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a n d  vice versa. I n  o t h e r  words,  t he  d a t a  sugges ted  t h a t  
D O P A  a n d  5 - H T P  were c o m p e t i n g  for  one  a n d  t he  same  
enzyme.  E x p e r i m e n t s  p e r f o r m e d  w i t h  hog  b r a i n  e x t r a c t s  
gave  s imi lar  results .  I n  F igu re  2, t he  d a t a  f rom a t yp i ca l  
e x p e r i m e n t  are g iven ,  in  w h i c h  a n  e x t r a c t  f rom t h e  
c a u d a t e  a n d  l en t i fo rm nuclei ,  t h e  d i e n c e p h a l o n  a n d  t h e  
m e s e n c e p h a l o n  was used.  I t  will be  seen t h a t  t h e  ad -  
d i t ion  of one of t h e  a m i n o  acids caused  a n  i n h i b i t i o n  of 
t h e  d e c a r b o x y l a t i o n  of t he  o the r .  T h e  i n h i b i t i o n  was  50%  
w h e n  t h e  c o n c e n t r a t i o n s  of t h e  L - fo rms  of t h e  two  
a m i n o  acids were  equal .  T h e  i n h i b i t i o n  does  n o t  seem 
to  be due  to lack of co-enzyme,  as d o u b l i n g  t h e  a m o u n t  
of p y r i d o x a l - 5 - p h o s p h a t e  h a d  no  effect  on  t he  resul ts .  

A s imi la r  c o m p e t i t i o n  poss ib ly  also occurs  in vivo: 
R e p e a t e d  in jec t ions  to  r a b b i t s  of D O P A  (600 m g / k g  in 
to ta l )  d u r i n g  2 h lowered t he  b r a i n  5 -HT level  to  5 0 - 6 0 %  
of the  no rma l .  W h e t h e r  th i s  decrease  was  due  to  in- 
h ib i t ed  b io syn the s i s  or  to  release fol lowed b y  ox ida t ion ,  
r ema ins  to  be  d iscovered,  however .  

I n  o rde r  f u r t h e r  to  e luc ida te  t h i s  p rob lem,  D O P A  a n d  
5 - H T P  d e c a r b o x y l a s e  ac t iv i t i e s  in  va r i ous  regions  h a v e  
been  d e t e r m i n e d  us ing  t h e  same  t e c h n i q u e  as desc r ibed  
ear l ie r  2. The  resu l t s  are g iven  in F igure  3. A ce r t a i n  
degree  of co r re l a t ion  b e t w e e n  t h e  in i t ia l  a c c u m u l a t i o n  
of d o p a m i n e  a f t e r  D O P A  in j ec t i on  a n d  D O P A  decar-  
boxy la se  a c t i v i t y  is a p p a r e n t  f rom a c o m p a r i s o n  of Fi-  
gures  I a n d  3. A h i g h  o rde r  of co r r e l a t i on  was found  be t -  
ween t h e  d i s t r i b u t i o n  of t h e  two  a m i n o  acid d e c a r b o x y l -  
ases. T h i s  f i nd ing  l ends  a d d i t i o n a l  s u p p o r t  to  t h e  as- 
s u m p t i o n  t h a t  t h e  d e c a r b o x y t a t i o n  of t h e  two  a m i n o  
acids  is ca r r i ed  o u t  b y  one  a n d  t h e  s ame  enzyme.  

Af te r  t h e  i n j e c t i o n  of D O P A ,  t h e  a n i m a l s  s h o w e d  in-  
c reased  m o t o r  a c t i v i t y  a n d  s igns of s y m p a t h e t i c  s t imu la -  
t ion.  The  effect  on  m o t o r  a c t i v i t y  a p p e a r e d  to  be  closely 
co r re l a t ed  to  t he  a c c u m u l a t i o n  of d o p a m i n e  in b r a i n :  
b o t h  p h e n o m e n a  a p p e a r e d  to  r each  t h e i r  m a x i m a  in 
a b o u t  25 rain.  Motor  a c t i v i t y  t h e n  a p p e a r e d  to  decl ine  
a long  w i t h  t h e  d r o p  in t he  d o p a m i n e  level.  A b o u t  50 min.  
a f t e r  t he  i n j ec t i on  of D O P A ,  t he re  was st i l l  de f in i t e  
ev idence  of c e n t r a l  exc i t a t ion .  I t  is i n t e r e s t i n g  to  no t e  
t h a t  a t  t h i s  i n t e r v a l  t he  d o p a m i n e  levels were fa i r ly  low 
in all p a r t s  of t he  b r a i n  e x c e p t  t h e  co rpus  s t r i a t u m ,  sug-  
ges t ing  t h a t  th i s  p a r t  of t h e  b r a i n  fo rms  a n  i m p o r t a n t  
s i te  of ac t ion  of d o p a m i n e  on  m o t o r  func t ions .  Ad-  
m i n i s t r a t i o n  of 5 - H T P  caused  a n  a p p e a r a n c e  qu i t e  dif-  
f e ren t  f rom t h a t  p r o d u c e d  b y  D O P A .  The re  was no  m o t o r  
h y p e r a c t i v i t y ,  r a t h e r  a decrease  in v o l u n t a r y  m o v e m e n t s  
c o m b i n e d  w i t h  genera l  muscle  t r emors .  
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ZusammenJassung 

I m  mensch l i chen  G e h i r n  k o m m e n  grosse Mengen  yo n  
3 - H y d r o x y t y r a m i n  im Nucleus  C a u d a t u s  u n d  d e m  
P u t a m e n  vor.  

I n j e k t i o n  von  3 , 4 - D i h y d r o x y p h e n y l a l a n i n  in K a n i n -  
chen  b r i n g t  eine schnel le  A k k u m u l a t i o n  yon  3 - H y d r o x y -  
t y r a m i n  in den  Gehi rn te i l en ,  die re ich an  K a t e c h o l a m i n e n  
sind, zus tande .  Die F / ih igke i t  das  a k k u m u l i e r t e  3-Hy-  
d r o x y t y r a m i n  a b z u b a u e n  sche in t  im  g a n z e n  G e h i r n  die- 
selbe zu sein, 

H e m m u n g s v e r s u c h e  u n d  A k t i v i t g t s u n t e r s u c h u n g e n  der 
F e r m e n t e  in v e r s c h i e d e n e n  G eh i rn t e i l en  in vitro sprechen 
dafi ir ,  dass  5 - H y d r o x y t r y p t o p h a n  u n d  3 ,4-Dihydroxy-  
p h e n y l a l a n i n  y o n  e inem u n d  demse lben  F e r m e n t  de- 
c a r b o x y l i e r t  werden .  

O n  t h e  H y p o g l y c e m i z i n g  E f f e c t  o f  M e t a h e x a m i d e  

M e t a h e x a m i d e  (N(3-amino-4-methy l -benzenesu l fony l ) -  
N ' - cyc lohexy lu rea )  is a new ora l  h y p o g l y c e m i z i n g  agenO 
(see formula)  h a v i n g  a b e t t e r  t h e r a p e u t i c  i n d e x  t h a n  other 
s imi la r  drugs.  
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Metahexamide D 860 BZ 55 

Fol lowing  t h e  l ine of o u r  p rev ious  i nves t i ga t i ons  we have 
b e e n  in t e r e s t ed  to  s t u d y  t h e  h y p o g l y cemi c  ac t ion ,  t h e  ab- 
so rp t i on  a n d  d i s a p p e a r a n c e  f rom blood a n d  t h e  effect  on 
glucose u p t a k e  b y  r a t  d i a p h r a g m  in vitro. 

~Iethods. M e t a h e x a m i d e  was  a lways  a d m i n i s t e r e d  by 
s t o m a c h  tube ,  as t h e  re ference  d r u g  p- to ly l su l fon i lbu ty l -  
u r e a  (D 860). B lood  suga r  levels were  d e t e r m i n e d  in  dupli- 
ca te  in  0.1 mI samples  b y  t h e  Nelson  p rocedu re  2 in  12 h 
fas ted  Spr~gue -Dawley  r a t s  or  r a b b i t s  of m i x e d  breed.  

M e t a h e x a m i d e  h a s  been  e v a l u a t e d  in b lood  a n d  kidney 
w i t h  a modif ied  m e t h o d  of ]~RATTON a n d  MARSHALL a. 
TO t h e  f i l t r a t e  o b t a i n e d  a f t e r  p r e c i p i t a t i o n  w i t h  15% 
t r i ch lo roace t i c  acid a n d  f i l t r a t ion  t h r o u g h  no. 1 What -  
m a n  f i l ter  paper ,  were a d d e d  0 .1% sod ium n i t r i t e  (1 ml), 
0 .5% a m m o n i u m  s u l f a m a t e  (1 ml), c o n c e n t r a t e d  hydro- 
chlor ic  acid (1 ml) a n d  0 .1% N (1 -naph thy l )e thy lene -  
d i a m i n e  d ihyd roch lo r ide  (1 ml).  T h e  r e su l t i ng  colour  was 
r ead  in  a pho toe lec t r i c  co lo r ime te r  us ing  a f i l ter  having 
a m a x i m u m  t r a n s m i s s i o n  a t  520 mEx. Glucose u p t a k e  tests 
were p e r f o r m e d  on r a t  h e m i d i a p h r a g m s  in Krebs-Ringer  
b i c a r b o n a t e  buf fe r  as descr ibed  e l sewherO -8. 

Results 

a) Hypoglycemic activity in  vivo. M e t a h e x a m i d e  and 
I)  860 (as reference  drug)  h a v e  been  found  to  be  active 
oral  h y p o g l y c e m i z i n g  d rugs  b o t h  in r a t s  a n d  rabb i t s .  In 
r a t s  M e t a h e x a m i d e  induces  m a x i m u m  blood  glucose falls 
of 20, 35, a n d  50% respec t ive ly  a f t e r  10, 40, a n d  100 mg/kg 7, 
whi le  D 860 is w i t h o u t  a c t i v i t y  a t  10 m g / k g  a n d  a t  50 
a n d  100 mg/kg ,  p roduces  falls of b lood s u g a r  level  to 35 
a n d  50% respec t ive ly .  

T h e  m a x i m u m  effec t  is a c h i e v e d  for b o t h  d rugs  about 
2 h a f t e r  a d m i n i s t r a t i o n ,  b u t  lVIetahexamide hypoglycemia 

1 D. AIOTING, W. PRESSER, and K. SmVARO~, Arzn.Forsch. 9, 188 
(1959). 

2 N. NELSON, J. biol. Chem. 153,375 (1944). 
a A. DRATrON and E. MARSIIALL, J. biol. Chem. 128, 537 (1939). 
¢ C. R. PARK et al., Amer. J. Physiol. I8x, 1B (1955). 
5 N. CANAL et al., Clin. Terap. 11, 47g (1956). 
6 S. GARATTINI et al., Arzn.Forsch. 8, 477 (1958). 
7 The LDs0 of Metahexamide by oral route in rat is about 2 glkg. 
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Table 

385 

No exper imen t  

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Control  
glucose up t ake  

mg/g /h  y / m l  

3fe tahexamide  

7"2 5 
5"4 5 
7-0 5 
5-6 10 
6-0 10 
4-5 10 
6-5 10 
7"8 10 
4"9 10 
5.6 
6"9 
4.3 
5-2 
6 
7-2 
6'6 

y/rot I Glucose uptake 
mg/g/h 

D 860 

Glucose uptake 
mg/glh 

% Var ia t ion  

8*5 
6.7 
8.4 
6.9 
7-7 
5-4 
8.9 
9-8 
6-2 

- 10 
- 1 0  

- 1 0  

- 2 0  

- 2 0  

- 2 0  

- 2 0  

6 . 0 3  

7.20 
4.00 
6.30 
7-60 
8.95 
8.20 

+22 
+ 24 
+2O 
+23.5 
+28.4 
+ 20.0 
+ 36.9 
+25,7 
+26.5 
+ 7.7 
+ 4.3 
- -  7.0 
+ 2 l  
+ 26.7 
+ 24.5 
+ 26.6 

Average 

22 

26 

1.7 

24.8 

is longer last ing than  t h a t  of D 860, the  first being present  
up to 8 h af ter  adminis t ra t ion .  Similar  results have  been 
obtained in rabbi ts .  

b) absorption and excretion. After  a single dose of 
40 mg/kg  in t raper i tonea l ly  in rat ,  the  m a x i m u m  blood 
concentra t ion  of Me tahexamide  was de tec ted  af ter  4 h 
(average 7.9 rag/100 ml), bu t  also af ter  t 2 h a concentra t ion  
of 6.4 mg/100 ml  was present.  The  k idney  Metahexamide  
concentra t ion  closely paral le ls  t ha t  of blood, being 5.2 
mg/100 g af ter  4 h and 4 mg/100 g, af ter  12 h. 

The rap id  absorpt ion  and the  slow desappearance from 
blood of Me tahexamide  m a y  account  for the rapid onset of 
hypoglycemia  and the  long last ing effect. 

c) ghtcose uptake. In  the  Table  are repor ted  the  effects 
of Mete  hexamide  and D 860 on glucose uptake  by  ra t  
hemid iaphragm in vitro. 

As a l ready  shown for su l fani ly lbutylurea  (BZ 55) and 
D 860, Metahexamide  also increases glucose uptake  by 
isolated ra t  d iaphragm.  In  this tes t  Metahexamide  is con- 
siderably more ac t ive  than  D 860. 

F r o m  our findings we m a y  conclude tha t  the remarkable  
hypoglycemizing ac t ion  of Metahexamide  is justif ied by 
two proper t ies :  t he  slow metabo l i sm and the  s t rongly en- 
hanced per ipheral  glucose uti l ization.  These two effects 
could expla in  t he  h igher  hypoglycemic  ac t iv i ty  of Meta- 
hexamide  in compar ison wi th  related compounds.  

We want to thank Prof. C. RVNTI, Institute of Chemistry, 
University of Trieste, for the synthesis of Metahexamide 

S. GARATTINI, A. JORI, V. PALMA, and L. TESSARI 

Institute o/ Pharmacology, University o/ Milan (Italy), 
April 77, 7959. 

Riassnnto 

La Mctahexamide ,  N(3amino-4-meti lbenzenesulfonil)N'-  
cicloesilurea, possiede nel r a t io  e nel coniglio un effet to 
ipoglicemizzante pih narca to  r i spet to  al p-tolilsulfanil-  
but i lurea (D 860). II nuovo  farmaco si d imostra  pill a t t ivo  
del D 860 nel l 'accelerare la scomparsa  di glueosio da  par te  
dd  d i a f r amma  isolato di ra t to .  La  Metahexamide  si distri- 
buisce r ap idamen te  in t u t t i  gli o r g a n i e  scompare dal  
sangue molt() l en tamente .  I1 maggiore  effet to della Meta-  

hexamide,  r ispet to a compost i  similari ,  v icne  i n t e rp re t a to  
sulla base di un lento metabol i smo e in r appor to  a l l ' in-  
tenso effet to favorente  la metabol izzazione  del glucosio 
a livello periferico. 

L e s  g l y c o p r o t 6 i n e s  s ~ r i q u e s  d a n s  le  g r a n u l o m e  

e x p 6 r i m e n t a l  p r o v o q u 6  p a r  l a  c a r r a g e e n i n e  

Les t r avaux  de CATCHPOLE el al. ~ont  d6jh 6tabli  une 
liaison entre la prolif6ration du tissu conjonct i f  dens  lcs 
6tats inf lammatoircs  e t  l ' augmcn ta t ion  des muco'/des s6- 
riques et urinaires. On salt  d ' au t re  par t  quc l ' hap to-  
globine consti tuc la f ract ion des globulines ~2 don t  l ' aug-  
menta t ion  chez l ' hommc est parail5le ~ cclle des mncoides  
perchloro- ou sulfosalicylosolublcs dens  de n o m b r e u x  
6tats pathologiqucs 2 (exception faitc pour  la p Iupar t  des 
tumeurs  maligncs a e t  cer ta incs  affect ions h6pa t iqucsL  
Dens une revue g6ndrale l 'un  dc nous ct BOUSSlER on t  
expos6 les a rguments  en favcur  de la p roduc t ion  par  le 
tissu co]onctif  prolifer6 des mucoides  % et  % qu i  aug- 
men ten t  dens les dtats  in f lammato i resL Cet te  a u g m e n t a -  
t ion const i tue  le reftet  humora l  de l ' impor tance  de la 
r~action inf lammato i re  de la subs tance  fondamenta le .  

Nous avons entrepris  une s6rie d '6 tudes  afin d ' ob t en i r  
des rcnseignements  d 'o rdrc  quan t i t a t i f s  sur la t eneur  en 
mucopolysacchar ides  (meutres,) du tissu conjonct i f  et  sur  
tes rappor ts  qu i  ex i s ten t  en t re  ces mucopolysacchar ides  
neutres  e t t e s  glycoprotdines s6riques. Dens  ce t r ava i l  
nous 6tudierons le c o m p o r t e m e n t  des glycoprot6ines sd- 
riques et en par t icul ier  celui de la f ract ion sulfosMicylo- 
soluble et  de l 'haptoglobinc  au cours du d6vc loppement  
du granulomc exp6rimcntal .  
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