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A n o t h e r  a im  of  ou r  s t u d y  w a s  to  see w h e t h e r  a g e n t s  
c a p a b l e  of  c u r i ng  e - a m a n i t i n  p o i s o n i n g  *, X4, ~5 are  also 
e f f ec t ive  a g a i n s t  p h a l l o i d i n .  O u t  of  t h i s  c a t e g o r y  n e i t h e r  
pen ic i l l i n  n o r  c y t o c h r o m e  C p r o t e c t e d  a g a i n s t  p h a l l o i d i n .  
So a n t a g o n i s m  to  a m a t o x i n s  does  n o t  e x t e n d  to  p h a l l o -  
t ox ins .  Th i s  is in  l ine  w i t h  t h e  c o n t e n t i o n  t h a t  t h e  t w o  
c lasses  of  p o i s o n o u s  p r i n c i p l e s  in Amanita phalloides a c t  
b y  d i f f e r e n t  m e c h a n i s m s .  On  t h e  o t h e r  h a n d ,  s o m e  a g e n t s  
p r o t e c t i n g  a g a i n s t  p h a l l o i d i n  s u c h  as  c a r b o n  t e t r a c h l o r i d e  
are  n o t  c o m p l e t e l y  d e v o i d  of  a c t i v i t y  a g a i n s t  ~ - a m a n i t i n  3. 
N o  e f fec t  w a s  seen  w i t h  a c t i v a t e d  cha rcoa l ,  t e s t e d  in  t h e  
l i g h t  of  t h e  r e p o r t  i n d i c a t i n g  a h e p a t o e n t e r i c  c i r c u l a t i o n  
of  Amanita p o i s o n s  ~6. 

A s u b s t a n t i a l  p r o t e c t i o n  a g a i n s t  p h a l l o i d i n  w a s  p r o v i d e d  
b y  c y s t e a m i n e  ( f l - m e r c a p t o e t h y l a m i n e ) .  T h i s  a g e n t  w a s  
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e f f ec t ive  in  t h e  t r e a t m e n t  of e x p e r i m e n t a W , l s  a n d  c l in icaP  9 
p a r a c e t a m o l  po i son ing ,  p e r h a p s  b y  s c a v e n g i n g  t h e  a c t i v e  
t o x i c  p a r a c e t a m o l  m e t a b o l i t e  t h o u g h t  t o  c o m b i n e  w i t h  
v i t a l  l iver -ce l l  m a c r o m o l e c u l e s  a n d  he ld  r e s p o n s i b l e  for  
t h e  e n s u i n g  l iver  i n ju ry .  A l t h o u g h  c y s t e a m i n e  m i g h t  in-  
h i b i t  t h e  f o r m a t i o n  of a t o x i c  p h a l l o i d i n  m e t a b o l i t e ,  i t  is 
k n o w n  to  p r e v e n t  t h e  i n t e r a c t i o n  of  d r u g  m e t a b o l i t e s  w i t h  
l ive r  p r o t e i n s .  T h i s  o p e n s  a n e w  v i s t a  on  t h e  m e c h a n i s m s  
b y  w h i c h  p h a l l o i d i n  t o x i c i t y  m a y  b e  a n t a g o n i z e d .  I n  
c u r r e n t  s tud ie s ,  a g e n t s  a n t a g o n i z i n g  t h e  s ing le  t o x i n s  
p h a l l o i d i n  a n d  c~-amanit in  are  t e s t e d  a g a i n s t  t o t a l  e x t r a c t s  
of Amanita phalloides. 

Zusammen/assung. D e r  S c h u t z e f f e k t  y o n  R i f a m p i c i n  
g e g e n  e ine  L e t a l d o s i s  des  P i l zg i f t e s  P h a l l o i d i n  w u r d e  
b e s t ~ t i g t  u n d  w e t t e r  c h a r a k t e r i s i e r t .  A u c h  C y s t e a m i n  
e rwies  s i ch  s i s  w i r k s a m .  K e i n e n  S c h u t z  g e g e n  P h a l l o i d i n  
b o t e n  S tof fe ,  w e l c h e  das  P i l zg i f t  e - A m a n i t i n  a n t a g o n i s i e -  
ten .  Die  h e p a t o t o x i s c h e  W i r k u n g s k o m p o n e n t e  d e r  me i -  
s t e n  P h a l l o i d i n - A n t a g o n i s t e n  w i r d  e r 6 r t e r t .  

G . L .  FLOERSHEIM 

Dekanat der Medizinischen Fakulti~t, 
Hebelstrasse 32, d056 Basel (Switzerland), 4 July 1974. 

Ident i f i cat ion  of N o r c o c a i n e  as  a Metabo l i t e  of [3H]-Cocaine  in Rat  Bra in  

Coca ine  is a p o w e r f u l  c e n t r a l  n e r v o u s  s y s t e m  s t i m u l a n t  
of r e l a t i v e l y  s h o r t  d u r a t i o n ,  low m a r g i n  of  sa fe ty ,  h i g h  
s y s t e m i c  t o x i c i t y  (LDs0 i.v. in  r a t s  17.5 mg /kg )  a n d  l i t t l e  
r e c o g n i z e d  m e d i c a l  use.  I t s  i n t e n s e  e u p h o r i a n t  a c t i o n  
l eads  to  a v e r y  h i g h  deg ree  of  p s y c h i c  d e p e n d e n c e  ~, 2 a n d  
a p r o f o u n d  a n d  d a n g e r o u s  t y p e  of d r u g  abuse .  P h y s i c a l  
d e p e n d e n c e  a n d  t o l e r a n c e  to  i t s  e u p h o r i a  a n d  t o x i c  e f fec t s  
has ,  h o w e v e r ,  n o t  b e e n  r e p o r t e d  to  deve lop .  I n  s p i t e  of  
m u c h  w o r k  a-l*, t h e  d i s p o s i t i o n a l  a n d  m e t a b o l i c  p ro f i l e  o f  
coca ine  in  t h e  c e n t r a l  n e r v o u s  s y s t e m  r e m a i n s  u n k n o w n .  
Th i s  s t u d y  dea l s  w i t h  t h e s e  p a r a m e t e r s  a n d  d e m o n s t r a t e s  
t h a t :  a) coca ine  d i s a p p e a r e d  fa i r ly  r a p i d l y  f r o m  t h e  r a t  
b r a i n  a f t e r  s.c.  a n d  i.v. i n j e c t i o n s ;  b) in  a d d i t i o n  to  t h e  
f o r m a t i o n  of  b e n z o y l e c g o n i n e ,  b e n z o y l n o r e c g o n i n e  a n d  
e c g o n i n e  as  m e t a b o l i t e s ,  N - d e m e t h y l a t i o n  occurs  r a p i d l y  
in  t h e  b r a i n  t o  f o r m  no rcoca ine ,  a l i poph i l i c  c o m p o u n d  
w i t h  c o n v u l s a n t  p r o p e r t i e s  s im i l a r  to  t h o s e  of  coca ine .  

Materials and methods. Male  W i s t a r  r a t s  ~120-150 g) 
were  i n j e c t e d  s.c. w i t h  20 m g  kg  -1 (free base)  dose  or  i .v.  
w i t h  8 m g  kg  -1 (free base)  dose  of [aH] coca ine  p r e p a r e d  as  
d e s c r i b e d  p r e v i o u s l y  15 ( r a d i o c h e m i c a l  p u r i t y  9 8 % ,  
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Uptake of [3H] cocaine in brain and plasma of male Wistar rats after a single 8 mg kg -1 (free base) i.v. or 20 mg kg -1 (free base) s.c. injection 

0.25h 0.5h l h  2h 4h  6h  12h 24h Halfqife (h) 

Brain (i.v.) 7269 4- 177 2738 • 634 924 q- 131 212 q- 48 8 :~ 3 0 --  --  0.4 
Plasma (i.v.) 612 -1- 62 296 Jr 90 111 • 14 26 :j= 8 0 - -  - -  - -  0.3 
B/P �9 (i.v.) 11.9 9.3 8.3 8.1 . . . .  

Brain (s.c.) --  2237 ~2 282 2320 =t- 205 2963 4- 195 3439 4- 362 485 :~= 194 4 :t- 1 0 4.8 
Plasma (s.c.) --  249 ~- 51 378 • 31 448 ~ 74 494 =L 59 78 • 35 2 i  1 0 5.0 
B/P ~ (s.c.) - -  9.0 6.1 6.6 6.9 6.2 2 --  

Data represent the mean value q- S.E.M. (ng/g of tissue or ml of fluid) of 3 animals for i.v. and 5 animals for s.c. group at eaeh time period. 
B/P represents the ratio of mean brain to plasma concentrations. 
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specific ac t iv i ty  12 ~zCi/mg). The brains  and p lasma  a t  
d i f ferent  per iods  of t ime  were ob ta ined  as prev ious ly  
descr ibed 16-19. Free [3HJ cocaine was de t e rmined  by  
homogen iza t ion  of bra in  in 0.5 M HCI (10% homogenate) ,  
ad jus t ing  the  p H  of a 2 ml  a l iquot  of homogena te  or 
d i lu ted  p lasma  (1:5) conta in ing  1 ml nonrad ioac t ive  
cocaine hydrochlor ide  carrier  (500 ~zg/ml) wi th  di lute 
am m on ia  to p H  8-9;  th is  was buffered wi th  1 ml  of 20% 
IZ=HPO~ solut ion and ex t rac ted  wi th  15 ml  cyclohexalle  
by  shaking  for 15 rain and  the  organic phase  was centr i -  
fuged for 10 rain, washed wi th  4 ml  0.1 M N a O H  solution. 
The residue ob ta ined  by  evapora t ing  10 ml  a l iquots  of 
organic phase  in count ing  vials was dissolved in 0.5 ml 
i sopropanol  and r ad ioac t iv i ty  counted  wi th  10 ml  
to luene -phosphor  solution.  In  vi t ro  recoveries of [3HI 
cocaine f rom t issue homogena te s  and  fluids by  th is  
m e t h o d  were q u a n t i t a t i v e  in the  concen t ra t ion  range 
1-1000 ng and  the  min imal  a m o u n t  of cocaine de tec tab le  
was 1 ng. The m e t h o d  did no t  ex t rac t  benzoylecgonine,  
benzoylnorecgonine  and ecgonine, bu t  i lorcocaine, a 
minor  me tabo l i t e  was ex t rac ted .  A rough es t ima te  of t he  
a m o u n t  of IlOrc0caine p resen t  in ra t  bra in  3.5 h following 
a 20 mg kg -~ s.c. dose was 10% of the  ex t r ac t ed  value.  

The qua l i ta t ive  iden t i f ica t ion  of [aH 3 cocaine and i ts  
me tabo l i t e s  was done on groups of 5 bra ins  r emoved  
3.5 h af ter  a single s.c. in jec t ion  of 20 mg kg -~ dose. The 
bra ins  were homogenized  in 0.5 M HC1 (20 % homogenate) ,  

centr i fuged to r emove  debris,  the  p H  of the  s u p e r n a t a n t  
ad jus ted  to  7.5 and ch ro ma t o g rap h ed  on Amber l i t e  XAD-2  
The adsorbed cocaine and  its metabo l i t es  were eluted 
wi th  me t h an o l  and the  residue f rom the  eluate  was 
ch roma tog raphed  2~ on ITLC (silica gel) wi th  4 solvent  
sys tems  and  eh ro ma t o g rams  radioscanned.  The bra in  
homogena te  s u p e r n a t a n t  conta in ing  unadsorbed  radio- 
ac t iv i ty  f rom Amber l i t e  XAD-2  column was ad jus ted  to  
p H  10-12 wi th  di lute N a O H  and  ex t r ac t ed  r epea t ed ly  
wi th  12 t imes  its volume of ch lo ro fo rm-methano l  (68 : 32, 
v/v).  The f i l tered organic ex t r ac t  was evapora t ed  to  
d ryness  in vacuo and  the  residue was c h r o m a t o g r a p h e d  on 
ITLC wi th  solvent  sys tems :  S 1 (Figure g); $2 and S~, 
respec t ive ly  and paper  c h r o m a t o g r a p h e d  wi th  n -bu tano l -  
acetic ac id-water  (4:1 : 5, v/v).  

Results  and discussion. The mean  values on the  up take  
of [3HI cocaine by  ra t  bra in  and plasma at  d i f ferent  t ime  
in tervals  af ter  a single s.c. in jec t ion  of 20 mg kg -1 dose or 

1~ A. L. MISRA and S. J. MULE', Nature, Lond. 238, 155 (1972). 
17 A. L. MISRA and S. J. MULE', Nature, Lond. 247, 281 (1973). 
18 A. L. MISRA, S. J. MULE', R. :BLocH and N. L. VADLAMANI, J. 

Pharmae. exp. Ther. 185, 287 (1973). 
19 A. L. MISRA, R. B. PONTANI and S. J. MULE', Xenobiotica 4, 17 

(1974). 
20 A. L. MISRA, R. B. PO~TANI and S. J. M~JLE', J. Chromat. 81, 167 

(1973). 

o �9 I b .... L_ c d 

t~J 
I- 

z 

E:  
bJ 
s 

0 I 3 5 7 9 II 13 0 3 5 7 9 tl 

2000 '000t  1 2000  

iii 
13 0 I 3 5 7 9 II 13 0 I 3 5 7 9 I I  13 

z 

(D oL2Joo __l 
o P 3 5 7 9 H 15 o I 3 5 ? 9 I I  i3  14 o I 3 5 ? 9 I I  i3  

DI STANCE FROM ORIGIN (CM) i 

Radioscans of thin-layer chromatograms (silica gel) of brains of rats injected s.c. with 20 mg kg -1 dose of [3HI cocaine, removed 3.5 h after 
injection, processed on Amberlite XAD-2 resin, methanol-soluble residue from Amberlite XAD-2 resin in a) solvent system S 1 : ~-butanol-acetic 
acid-water (35:3:10, v[v) a single peak of radioactivity Rf 0.88; b) in solvent system Sl: chloroform-aeetone-diethylamine (5:4:1, v/v), 
3 peaks of radioactivity Rf 0.05 (benzoylnorecgonine), 0.5 (benzoylecgolline), 0.96 (cocaine and norcocaine) with distribution of radioactivity 
as 20, 49, 31%, respectively; c) in solvent system S 3 : ~-hexane-ethyl acetate-concentrated ammonia (60 : 40 : 0.1, v/v), 3 peaks of radioactivity 
Rf 0.05 (benzoylnorecgonine, benzoylecg0nine), 0.55 (noreocaine), 0.96 (cocaine) with distribution of radioactivity as 66, 8, 26%, respectively; 
d) in solvent system S~: ethyl acetate-methanol-concentrated ammonia (17:2:1, v/v) 4 peaks of radioactivity Rf 0.05 (unknown), 0.35 
(benzoylnorecgonine), 0.55 (some benzoylnoreegonine and benzoylecgonine), 0.96 (cocaine and norcocaine) with distribution of radioactivity 
as 3, 4, 61 and 32%, respectively; e) separation of norcocaine and cocaine on ITLC (silica gel), solvent system $3, Rf norcocaine and cocaine 
0.72, 0.96, respectively; f) ITLC (alumina) in solvent system benzene-ether (8:2, v/v), Rf noreoeaine, cocaine 0.05-0.3 and 0.9 respectively; 
g) ITLC of the organic solvent extract of brain homogenate from Amberlite XAD-2 column containing unadsorbed radioactivity, in solvent 
system St, a single peak of radioactivity due to ecgonine Rf 0.43. 

6 
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8 m g  kg -1 i.v. i n j ec t ion  dose are g iven  in t he  Table .  The  
rad ioscans  (details  g iven  in F igure  a -d )  p r o v i d e d  ev idence  
for 4 n le t abo l i t e s  wh ich  were s epa ra t e ly  e lu ted  b y  pre-  
v ious  t echn iques  16 -19 a n d  cha rac t e r i zed  b y  co -ch roma to -  
g r a p h y  w i t h  s t a n d a r d  samples  3~, as benzoy lnorecgonine ,  
benzoylecgonine ,  norcoca ine  and  a n  un iden t i f i ed  m e t a -  
boli te.  Deta i l s  of s epa ra t i on  of norcoca ine  f rom cocaine on  
I T L C  (silica gel) a n d  I T L C  (a lumina)  are shown  in  F igu re  
e-f .  Norcocaine  was also de tec ted  as a m e t a b o l i t e  of 
cocaine ill r a t  b r a ins  w i t h i n  1 ra in  of onse t  of convuls ions  
fol lowing a 10 mg  kg -~ i.v. dose of [aH] cocaine. A single 
p e a k  of r a d i o a c t i v i t y  in  so lven t  sys tems  S~ (Figure g), 
S~, S~ a n d  p a p e r  c h r o m a t o g r a m  and  c o - c h r o m a t o g r a p h y  
w i t h  s t a n d a r d  ecgonine  conf i rmed  t h e  iden t i fy  of A m b e r -  
l i te X A D - 2 - u n a d s o r b e d  m e t a b o l i t e  as ecgonine.  T he  b r a i n  
debr is  r e m a i n i n g  a f te r  t he  e x t r a c t i o n  w i t h  0.5 M HC1 

21 H.-L. SCHMIDT and G. WERNER, Liebigs Annln Chem. 653, 184 
(1962). 

~2 A. L. MISRA, C. L. MITCHELL and L. A. WOODS, Nature, Lond. 232, 
48 (1971). 

23 E. G. ROZA~TSEV and V. D. SHOLLE, Dokkl. Akad. Nauk. USSR 
187, 1319 (1969); Chem. Abstr. 71, 128619s (1973). 

24 G. J. GmTTA and H. H. WA~O, Biochem. Mophys. Res. Commun. 
46, 1576 (1972). 

25 A. L. MISRA, R. B. PONTANI and S. J. MULE', Experientia 29, 1108 
(1973). 

26 This work was supported by the U.S. Army Medical Research and 
Development Command under Research Contract No. DADA-17- 
73-C-3080. 

a f te r  wash ing  w i t h  water ,  r ecen t r i fuga t ion  a n d  c o u n t i n g  
b y  earl ier  p rocedure  ~ showed s igni f ican t  b o u n d  radio-  
ac t iv i ty .  

O x i d a t i o n  of cocaine  a t  a m b i e n t  t e m p e r a t u r e  w i t h  
h y d r o g e n  pe rox ide  r e p o r t e d l y  23 leads to  t he  f o r m a t i o n  of 
fa i r ly  s tab le  n i t r ox ide  free rad ica l  a n d  such  radica ls  in  
v ivo  h a v e  been  r epo r t ed  2a to be  r educed  to n o r c o m p o u n d s  
b y  m e m b r a n e  su l fhydry l  groups.  The  f o r m a t i o n  of nor-  
cocaine as a m e t a b o l i t e  of cocaine in r a t  b r a i n  conce ivab ly  
m a y  p l a y  a n  i m p o r t a n t  role in  t he  sys t emic  t ox i c i t y  of 
cocaine.  The  lack of pers i s tence  of cocaine in r a t  b r a i n  for a 
p ro longed  per iod  is s imi lar  to  t h a t  obse rved  p rev ious ly  19, 25 
w i t h  theba ine ,  a n  opioid s t i m u l a n t  which  also possesses 
l i t t l e  or no  phys ica l  dependence  l iabi l i ty .  In  con t ras t ,  
dep re s san t  na rco t i c  analges ic  d rugs  such  as m o r p h i n e  ~2 
a n d  m e t h a d o n e  ~6, ~a w i t h  ve ry  h i g h  to le rance  a n d  phys ica l  
dependence  l iabi l i ty ,  pe r s i s t ed  in t h e  r a t  b r a i n  for pro- 
longed per iods  even  a f t e r  a single s.c. in jec t ion .  These  
obse rva t i ons  m a y  h a v e  some re levance  to t he  absence  of 
to le rance  a n d  phys ica l  dependence  l i ab i l i ty  w i t h  cocaine 26. 

Zusammen/assung. N a c h  s.c. und  i.v. I n j e k t i o n e n  von  
Cocain in R a t t e n  wurde  Cocain  im H i r n  r a sch  me tabo l i -  
siert.  Ausser  Benzoylecgonin ,  B e n z o y l n o r e c g o n i n  u n d  
Ecgon in  wurde  Norcoca in  als wich t iger  M e t a b o l i t  ident i -  
f iziert .  

A.L.  MISRA, ~. K. •AYAK, M.N.  PATEL, 
N.L.  VADLAMANI a n d  S . J .  MULs 

New York State Drug Abuse Control Commission, 
Testing and Research Laboratory, 
80 Hanson Place, Brooklyn (New York 11217, USA), 
26 April  7974. 

Stimulat ion des tubuliiren Transportes  organischer Basen bei Ratten verschiedenen Alters 

Fi i r  die rena le  Aussche idung  yon  F r e m d s t o f f e n  wie von  
k6rpe re igenen  Stoffen  h a b e n  die Car r i e r sys teme  fiir dell 
T r a n s p o r t  o rgan i scher  S/iuren u n d  o rgan i sche r  B a s e n  
grosse B e d e u t u n g .  Diese Carr ier  h a b e n  eine l imi t i e r t e  
Transpor tkapaz i t /~ t ,  die in der  f r i ihen  p o s t n a t a l e n  Per iode  
ger inger  is t  als im  E r w a c h s e n e n a l t e r  1. All N ie ren r inden -  
s c h n i t t e n  wurde  nachgewiesen,  dass  d u t c h  die wieder-  
ho l te  Gabe  v o n  F r e m d s t o f f e n  eine A k t i v i e r u n g  jenes  
Car r i e r sys tems  e in t r i t t ,  das  den  be t r e f f enden  F r e m d s t o f f  
t r a n s p o r t i e r t  ~,3. D u r c h  die wiederho l t e  Z u f u h r  yon  
o rgan i schen  Shmren k a n n  eine besch leun ig te  rena le  Aus- 
s che idung  yon  p-Aminohippurs~Lure e r re i ch t  werden,  die 
d u r e h  den  S~turecarrier t u b u l a r  sezern ie r t  wi rd  4. 

A n  j u n g e n  u n d  e rwachsenen  R a t t e n  wurde  u n t e r s u c h t ,  
ob  d u r c h  die wiederho l te  Z u f u h r  der  o rgan i schen  Base  Tris 
( -hyd roxyme thy l )  a m i n o m e t h a n  (Trometamol ,  THAM)  
eine beschleunig~ce rena le  Aussche idung  dieser  Verb in -  
d u n g  e r re ich t  werden  kann ,  de ren  rena le  E x k r e t i o n  be i  
Z u f u h r  grosser Mengen  vorzugsweise  d u t c h  den  Basen-  
car r ier  erfolgt  5. 

Methode. W i s t a r - R a t t e n  (Jena)  ve r sch iedenen  Al te r s  
e rh ie l t en  f iber 4 Tage  zweimal  t~tglich u m  8 h u n d  u m  
16 h 94 mg/100  g K G  T H A M  i.p. A m  5. Tag  wurde  die 
Geschwind igke i t  der  r ena l en  Aussche idung  yon  T H A M  
ill e inem 3st i indigen Diu reseve r such  im Vergle ich  zu 
K o n t r o l l e n  b e s t i m m t .  Die Tiere w a r e n  a m  Tag  des 
D iu re se -Ver suchs  5, 15, 33, 55, 105 bzw. 240 Tage  alt .  
K o n t r o l l e n  u n d  v o r b e h a n d e l t e  Tiere e rh ie l t en  zu Beg inn  
des 3s t i indigen  Diureseversuchs  94 rag/100 g IZG 
T H A M  i.p., wobei  die Kon t ro l l t i e r e  im V e r s u c h s z e i t r a u m  
n u r  e twa  die H~l f te  der  app l iz ie r t en  Menge aussche iden  

k6nnen .  33 und  55 Tage a l te  R a t t e n  e rh ie l t en  die doppe l t e  
Dosis,  u m  bei  der  gr6sseren Ausscheidungsf /~higkei t  dieser  
Tiere  im Vergle ich  zu j u n g e n  u n d  a l t en  R a t t e n  eine be- 
sch leunig te  rena le  Aussche idung  nachweisen  zu k6n-  
n e n 6  Das  L 6 s u n g s m i t t e l v o l u m e n  b e t r u g  u n a b h ~ n g i g  yon  
der  Dosis 5 ml /100 g KG. Die B e s t i m m u n g  v o n  T I I A M  
erfolgte  n a c h  de r  Me thode  yon  ROS~NL Es  werden  
a r i t h m e t i s c h e  Mi t t e lwer te  m i t  S t a n d a r d f e h l e r  angegeben.  
Die im V e r s u c h s z e i t r a u m  yon  3 h ausgesch iedenen  
T H A M - M e n g e n  w u r d e n  auf  100 g K G  bezogen.  Bei  
R a t t e n  al ler  A l t e r s g r n p p e n  war  die bei  der  V o r b e h a n d -  
lung  appl iz ie r te  T H A M - M e n g e  zu Beg inn  des  Diurese-  
Versuchs  ausgeschieden.  

Ergebnisse und Dishussion. Wie  die F igu r  zeigt, f i ih r t  
die wiederho l te  Gabe  yon  T H A M  bei  R a t t e n  al ler  Alters-  
g r u p p e n  zu e iner  besch leun ig t en  rena len  Aussche idung  
dieser V e r b i n d n n g .  Bei  33 u n d  55 Tage a l t en  R a t t e n  s ind 
die ausgesch iedenen  T I i A M - M e n g e n  gr6sser  als bei  den  
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