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i n v e s t i g a t e d  t he  inf luence  of these  two cyclic nuc leo t ides  
on  glycogen s tores  in  b r a i n  slices of r a t s  t r e a t e d  w i t h  
propranolo l ,  a t rop ine ,  reserp ine  a n d  ch lo rpromaz ine .  

Materials and methods. The  e x p e r i m e n t s  were car r ied  
ou t  on  a d u l t  male  W i s t a r  rats .  B r a i n  slices were p r e p a r e d  
accord ing  to t he  m e t h o d  a l r eady  descr ibed  19 a n d  were 
al lowed 10 m i n  in sal ine is a t  37~ CAMP (10 -s ~M/ml), 
d i b u t y r y l - C A M P  (10 -3 [~M/ml) or CGMP (10 -s ~M/ml )  
a lone  a n d  in c o m b i n a t i o n  w i t h  a t rop ine  (0.5 tz/ml) were 
added  a t  t h e  b e g i n n i n g  of t he  i ncuba t ion .  P r op rano lo l  
(10 mg/kg)  or a t rop ine  (0.5 mg/kg)  were in jec ted  i.p. 
30 m i n  before  t he  an ima l s  were sacrified. Rese rp ine  
(2 mg/kg)  was twice  a d m i n i s t e r e d  i.p. ; t h e  second a d m i n -  
i s t r a t i on  was m a d e  24 h a f te r  t he  f i rs t  one a n d  12 h 
before  t he  r a t s  were saerified. Ch lo rp romaz ine  (2.5 mg/kg)  
was a d m i n i s t r a t e d  3 h before  t h e  an ima l s  were sacrified. 
B r a i n  slices of r a t s  t r e a t e d  before  w i t h  propranolo l ,  
a t ropine ,  reserp ine  or ch lo rp romaz ine  were i n c u b a t e d  
in t h e  presence  of CAMP, d b - C A M P  or CGMP. I n  all 
cases, a f te r  10 m i n  of i ncuba t ion ,  f rom t he  b r a i n  t issue, 
g lycogen was e x t r a c t e d  20 a n d  e s t i m a t e d  ~i. 

Results and discussion. T he  resul t s  o b t a i n e d  show t h a t  
CAMP, db-CAMP,  as well  as CGMP in  cerebra l  cor tex,  
c a u d a t e  a n d  eerebel lar  cortex,  decreased  glycogen 
c o n c e n t r a t i o n  (Table  I). T he  glycogenolyt ic  effect  of 
CGMP is s imi la r  to  t he  inf luence  of db-CAMP.  On t h e  
o the r  hand ,  a t rop ine  in v i t ro  p r e v e n t e d  g lycogenoly t ic  
effect  of CGMP in ce rebra l  cor tex  and  cauda te ,  b u t  no t  
t he  effects of CAMP, d b - C A M P  as well as t h e  effect  
of CGMP in  cerebel lar  co r t ex  (Table  II) .  P r o p r a n o l o l  
p r e v e n t e d  t he  g lycogenolyt ic  inf luence  of CGMP in  
cerebra l  cortex,  e a u d a t e  a n d  cerebel lar  cortex,  b u t  no t  
t h a t  of CAMP or d b - C A M P  (Table  I I I ) .  At ropine ,  on  t h e  
o the r  hand ,  p r e v e n t e d  glycogenolyt ic  effect  of CGMP in 

Table V. The influence of ehlorpromazine (2.5 mg]kg) on glyco- 
genolytic effects of cyclic nueleotides (10 -~ [xM/ml) in rat brain slices 

cerebra l  cor tex  a n d  cauda te ,  b u t  no t  in  cerebel lar  cor tex,  
as well  as t h e  effects of CAMP a n d  d b - C A M P  (Table  I I I ) .  
Rese rp ine  (Table  IV), wh ich  des t roys  n o r a d r e n a l i n e  
s tores  in  ne rve  cells, and  ch lo rp romaz ine  (Table  V), wh ich  
is k n o w n  to  b lock  adrenerg ic  r e t e p t o r  sites, also p r e v e n t e d  
the  g lycogenolyt ic  effect  of CGMP in r a t  cerebra l  cortex,  
c a u d a t e  and  cerebel lar  cortex,  b u t  n o t  t h a t  of a d e n i n  
cyclic nucleot ides .  

Phys io log ica l  role of CGMP is st i l l  u n d e r  cons idera t ion .  
A d issoc ia t ion  b e t w e e n  CAMP a n d  CGMP level  was  
obse rved  in t h e  mouse  b r a i n  fol lowing d e c a p i t a t i o n ;  
CAMP level  was  e l eva ted  a t  t h e  t i m e  w h e n  CGMP level  
was u n a l t e r e d  or s l ight ly  decreased ~2; a f t e r  t r e a t m e n t  w i t h  
oxo t remor ine ,  CGMP c o n t e n t  increased  ( this  effect  could 
be  b locked  b y  a t rop ine)  whi le  CAMP level  decreased  in 
mouse  b r a i n  23. O x o t r e m o r i n e  also decreased  glycogen 
c o n c e n t r a t i o n  in r a t  b r a in  e4; t h e  effect  could be  b locked  
b y  a t rop ine  or p rop rano lo l  2~ 

The  resu l t s  o b t a i n e d  show t h a t  b o t h  CAMP and  CGMP 
p roduced  glycogenolys is  in  r a t  ce rebra l  cor tex,  c a u d a t e  
and  cerebel lar  co r t ex ;  d rugs  wh ich  are  k n o w n  to  i n t e r a c t  
w i t h  adrenerg ic  recep tors  could p r e v e n t  the  g lycogenolyt ic  
effect  of CGMP, b u t  n o t  t h a t  of adenos ine  cyclic nucleot ide .  
The  pers i s tence  of g lycogenolyt ic  inf luence  of CAMP and  
db-CAMP,  a f t e r  t r e a t m e n t  of an ima l s  w i t h  p ropranolo l ,  
reserp ine  or ch lo rpromaz ine ,  ind ica tes  t he  p o s t s y n a p t i c  
s i te  of ac t ion  of t h i s  cyclic nuc leo t ide ;  a t  leas t  our  resul t s  
suggest  t h a t  t he  m e c h a n i s m s  of ac t ion  of CAMP and  CGMP 
in r a t  b r a i n  are dif ferent .  

Rdsumd. Le p roprano lo l  e t  l ' a t r o p i n e  e m p g c h e n t  l ' e f fe t  
g lycog6noly t ique  du  G M P  in vi t ro ,  b i en  qu ' i l s  n ' a i e n t  pas  
d ' in f luence  sur  les ac t ions  du  3 ' , 5 ' - A M P  cycl ique et  son 
d@riv6 d ibu t i r ique .  La  r6zerpine  e t  la ch lo rp romaz ine  
emp@chent  l ' e i fe t  g lycog6noly t ique  du  G M P  cyclique.  
Les r6su l t a t s  sugg~rent  une  loca l i sa t ion  pr@synapt ique de 
Fac t ion  du  G M P  cyclique.  

B. B. MRSULJA 

Treatment of the Brain slices 
tissue 

Cortex Caudate Cortex 
cerebri cerebelli 

Laboratory for Neurochemistry, Institute o/Biochemistry, 
Faculty o] Medicine, YU-11000 Belgrade 
(Yugoslavia), 25 July  7973. 

Controls 33.5 i 1.4 49.5 4- 1.3 69.5 4- 1.2 

CAMP 26.7 -4- 1.3~ 35.4=[-1.5 ~ 55.4=}=1.3 a 

db-CAMP 15.4 • 1.9~ 23.0 4- 1.3 ~ 45.0 4- 1.3, 

CGMP 30.4 • 1.2 46.4 4- 1.7 71.5 4- 1.4 

p < 0.01 in comparison with the Controls. The amount of glycogen 
is expressed in mg/100 ml of tissue. The numbers indicate the mean 
value (M) 4- S.E.M.; 5 experiments in each group. 
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Effect  of  d l - T e t r a h y d r o c a n n a b i n o l  1 o n  K + I n f l u x  

A 1 - T e t r a h y d r o c a n n a b i n o l  (THC), t he  m a j o r  psycho-  
ac t ive  c o m p o n e n t  of HASHISH 2, p ro t ec t s  b o t h  r a t  a n d  
h u m a n  e r y t h r o x y t e s  aga ins t  h y p o t o n i c  hemolys i s  in  
vi t ro3,  4, a t  a c o n c e n t r a t i o n  wh ich  m a y  cor respond  to  
those  leading to p s y c h o m i m e t i c  r eac t ion  in h a s h i s h  
smokersK Th i s  p r o t e c t i o n  is more  p r o m i n e n t  a t  p H  6 
t h a n  a t  e i the r  p H  7 or 8, a n d  a t  room t e m p e r a t u r e ,  20~ 
more  t h a n  a t  37~ a. I t  has  r ecen t ly  been  r epo r t ed  6 t h a t  
T H C  decreases  A T P a s e  a t  t he  T H C  c o n c e n t r a t i o n  which  
causes  m a x i m u m  p r o t e c t i o n  (0.02-0.1 m M ) .  I n  v iew of 

in  Rat  E r y t h r o c y t e s  

these  f ind ings  we decided to  s t u d y  t he  effect  of T H C  on 
ca t ion  t r a n s p o r t  in  r ed  blood cells. 

Materials and methods. T H C  was o b t a i n e d  f rom Dr. 
M~CI~OULAM of t he  H e b r e w  Unive r s i ty ,  J e rusa lem,  a n d  
was used  a f t e r  so lu t ion  in e thanol .  P a c k e d  r a t  e r y t h r o c y t e s  
f rom freshly  d r a w n  b lood  in hepar in ,  were w a s h e d  twice  
a n d  r e suspended  to  5 % h e m a t o c r i t  in  a so lu t ion  cons i s t ing  
of: 10 m M  sod ium p h o s p h a t e  buffer  of e i the r  p H  6 or 7, 4 
m M  Kcl, 4 m M  MgCI~ and  154 m M  NaC1. Al iquo t s  of 
1 ml  were t r an s f e r r ed  in to  13 m m  d i a m e t e r  t u b e s  and  
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Effect of THC on K+-uptake by rat erythrocytes 
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Kinetics of ~ZK uptake by treated and control rat erythrocytes. 
Samples were removed and the erythrocytes pellet separated and 
counted as desclibed in the text. At time zero 42K was added to the 
suspensions. A) pH = 6. O, control; A, 0.06 mM THC; O, 0.01 mM 
THC, at 37~ [3, control; A, 0.06 mM THC; II, 0.01 mM THC, at 
20 ~ THC was added about 2 min before 42K. B) pH = 6. O, control; 
O, 0.06 mM'THC. ~, THC was added. 

i ncuba ted  at  e i ther  20 ~ or 37~ wi th  gent le  shaking.  
Af ter  3 rain incubat ion ,  10 ~xl THC was added  to each 
tube ,  to  a f inal  concen t ra t ion  of e i ther  0.01 m M  or 0.06 
raM. E t h a n o l  (10 tzl) w i t h o u t  THC, served  as control .  
Abou t  2 rain later,  a 50 tzl a l iquot  of a 4~K solut ion 
con ta in ing  10 m M  KC1 and  140 m M  NaC1 a t  p H  7.3, 
was added  to each tube.  The rad ioac t iv i ty  was abou t  
200 ~zCi/ml. The up take  of t he  radioisotope by  the  cells 
was de t e rmined  by  rad ioac t iv i ty  m e a s u r e m e n t s  of 
e ry th rocy t e  pellets  collected at  var ious t ime  intervals .  
The cells were  separa ted  f rom the  extracel lu lar  m e d i u m  
by  the  different ia l  f lo ta t ion  m e t h o d  descr ibed previous ly  7. 
Separa t ions  were carr ied out  in po lye thy lene  tubes  of 
abou t  0.4ml.  Each  tube  con ta ined  0.05 ml  of the  separa t -  
ing fluid (densi ty  of 1.066 g/cm ~) to  which  0.1 ml  of t h e  
e ry th rocy te  suspension was added.  

Results and discussion. The resul ts  of typ ica l  experi-  
m e n t s  (Figure A) show t h a t  THC inhib i t s  K+ influx. Tile 
resul ts  ob ta ined  f rom a n u m b e r  of expe r imen t s  (Table) 
indica te  t h a t  the  inh ib i to ry  effect  of THC is more  
p ronounced  at  p H  6 t h a n  at  7. Similar  p H  dependence  
has  been  repor ted  for  o ther  anes the t ics  s. The K + influx 
ill the  control  cells is no t  af fec ted  by  the  addi t ion  of 
e thanol  to  the  cell suspension (1:100 v :v), nor  by  vary ing  
the  p H  value f rom 6 to 7. 

Al though  no hemolys is  of e ry th rocy te s  was observed 
dur ing  the  exper iments ,  it  seemed necessary  to ascer ta in  
t h a t  the  reduced int racel lular  4~K of THC- t r ea t ed  cells 
is a resul t  of an inh ib i to ry  effect  on K+ influx. Fo r  th is  
purpose  an a l iquot  of THC was added  to  the  red blood 
cell suspension 30 rain af ter  the  addi t ion  oi 4~K. In  a 
similar  expe r imen t  THC was added  60 rain af ter  4~K. 
Fol lowing the  addi t ion  of THC, the  42K kinet ics  up take  
funct ion  con t inued  to behave  as a mono ton ic  funct ion  
(Figure B). This  is expec ted  as long as t he  in t racel lular  
specific ac t iv i ty  of 4214 is cons iderab ly  lower t h a n  the  
extracel lular  one. Damage  to  t he  cells causing a leak of 
K+ would  have  p roduced  a t r ans i en t  decrease in t he  
up take  of 4~K and  a break  in the  mono ton ic i ty  of t he  
funct ion.  I t  is therefore  concluded t h a t  THC is a K + 
inf lux inhibi tor .  

Zusammen/assung. Nachweis ,  class T e t r ah y d ro canna -  
binol  als p sychoak t ive  H a s c h i s c h k o m p o n e n t e  an der  
Memb ran  den K+-E in t r i t t  in die IRa t t en -Ery th rozy ten  
mi t  W i r k u n g s o p t i m u m  bei p H  6,0 (in Konzen t r a t ionen ,  
die bei  Hasch i sch rauche rn  zu p s y ch o mi me t i s ch en  Reak-  
t ionen  Iiihren) hemln t .  
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