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Tab le  II .  

Age  Dc T h k c  Thkpb Dsb DPb / l  
(months)  (from theo-  ob- o b s . -  

T a b l e  Ia) re t ica l  served th.  

1 31.4 5.96 6.06 30.37 36.26 4- 5.88 
2 35.3 5.67 4.86 48.04 41.91 - -  6.13 
3 31.48 5.61 4.38 51.64 40.76 - -10 .88  

A b b r e v i a t i o n s :  D~. a n d  De , :  m e a n  cap i l l a ry  densit ies in cont ro l  a n d  
l e a d t r e a t e d  an imals .  Thk~ a n d  Thkpb:  m e a n  cor tex  thickness ,  zl:  
d i f ference be tween  obse rved  a n d  p red i c t ed  cap i l l a ry  dens i t y  values  
a f t e r  lead t r e a t m e n t .  
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Fig. 2. Inf luence  of age on the  cap i l l a ry  dens i ty .  The  cap i l l a ry  
dens i t y  values  co r r e spond  to t ype  I m e a s u r e m e n t s  of Tab le  l a .  
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The cerebral  cor tex  of the  lead- t rea ted  animals  in this 
l ight  microscopic s tudy  does not  display ev ident  quali- 
t a t ive  lesions. Vascular s t rands are, however,  more fre- 
quent  than  in control  animals,  a l though the  lead dose was 
lower than  t h a t  used by  other  invest igators  ~, 10,11. Con- 
t ra ry  to C L A S E N  1:1, w e  consider  these vascular  s t rands as 
tangent ia l  sections of capillaries: indeed, their  number  
can be considered as propor t ional  to the character is t ic  
high convolut ion factor  seen in lead- t rea ted  animals  
(Table Ic). Moreover  in the  ma jo r i ty  of cases, the use of 
3 Fm thick sections m~kes i t  possible to discern the  pre- 
sence of vascular  lumina,  which evident ly  occur more 
rarely in u l t ra- th in  sections destined to electron micro- 
scopy. 

In  addit ion,  the capillaries in lead- t reated brain are 
not  only more convoluted bu t  also more numerous  than  
in the  controls.  A possible reason for the  enhancement  
of small  vessels densi ty  and convolut ion is the  significant 
reduct ion in thickness of the cor tex in lead- t reated rats 
(Table Id). Nevertheless,  o ther  factors m a y  p lay  a role 
also for the  following reasons: 1. the  involut ion of tile 
brain is no t  ye t  not iceable in the  1-month-old animals  
(at the  end of the  suckling period) bu t  still, their  capil lary 
dens i ty  is a l ready signif icantly increased. 2. Al though 
the  capi l lary densi ty  is much  enhanced, i t  is lower than  
to be expected from the  reduct ion in cort ical  size. Such a 
predict ion was made on the  assumption tha t  as the 
thickness of the  cor tex  decreases, the  densi ty  of the 
vascular  supply would  increase according to a simple 

equi la teral  hyperbol ic  funct ion:  D~b Thk~c • D~ 
Thk~, b 

where Dpu is the  eva lua ted  capil lary densi ty  for the  
lead- t reated animals;  Thko and Thk~b the  thickness of 
the  cerebral  cor tex  in bo th  kinds of animals;  Do the 
observed densi ty  of capillaries in controls. However ,  the  
capi l lary densi ty  observed in lead- t reated rats  was con- 
s is tant ly  lower than  tile predicted one (Dpb) and this 
difference (zl in Table II) increased wi th  t ime  of lead 
t rea tment .  The difference m a y  indicate t h a t  the  dis turbed 
relat ionships between ne rvous  and vascular  components  
in the  cerebral  cor tex  begin to readjus t  slowly according 
wi th  the  t ime  elapsed. The present  da ta  would thus 
suggest t ha t  lead acts p r imar i ly  on the grey ma t t e r  and 
tha t  the  quan t i t a t i ve  and conformat ional  changes in the 
vascular  supply represent  main ly  a sequel  of this effect. 

W h a t e v e r  the  case, the  vu lnerab i l i ty  of bra in  blood 
vessels to lead still deserves fur ther  invest igat ion,  prin- 
cipally at  low dose levels and electron microscopy studies, 
using the same material ,  have  now been brought  to bear  
on tilts par t icular  p roblem of the  equiI ibr ium relations 
between vascular,  glial and nervous e lements  in the lead- 
t rea ted  cerebral  cor tex  of the infant  rat.  

Adenos ine  P r o m o t e d  A c c u m u l a t i o n  of Adenos ine  3 ' , 5 ' -Monophosphate  in Rabbit  Vagus  Nerve  
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Summary. Desheathed  rabb i t  vagus nerve  has been found to form cyclic AMP when incubated  wi th  adenosine. This 
accumula t ion  of cyclic AMP is inhibi ted by theophyl l ine  bu t  no t  by ant iadrenergic  agents,  ant icholinergic agents or  
local anaesthetics.  Depolar iz ing media  a r e n o t  able to  p romote  cyclic A M P  accumula t ion  in this preparat ion.  

Nervous  tissues synthesize adenosine 3 ' ,5 ' -monophos-  aptic  potent ia l  6. Tests  on peripheral  ne rve  have  shown 
pha te  (cyclic AMP) under  var ious condit ions ~-5. In  pert- only  an absence of cyclic AMP accumula t ion  in response 
phera l  nervous  tissue, a t t en t ion  has been focused on to electrical  s t imula t ionL Such a nega t ive  result,  how- 
sympa the t i c  ganglia, especially the  superior cervical  ever,  is no t  sufficient to conclude tha t  per ipheral  axons 
ganglion, where cyclic A M P  accumulat ion  has been do not  accumula te  cyclic AMP. I t  is of par t icular  im- 
re la ted to the  format ion  of the  slow inhibi tory  postsyn-  por tance  to re- invest igate  this possibility, because of 
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the  much  greater  s impl ic i ty  of per iphera l  nerve  in 
compar i son  wi th  cent ra l  nervous  tissue, or w i th  sym-  
pa the t i c  ganglia. The s impl ic i ty  is essent ial ly  due to the  
lack of synapses.  Since, in brain,  it  appears  t h a t  there  are 
several  c o m p a r t m e n t s  of adeny la te  cyclase8, i t  would be 
of grea t  in te res t  to f ind a non-synap t i c  adeny la te  cyclase 
in nervous  tissue. 

As a f i rs t  step,  we have  inves t iga ted  the  act ion of de- 
polarizing agents  and  adenosine  on Cyclic AMP concen-  
t r a t i ons  in t he  r abb i t  cervical  vagus nerve,  a p repa ra t ion  
which  consists  mos t ly  of smal l  non-mye l ina ted  axons  9. 

Mater ia l  and methods. Vagus  nerves  were rap id ly  re- 
moved  f rom shot  r abb i t s  weighing be tween  2.5 and 3 kg. 
The nerves  were careful ly deshea thed  using fine dissect-  
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Fig. 1. Time course of the accumulation of cyclic AMP by 100 btM 
adenosine in rabbit vagus nerve. Results are expressed as percent 
of unstimulated controls ~ SEM. Number of experiments in brackets 
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Fig. 2. Logarithmic dose-response curve of cyclic AMP aceurntllation 
in rabbit vagus nerve by adenosine. Results are expressed as in 
Figure 1. 
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Fig. 3. Inhibition of adenosine elicited accumulation of cyclic AMP 
by theophylline. 1st column: cyclic AMP accumulation by 100 p.M 
adenosine. 2nd to 5th column: inhibition of the effect of adenosine 
by various concentrations of theophylliue. Pieces of nerves were pre- 
iacubated 30 rain in Locke and then transferred to Locke containing 
100 b~M adenosine and theophylline for 6 min. 

ing scissors and  div ided into 3 par ts .  The pieces of nerve 
were pre- incubated ,  a t  37~ in Locke for 30 min, or for 
15 min in Locke, and 15 min in Locke conta in ing  in- 
hibi tors .  E a c h  piece was t h e n  t r ans fe r red  to 5 ml of Locke 
at  37~ conta in ing  the  subs tances  to be tes ted.  The in- 
cuba t ion  was s topped  by  homogeniza t ion  in ice-cold 
e thanol  conta in ing  0.2 N HC1. Insoluble  mater ia l  was 
p rec ip i t a t ed  by  low-speed cent r i fugat ion  and then  respun  
in 1 N N a O H  for pro te in  de te rmina t ion .  The supe rna t an t s  
were dess ica ted  under  N~ s t r eam and used for cyclic 
AMP dosage. 

P ro te ins  were assayed by  the  m e t h o d  of LowR,z e t  al. ~~ 
The ex t inc t ion  was read at  600 n m  on a Met rohm E 1009 
spectrocolor imeter .  

For  cyclic AMP de te rmina t ion ,  the  dessicated super-  
n a t a n t s  were resuspended  in Tris-HC1 buffer,  100 raM, 
p H  7.4, conta in ing  theophyl l ine ,  8 m M  and 2-mercapto-  
e thanol ,  6 m M .  Cyclic AMP was then  assayed by  the  
sa tu ra t ion  b ind ing  m e t h o d n .  

Locke con ta ined  NaC1, 154 m M ;  KC1, 5.6 m M ;  CaCI~, 
0.9 m M ;  MgC12, 0.5 m M ;  morpho l inopropane  sulfonic 
acid (MOPS), 10 m M ;  glucose, 5 m M ;  N a H @ O  4 and 
Na~HPO4, 0.6 m M ;  p H  7.4. High  K, 100 mM,  Locke was 
ob ta ined  by  replacing NaC1 wi th  KC1. 

Adenosine,  a t ropine  su lpha te  and theophyl l ine  were 
ob ta ined  f rom E. Merck AG (Darmstad t ,  Germany) ;  
cocaine hydroch lor ide  and  te t raca ine  f rom Siegfried 
(Zofingen, Switzer land) ;  vera t r id ine  f rom Aldrich (Mil- 
waukee,  USA) ;  t e t r o d o t o x i n  f rom Sankyo (Tokyo, 
Japan)  ; phen to l amine  (Regit in | f rom Ciba-Geigy (Basle, 
Switzerland) ; haloper idol  t rom Cilag-Chemie (Schaffhau-  
sen, Switzer land) ;  sotalol  hydrochlor ide  f rom Mead 
Johnson  and  Co. Evansvi l le ,  Ind. ,  USA);  and hexa-  
m e t h o n i u m  chloride d ihydra t e  f rom Schwar tz -Mann 
"Biochemicals (Orangeburg,  N . J . ,  USA). 

Resul ts  are expressed as the  mean of several  indepen-  
d e n t  expe r imen t s  • SEM. 

Results.  a) Basal  value. E a c h  piece of nerve conta ined  
b e t w een  0.11 and 0.77 mg of proteins.  The cyclic AMP 
con ten t  of these  pieces, a f ter  p re - incubat ion  for 30 min 
in Locke at  37~ was 32.8 • 2.2 pmol  per mg pro te in  
(n = 62). There  was a fairly large var ia t ion  in basal 
cyclic A M P  concen t ra t ions  f rom one expe r imen t  to 
another .  Because of this,  the  expe r imen ta l  values  of 
cyclic A M P  concen t ra t ion  are referred to control  values 
in the  same expe r imen t  and expressed as percentages .  

b) Effect  o/ adenosine. We obta ined  an accumula t ion  of 
cyclic AMP in r abb i t  vagus  nerve  by  appl ica t ion  of 
adenosine.  Figure  1 shows t h a t  the  accumula t ion  is rapid,  
reaching a max ima l  level af ter  3 min incubat ion.  For  
this  reason, and for technica l  convenience,  we used a 
t ime of 6 min  for all incuba t ions  in the  expe r imen t s  re- 
por t ed  here,  excep t  for those  of Figure 1. 
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The  a c c u m u l a t i o n  of cyclic A M P  is d e p e n d e n t  on  the  
c o n c e n t r a t i o n  of adenos ine  applied.  The  effect  is a max i -  
m u m  a~ an  adenos ine  c o n c e n t r a t i o n  of 500 tzM; i t  s t ab i -  
lizes a t  1 m M  and  above ,  w i th  an  increase of cyclic A M P  
to 230% of cont ro l s  (Figure 2). A c o n c e n t r a t i o n  of 
100 ~ M  adenos ine  was used for all  f u r t h e r  expe r imen t s .  

c) Inhibition. The  a c c u m u l a t i o n  of cyclic A M P  b y  
adenos ine  can  be  i n h i b i t e d  b y  theophy l l ine .  The  inh ib i -  
t i on  is pa r t i a l  w i t h  1 m M  t h e o p h y l l i n e  and  comple te  w i t h  
10 m M  (Figure 3). 

W e  h a v e  appl ied  a large n u m b e r  of subs tances ,  wh ich  
are k n o w n  to i n h i b i t  t he  effect  of d i f fe ren t  agen ts  on  
a d e n y l a t e  cyclase in  o the r  sys tems.  These  inc luded  a- 
adrenerg ic  (phen to lamine ,  0.1 mM), f i-adrenergic (sotalol, 
0.1 raM), dopamine rg i c  (haloperidol ,  0.05 raM), musca-  
r inic  (a t ropine,  0.05 m M ) ,  n ico t in ic  ( h e x a m e t h o n i u m ,  
0.5 mM)  i n h i b i t i n g  agents ,  as well  as local  anaes the t i c s  
(cocaine, 1 m M ;  t e t r aca ine ,  1 m M  and  t e t r o d o t o x i n ,  
0.003 raM).  None  of these  subs t ances  i n h i b i t e d  t he  in- 
crease in cyclic A M P  caused  b y  adenosine.  

d) Depolarizing agents. Since adenos ine  is t h o u g h t  to  
be an  i n t e r m e d i a r y  be t w een  depo la r i za t ion  and  cyclic 
A M P  a c c u m u l a t i o n  in b r a i n  1~, t he  effect of depolar iz ing  
agen ts  was  t e s t ed  in t he  vagus  nerve.  Pieces of n e r v e  
were i n c u b a t e d  in presence  of h igh  p o t a s s i u m  (100 m M )  
or v e r a t r i d i n e  (500 ~M), which  are k n o w n  to depolar ize  
frog ne rve  f ibres ~a and  r a b b i t  vagus  ne rve  1~. N e i t he r  of 
these  two agen t s  p roduced  a n  increase  in cyclic AMP. 

Discussion. Our e x p e r i m e n t s  show t h a t  t he re  is a v e r y  
m a r k e d  a c c u m u l a t i o n  of cyclic A M P  w h e n  the  r a b b i t  
vagus  ne rve  is exposed to adenosine .  As in guinea-p ig  
b ra in  sliceslS, the  effect  of adenos ine  is i n h i b i t e d  in t he  
presence  of a x a n t h i n e  der iva t ive ,  theophyl l ine .  I t  ap-  
pears  t h a t  t he  a d e n y l a t e  cyclase response  to adenos ine  
in t he  vagus  ne rve  is d i rec t  and  specific, since i t  is un-  
af fected b y  agen ts  which,  in o the r  tissues, i nh i b i t  t he  

a d e n y l a t e  cyclase response  to  ca techo lamines ,  chol ino-  
mimet ics ,  or depolar iz ing  agents .  

i n  gu inea-p ig  b ra in ,  cyclic A M P  c o n t e n t  is increased  
b y  exposure  to  depolarizing agents ,  or to  adenosine ,  and  
i t  is t h o u g h t  t h a t  adenos ine  is the  i n t e r m e d i a r y  be tween  
depo la r i za t ion  a n d  cyclic A M P  a c c u m u l a t i o n  12. I n  b o v i n e  
super ior  cervical  gangl ion,  depolar iz ing  agents ,  b u t  no t  
adenosine,  p roduce  an  a c c u m u l a t i o n  of cyclic AMP~6, ~7 
and  i t  is t h o u g h t  t h a t  t he  i n t e r m e d i a r y  be tween  depolar -  
i za t ion  a n d  cyclic A M P  a c c u m u l a t i o n  is a t  leas t  p a r t i a l l y  
ca techo lamines .  W e  h a v e  also t e s t ed  r a b b i t  super ior  
cervical  gangl ions  for t h e i r  response  to  adenosine .  No 
s ign i f ican t  a c c u m u l a t i o n  of cyclic A M P  was found  
(121 • 11% of u n s t i l n u l a t e d  controls ,  n = 4, 100 ~ M  
adenosine) .  

I n  vagus  nerve,  on ly  adenos ine  has  an  effect  on cyclic 
A M P  con ten t .  The  absence  of a n y  effect  of depo la r i za t ion  
in vagus  ne rve  reveals  e i the r  t he  absence  of an  endoge-  
nous  adenos ine  re leas ing  sys tem,  or  a d i f ference in func-  
t i on  of t he  adenos ine - sens i t ive  adeny la t e  cyclases of ne rve  
axons  a n d  of c en t r a l  ne rvous  sys tem.  I t  is no t  k n o w n  
w h e t h e r  cyclic A M P  accumula t e s  in  t he  axon  or in  sup-  
po r t i ng  t issue ( S c h w a n n  cells). 

I t  will  be  of i n t e r e s t  to  i nves t i ga t e  f u r t h e r  t he  a d e n y l a t e  
cyclase in  vagus  ne rve  in order  to  e luc ida te  t he  seeming ly  
complex  func t ions  of cyclic A M P  in the  ne rvous  sys tem.  
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The Loss of Biological Activity of 5-Hydroxytryptamine Creatinine Sulphate 
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Summary. 5 - H y d r o x y t r y p t a m i n e  c rea t in ine  su lpha te  loses i ts  biological  a c t i v i t y  w h e n  m a i n t a i n e d  a t  r o o m  t e m p e r a t u r e .  
The  loss of 5 -HT a c t i v i t y  (in s t i m u l a t i n g  sod ium t r a n s p o r t  across frog skin) is g rea t e r  t h a n  the  loss of c r ea t in ine  sul- 
p h a t e  a c t i v i t y  ( inh ib i t ion  of sod ium t r anspor t ) .  

5 - H y d r o x y t r y p t a m i n e  s t imu la t e s  ion t r a n s p o r t  in  a 
v a r i e t y  of t issues e.g. b lood p la te le t s  1, t he  ne rvous  sys- 
t e m  a t  cen t r a l  and  pe r iphe ra l  synapses  2, v e r t e b r a t e  
n e p h r o n s  a, insect  Malp igh ian  tubu le s  4, a n d  insec t  sali- 
v a r y  g lands  ~ b u t  i nh ib i t s  t r a n s p o r t  in o the r  t i ssues  e.g. 
e r y t h r o c y t e s  6 and  t he  ne r vous  sys t em 2. 5 -Hydroxy-  
t r y p t a m i n e  c rea t in ine  su lpha t e  complex  (5-HTCS) has  
been  shown  to h a v e  a b iphas ic  effect  on  ac t ive  sod ium 
t r a n s p o r t  across ~solated frog sk inL  A t  low concen t r a -  
t ions  (3 • 10 -5 M) t r an s ep i t he l i a l  sod ium t r a n s p o r t  is 
s t i m u l a t e d  whereas  a t  h igher  concen t r a t i ons  t r a n s p o r t  is 
inh ib i ted .  The  s t i m u l a t o r y  a n d  i n h i b i t o r y  ac t ions  of 5- 
H T C S  can  be a t t r i b u t e d  to  t he  sepa ra te  c o m p o n e n t s  of 
t he  complex :  5 - h y d r o x y t r y p t a m i n e  be ing  s t i m u l a t o r y  
and  c rea t in ine  su lpha te  inh ib i to ry .  D u r i n g  t he  in i t ia l  
s t u d y  of t he  dose-response cha rac te r i s t i c s  of t he  induced  
changes  in sod ium t r a n s p o r t  m a j o r  d iscrepancies  in the  
m a g n i t u d e  of response  b e c a m e  a p p a r e n t  in  t h a t  smal ler  
responses  were cons i s t en t ly  obse rved  in expe r i men t s  

pe r fo rmed  some hour s  a f te r  p r e p a r a t i o n  of the  5 -HTCS 
so lu t ion  t h a n  in e x p e r i m e n t s  pe r fo rmed  us ing  f reshly  
p r e p a r e d  5-HTCS. As t he  e x p e r i m e n t a l  p ro toco l  re- 
m a i n e d  s t a n d a r d  th i s  sugges ted  t h a t  t he  5 -HTCS so lu t ion  
m a y  be  losing a c t i v i t y  so a series of e x p e r i m e n t s  were 
des igned to e x a m i n e  t he  re la t ive  a c t i v i t y  of 5 -HTCS - 
b o t h  solid and  in so lu t ion  - u n d e r  a v a r i e t y  of condi t ions .  
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