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( Ib) ;  c a n n o g e n i n  and  co ro tox igen in ;  cannogeno l  a n d  
coroglaucigenin,  etc. ~. So fa r  as we know, however ,  car-  
d io ton ic  ac t iv i t i es  were d e t e r m i n e d  and  c o m p a r e d  b y  the  
same b ioassay  on ly  in  t he  f i rs t  pair ,  d ig i tox igen in  and  
uzar igen in  7-9. P r inc ipa l ly  based  on  these  compar isons ,  
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i t  is genera l ly  accep ted  t h a t  t he  A /B  cis-cardenolides are 
m u c h  more  p o t e n t  t h a n  t he  A /B  trans-cardenoIides 50, 55, 
a l t h o u g h  t h i s  is no t  a lways  t r ue  w i t h  t he  cardenol ide  
glycosides 53. The  p r e s e n t  resu l t s  w i t h  d igox igen in  (IIa)  
and  5 ~-digoxigenin  (Ia) t h u s  p rov ide  t h e  second in s t ance  
wh ich  suppor t s  t he  above  v iew concern ing  t he  s t ruc tu re -  
a c t i v i t y  r e l a t i onsh ip  of ca rdenol ide  aglycones  53 

Zusammen]assung. Es  w u r d e n  die k a r d i o t o n i s c h e n  
W i r k u n g e n  des Digoxigenins ,  sowie de ren  5 Der iva te ,  
e inschl iess l ich des 5e-Digoxigenins ,  auf  das  isol ierte 
F roschhe rz  u n t e r s u c h t  u n d  Vergle iche m i t  den  en t spre -  
c h e n d e n  Ag lykonen  der  D ig i tox igen in -Re ihe  gezogen. 
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Rifampicin and Cysteamine Protect against  the Mushroom Toxin Phalloidin 

Phal lo id in ,  a cyclic hep t apep t ide ,  is q u a n t i t a t i v e l y  t he  
mos t  i m p o r t a n t  r e p r e s e n t a n t  of t i le r ap i d l y  ac t ing  
pha l l o tox in s  i so la ted  f rom t he  poisonous  m u s h r o o m  A ma- 
nita phalIoides 5. I n  an  ear l ier  series of inves t iga t ions ,  mice  
could be  p r o t e c t e d  aga ins t  l e tha l  doses of pha l lo id in  b y  
pr io r  t r e a t m e n t  w i t h  h e p a t o t o x i c  agen ts  such  as c a r b o n  
t e t rach lo r ide ,  s o d i u m - c i n c h o p h e n  (sodium sal t  of 2- 
p h e n y l c i n c h o n i n i c  acid) and  t h i o a c e t a n i d e  2, 8. Sub-  
s equen t  s tud ies  disclosed t h a t  m a r k e d  p r o t e c t i o n  aga in s t  
pha l lo id in  was also p rov ided  b y  r i f ampic in  and  pheny l -  
b u t a z o n e  a. The  p r e s en t  work  repor ts ,  in  a d d i t i o n  to 
f u r t h e r  cha rac te r i s t i c s  of t h e  r i f ampic in  ac t iv i ty ,  t h e  
an t agon i s t i c  eff icacy of cys teamine .  Moreover ,  i t  was  
t e s t ed  w h e t h e r  o the r  d rugs  w i t h  h e p a t o t o x i c  po tenc ies  
and  w h e t h e r  a n t i d o t e s  to  t he  s lowly ac t ing  m u s h r o o m  
poison  ~-amani t in ,  would  also affect  pha l lo id in  toxic i ty .  

Methods. Female  N M R I  mice (S. I v a n o v a s ,  7964 
Kisslegg, W e s t - G e r m a n y ) ,  we igh ing  18-22 g were used 
t h r o u g h o u t  the  expe r imen t .  Pha l lo id in  was d issolved in 
dis t i l led  w a t e r  and  app l ied  in a vo lume  of 0.1 ml /10  g 
b o d y  we igh t  b y  t h e  i.p. route .  D e a t h  a f t e r  l e tha l  doses of 
phMlo id in  occur red  in genera l  w i t h i n  2-5 h a f te r  t he  
appl ica t ion .  As no  dea ths  were obse rved  l a t e r  t h a n  24 h, 
su rv iva l  was  scored a t  th i s  t ime.  

The  agen ts  to  be  t e s t ed  were d issolved i m m e d i a t e l y  
before  use in dis t i l led  w a t e r  and  appl ied  in  0.1 or 0.2 m l /  
10 g b o d y  we igh t  in  single doses a t  t he  t imes  i nd i ca t ed  in 

Table 1. Toxicity of phalloidin in NMRI mice 

Tab les  I I  and  I I I .  The  con t ro l  groups  received t he  respec- 
t ive  vo lumes  of dis t i l led w a t e r  on ly  b y  t he  co r re spond ing  
route .  The  chemica ls  used inc luded :  R i f a m p i c i n  ( 'R imac-  
t an ' ) ,  C y s t e a m i n e  (F luka  AG, CH 9470 Buchs) ,  Chlor- 
p r o m a z i n e  ( 'Largact i l ' ) ,  Penic i l l in -G ( 'Speci l l ine G'), 
A u r e o m y c i n  (Lederle, suspended  in t a p  water) ,  E r y t h r o -  
myc ine  ( 'E ry th roc in ' ) ,  C y t o c h r o m e  C ( 'Cyto-Mack ' ) ,  
Rese rp ine  ( 'Serpasi l ' ) ,  P h e n y l b u t a z o n e  ( 'Butazo l id ine ' ) ,  
' S y n t h a l i n  A'  ( D e c a m e t h y l e n e d i g u a n i d i n e  2 HC1) and  
a c t i v a t e d  charcoa l  (Carbo adsorbens ,  suspended  in t a p  
water) .  

Results. As seen f rom Tab le  I, t h e  LD50 of pha l lo id in  
a m o u n t e d  to ~ 2 . 5  m g / k g  a n d  t he  LDg0 to 3 mg/kg .  The  
drugs  were t e s t ed  aga ins t  th i s  l a t t e r  dose. R i f a m p i c i n  
p r o v i d e d  aga in  a comple te  p r o t e c t i o n  a t  b o t h  doses 
t e s t ed  of 100 a n d  300 m g / k g  (Table  I I ) .  I n  addi t ion ,  i t  was  
d e m o n s t r a t e d  t h a t  r i f ampic in  is st i l l  ac t ive  if appl ied  
24 or even  48 h pr io r  to  t he  phal lo id in .  The  p ro t ec t i on  
af forded b y  p h e n y l b u t a z o n e ,  a f te r  in t e rva l s  of 8 or 24 h, 
was  on ly  marg ina l .  S ign i f ican t  p r o t e c t i o n  was caused b y  
c y s t e a m i n e  and,  to  a lesser degree, b y  ch lo rpromaz ine .  
No s igni f ican t  a c t i v i t y  was d e m o n s t r a t e d  b y  t he  agen ts  
en te red  in Tab le  I I I .  

Discussion. F l u m e  h a d  obse rved  t h a t  n e w b o r n  r a t s  
were r e s i s t a n t  to  l e tha l  doses of pha l lo id in  5. He  ascr ibed  
t h i s  p h e n o m e n o n  to t he  i m m a t u r i t y  of d rug  me tabo l i z i ng  
enzymes  in newborns .  Based  on  th i s  a n d  o the r  6 observa-  
t ions ,  i t  was  held  l ike ly  t h a t  h e p a t o t o x i c  agen ts  such  as 
c a r b o n  t e t r ach lo r ide  exer t  t h e i r  p r o t e c t i v e  effect  b y  
d a m a g i n g  d r u g - m e t a b o l i z i n g  enzymes  a n d  t h u s  p r e v e n t i n g  
t he  t r a n s f o r m a t i o n  of pha l lo id in  to  tox ic  metabol i tes3 ,  3. 

Dose of phalloidin Proportion of mice surviving Survival( % ) 
(mg/kg, i.p.) at 24 h 

1.0 6/6 100 
2.0 4/6 67 
3.o 4/39 10 

1 TH. WIELAND, Science 759, 946 (1968). 
2 G. L. FLOERSHEIM, Biochem. Pharmae. 15, 1589 (1966). 
3 G. L. FLOERSHEIM, Helv. physiol, pharmacol. Aeta 24, 219 (1966). 
4 G. L. FLOERSHEIM, Agents Actions 2, 142 (1971). 
5 L. FIUME, Lancet J, 1284 (1965). 
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"Fable II. Protective effects against 3 mg/kg phalloidin in NMRI mice 
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Treatment  Dose (mg/kg) Application before phalloidin Proportion of mice surviving at 24 h Survival (%) P 

Controls Saline 30 rain 4/39 10 

Rifampicin 100 p.o. 30 min 6/6 100 

Rifampiein 100 p.o. 8 h 4/4 100 

Rifampiein 100 p.o. 24 h 4/4 100 

Rifampiein 100 p.o. 48 h 1/4 25 

Rifampicin 300 p.o. 8 h 4/4 100 

Rifampicin -300 p.o. 24 h 4/4 100 

Rifampiein 300 p.o. 48 h 3/4 75 

Phenylbutazone 100 s.c. 8 h 2/4 50 

Phenylbutazone 100 s.c. 24 h 1/4 25 

Phenylbutazone 300 s.c. 8 h 1/4 25 

Phenylbutazone 300 s.c. 24 h 1/4 25 

Cysteamine 150 i.p. 30 min 8/12 67 

Chlorpromazine 3 s.c. 30 min 5/10 50 

< 0.001 

0.001 

< 0.001 

n.s .  

< 0.001 

< 0.001 
< 0.01 

< 0.05 
n.s .  

n.s .  

n.s .  

< 0.001 

< 0.02 

n.s. = not significant. Statistical significance determined according to the X 3 test. 

I n d e e d ,  t h e  r e c e n t l y  r e p o r t e d  p r o t e c t i o n  in  r a t s  a g a i n s t  
c a r b o n  t e t r a c h l o r i d e  b y  p r i o r  c a r b o n  t e t r a c h l o r i d e  
a d m i n i s t r a t i o n  w a s  a lso  p a r a l l e l e d  b y  a d e p r e s s i o n  of  t h e  
l i ve r  d r u g  m e t a b o l i z i n g  s y s t e m  7. 

A s  p h e n y l b u t a z o n e  is  k n o w n  t o  a f f e c t  l i ve r  e n z y m e s  s, 
t he  p r o t e c t i v e  e f f i c a c y  of  t h i s  a g e n t  4 if a p p l i e d  a t  s u i t a b l e  
i n t e r v a l s  b e f o r e  t h e  p h a l l o i d i n  w o u l d  a l so  t e n d  to  s u p p o r t  
t h e  p h a l l o i d i n  t o x i f i c a t i o n  h y p o t h e s i s .  

W i t h  r i f a m p i c i n ,  n o  i n v e s t i g a t i o n s  o n  i t s  e f f ec t  o n  
d r u g  m e t a b o l i z i n g  e n z y m e s  s e e m  t o  h a v e  b e e n  p u b l i s h e d .  
H o w e v e r ,  r e c e n t  c l in i ca l  r e p o r t s g ,  s0 on  l i ve r  d a m a g e  a n d  
a b n o r m a l  l i ve r  f u n c t i o n  a f t e r  r i f a m p i c i n  p l a c e s  t h i s  d r u g  
in  t h e  c a t e g o r y  of  a g e n t s  c a p a b l e  of  c a u s i n g  l i ve r  i n j u r y .  
I n  t h e  l i g h t  of  t h e  n e w  f i n d i n g  t h a t  r i f a m p i c i n  p r o t e c t s  
a g a i n s t  p h a l l o i d i n  a lso  if i t  is a d m i n i s t e r e d  48 h ear l ie r ,  
t h e  a l t e r n a t i v e  e x p l a n a t i o n  t h a t  r i f a m p i c i n  b l o c k s  t h e  
p h a l l o i d i n  u p t a k e  b y  l i ve r  cel ls  s e e m s  less  l ike ly .  

I t  a p p e a r s  t h a t  t h e  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  is  
a f f o r d e d  p r e d o m i n a n t l y  b y  c o m p o u n d s  c a p a b l e  of  c a u s i n g  
h e p a t i c  d a m a g e .  F r o m  a se r i es  of  c h e m i c a l s  w i t h  a m o r e  

p a t c h y  i n c i d e n c e  of  h e p a t o t o x i c  e f f ec t s  s u c h  as  a u r e o m y -  
cin,  e r y t h r o m y c i n ,  s y n t h M i n  A a n d  c h l o r p r o m a z i n e ,  
o n l y  t h e  l a t t e r  a f f e c t e d  p h a l l o i d i n  t o x i c i t y  ~ (Tab l e  I I ) .  
H o w e v e r ,  t h e  t o x i f i c a t i o n  h y p o t h e s i s  is c h a l l e n g e d  b y  t h e  
f a i l u r e  t o  d e t e c t  in  s t u d i e s  w i t h  r a t s  a m e t a b o l i t e  of  taH] 
d e s m e t h y l p h a l l o i n  ~= a n d  b y  t h e  f i n d i n g  t h a t  c a r b o n  
t e t r a c h l o r i d e  s e e m s  to  p r e v e n t  t h e  b i n d i n g  of  p h a l l o i d i n  
o n t o  l i ve r  cel ls  a3. 

7 Cx. UGAZIO, R. R. KOCH and R. O. RECKNAGEL, Exp. molec. Path.  
16, 281 (1972). 

s A. K. C•o, B. J. HODSHON and B. B. BRODIE, Biochem. Pharmac. 
79, 1817 (1970). 

9 p. j .  SCHEUER, J. A. SUMMERmELD and S. SHERLOCK, Lancet 1, 
421 (1974). 

10 A, AUSTERHOFF, U.  KINDLER, P.  KNOP and H. J. KNIERIEM, 

Dt. reed. Wschr. 94, 1182 (1974). 
11 O. PECZENIK, I. L. FISHER and M. LIBRIUS, Toxicon 3, 41 (1965). 
23 H. PUCHINGER and TH. WIELAND, Eur. J. Biochem. 11, 1 (1969). 
13 e .  KROKER and M. FRIMIaER, Naunyn-Schmiedebergs Arch. 

Pharmak. 282, 109 (1974). 

Table III. Lethality of NMRI mice after 3 mg/kg phalloidin and various t reatments  

Treatment  Dose (mg/kg) Application before phalloidin Proportion of mice surviving at 24 h Survival (%) 

Controls 

Cytochrome C 

Cytochrome C 

CytochroIne C 

Cytoehrome C 

Penieillin-G 

Penicillin-G 

Penieilli~-G 

Penicillin-G 
Aureomycin 

Erythromyein 

Reserpine 

Synthalin A 

Synthalin A 
Activated Charcoal 

Saline 

15 i.p. 

45 i.p. 

150i.p. 

300 i.p. 
100 l.p. 

1000 i.p. 

1001.p. 

1000 i.p. 
1000 p.o. 

75 s.c. 

l s .c .  
7.5 s.c. 

7.5 s.c. 

2000 p.o. 

30 min 4/39 10 

30 mill 1/6 17 
30 min 1/6 17 

30 min 0/6 --  

30 min 0/6 --  
30 min 0/6 - -  

30 min 0/6 --  

3 h 0/6 --  
3 h 2/12 17 

30 min 1/12 8 

30 min 0/5 --  

100 min 0[4 --  
100 rain 2/6 33 

3 h 0/6 - -  

15 min 1/12 8 
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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  

14 G. L. FLOERSHEIM, Nature New Biol. 236, 115 (1972). 
15 G. L. FLOERSHEIM, Science 177, 808 (1972). 
1~ U. FAUS~R and H. FAULSTICH, Dt. mad. Wschr. 98, 2259 (1973). 
17 j .  R. MITCHELL, D. J. JOLLOW, W. Z. POTTER, J. R. GILLETTE 

and B. B. BRODIE, J. Pharmacol. exp. Ther. 787, 211 (I973). 
is j .  R. MITCHELL, D. J. JOLLOW, J. R. GILLETTE and B. B. BRODIE, 

Drug Metab. Dispos. 7,418 (1973). 
1~ L. F. PRESCOTT, R. W. NEWTON, C. P. SWAINSON, N. WRIGHT, 

A. R. W. FORREST and H. MATTHEW, Lancet 1, 588 (1974). 

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 % ,  

lJk. L. TATUM and M. H. SERVERS, J. Pharmae. exp. Ther. 36, 401 
(1929). 

2 G. A. DENEAU, T. YANAGITA and lVL H. SEEVERS, Psychopbarma- 
cologia 76, 30 (1969). 

8 H. A. OELKERS and W. RAETZ, Arch. exp. Path. Pharmak. 170, 246 
(1933). 

r H. A. OEL~ERS and E. VINCKE, Arch. exp. Path. Pharmak. 779, 
341 (1935). 

5 A. R. MClNTYRE, J. Pbarmac. exp. Ther. 57, 133 (1936). 
6 L. A. WooDs, F. G. MCMAHON and M. H. SEEVEES, J. Pharmae. 

exp. Ther. 707, 200 (1951). 
7 R. V. ORTIZ, Annls Fac. Quim. Farm. (Chile) 18, 15 (1966). 
s G. WERNER, Planta mad. 9, 293 (1961). 
9 j .  iv/. VAN Rossui~, J. B. VAN DER SCHOOT and J. A. Tm M. 

HURKMANS, Experientia 78, 229 (1962). 
i0 F. MOHTESlNOS, Bull. Narcot. 77, 11 (1965). 
n H. O. J. COLLIER, Nature, Lond. 220, 1327 (1968). 
12 F. FISH and W. D. C. WILSON, J. Phalin. Pharmac. 21,135 S (1969). 
18 H. LAHGEKER and K. LEWlTT, Arch. exp. Path. Pharmak. 790, 

492 (1938). 
14 R. C. HATCH and R. FISCttER, Pharmac. Res. Commun. d, 383 

(1972). 
1.~ p. K. NAYAK, A. L. MISRA, M. N. PATEL and S. J. MULE', Radio- 

chem. radinanalyt. Lett. 76, 167 (1974). 

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. 


