t h e  o u t e r  
m e d u l l a r y  zone (Fig, 2). 

One of the  a p p a r e n t  differences in t he  resul ts  be tween  
the  two  groups  of inves t iga to r s  us ing m e r c u h y d r i n  and  
N o v u r i t  r e spec t ive ly  is there fore  p robab ly  due to the  fac t  
t h a t  m e r c u h y d r i n  in the  large doses used induces  renal  
necrosis  regu la r ly  a t  a fas ter  r a t e  as c o m p a r e d  to  N o v u -  
ri t .  H o w e v e r ,  a f t e r  24 h no di f ference in t h e  ac t ion  of 
b o t h  drugs  can  be recognized,  a l t h o u g h  m e r c u h y d r i n  
causes  in genera l  more  e x t e n s i v e  necrosis.  Since succinic  
dehydrogenase  a c t i v i t y  d isappears  in necrobio t ic  cells  
regardless  of the  a g e n t  which has  caused  the  cc l lu tar  
d a m a g e  1, i t  is no t  surpr is ing  t h a t  th is  p h e n o m e n o n  is 
obse rved  a i ew hours  regu la r ly  wi th  m e r c u h y d r i n  and  
no t  in all  an imals  wi th  N o v u r i t .  Af t e r  24 h t he  ef fec t  of 
b o t h  drugs  was s imilar .  The re  was, however ,  no ap-  
prec iable  d iminu t i on  in e n z y m a t i c  a c t i v i t y  in a n y  of the  
s egmen t s  t h a t  could be iden t i f ied  as p a r t  o f  H~NLE'S 
loop. The  d i f f icu l ty  in iden t i fy ing  those  tubu les  which  
d id  show r e d u c t i o n  in e n z y m a t i c  ac{iv i ty  e n c o u n t e r e d  
b y  the  F inn i sh  workers  m i g h t  well  be  due to  thei r  use of 
c o m p a r a t i v e l y  th i ck  sections.  

I t  is a d m i t t e d l y  no t  easy  to iden t i fy  the  va r ious  
por t ions  of the  nephron,  pa r t i cu l a r ly  in those  in which  
cel lular  detai ls  are obscured  b y  deposi ts  of g ranu la r  dye.  
The  mos t  sa t i s fac to ry  t echn ique  for t he  loca l iza t ion  of 
func t iona l  processes in ce r ta in  par t s  of t he  rena l  t ubu le s  
consists  in the  isola t ion of single rena l  uni ts  2. Howeve r ,  
t he  app l i ca t ion  of th is  t e c h n i q u e  to  t issue segmen t s  
s t a ined  for unspecif ic  dehyd rogenase  was unsuccessful  
due  to  t echn ica l  di f f icul t ies  a. Never the less ,  t h e  cor rec t  
iden t i f i ca t ion  of m o s t  rena l  t ubu l e s  is possible,  p r o v i d e d  
th in  sect ions  are  s tud ied .  W i t h  t h e  t echn ique  used in 
this  c o m m u n i c a t i o n ,  one can  easi ly  p repare  sect ions  
10-15 /, in th ickness  and even  occas ional ly  sect ions  no t  
th i cke r  t h a n  5/~. 
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Both photomicrographs are from fresh frozen sections cut at 10-15 /~ and prepared for the demonstration of succinic dehydrogen- 
ase activity without counter-staining. Both depict corresponding portions of the kidney. On top may be seen a portion of the outer cor- 

tex. The center shows the inner cortical zone and at the bottom is seen a portion of the outer medullary zone. 

Fig. l.-Normal Rat: Note the intensely stained proximal portions 
of the proximal convoluted tubules in the outer cortical zone and the 
unstained glomeruli. In the inner cortical zone ascending limbs of 
H~NLE contrast sharply with the less intensely stained straight, 
terminal portions of the proximal convoluted tubules. The outer 
medullary zone shows predominantly ascending limbs of HENLE with 

intense activity ( x 45). 

Fig. 2.-Kidney from a rat sacrificed 24 h after the intramuscular in- 
jection of 40 mg Hg/kg body weight of Novurit. Note the extensive 
inactivation of enzymatic activity located clearly in the terminal 
portion of the proximal convoluted tubules. Thick limbs of HENLE 
in the inner cortical and outer medullary zone retain their staining 

reaction ( × 45). 

Zusammen/assung 

Der  genaue  A n g r i f f s p u n k t  der  Quecks i lbe rp r / ipa ra t e  
an der  Niere is t  n i c h t  gekllirt .  W i d e r s p r e c h e n d e  B e f u n d e  
fiber den  E f i e k t  dieser  Diu re t i ca  auf  mik roskop i sche  Ver-  
i inderungen  u n d  h i s t o c h e m i s c h  n a c h w e i s b a r e  b e r n s t e i n -  
s au t e  D e h y d r o g e n a s e  k 6 n n e n  in fo lgender  Weise  gekli i r t  
we rden  : 

M e r c u h y d r i n  in grossen Dosen f t ihr t  schon  i n n e r h a l b  
weniger  S t u n d e n  zu einer  schweren  t ox i s chen  Nephrose  
in der  R a t t e n n i e r e ,  wAhrend Novur i t  an fangs  of t  lang-  
s a m e r  wirkt .  N i c h t s d e s t o w e n i g e r  e rgeben  beide  Mit te l  
nach  24 h e in / ihn l i ches  mikroskopisches  Bild. Be rns t e in -  
saure  D e h y d r o g e n a s e  ist  v e r m i n d e r t  u n d  v e r s c h w i n d e t  
schl iessl ich v o l l k o m m e n  in den  a b s t e r b e n d e n  Zellen. 
Daher ist  schon  in den e r s t en  S t u n d e n  n a c h  I n j e k t i o n  
yon  M e r c u h y d r i n  eine sehr  a u s g e d e h n t e  I n a k t i v i e r u n g  
in den  Zellen der  ge raden  Ante i le  der  H a u p t s t i i c k e  zu 
sehen .  Dieser  E f f ek t  wird  nu r  ge legent l i ch  in den  e r s t en  
S t u n d e n  n a c h  Novur i t  b e o b a c h t e t .  N a c h  24 h ist  er  abe r  
regelm/issig v o r h a n d e n .  

Mit  be iden  P r i i p a r a t e n  k o n n t e  keine  V e r m i n d e r u n g  
d e r E n z y m a k t i v i t / i t  in HENLESSChe Schle i fen b e o b a c h t e t  
werden .  Es  wird auf  die N o t w e n d i g k e i t  h ingewiesen ,  
d i inne  S c h n i t t e  zu s tud ie ren ,  weil  die v e r s c h i e d e n e n  An-  
tei le des N e p h r o n s  s o n s t  k a u m  zu u n t e r s c h e i d e n  s ind.  

Das  E rg eb n i s  d ieser  Versuche  s p r i ch t  e indeu t ig  fiir eine 
W i r k u n g  de r  Quecks i lbe rd iu re t i ca  auf  die Haup t s t f i cke  
und  n i ch t  auf  HENLESsche Schleifen.  

A c t i o n s  d'un inh ib i t eur  s61ectif  
des  a c ~ t y l c h o l i n e s t 6 r a s e s ,  le 3318 CT,  

s u r  la t r a n s m i s s i o n  n e u r o m u s c u l a i r e  du chat  

I1 a 6t6 m o n t r 6  dans  des no te s  p r6c6dentes  1 que le 
d i i o d o m 6 t h y l a t e  de la bis  ( p ip~ r id ino -m6 thy t coumara -  
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