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be concluded t h a t  a dis tal  site cont inues  to secrete acid 
during metabol ic  induc t ion  of u r ina ry  alkal inizat ion.  This  
observat ion is consis tent  w i th  the  hypothes is  t h a t  a t  least  
a fraction of dis tal  sod ium reabsorb t ion  takes  pIace by  
way of an  exchange  for hydrogen  ions and therefore  wi th  
the hypothes is  a d v a n c e d  by  PITTS and  LOTSPEICH L 

Although,  no clear  cu t  si te of a lkal inizat ion could be  
detected in these studies,  i t  is suggested tha t  these  d a t a  
are consis tent  wi th  p rox imal  alkal inizat ion.  Such a process 
could be ob l i t e ra ted  by the  dis tal  acidifying act ion as the  
proximal  urine passed this  site af ter  release of the  ure tera l  
clamp 4 Since the  tubu le  is re la t ive ly  permeable  to CO~, 
it  is recognized t h a t  a lkal in iza t ion could occur  by  con- 
centrat ing the  urine and increasing the  ra t io  of HCO 3- to 
H2CO a. E x a m i n a t i o n  of the  s top-f low curves  show t h a t  the  
process of acidif icat ion takes  place r a the r  far  distal ly,  and 
it is considered unl ikely  t h a t  a lka l in iza t ion  secondary  to  
concentrat ion more  dis ta l  t h a n  the  locus of acidif icat ion is 
the main  mechan i sm involved  in producing high u r inary  
pH. Such a process could occur, however ,  a t  the  p rox ima l  
level. A process of p rox ima l  a lkal inizat ion would  be a 
corollary to t h a t  of p rox ima l  acidif icat ion demons t ra t ed  
by GOTTSCHALK et  al. under  cer ta in  condi t ions  5. 

The fact  t h a t  i t  was no t  found possible to ma in ta in  a 
ur inary  p H  above  7 when manni to l  conta in ing  NaC1 was 
infused is in ag reemen t  w i th  the results repor ted  by  VAN 
SLYKE and EVANS 6. They  found t h a t  loading of normal  
dogs wi th  NaC1 and glucose induced a fail in p H  of the  
urine. The  acidif icat ion was a t t r i bu t ed  to be a consequence  
of reduct ion  of p lasma HCO~- concent ra t ion  secondary  to  

di lut ion.  E x a m i n a t i o n  of thei r  data,  however ,  shows t h a t  
a considerable  drop  in p H  was found before the  drop in 
p lasma HCO a- became significant.  Fur the rmore ,  i t  would 
be diff icul t  to expla in  w h y  mann i to l  con ta in ing  NaC1 
should  cause more d i lu t ion  t h a n  mann i to l  a lone in these 
exper iments .  I t  m a y  be t h a t  increasing the  sodium load is 
responsible for increasing tubu la r  exchange  of H+ for 
Na  + 7. 

Zusammen/assung. Bet Hunden ,  die wegen Infus ion yon  
N a H C O  3, N a - L a k t a t  oder  N a O H  alkalischen H a r n  produ-  
zierten, wurden  ,stop-flow,~-Versuche durchgeft ihr t .  Es 
konnte  gezeigt werden,  dass un te r  diesen Umst / inden  
dis ta l  eine Ans~uerung des Tubulusharns  s ta t t f inde t ,  so 
dass die Alkal is ierung in den p rox imalen  Abschni t ten  
s t a t t f inden  muss. 
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Mechanism of Action of Cocaine 
and Amphetamine  in the Brain 

The  cent ra l  s t imu lan t  act ion of cocaine is to  a great  
ex ten t  s imi lar  to t h a t  of t he  amphe tamines .  Cocaine and 
amphe tamines  cause s imilar  changes in t he  E E G  pat te rn ,  
while evoking  aler tness  and suppressing appe t i t e  x to a 
similar degree. 

The  amphe tamines  are s t ruc tura l  analogues of catechol-  
amines (ar terenol  and dopamine) ;  there  exists a r igid 
s t ruc tu re -ac t iv i ty  re la t ionship  2. This  suppor ts  the  sug- 
gestion t h a t  amphe tamines  m a y  mimic  the  act ion of 
ca techolamines  on specific receptors  in the  bra in  3 and 
tha t  t h e y  m a y  therefore  have  a d i rec t  a r terenergic  mecha-  
nism of act ion.  

The  cen t ra l  ac t ion  of  cocaine  seems to be re la ted  to  i ts  
sympa the t i c  ac t ion  since i ts  s tereo- isomer  pscudococaine,  
a l though hav ing  ident ica l  local anaes the t ic  proper t ies  wi th  
cocaine, is devoid  of per ipheral  sympa the t i c  ac t iv i ty  and 
of a cen t ra l  s t imu lan t  ac t ionL Fur the rmore ,  the  cent ra l  
s t imulan t  ac t ion  of cocaine and t h a t  of a m p h e t a m i n e  is 
select ively an tagonized  by  sympa tho ly t i c  drugs such as 
dibenzyl ine  and piperoxane.  There  is no s t ruc tu ra l  rela- 
t ionship be tween  cocaine and ca techolamines  and am- 
phe tamines  so t h a t  a di rect  ca techoMike  act ion seems 
improbable .  A l t e rna t ive ly  an  indirect  ar terenergic  act ion 
migh t  underl ie  t he  act ion of cocaine in the  brain,  t h a t  is, 
an ac t ion  by  release of catechotamines .  E x p e r i m e n t s  will  
be conduc ted  to  t es t  this  hypothesis .  

Reserpine causes a release of ca techolamines  (CA) and 
finally a deple t ion  of long dura t ion  ~, This  would imply  
tha t  indi rec t  ar terenergic  drugs t h a t  act  by  releasing CA, 
should no longer be ac t ive  af ter  deple t ion  of CA by  re- 

serpine, whereas  those  d i rec t ly  occupying  the  specific 
receptors  ought  stil l  to exer t  the i r  normal  effect. 

Spontaneous  motor  ac t i v i t y  of groups of two  mice was 
measured  wi th  the  cumula t i ve  recording procedure  n. 
A b o u t  1 or  2 h af ter  the  mice had  been placed in the  cage 
and the i r  exp lo ra to ry  behav iour  had  subsided,  t hey  were 
in jec ted  e i the r  wi th  d -amphe tamine  (5.62 and I0  tzMol/kg 
in succession) or  /-cocaine (31.6 and 56.2 p.Mol/kg) (see 
Figure  i a and 2a). Cocaine induces a s imilar  increase in 
mo to r  ac t iv i ty  as amphe tamine ,  which is, however ,  of 
shor t  durat ion.  A m p h e t a m i n e  in an equa l ly  ac t ive  dose 
has  an act ion 2-4 t imes  longer. The  animals  used in th is  
type  of exper iments  were injected wi th  0.5 mg]kg reserpine 
twice a day  over  3 consecut ive  days  s ta r t ing  5 days  a f te r  
the previous  tes t  doses of a m p h e t a m i n e  or  cocaine.  On the  
four th  d a y  the  same doses of cocaine and  a m p h e t a m i n e  
were adminis te red  as g iven  prev ious ly  and aga in  m o t o r  
ac t iv i ty  was recorded (see F igure  l b and 2b). S imi la r  
results were ob ta ined  when bo th  a m p h e t a m i n e  and 
cocaine were injected in the  same group of two  mice. For  
average results see Table.  
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Fig. 1. (a) Cumula t ive  record of the act ion of d -amFhe tamine  (5.6~ and  10 ~tMol]kg) on the nmto r - ac t i v i t y  in a group of two mice. The 
an ima l s  were in jec ted  af ter  they  had  been accus tomed  to the i r  new env i ronment ,  (b) Cumula t i ve  record of the act ion of d -amphe tamine  
(5.62 and  l0  t~Mol/kg) in the same group of mice 8 days  l a t e r  af ter  t hey  had  been reserpinized wi th  0.5 m g / k g  reserpine twice a d a y  over  3 
days  pr ior  to this  exper iment .  Note t h a t  there is p rac t i ca l ly  no difference in  ac t i v i t y  in expe r imen t  a and  b.  Th is  impl ies  tha t  deple t ing  
CA-stores by  reserpine does no t  affect the ac t ion  of amphe tamines .  I t  is therefore concluded t h a t  a m p h e t a m i n e  mimics  CA b y  d i rec t ly  occup- 

y ing  CA receptors  in the bra in  

The average effect of p sychomoto r  s t i m u l a n t s  on locomotor  ac t i v i t y  
in untreated and reserpinized mice 

Drug Normal mice Reserpinized mice 
• effect after o/ 

EDao Mol/kg Ra t io  e~fe~ef~rre ~ (~o) 

d-amphetanf ine  5.0 80-140 ~ 
d / - m e t h y l - a m p h e t a m i n e  3.6 40-120 • 
l-cocaine 25 0 
dl-benzyl-amphet amino 55 0 

When the effect after reserpine was less than before, maximum 
effect could always be obtained by increasing the dose of the 
stimulant. 

I t  m a y  be seen f rom these Figures  t h a t  p r e - t r e a t m e n t  
w i th  reserpine does no t  apprec ia t ive ly  affect  the  response 
to a m p h e t a m i n e  bu t  t h a t  the  ac t ion  of cocaine is com- 
p le te ly  annul led.  These resul ts  thus  s t rongly  indicate  t h a t  
cocaine  has an  indirect ar terenergic  mechan i sm of act ion,  
p resumab ly  by  releasing ca techolamines  f rom the i r  stores. 
On the  o the r  hand,  i t  seems to be  p roved  t h a t  amphe t -  
amine  has  a direct ar terenergic  mechan i sm of act ion.  

A fur ther  proof  of the  indi rec t  a r terenergic  act ion of 
cocaine  was p rov ided  by  the  fol lowing exper iment .  
Groups  of 2 mice were p re - t rea ted  wi th  reserpine ove r  a 
per iod of 4 days  ( total  a m o u n t  4 m g / k g  reserpine) a f t e r  
which a tes t  dose o f / - c o c a i n e  (56.2 ~Mol/kg) was given,  
which,  according to  the  previous  exper iments ,  appeared  
to be ineffective.  3 h later ,  the  animals  were loaded wi th  

L - D O P A  (200 ~Mol/kg), a compound  t h a t  can pass the 
blood bra in  barr ier  and t h a t  can be conver ted  into cate- 
cholamines.  I h af ter  the  L - D O P A  admin is t ra t ion  cocaine 
was again in jec ted  which now appeared  to exer t  a pract i-  
cal ly normal  act ion (see Figure  2c). The  ef fec t iv i ty  of 
cocaine in reserpinized mice could, however ,  n o t  be re- 
gained by  admin i s t r a t ion  of 5 - H T P  (a precursor  of 5-HT) 
instead of L -DOPA.  These exper iments  thus  p rove  the 
indi rec t  ar terenergic  act ion of cocaine, t h a t  is act ing by 
releasing ca techolamines  f rom stores in the  brain.  

Amphe tamine- l ike  compounds  such as m e t h a m p h e t -  
amine appear  to have  a di rect  mechan i sm of act ion (see 
Table).  Der iva t ives  of amphe tamines  which have  large 
subs t i tuents  on the  n i t rogen a tom,  as for ins tance  benzyl-  
amphe tamine ,  are  an tagonized  by  p r e - t r e a t m e n t  wi th  
reserpine and therefore  have  an indirec t  ar terenergic  
mechan i sm of action,  in the  same way  as cocaine (see 
Table).  

On the  basis of the i r  mechan i sm of action,  amphe t -  
amine- l ike  drugs or p sychomoto r  s t imulan t s  m a y  be 
d iv ided  into  a group wi th  a direct ar terenergic  mode  of 
act ion,  and a group wi th  an  indirect ar terenergic  mode  of 
action.  

Zusammenfassung. Die Ahnl ichke i t  der  zen t ra l  s t imu- 
l ierenden Wi rkung  des Koka ins  und  des Benzedr ins  wurde 
besprochen und wel ter  un tersucht .  An m i t  Reserp in  vor- 
behande l ten  M~insen wurde  die \Virkung des Benzedrins  
n ich t  geXndert;  die ~Nirkung des  Koka ins  aber  wurde 
v611ig blockiert .  

Aus diesen Befunden  wurde  geschlossen, dass die psy- 
chomotor i schen  S t imulan t i en  oder  \~ 'eckamine  in zwei 
Klassen e ingete i i t  werden  k6nnen.  Klasse I :  Substanzen 
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Fig. 2. (a) Cumulative record of the action of 1-cocaine (31.6 and 56.2 ~Mol]kg) on the motor-activity in a group of two mice in a 
similar experiment as in Figure 1 a. Note that /-cocaine causes a similar increase in locomotor activity as amphetamine though of less 
duration. (b) Cumulative record of the action of /-cocaine in the same group of two mice after they had been rescrpinized in a similar way 
as those of Figure lb.  Note that the action of cocaine is completely abolished by pre-treatment with reserpine and that even higher doses 
remain ineffective. It  must be concluded that cocaine cart only act when CA-stores are sufficiently filled and that therefore cocaine acts by 
releasing CA from the stores and so causes the free CA concentration to rise in the brain. (c) Cumulative record of the action of/-cocaine 
on the motor-activity in a group of two reserpinized mice (0.5 mg/kg twice a day over 4 days). Cocaine is ineffective. After 3 h rest the ndce 
are loaded with 200 ~tl~fol/kg L-DOPA. DOPA as such does not increase motor-activity, however L-DOPA may be converted into catechola- 
mines in the brain so that stores now become refilled. A test dose of 56.2 ]zMol/kg /-cocaine t h after the application of L-DOPA does 
exert a practically normal increase in motor-activity. It  must be concluded that cocaine has an indirect arterenergic action by releasing CA 

from stores. 
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The Effect of Radioprotective Chemicals  on 
Phosphorescent  Emiss ion  of Riboflavine in 

Oxygenated and Deoxygenated Solut ions  

R e c e n t  s tud ies ,  r e v i e w e d  b y  GRAY t s u g g e s t  t h a t  t h e  
rote of  o x y g e n  in r a d i a t i o n  d a m a g e  m a y  be  c o n n e c t e d  w i t h  
m e t a b o l i c  e v e n t s  in t h e  cell, w h i c h  a re  o x y g e n  d e p e n d e n t .  
F u r t h e r m o r e  i t  a p p e a r s  t h a t  a t  t h e  s i te  of r a d i a t i o n  
d a m a g e  c o n s u m p t i o n  a n d  d e p l e t i o n  of o x y g e n  occu r s  in  
vivo, as  d e m o n s t r a t e d  b y  BOAG a n d  DEWEY 2 w i t h  Serratia 

marcescens ; u s i n g  a s ingle  2 t~ sec pu l se  of  i r r a d i a t i o n  in t h e  
p r e s e n c e  of  o x y g e n ,  t h e  b a c t e r i a  w e r e  a l m o s t  a s  i n s e n s i t i v e  
a s  if  i r r a d i a t e d  c o n t i n u o u s l y  w i t h  t h e  s a m e  dose  u n d e r  
a n a e r o b i c  c o n d i t i o n s .  Also,  t h e  s t u d i e s  of  HUTCHINSON 24 
h a v e  s h o w n  t h a t  fo r  m o n o t o p i c  ac t ion ,  e n e r g y  t r a n s f e r s  
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