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Table II. The volume of hind paws in ml before (A) and 120 min 
after (B) i.p. administration of edema producing agents 

Treatment Vol. of the Inhibition 
(No. of hind paws in ml in % of 
experiments) control value 

P 

Dextran, A 0.408 4- 0.016 
control (40) B 0.609 4- 0.046 - 

Dextran, sham A 0.401 4- 0.016 
operation (20) B 0.574 4- 0.015 14 ~ 0.05 

Dextran, A 0.402 4- 0.018 
nephrectomy (20) B 0.461 4- 0.051 71 ~ 0.001 

Dextran, A 0.381 4- 0.018 
nephreetomy, B 0.506 4- 0.044 38 < 0.001~ 
insulin (20) 

Egg white, A 0.394 -V 0.010 
control (20) B 0.544 :[: 0.060 - 

Egg white A 0.382 4- 0.014 
nephrectomy (10) B 0.415 4- 0.023 77 <: 0.001 

a Compared with the nephrectomized group. 

evok ing  ef fec t  of 5 -HT r e m a i n s  n e a r l y  u n a l t e r e d  a f t e r  
n e p h r e c t o m y ,  i t  m a y  be  supposed  t h a t  t h e  suscep t ib i l i t y  
of p e r i p h e r a l  r ecep to r s  to  t h e  m e d i a t o r  s u b s t a n c e s  does  
n o t  change .  W e  suppose  t h a t  t h e  i n h i b i t i o n  deve lops  in 
a n  ear l ie r  p h a s e  of t h e  e d e m a - p r o d u c i n g  processes.  

T h e  e l e v a t i o n  of t h e  B U N  p r o b a b l y  does n o t  p l a y  a role  
in  t h e  p r e v e n t i o n  of t h e  AE,  as  s h o w n  in  o u r  e x p e r i m e n t s  
in  w h i c h  u r e a  a d m i n i s t e r e d  i.p. i n  a dose  of 200 m g / k g  
b o d y  w e i g h t  was  n o t  ab le  to  p r e v e n t  t h e  f o r m a t i o n  of AE.  

Zusammen]assung. N e p h r e k t o m i e  h e m m t  bei  R a t t e n  
die A u s b i l d u n g  des loka len  sowie des genera l i s i e r t en  A n a -  
phy lak to id -C)dems  e rheb l ich .  Die  W i r k u n g  der  lokal  in-  
j i z i e r t en  S u b s t a n z  48/80 wi rd  ebenfa l l s  g e h e m m t ,  wgl l rend  
d e r  E f f e k t  des in  die P fo te  v e r a b r e i c h t e n  Se ro ton ins  un-  
ve r / i nde r t  b le ib t .  I n s u l i n  a n t a g o n i s i e r t  d en  H e m m u n g s -  
e f fek t  d e r  N e p h r e k t o m i e .  
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Inhibition of the Morphogenesis of the Otoliths in the Chick Embryo in the Presence of  C a r b o n i c  

Anhydrase Inhibitors 

T h e  o to l i t h s  in  t h e  ch ick  a re  composed  of ca l c ium 
c a r b o n a t e  in  t h e  fo rm of ca lc i te  ~ a n d  of a n  o rgan ic  m a t r i x  
w h i c h  is f o r m e d  in  la rge  p a r t  of  acid m u c o p o l y s a c c h a -  
r ides  2,3 a n d  of p r o t e i n  w h i c h  does  n o t  h a v e  t h e  classical  
co l lagen s t r u c t u r e  a. 

T h e  o to l i t h s  b e g i n  to  d i f f e r en t i a t e  in  t h e  ch ick  a t  a b o u t  
t h e  f i f th  d a y  of i n c u b a t i o n .  T h e  m o d e  in  w h i c h  t h e i r  
m o r p h o g e n e s i s  is a c t u a t e d  is s t i l l  obscure .  A u t o r a d i o -  
g r aph i c  o b s e r v a t i o n s  ~ h a v e  r evea l ed  a precoc ius  local iza-  
t i on  a n d  a n  a c t i v e  t u r n o v e r  of 4~Ca a t  t h e  level  of t h e  
e n d o l y m p h a t i c  sac a n d  of t h e  pa r s  infer ior  of t h e  l a b y r i n t h  
w h i c h  gives r ise to  t h e  sacculus  a n d  t h e  lagena .  

Th i s  p a p e r  r epo r t s  t h e  resu l t s  of e x p e r i m e n t s  s-9 con-  
d u c t e d  w i t h  s u l p h o n a m i d e s  w h i c h  are  specific i n h i b i t o r s  
of ca rbon ic  a n h y d r a s e .  

Material and methods. The  fol lowing s u l p h o n a m i d e s  
were used : a c e t a z o l a m i d e  (2-ace ty lamino-1 ,  3, 4 - th iad i -  
azo le -5 - su lphonamide) ,  d i c h l o r p h e n a m i d e  ( l -3 -d i su lpha -  
myl -4-5  d ich lo robenzene) ,  e t h o x y z o l a m i d e  (6-e thoxy-  
b e n z o t h i a z o l e - 2 - s u l p h o n a m i d e )  a n d  n e p t a z a n e  (5-acetyI-  
im ino -4 -me thy l -A  ~-1, 3, 4 - th i ad i azo l ine -2 - su lphonamide ) .  

T h e  s o d i u m  sa l t  of a c e t a z o l a m i d e  a n d  d i c h l o r p h e n a m i d e  
( lyophi l ized)  were  d isso lved  in  d o u b l e  d is t i l led  w a t e r  a n d  
phys io logica l  so lu t ion  respec t ive ly ,  e t h o x y z o l a m i d e  a n d  
n e p t a z a n e  were  d isso lved  in  d i m e t h y l s u l p h o x i d e  (F luka) .  
T h e  con t ro l s  were i n j e c t e d  w i t h  d o u b l e  d is t i l led  wate r ,  
phys io log ica l  so lu t ion  a n d  d i m e t h y l s u l p h o x i d e .  T h e  ex- 
p e r i m e n t a l  a n d  con t ro l  so lu t ions  were  i n j ec t ed  i n to  t h e  
egg a l b u m e n  on  t h e  f o u r t h  d a y  of i n c u b a t i o n  (Lillie 
s tage  231°), a s tage  a t  w h i c h  t h e  m o r p h o g e n e s i s  of t h e  
o to l i ths  ha s  n o t  in i t i a t ed ,  b u t  w h i c h  i m m e d i a t e l y  p receeds  
t he  i n i t i a t i o n  of ac t ive  t u r n o v e r  of 45Ca a t  level  of t h e  
m e m b r a n o u s  l a b y r i n t h .  

Accord ing  to  CONTI an d  MILIO 11 0.01 m l  of t h e  so lu t ions  
were  in jec ted .  T h e  e m b r y o s  were  f ixed a t  d i f f e ren t  s t ages  
d u r i n g  d e v e l o p m e n t  in  n e u t r a l  fo rmal in ,  t h e  h e a d s  were  
e m b e d d e d  in  p a r a f f i n  a n d  sec t ions  were  t r e a t e d  w i t h  t h e  
P A S  r e a c t i o n  or  were  s t a i n e d  w i t h  a l c i a n - P A S  1~. 

Results. T h e  resu l t s  of t h e  v a r i o u s  e x p e r i m e n t s  a re  
r e p o r t e d  in  t h e  Table .  T h e  doses  i n d i c a t e d  in  t h e  T a b l e  
a re  t h o s e  w h i c h  d id  n o t  h a v e  a h i g h  tox ic  a c t i o n ;  t h e  
m o r t a l i t y  was  o n l y  a l i t t l e  h i g h e r  t h a n  t h a t  r e p o r t e d  for  
the  con t ro l s  b y  CONTI a n d  1V[ILIO it.  

A n  e x a m i n a t i o n  of t h e  T a b l e  shows t h a t  t h e  s u b s t a n c e s  
used cause  a n  a l t e r a t i o n  in t h e  o to l i ths  only,  in w h i c h  
m o r p h o g e n e s i s  is i n h i b i t e d  in m o s t  cases. 

T h e  m a c u l a r  e p h i t h e l i u m  is n o r m a l  as  are  t h e  o t h e r  
s t r u c t u r e s  of t h e  m e m b r a n o u s  l a b y r i n t h  (cristae,  maculae ,  
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Days of develop- 
ment at which the 
embryos were 
sacrificed 

Embryos which 
survived 
treatment 

Presence of the 
otoliths in 
both labyrinths 

Presence of the 
otoliths in 
one labyrinth 

Absence of the 
otoliths in 
both labyrinths 

Control embryos (treated 
with double distilled water) 

8 

8 

13 

18 

8 

Control embryos (treated 
with physiological solution) 

Control embryos (treated 
with dimethylsulfoxide) 

Embryos treated with aeetazolamide 
N ~ N  
II u O 

CH3CNH/C'-. S/'C'~ ISI N/H 
~} II "H 
O O 

3 rag/egg 
4- rag]egg 
6 mg/egg 

Embryos treated with 
dichlorphenamide 

O 
C1 ~ - - N / H  

" - . ~ o  

II " H  
O 

2 mglegg 
2 mg]egg 
2 rag]egg 
4 mg]egg 

8 16 I0 6 
8 10 2 4 4 
8 12 1 1 10 

8 31 3 4 24 
13 5 - 5 
18 2 - - 2 

8 1 0  - - 1 0  

Embryos treated with ethoxyzolamide 

o0 I O<%-7s ? 

0 
2 mg/egg 8 
2 mglegg 13 
4 rag/egg 8 

10 4 1 5 
5 2 - 3 
3 1 1 1 

8 14 5 1 8 
8 2 - - 2 

8 1 - - 1 
8 3 - 2 1 

Embryos treated with neptazane 
CH~--N N 

l N 0 H 

CH3CN.~C"-.S J C ~ s ~  N j 
11 II " H  
O O 

2 rag/egg 
4 rag]egg 
6 mg/egg 
8 mg/egg 

o rgan  of Corti). I n  some  cases the  absence  of  t h e  o to l i ths  
is obse rved  only  on  one  side while in o t h e r  cases its 
morphogenes i s  is l imi ted  to  t he  presence  of a few calcified 
granules  which  t e n d  to  uni te  some t imes  fo rming  a single 
large o to l i th  which  in th is  case is usual ly  localized in t he  
sacculus of one side. The h i s tochemica l  reac t ion  for car-  

bonic  a n h y d r a s e  which  in t h e  e m b r y o  a t  t he  V day  of 
d e v e l o p m e n t  is r e s t r i c t ed  to t h e  ep i the l ium of t he  endo-  
l y m p h a t i c  sac TM is nega t ive  a f te r  t h e  in jec t ion  of t he  
inh ib i to r s  used  a,. 

Discussion and conclusion. The  resul ts  r ep o r t ed  above  
would  ind ica te  t h a t  carbonic  a n h y d r a s e  p lays  a role in the  
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Fig. 1 .8-day chick embryo: bud  of saecuIus (S). Presence of otoliths. 
× 128. 

 -a.l "Ti II 

Fig. 3. 13-day chick embryo. Section of membranous  labyrinth.  
Presence of otolithic membrane at  the level of utrieular (U) and 
saccular (S) maculae, x 128. 

, i 

Fig. 2. 8-day embryo (treated with 6 mg of acetazolamide sodium) : 
bud of saeeulus (S). Absence of otoliths. × 128. 

Fig. 4. 13-day chick embryo (treated with 2 mg of diehlorphenamide). 
Section of membranous  labyrinth. Absence of otoliths at  the level 
of utricular (U) and saecular (S) maculae, x 128. 

m o r p h o g e n e s i s  o f  t h e  o t o t i t h s  in  c h i c k  e m b r y o s .  I n  f a c t ,  
u s i n g  v a r i o u s  i n h i b i t o r s  o f  t h i s  e n z y m e  o n e  o b s e r v e s  a 
s e l e c t i v e  a c t i o n ,  d u r i n g  t h e  m o r p h o g e n e s i s  o f  t h e  s t r u c -  
t u r e s  of  t h e  o t o l i t h s .  T h e  i n h i b i t o r s  u s e d ,  w h i c h  v a r y  in  
t h e  r a d i c a l ,  al l  h a v e  in  c o m m o n  t h e  f ree  s u l p h o n a m i d e  
g r o u p - S O 2 N H 2  w h i c h  m a n y  a u t h o r s  b e l i e v e  to  b e  t h e  
g r o u p  a c t i v e  in c a r b o n i c  a n h y d r a s e  i n h i b i t i o n  xs-~0. 

I n  t h e  c h i c k  t h e  a c t i o n  of  c a r b o n i c  a n h y d r a s e  h a s  b e e n  
r e p o r t e d  i n  t h e  f o r m a t i o n  o f  t h e  she l l  2~; i n  e c h i n o d e r m s  22 
a n d  m o l l u s c s  z2-24 c a r b o n i c  a n h y d r a s e  h a s  a n  i m p o r t a n t  
f u n c t i o n  in  t h e  p r o c e s s  of  c a l c i f i c a t i o n .  

T h e  a c t i o n  of c a r b o n i c  a n h y d r a s e  in  t h e  m o r p h o g e n e s i s  
o f  t h e  o t o l i t h s  is e f f e c t i v e  a t  t h e  m o m e n t  a t  w h i c h  t h e  
t u r n o v e r  o f  45Ca is  h i g h  a t  t h e  l eve l  o f  t h e  m e m b r a n o u s  
I a b y r i n t h  5. I n  t h i s  p e r i o d ,  t h e r e  w o u l d  be  a g r e a t e r  n e e d  
fo r  a n  e n z y m e  w h i c h  is  k n o w n  t o  a c c e l e r a t e  t h e  r e a c t i o n  
H~O C O  2 ~ -  H 2 C O  3, a r e a c t i o n  w h i c h  t a k e s  p l a c e  a t  a 
low r a t e  e v e n  w i t h o u t  t h e  i n t e r v e n t i o n  o f  c a r b o n i c  a n h y -  
d r a s e  23 

Riassunto. V e n g o n o  s t u d i a t i  g t i  e f f e t t i  s u l l o  s v i l u p p o  de l  
l a b i r i n t o  m e m b r a n o s o  d e l l ' e m b r i o n e  di  po l lo  d i  a l c u n i  i n i b i -  
t o r i  d e l l a  a n i d r a s i  c a r b o n i c a  ( a c e t a z o l a m i d e ,  d i c h l o r o f e n a -  
m i d e ,  e t o s s i z o l a m i d e ,  n e p t a z a n o ) .  L ' a z i o n e  di  t a l i  s o s t a n z e  

si  m a n i f e s t a  c o n  u n a  e l e t t i v a  i n i b i z i o n e  d e l l a  m o r f o g e n e s i  
d e g l i  o t o c o n i .  
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