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3-h-period at  20~ was f i l tered on a Buchner  funnel,  
washed twice wi th  e thy l  e ther  and dried.  This dr ied 
mater ia l  was ex t r ac t ed  overn igh t  wi th  200 ml of 70% 
(v /v )EtOH,  and the  s u p e r n a t a n t  ob ta ined  by  centr i -  
fugat ion was evapora t ed  to dryness  under  reduced pres-  
sure a t  30-35 ~ (step 3). 
This residue was successively ex t r ac t ed  wi th  33 ml of 
0.1 M a m m o n i u m  ace ta te  buffer  (pH5) and the super-  
n a t a n t  collected was f rac t iona ted  on a Sephadex  G-25 
fine co lumn (figure 1). The act ive f ract ion (shaded 
area) was lyophilized (step 4). An a m o u n t  of this  mater ia l  
(corresponding to 800 ml of initial colostrum) was chro- 
m a t o g r a p h e d  on a p repa ra t ive  pep t ide -ana lyze r  by  em- 
ploying Aminex  A-5 (Bio-Rad Laborator ies)  under  the  
condi t ions  descr ibed in figure 2. The separa t ion  p a t t e r n  
(n inhydr in  tes t  a f ter  alkaline hydrolys is  according to 
Moore and  Stein s in order  to avoid interference due to 
e luent  buffers) was recorded at  570 nm. The act ive frac- 
t ion was lyophil ized (step 5). The fract ions ob ta ined  at  the  
poin ts  s tep  2, 3, 4 an 5 have  been tes ted  biologically, and 
the  results  a t t a ined  listed in table  1 wi th  the  respect ive  
values of their  dried weights  and proteic  contents .  The 

Table 2. Enzymatic digestion of a partially purified coIostrokinin* 

Sanlple Per cent activity** 

Control 100 
Pepsin digested 100 
Papain digested 2- 3 
Trypsin digested 38 42 

*Biological activity on rat uterus in vitro. **Per cent residual 
activity referred to control considered 100. 

f ract ion of the  s tep  5 was moreover  s u b m i t t e d  to the  
enzymat i c  t r e a t m e n t s  descr ibed and t h e n  t e s t ed  for its 
biological ac t iv i ty  on ra t  u te rus  prepara t ions .  The results  
ob ta ined  are l isted in table  2. 
Discussion. The s teps  of pur i f ica t ion of colostrokinin now 
proposed  only  par t ia l ly  over lap those  descr ibed by  
Yamazak i  and  Moriya 5. The shor t  t ime  of enzyme-  
subs t r a t e  con tac t  was selected according to previous  re- 
sults by  Bere t t a  and  Ornlas 9. The 2 successive acetic acid 
ex t rac t ions  (2 N and glacial) allow a good separa t ion  of 
the  kinin f rom the  high molecular  weight  compounds  (i.e. 
proteins,  nucleic acids, etc.) while the  prec ip i ta t ion  wi th  
an excess of e thy l  e ther  removes  the  lipids still p resen t  in 
the  mens t ruum.  The elut ion Kd  from the  Sephadex  G-25 
column suggests  t h a t  the  act ive f ract ion is charac ter ized  
by  a mol .wt  be tween  1000 and 2000. The successive purifi-  
ca t ion on Aminex  A-5 reveals its basic proper t ies .  This 
last  f inding is conf i rmed by  the  lack of biological ac t iv i ty  
showed by  the  papa in - t r ea t ed  p repa ra t ions  (table 2). 
Since the  ac t iv i ty  of the  kinin has been no t  damaged  by  
pepsin  and  only  par t ia l ly  by  t ryps in  (enzymes p resen t  in 
the  an imal  gas t ro in tes t ina l  t ract) ,  it  can be suggested t h a t  
when  released by  sal ivary kallikrein, colostrokinin m a y  
pass un in ju red  th rough  the  gastr ic  e n v i r o n m e n t  and be 
hydro lyzed  only  wi th in  the  duodena l  t rac t ,  where,  how- 
ever, t r yps in  migh t  exer t  no t  only  a kininase-l ike bu t  also 
a kininogenase- l ike ac t iv i ty  4. On account  of the  purif ica-  
t ion factors  calculated,  this  new procedure  appears  to be 
simple and rapid  enough to allow the  p repa ra t ion  of rel- 
a t ive ly  large amo u n t s  of the  kinin conta in ing  material .  
Studies  on its chemical  and biological proper t ies  are now 
in process in our laboratories .  

8 S. Moore and W. H. Stein, J. biol. Chem. 211, 907 (1954). 
9 C. Beretta and P. Ormas, Proceedings of Scientific Conference of 

Veterinary Pharnlacology, Sofia 1972. 

Pentobarbital: Presynaptic effect in the squid giant synapse1 

K. G. Morgan2 and S. H. B r y a n t  '~ 

Dept. o[ Pharmacology, College o/Medicine, University ol Cincinnati, Cincinnati (Ohio 45267, USA),  
6 September 1976 

Summary. In  concen t ra t ions  t h a t  p roduced  synap t ic  blockade in the  squid giant  synapse,  sod ium pen toba rb i t a l  
p roduced  a dose-related,  reversible decrease of the  'calc ium spike'  of the  p resynap t i c  te rminal .  

Barb i tu ra t e s  block synap t ic  t ransmiss ion  at  lower con- 
cen t ra t ions  t h a n  they  block conduc t ion  along nerves  ~-6. 
These lower concen t ra t ions  are more re levan t  to the  
general  anes the t ic  concen t ra t ions  in man,  and the  pos t -  
synapt ic  m e m b r a n e  is affected in this  concen t ra t ion  
range 7-9. There has  been considerable  debate ,  however ,  
as to whe the r  ba rb i tu ra t e s  also have  p resynap t i c  effects.  
For  example ,  a ba rb i tu ra t e - induced  decrease in quan ta l  
con ten t  has  been d e m o n s t r a t e d  in cat  mo toneu rons  10, 
and ba rb i tu ra t e s  have  been shown to inh ib i t  depolar iza-  
t ion- induced  calcium uptake  in ra t  synap tosomes  n and in 
s y m p t a t h e t i c  ganglia12; bu t  ba rb i tu ra tes  cause no 
change or an increase in quan ta l  con ten t  a t  the  frog 
neuromuscula r  junctionT, la. There  have  been  few in t ra-  
cellular s tudies  of d i rect  p resynap t i c  effects of ba rb i tu ra t e s  
because of the  di f f icul ty  of working wi th  p resynap t i c  
terminals .  The squid g iant  synapse  is unusual  in t h a t  
b o t h  the  pre- and the  pos t synap t i c  t e rmina ls  can be 
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p e n e t r a t e d  w i t h  microe lec t rodes  w i t h  re la t ive  ease. 
Therefore ,  in  order  to  t e s t  w h e t h e r  t he re  are b a r b i t u r a t e -  
i nduced  p r e s y n a p t i c  changes ,  we s tud ied  t he  effects of 
p e n t o b a r b i t a l  on  th i s  p r epa r a t i on .  
Methods. S t a n d a r d  d issec t ion  and  in t r ace l lu la r  micro-  
e lec t rode  record ing  t echn iques  were used ~4,~'~. Expe r i -  
m e n t s  were pe r fo rmed  on i so la ted  s te l la te  gangl ia  f rom 
Loligo pealei i  a t  17-18 ~ and  a t  p H  6.5 unless  o the rwise  
men t ioned .  I n  order  to  measu re  s u p r a t h r e s h o l d  pos t -  
s y n a p t i c  p o t e n t i a l s  (PSP ' s )  hype rpo laz i z ing  c u r r e n t  
pulses were in jec ted  t h r o u g h  a second microe lec t rode  nea r  
t he  p o s t s y n a p t i c  record ing  electrode.  W e  recorded  t he  
' ca l c ium spike '  us ing  a t e c h n i q u e  s imi lar  to  t h a t  of 
K a t z  a n d  MilediX% The  sod ium cu r r en t s  were b locked  b y  
2 •  -~ g /ml  t e t r o d o t o x i n ,  and  p o t a s s i u m  cu r r en t s  
d i m i n i s h e d  b y  5 mM 4-aminopyr id ine .  T he  l a t t e r  com- 
p o u n d  is effect ive on  ex t race l lu la r  app l i ca t i on  in b lock ing  
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Fig. 1. Percentage of control PSP amplitude at increasing con- 
centrations of sodium pentobarbital at 2 pH's. A pH 6.5; B pH 8,0. 
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Fig. 2. Effect of pentobarbital on the calcium spike. In each of the 
3 records the top trace is current, the bottom trace is presynaptic 
membrane potential. A control; B after equilibration in 0.7 mM 
pentobarbital for 110 min; C partial reversal. 

p o t a s s i u m  cur ren ts ,  a l lowing the  record ing  of t he  ca lc ium 
spike 17, is. 
Results and discussion. I n  order  to  f ind the  c o n c e n t r a t i o n  
r ange  in which  synap t i c  t r a n s m i s s i o n  is af fected b y  
p e n t o b a r b i t a l  in t he  g i a n t  synapse ,  we measu red  P S P  
a m p l i t u d e s  in the  presence  of increas ing  concen t r a t i ons  
of t he  d rug  in n o r m a l  ar t i f ic ia l  seawater .  Curve  A in 
f igure 1 shows t he  dose-response  r e l a t ionsh ip  for the  
effect  of p e n t o b a r b i t a l  on  P S P  a m p l i t u d e  a t  p H  6.5. 
P e n t o b a r b i t a l  h a d  s ign i f i can t ly  (p < 0.05) less effect  a t  
p H  8.0. Th i s  ind ica tes  e i the r  t h a t  t he  drug, wh ich  is a 
w e a k  acid, is more  p o t e n t  in t he  u n c h a r g e d  form;  or, t h a t  
t h e  d rug  has  an  i n t e r n a l  s i te  of act ion.  This  p H  depen-  
dence  of the  b a r b i t u r a t e s '  synap t i c  effect  has  no t  been  
seen previously1% I n  th i s  c o n c e n t r a t i o n  range  t he re  were 
no s igni f icant  d rug - r e l a t ed  changes  in p o s t s y n a p t i c  
cr i t ica l  m e m b r a n e  p o t e n t i a l  or in pre-  or p o s t s y n a p t i c  
res t ing  m e m b r a n e  p o t e n t i a l  or ac t ion  p o t e n t i a l  ampl i tude .  
Next ,  we looked for p e n t o b a r b i t a l - i n d u c e d  changes  in 
p r e s y n a p t i c  func t ion  in t he  same c o n c e n t r a t i o n  range.  
Since t he  conduc t ion  of t he  ac t ion  p o t e n t i a l  in to  the  
p r e s y n a p t i c  t e r m i n a l  was  unaffec ted ,  a p r e synap t i c  
effect  of p e n t o b a r b i t a l  would  h a v e  to be in the  exc i t a t ion-  
secre t ion coupl ing  process.  K a t z  and  Miledi have  recorded 
a ca l c ium-dependen t ,  r egene ra t ive  spike in t he  pre-  
synap t i c  t e r m i n a l  of t he  squid  synapse .  This  spike is 
p r e s u m e d  to reflect  an  i n w a r d  ca lc ium cu r r en t  associa ted  
w i t h  exc i t a t ion - sec re t ion  coupl ing  2% 
"With sod ium and  p o t a s s i u m  cu r ren t s  blocked,  we recorded 
th i s  ' ca lc ium spike '  in t he  presence of e i the r  0.3, 0.7 or 
1.0 mM p e n t o b a r b i t a l  in  6 p r e p a r a t i o n s ;  figure 2 shows 
t he  effect  a t  0.7 mM. There  was no change  in t he  a m o u n t  
of c u r r e n t  needed  to  t r igger  the  ca lc ium spike;  b u t  t he  
d rug  decreased t he  p l a t eau  d u r a t i o n  and  ampl i t ude .  
Concen t r a t i ons  f rom 0.3 to 1.0 mM reduced  the  d u r a t i o n  
of t he  ca lc ium spike b y  16 -86%,  respect ively .  The  same 
c o n c e n t r a t i o n s  reduced  t he  a m p l i t u d e  of the  p l a t eau  b y  
5-360/0 . W i t h  few except ions ,  the  ca lc ium spike r e t u r n e d  
t o w a r d  con t ro l  size u p o n  wash ing  a w a y  the  drug.  Since 
t he  degree of p o t a s s i u m  b lockade  b y  4 -aminopyr id ine  in 
t he  squid  synapse  is u n k n o w n  we m u s t  consider  the  
poss ib i l i ty  t h a t  p e n t o b a r b i t a l  is decreas ing  the  size of the  
' ca lc ium spike '  b y  increas ing  p o t a s s i u m  conduc tance .  
However ,  b a r b i t u r a t e s  a p p e a r  to  h a v e  no effect  or to  
decrease  p o t a s s i u m  conductances~,9 ,  20, b u t  t h e y  can  
decrease  ca lc ium f l u x e s n ,  12. Our  resul t s  are bes t  ex- 
p la ined  b y  a decrease  in t h e  vo l tage  d e p e n d e n t  inf lux  of 
ca lc ium b y  Pen toba rb i t a l .  
These  resul t s  d e m o n s t r a t e  t h a t  b a r b i t u r a t e s  can  affect  
p r e s y n a p t i c  func t ion  in t he  c o n c e n t r a t i o n  r ange  t h a t  
b locks  synap t i c  t r ansmiss ion .  More e x p e r i m e n t a l  work  
will be requi red  to  d e t e r m i n e  the  re la t ive  c o n t r i b u t i o n  of 
th i s  p r e s y n a p t i c  effect  of t he  b a r b i t u r a t e s  to t he  induced  
synap t i c  block. I n  some synapses  i t  m a y  be a d o m i n a n t  
effect  whi le  in o the r s  i t  m a y  p l ay  a m o d u l a t i n g  role or be 
en t i r e ly  absen t .  The  p e n t o b a r b i t a l - i n d u c e d  change  in the  
' ca lc ium spike '  suggests  an  effect  on  exc i t a t ion-sec re t ion  
coupling.  This  is t he  f i rs t  r e p o r t  t h a t  a drug, o the r  t h a n  
m u l t i v a l e n t  ions ~6,2~, ha s  been  s h o w n  to d i rec t ly  affect  
t he  ' ca lc ium spike '  of t h e  squid  p r e synap t i c  t e rmina l .  
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