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The  Effect o f  4 , 5 - D i c h l o r - l , 3 - B e n z e n d i s u l f o n a m i d e  and of 4 , 5 - D i c h l o r - l , 3 - B e n z e n d i s u l f o n y l a n i l i n e  
on  the  M o r p h o g e n e s i s  of the Oto l i ths  in the  Chick  E m b r y o  

4, 5-dichlor-1, 3-benzendisul fonamide  (dichlorphena-  
mide), which  along wi th  o ther  su l fonamide der iva tes  has  
a specific inh ib i to ry  act ion on carbonic anhydrase ,  has  
been shown to be par t icu lar ly  effective in the  inh ib i t ion  
of the  morphogenes i s  of the  otol i ths  in the  chick em- 
bryo1-% The var ious  inhib i tors  which have  been used 
belong to  d i f ferent  classes of chemical  compounds ;  all 
have  in common,  however,  a free sulfonamidic  group, 
SO~NH 2, which is bel ieved to  be the  act ive group in the  
inhib i t ion  of carbonic  anhydrase  7 12. 

The resul ts  of expe r imen t s  conduc ted  wi th  4, 5-dichlor- 
1, 3-benzendisu l fonamide  and  wi th  4, 5-dichlor-1, 3-ben- 
zendisulfonylani l ine  (derived f rom d ich lo rphenamide  to  
which a benzenic  radical  has  been  subs t i t u t ed  for an 
H a t o m  in each of t he  -SO2NH~ groups) are repor ted  in 
th is  paper .  

Material and methods. 4, 5-dichlor-1, 3-benzendisulfona-  
mide  and  4 ,5-d ich lor - l ,3 -benzendisu l fonylan i l ine  were 
syn thes ized  in our  labora tory .  The reac t ion  be tween  
o-dichlorobenzene and chlorosulforic acid gave 4,5- 
d ich lor - l ,3 -benzendisu l fonylchlor ide ,  m.p.  115-116~ 
which  af ter  reac t ing  wi th  a m m o n i u m  hyd rox ide  and  
crys ta l l iza t ion f rom e thanol  gave 4, 5-dichlor-1, 3-benzen- 
disulfonamide,  m.p.  240~ (UV-spec t rum in e thanol  
c o n c . -  100y/ml ,  Z m o , -  285 nm, log. e = 3.17, Am~x-  
294 nm, log. e = 3.15). C h r o m a t o g r a p h y  on a th in  layer  
of Kieselgel G in an e t h a n o l : c h l o r o f o r m : p e t r o l e u m  e the r  
(1 : 1 : 1) sys tem gives a spot  visible in UV-l igh t  ,~ = 254 nm, 
Rf  = 0.8. A reac t ion  be tween  4, 5-dichlor-1, 3-benzendisul-  
fonylchlor ide  and anil ine gave, af ter  crys ta l l iza t ion f rom 
ethanol ,  4 ,5-d ichlor- l ,3-benzendisul fonylani l ine ,  m.p.  
195-198 ~ ( ch roma tography  on a th in  layer  of Kiesiel- 
gel G in an e t h a n o l : c h l o r o f o r m : p e t r o l e u m  e ther  (1:1:  1) 
sys tem gives a s p o t  visible in UV-l ight  Z -- 254 nm, 
RI  = 0.55. 

The act ion on carbonic  anhydrase  (Sigma) was tes ted  
using the  m e t h o d  of NATELSON 13. The var ia t ions  in p H  
were followed on a Beckman  e x p a n d o m a t i c  t i t r a t e r  w i th  
a sys t em of reg is t ra t ion  on paper  (velocity of the  pape r  
2.54 cm/min) .  The blank,  made  up of the  reagents  only, 
was sub jec ted  to a cont inuous  flow of carbonic  anhydr ide  
a t  a pressure  of 60 m m  of mercury ;  it  required 73 sec 
to d i s rup t  the  buffer ing  capac i ty  of the  solution. A 
q u a n t i t y  of enzyme  cor responding  to 1 enzymat i c  un i t  
dissolved in 0.5 ml  of physiological  solut ion requires  
41 sec. 

Bo th  4, 5 -d ich lor - l ,3 -benzendisu l fonamide  and 4,5- 
d ich lor - l ,3 -benzendisu l fonylan i l ine  were tes ted.  B o t h  
subs tances  were dissolved in d imethylsu l f0x ide  and  phys -  
iological solution. T h e  2 subs tances  gave t imes  of 73 
and 40 sec respect ive ly ;  th is  clearly demons t r a t e s  the  
inh ib i to ry  effect  of the  f i rs t  and the  lack of inhibi t ion of 
the  second. To ob ta in  the  m a x i m u m  inh ib i to ry  effect,  
it  was necessary  to  use 20 y of 4, 5-dichlor-1, 3-benzen- 
d isu l fonamide  for each enzymat i c  unit .  Whereas  100 
per  enzymat i c  un i t  of 4, 5-dichlor-1, 3-benzendisulfonyla-  
niline did no t  show inh ib i to ry  action. 

The subs tances  were dissolved in d imethy l su l fox ide  
and  0.1 m114 were inocula ted  into the  egg whi te  of an 
embryo  on the  four th  day  of incubat ion  (stage 23 accord- 
ing to  LILLIE15); a t  th is  s tage the  morphogenes i s  of t he  
o tol i ths  has  no t  been  ini t ia ted.  I t  precedes,  by  a shor t  
t ime,  t he  beginning  o f  ac t ive  t u rnove r  of 4~Ca at  the  
level of t he  m e m b r a n o u s  l aby r in th  16. The 2 subs tances  
were inocula ted  in equimolecular  concen t ra t ion  : 4 mg/egg 
for 4 ,5 -d ich lo r - l ,3 -benzend i su l fonamide  and  6 mg/egg 

for 4 ,5-dichlor- l ,  3-benzendisulfonylani l ine.  A concen- 
t r a t ion  was chosen which showed a low tox ic i ty  (the 
mor t a l i t y  ra te  was  very  l i t t le  h igher  t h a n  t h a t  of the  
controls) and in t he  case of 4 ,5 -d ich lor - l ,3 -benzensu l -  
fonamide  the  m a x i m u m  inh ib i to ry  act ion on the  mor-  
phogenesis  of t he  otol i ths  1-s. A t  t he  s a m e  time, the  
cor responding  controls  were made  by  inocula t ing the  
embryos  wi th  0.1 ml  of d imethylsu l foxide .  

The embryos  were  fixed on the  e ighth  day  of incuba t ion  
in 4% neu t ra l  formalin.  The  heads  were emb ed d ed  in 
paraf f in  and sect ion were s ta ined  wi th  Alcian and t r ea ted  
wi th  P A S  17. 

Results. In  F igure  1 the  resul ts  of the  de te rmina t ions  
purif ied made  wi th  carbonic  anhydrase  are shown. I t  is 
clearly ev iden t  t h a t  only 4 ,5-d ich lor - l ,3 -benzendisu l -  
fonamide  inhib i t s  enzymat i c  act ivi ty .  The exper iments  
carr ied out  by  inocula t ing the  2 subs tances  into the  egg 
whi te  of the  embryos  on the  four th  day  of incubat ion  

Fig. 1. (1) Blank; (2) effect of carbonic anhydrase (1 unit) on the 
blank; (3) total inhibition of carbonic anhydrase (1 unit) by 20y 
of 4, 5-diehlor-1, 3-benzendisulfonanfide (10 mg dissolved in 5 ml of 
dimethylsulfoxide and 45 ml of sodium chloride 0.9% ; 0,1 nfl used); 
(4) partial inhibition of carbonic anhydrase (1 unit) by 10 ~ of 4,5- 
dichlor-l,3-benzendisulfonamide {1:1 dilution of the preceding solu- 
tion); (5) lack of inhibition of carbonic anhydrase (1 unit) by 20 y 
of 4,5-dichlor-l,3-benzendisulfonylaniline (10 mg dissolved in 5 ml 
of dimethylsulfoxide and 25 ml of 0.9% sodium chloride; 0.1 ml 
were used); (6) lack of inhibition of carbonic anhydrase (1 unit) 
by 100 y of 4, 5-dichlor-1, 3-benzendisulfonylaniline (10 mg dissolved 
in 5 ml of dimethylsulfoxide and 5 ml of 0.9% sodium chloride; 
0.1 ml were used). 
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4, 5-dichlor-1, 3 -benzendisulfon- 
amide inoculated in chick em- 
bryos on the 4th day of incu- 
bation (13 embryos). 

Membraneous labyrinth in the chick embryo on the 8th day of 
development. Selective inhibition of the otoliths in the sacculus and 
utriculus in presence of 4,5-dichlor-l,3-benzendisulfonamide. 
(S = sacculus; U = utriculus). • 80. 
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4, 5-dichlor-1, 3- benzendisulfo- 
nylaniline inoculated in chick 
embryos on the 4th day of 
incubation (22 embryos). 

Fig. 2. 

p.m. 457.2 - - ~ -  

Membraneous labyrinth in the chick embryo on the 8th day of 
development. Normal morphogenesis of the otoliths in the sacculus 
and utriculus in presence of 4, 5-dichlor-1, 3-benzendisulfonylaniline. 
(S -- sacculus; U = utriculus). • 80. 

all show t h a t  on ly  in t he  p resence  of 4, 5-dichlor- l ,  3- 
b e n z e n d i s u l f o n a m i d e  is a select ive inh ib i t ion  of t he  mor -  
phogenes i s  of t h e  o to l i ths  observed .  The  o the r  s t r u c t u r e s  
of m e m b r a n o u s  l a b y r i n t h  are n o r m a l  (Figure  2). 

I n t e r e s t i n g  are t he  r e l a t i onsh ips  of t he  2 s u b s t a n c e s  
in v i t ro  on t h e  carbonic  a n h y d r a s e  and  in v ivo  on t he  
m o r p h o g e n e s i s  of t he  o to l i ths .  

Discussion and conclusions. The  resu l t s  o b t a i n e d  show 
the  i n t e r v e n t i o n  of carbonic  a n h y d r a s e  a t  t he  molecu la r  
level d u r in g  t h e  m o r p h o g e n e s i s  of the  o to l i ths  in t he  
chick em b ry o .  

I n  fac t  w i t h  4 , 5 - d i c h l o r - l , 3 - b e n z e n d i s u l f o n a m i d e ,  in 
wh ich  2 free su l fonamid ic  g roup  (-SO2NH~) are p resen t ,  
( 4 , 5 - d i c h l o r - l , 3 - b e n z e n d i s u l f o n a m i d e  is ac t ive  in t he  
inh ib i t i on  of carbonic  a n h y d r a s e )  t he re  is an  a r res t  in 
t he  m o r p h o g e n e s i s  of the  otol i ths .  Us ing  t he  de r iva te  in 
wh ich  a h y d r o g e n  a t o m  of each  of t he  SO2NH 2 g roup  
has  been  s u b s t i t u t e d  by  p h e n y l  (a de r iva t i ve  wh ich  
shows  no i n h i b i t o r y  a c t i v i t y  on carbonic  a n h y d r a s e )  
the re  is no a r res t  in t he  m o r p h o g e n e s i s  of t he  otol i ths .  
The  i n t e r v e n t i o n  of carbonic  a n h y d r a s e  in t he  m o r p h o -  
genesis  of t h e  o to l i ths  of t he  ch ick  e m b r y o  is neces sa ry  
because  the  reac t ion  H 2 0  + C O 2 ~ - H 2 C O  3 m u s t  be 

acce lera ted  to give t he  m a x i m u m  f o r m a t i o n  of CaCOa 
w h ic h  h a s  a h igh  t u r n o v e r  r a t e  d e m o n s t r a t e d  w i th  45Ca1' 
a t  t he  level of t he  m e m b r a n o u s  l a b y r i n t h  where  t h e  
o to l i th s  fo rm 18. 

Riassunto. I n o c u l a n d o  in e mbr ion i  di pollo d i 4  giorni  
di  sv i luppo  un  in ib i tore  de l l ' an id ras i  ca rbon ica  (4,5- 
Dicloro-1, 3 -Benzend i so l fonamide)  o u n  suo  de r iva to  ina t -  
t ivo  nel  qua le  un  a t o m o  di  idrogeno dei 2 g r u p p i  SO2NH 2 
6 sos t i t u i to  da  radica l i  fenilici (4, 5-Dicloro-1, 3-Benzen-  
disolfoni lani l ina) ,  si n o t a  u n a  inibizione se l e t t iva  della 
mor fogenes i  degli  otol i t i  in p r e se nz a  di  4, 5-Dicloro-1, 3- 
Be nz e nd i so l fona mide .  
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