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An assessment of the effect of!hormone and tneurotransmitters on!adenine and Lguanine.flerivatives 
simultaneously in ~ t~]ra rain~or-tica [~  lices 
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Summary. A 2-d imens iona l  t h i n - l a y e r  m e t h o d  has  been  deve loped  for the  s e p a r a t i o n  on  cellulose of aden ine  a n d  g u an ine  
de r iva t ives .  Us ing  i n c u b a t e d  r a t  ce rebra l  co r t ex  slices i t  was  shown  t h a t  n o r a d r e n a l i n e  a n d  ace ty lcho l ine  s t i m u l a t e d  
c A M P  a n d  c G M P  p r o d u c t i o n  respec t ive ly  b u t  g l u t a m a t e  a n d  ~ - a m i n o b u t y r i c  acid s t i m u l a t e d  p r o d u c t i o n  of b o t h  cyclic 
nucleot ides .  

The  a im  of t he  p re sen  t s t u d y  was to deve lop  a sens i t ive  
m e t h o d  for t he  s i m u l t a n e o u s  d e t e r m i n a t i o n  of cyclic 
3",Y-adenosine m o n o p h o s p h a t e  (cAMP) and  cyclic 
3',5"-guanosine m o n o p h o s p h a t e  (cGMP) 2. The  m e t h o d  
was  used  to t e s t  w h e t h e r  t he  e x c i t a t o r y  or i n h i b i t o r y  
p o s t s y n a p t i c  ac t ion  of a t r a n s m i t t e r  cor re la tes  w i t h  the  
increased  p r o d u c t i o n  of e i t he r  cyclic nuc leo t ide  ~. 
Materials and methods. Samples  (5-10 ~1) were spo t t ed  in 
1 co rne r  of t h i n - l a y e r  cellulose sheets  20 • 20 cm w i t h  
f luorescen t  i nd i ca to r  ( E a s t m a n  K o d a k  l imi ted ,  Eng land )  
a t  a p o i n t  2.5 cm f rom 2 a d j a c e n t  sides. P la t e s  were 
deve loped  a t  room t e m p e r a t u r e  (23-25 ~ us ing  S h a n d o n  
(England)  t h i n - l a y e r  a scend ing  c h r o m a t o g r a p h y  deve lop-  
ing jars.  The  p la t e s  were developed 1st in  1 d imens ion  
us ing  so lven t  A , n - b u t a n o l : a c e t o n e : g l a c i a l  acet ic  acid:  
a m m o n i u m  h y d r o x i d e  (5%) : w a t e r  (10:5  : 2 : 3 : 2), un t i l  
t h e  so lven t  f ron t  h a d  t r ave l l ed  a p p r o x i m a t e l y  16 cm. 
The  p la t e s  were t h o r o u g h l y  dr ied  a n d  deve loped  aga in  
in t he  same d i rec t ion  us ing  t he  same so lvent .  
Af te r  d r y i n g  t h  e p la t e s  were deve loped  in t he  2nd direc- 
t i on  w i t h  so lven t  B , n - p r o p a n o l  : m e t h a n o l :  a m m o n i u m  
h y d r o x i d e  : w a t e r  (10 : 1 : 5 : 2). The  c o m p o n e n t  spots  were 
v isua l ized  u n d e r  U V - l i g h t  a n d  r e m o v e d  for  c o u n t i n g  b y  
c u t t i n g  a w a y  t he  m a r k e d  area,  The  s e p a r a t e d  spots  were 
p laced  in sc in t i l l a t ion  vials,  m ixed  w i t h  w a t e r  and  b l en d ed  

w i t h  Brays  sc in t i l l a t ion  fluid 4. Spots  of s imi lar  size were 
c o u n t e d  as con t ro l  w i t h  each ex p e r i men t .  F ina l  d p m  was 
used  for ca l cu la t ion  of t h e  resu l t s  a f t e r  q u e n c h  cor rec t ion  
due  to  the  d i f fe ren t  a m o u n t  of t h i n - l a y e r  p l a t e s  a n d  
r ad ioac t i v i t y .  
Tissue  slices (60-80 m g  w e t  wt)  were cu t  f rom t h e  cerebra l  
co r t ex  of Sp rag u e -D aw l ey  female  r a t s  5, were i n c u b a t e d  
a t  37 ~ in K r e b s - b i c a r b o n a t e  m e d i u m  (5 ml) as p rev ious ly  
described~. T h e  slices were i n c u b a t e d  in the  presence  of 
[U-14C]adenine or a m i x t u r e  of [8-3H] aden ine  an d  [8-3H] 
g u an i n e  (Rad io -chemica l  Centre ,  Eng land )  for 30 min.  
T h e  slices were t h e n  l i f ted o u t  of t h e  i n c u b a t i o n  fluid, 
d r a i n ed  an d  r insed  in f resh K r e b s - b i c a r b o n a t e  m e d i u m  
c o n t a i n i n g  t h e  t e s t  s u b s t a n c e  an d  i n c u b a t i o n  was car r ied  
o u t  for a f u r t h e r  5 min.  A t  t h e  end  of i n c u b a t i o n  t h e  b ra in  
slices were each  e x t r a c t e d  w i t h  t r i ch lo roace t i c  acid (5%) 
c o n t a i n i n g  1 ~mole  each  of adenine ,  adenosine ,  cAMP, 
guan ine ,  guanos ine  a n d  cGMP.  Af ter  r e m o v a l  of t r i ch loro-  
acet ic  acid t h e  sample  freeze dr ied  a n d  dissolved in wa te r  
before  use. 
Results and discussion, i n  t h e  r a t  ce rebra l  cor tex  ex t rac t s ,  
r a d i o a c t i v i t y  m i g r a t e d  w i t h  a u t h e n t i c  c A M P  a n d  cGMP. 
c A M P  a n d  c G M P  spots  were r emoved ,  e x t r a c t e d  w i th  
water ,  c o n c e n t r a t e d  b y  e v a p o r a t i o n  to dryness ,  d issolved 
in  40 m M  Tris  buffer ,  2 m M  MgSO 4 (pH 7.5) a n d  t r e a t e d  

Chromatography of a standard 
mixture of adenine and guanine 
nucleotides and nucleosides. 
Standard mixture (5 ~zl) contain- 
ing 10 nmoles of each compound, 
developed 2-dimensionally in sol- 
vent A{n-but anol: acetone: glacial 
acetic acid : 5% ammonium hydro- 
xide:water 10:5:2:3:2) and sol- 
vent B (n-propanol: methanol :am- 
monium hydroxide : water 10:1 : 5 : 
2) as described in the  text. Ab- 
breviations : only 5'-nucleotides 
were used in the study. AMP, 
ADP, ATP = the mono-, di- and 
triphosphates of adenosine. GMP, 
GDP, GTP = the mono-, di- and 
triphosphates of guanosine. 
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The effect of noradrenaline, acetylcholine, glutamate and GABA on the levels of adenine, adenosine, cAMP, eGMP, guanine and guanosine 
formed in rat cerebral cortex slices from radioactive adennine and guanine 

Radioactive labelling of tissue nueleotides as percent incorporated per 100 mg wet wt of tissue from [14C] adenine 

Number of Adenine Adenosine cAMP cGMP Guanine Guanosine Total 
rats used 

Control 4 2.69 0.34 0.22 0.017 3.267 
4- 0.25 i 0.04 • 0.03 =~ 0.008 

Noradrenaline 6 2.19 0.37 0.52" 0.010 
0.1 mM 4- 0.64 i 0.17 -4- 0.08 :t: 0.003 3.090 

Radioactive labelling of tissue nucleotides as percent incorporated per g wet wt of tissue from [8-3H] adenine and [8-3H] guanine 

Control 8 1.76 0.58 0.46 0.07 0.83 0.25 3.95 
• 0.35 :t= 0.08 4- 0.10 =E 0.01 -t- 0.29 • 0.07 

Noradrenaline 4 2.66 0.54 5.03* 0.07 0.18 8.48 
0.1 mM :t: 1.42 ~ 0.04 -t= 1.84 -t- 0.01 4. 0.01 
Acetylcholine 6 2.10 0.55 0.43 2.53* 0.32 5.93 
0.2 mM (neostigmine :~ 0.38 i 0.08 :[- 0.05 • 0.09 -E 0.08 
0.33 raM) 
Glutamate 5 1.35 0.36 4.01" 0.25* 1.33 0.23 7.53 
10 mM • 0.04 ~ 0.03 --  1.20 --  0.07 ~- 0.03 4. 0.07 
GABA 3 1.23 0.33 2.03* 0.42* 1.47 0.28 5.76 
5 mM -E 0.30 4. 0.05 -L 1.21 :~ 0.05 • 0.02 -E 0.06 

Rat  cerebral cortex slices were incubated for 30 rain at 37 ~ in Krebs-bicarbonate medium containing 10 mM glucose and 2 txCi [U-14C] 
adenine (281 mCi/mmol) for the top experiment. Everything was the same in the bottom experiment except 0.1 ~xM adenine and 0.1 ~LM 
guanine, 5 ~xCi [8-aH] adenine (27,000 mCi/mmole) and 5 ~xCi [8-3H] guanine (1000 mCi/mmole) was used instead of [14C] adenine. The slices 
were rinsed in saline and transferred to fresh medium containing no radioisotope and incubation under test condition was carried out for 
5 min. The values are means i SEM calculated as a percentage of the total radioactivity in the incubation medium. * denotes that  the value 
is significantly greater than control p ~< 0.05. 

w i t h  bee f  h e a r t  cyc l ic  n u c l e o t i d e  p h o s p h o d i e s t e r a s e  
( B o e h r i n g e r  Co.,  L o n d o n ) .  T h e  e x t r a c t  w a s  t h e n  r e d e v e l -  
o p e d  2 - d i m e n s i o n a l l y  a n d  9 5 - 9 8 %  of  t h e  U V  a b s o r p t i o n  
a n d  r a d i o a c t i v i t y  d u e  to  b o t h  c A M P  a n d  c G M P  w a s  los t  
f o l l o w i n g  t h i s  t r e a t m e n t .  
A f t e r  2 - d i m e n s i o n a l  c h r o m a t o g r a p h y  of a s t a n d a r d  
m i x t u r e ,  u s i n g  s o l v e n t  A for  t h e  1s t  d e v e l o p m e n t  a n d  
s o l v e n t  B for  t h e  2nd  d e v e l o p m e n t ,  t h e r e  w a s  c o m p l e t e  
s e p a r a t i o n  of  c A M P ,  c G M P ,  a d e n i n e ,  a d e n o s i n e ,  i nos ine ,  
h y p o x a n t h i n e ,  g u a n i n e ,  g u a n o s i n e ,  A M P ,  G M P ,  A T P ,  
G T P  a n d  A D P  f r o m  e a c h  o t h e r  ( f igure) .  c C M P  a n d  c I M P  
r a n  b e t w e e n  c A M P  a n d  c G M P  b u t  we re  n o t  r o u t i n e l y  
i n c l u d e d  in  t h e  s t a n d a r d  c a r r i e r  a s  t h e y  we re  n o t  p r e s e n t  
in  d e t e c t a b l e  a m o u n t s  in  t h e  r a t  b r a i n  e x t r a c t .  
R a t  c e r e b r a l  c o r t e x  s l ices  i n c u b a t e d  w i t h  [14C]adenine  in-  
c o r p o r a t e d  r a d i o a c t i v e  l abe l  i n t o  a d e n o s i n e ,  c A M P  a n d  
c G M P .  T h e  i n c o r p o r a t i o n  i n c r e a s e d  l i n e a r l y  o v e r  a 3 0 - 8 0 -  
m i n  pe r i od .  T h e  a d d i t i o n  of  t h e o p h y l l i n e  (0.5 m M )  to  
t h e  i n c o r p o r a t i o n  m e d i u m  d i d  n o t  a f f e c t  t h e  i n c o r p o r a t i o n  
of  r a d i o a c t i v i t y  i n t o  c A M P .  U s i n g  a m i x t u r e  o f  [8-3H] - 
a d e n i n e  a n d  [ 8 - a l l ] g u a n i n e  s u i t a b l e  i n c o r p o r a t i o n  of  
t r i t i u m  i n t o  c G M P  w a s  o b t a i n e d .  N o r a d r e n a l i n e  p r o d u c e d  
a s i g n i f i c a n t  i n c r e a s e  in  t h e  c A M P  ( table)  b o t h  w i t h  
[14C]adenine o r  t r i t i a t e d  m i x t u r e  of  a d e n i n e  a n d  g u a n i n e  
a n d  no  s i g n i f i c a n t  c h a n g e  in c G M P .  I n  c o n t r a s t ,  a c e t y l -  
c h o l i n e  s i g n i f i c a n t l y  i n c r e a s e d  c G M P  p r o d u c t i o n  w i t h o u t  
a f f e c t i n g  c A M P .  G l u t a m a t e  (10 m M ) ,  u s e d  a t  a c o n c e n -  
t r a t i o n  c a p a b l e  of  d e p o l a r i s i n g  c e r e b r a l  c o r t e x  s l ices ,  
s i g n i f i c a n t l y  i n c r e a s e d  b o t h  t h e  l eve l s  of  c A M P  a n d  
c G M P  b u t  t h e  e f f ec t  o n  c A M P  w a s  g r e a t e r  t h a n  o n  
c G M P .  ~ - a m i n o b u t y r i c  a c i d  ( G A B A )  a lso  s i g n i f i c a n t l y  
r a i s e d  t h e  l eve l s  of  b o t h  c A M P  a n d  c G M P ,  b u t  in  t h i s  c a s e  
t h e  e f f ec t  o n  c G M P  w a s  g r e a t e r .  N o  s i g n i f i c a n t  e f f e c t  on  

a d e n o s i n e  or  g u a n o s i n e  w a s  d e t e c t e d  in  r e s p o n s e  to  a n y  
of t h e  c o m p o u n d s .  
T h e  e f f ec t s  w i t h  g l u t a m a t e  a n d  G A B A  m a y  be  m o r e  c o m -  
p l e x  t h a n  t h o s e  o b t a i n e d  w i t h  n o r a d r e n a l i n e  a n d  a c e t y l -  
cho l ine ,  s i nce  t h e  a m i n o  a c i d s  c a u s e  w i d e s p r e a d  d e p o -  
l a r i z a t i o n  or  h y p e r p o l a r i z a t i o n  w h i c h  c o u l d  l e a d  to  se-  
c o n d a r y  t r a n s m i t t e r  r e l e a se  a n d  a c t i v a t i o n  of cyc l i c  n u -  
c l e o t i d e  f o r m a t i o n .  H o w e v e r ,  t h e  p r o p o r t i o n  of  ce l l s  
r e s p o n s i v e  t o  a c e t y l c h o l i n e  o r  n o r a d r e n a l i n e  in  t h e  c o r t e x  
is m u c h  s m a l l e r ,  N o r a d r e n a l i n e  a n d  a c e t y l c h o l i n e  a r e  
m o r e  e x c l u s i v e  in t h e i r  a c t i o n  w h e r e a s  t h e  a m i n o  a c i d s  
a p p e a r  to  h a v e  m u l t i p l e  e f fec t .  
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