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100 and  120 m m  Hg. Grade II  hype rcapn i a  p roduced  a 
2fold increase in Pco~. 
Cortisol o u t p u t  rose more  ab rup t l y  and  fell more  slowly 
dur ing  hype rcapn i a  t h a n  hypox i a  (figure 1). However ,  
the  h ighes t  values recorded dur ing  b o t h  grades of 
hype rcapn i a  were comparab le  wi th  those  dur ing  grade 
I hypoxia .  Similar  ra tes  of secret ion occur in response to 
infusions of sup ramax ima l  doses of ACTH ~ indicat ing 
t h a t  b o t h  st imuli  can elicit a max ima l  secre tory  response 
f rom the  adrena l  cortex.  The p a t t e r n  of secret ion of 
cor t icos terone  was the  same as t h a t  of cortisol  bu t  the  
amoun t s  released were less. 
Compara t ive ly  t r iv ia l  amoun t s  of ca techolamines  were 
released f rom the  adrenal  medul la  dur ing  hypox i a  or 
grade II  hypercapnia .  In  cont ras t ,  grade I h y p e r e a p n i a  
caused the  release of quite  subs tan t i a l  amoun t s  of nor-  
adrenal ine  toge the r  w i th  smaller  bu t  s ignif icant  amoun t s  
of adrenal ine  (figure 2). This  p a t t e r n  of release differs 
f rom t h a t  which occurs in response  to in tense  hypox i a  in 
the  conscious calf when  adrenal ine  is invar iab ly  the  pre-  
d o m i n a n t  amine and  m a y  be secreted a t  a ra te  of up to 
18,000 ng/kg -1 m i n - l L  
These resul ts  show t h a t  a max ima l  adrena l  cort ical  
response can occur in these animals  in response to b o t h  

h y p o x i a  and  hypercapn ia  of insuff ic ient  i n t ens i ty  to  
elicit s ignif icant  release of ca t echo lamines  f rom the  
adrena l  medulla .  I t  is concluded t h a t  the  sens i t iv i ty  of the  
p i t u i t a ry -ad rena l  cort ical  axis  far exceeds  t h a t  of the  
adrena l  medul la  to bo th  these  s t imuli  in the  conscious 
calf. 
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Summary. An identif iable g iant  neurone,  PON (periodically oscillating neurone),  of Acha t ina  fulica F6russac, i nh ib i t ed  
by  ery thro- /~-hydroxy-L-glu tamic  acid, was also inhib i ted  by  2 relat ives  of f l -hydroxy g lu tamic  acid, ibotenic  acid 
and quisqualic acid. These subs tances  similarly showed the  effect  on the  neurone  even in the  chloride-free medium.  

Takemoto  et  al. 2-4 isolated a heterocycl ic  amino acid 
(ibotenic acid, e-amino-3-oxo-4-isoxazol ine-5-acet ic  acid) 
which shows a fly-killing effect,  f rom the  fungus,  A m a n i t a  
s t robi l i formis (Paul.) Quer. They  5, ~ also isolated ano the r  
heterocycl ic  amino acid ( tr icholomic acid, a-amino-3-oxo-  
isoxazolidine-5-acetic  acid) hav ing  the  same effect  f rom 
ano the r  fungus, Tr icholoma musca r ium K a w a m u r a .  
Quisqualic acid [ f l - (3 ,5-dioxo-l ,2 ,4-oxadiazol idin-2-yl)-  
L-alaninel ,  of which  was an an the lmin th i c  effect  (anti-  
Ascaris) d e m o n s t r a t e d  ~, was isolated also by  Takemoto  
et  al. f rom Quisqualis F rac tus  8-1~ 
In  the  p resen t  s tudy,  we a t t e m p t e d  to examine  effects of 
these biologically act ive  heterocycl ic  amino acids and  
the i r  re la t ives  on the  exci tabi l i ty  of a g ian t  neurone  (the 
PON, periodical ly oscil lat ing neurone) ident i f ied in the  
subesophagea l  ganglia of Acha t ina  fulica F6russac.  We  
d e m o n s t r a t e d  previous ly  n,  12 t h a t  the  P ON was inhibi ted  
r e m a r k a b l y  by  f l -hydroxy glutamic  acid (BHGA, espe- 
cially e ry th ro -L- type) ,  the  chemical  s t ruc tu re  of which  
resembles  those  of the  heterocycl ic  amino acids isolated 
b y  Takemoto  et  al., a l though  L-glu tamic  acid did no t  
affect  the  same neurone.  
E x p e r i m e n t a l  m e t h o d s  were descr ibed in detai l  in the  
preceding  papers  1~, ~. In  the  p re sen t  s tudy,  we examined  
the  effects  of the  above -men t ioned  heterocycl ic  amino 
acids, no t  only in the  physiological  med ium b u t  also in 
the  chloride-free condi t ion.  To ob ta in  the  l a t t e r  condi t ion,  
we perfused  the  dissected ganglia w i th  the  chloride-free 
solut ion (replaced wi th  acetate)  for more  t h a n  1 h. 
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Fig. 1. Inhibitory effect of ibotenic 
acid, quisqualic acid and 3 isomers 
of tricholomic acid on PON (peri- 
odically oscillating neurone) ex- 
citability in the physiological con- 
dition (bath application). 4 traces 
were recorded continuously. Or- 
dinate, the number of spike dis- 
charges per rain. Abscissa, time 
course, each histogram is 1 rain. 
We applied 10 -4 kg/1 ibotenic acid, 
10 -43-hydroxy-5-methyl isoxazole, 
10 -4 quisqualic acid, 10 -5 ibotenic 
acid, 10 -s quisqualic acid, 10 -4 
threo-tricholomic acid, 10 -4 iso- 
tricholomic acid and 10 -4 erythro- 
tricholomic acid. Note that ibo- 
tenic acid and quisqualic acid at 
10 -5 kg/l, and 3 isomers of tri- 
cholomic acid at 10 -4 kg/1 (bath 
application) showed an inhibitory 
effect on the PON excitability. 
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Fig. 2. Effect of ibotelfiC acid and quisqualic acid on PON excitability in the physiological condition (microdrop application). The upper traces 
of A and 13 are the full-spike recordings of the PON biopotential by the pen-writing galvanometer. The lower traces of A and B are the high 
gain recordings of the upper traces. (The spike peaks have been cut off by an electronic voltage clipper.) In A, a microdrop (100 tzm in dia- 
meter} of 3 • 10 -4 kg/1 ibotenic acid (the total amount of this substance was about 150 pg) was applied on the PON surface (arrow). In B, 
a microdrop (the same diameter) of 10 -a kg/1 qnisqualic acid (total amount was about 500 pg) was applied on the surface of the same neurone. 
Note that the microdrop application of ibotenic acid and quisqualic acid caused a remarkable hyperpolarization of the PON neuromembrane, 
and stopped the spontaneous spike discharges. 
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Effects of some heterocyclic amino acids on the PON excitability 
in the physiological condition (bath application) 

No. Substance Effect Examined 
on PON concentration 

(kg/l) 

1 Erythro-fl-hydroxy-L-glut amic 
acid 11,12 (1) I 10 ~--~3 • 10 -4* 

2 L-Glutamic acidn,  1~ (2) (-) 10 .4 
3 Ibotenic acid (3) I 3 • 10-s~10  s,  
4 Quisqualic acid (4) I 10 -5* 
5 Erythro-tricholomic acid (3) I 10 .4* 
6 Threo-tricholomic acid (3) I 10 .4* 
7 Iso-tricholomie acid (3) I 10 .4* 
8 3-Hydroxy-5-methyl isoxazole (5) (-) 10 .4 
9 Kainic acid (4) (-) 10 .4 

10 ce-Allo kainic acid (4) (-) 10 .4 
11 Muscazone (6) (-) 10 .4 
12 4-Hydroxy pyrrolidone (6) (-) 10 -* 
13 Muscimoluitrile (6) (-) 10 ~ 
14 bis-Muscimole (6) (-) 10 -4 
15 5-Acetamido-3, 4-dimethyl-isoxazole (-) 10 -4 
16 5-Hydroxy-3, 4-dimethyl-isoxazole (-) 10-* 
17 5-Carboxymethyl-isox azole (-) 10 -4 
18 5-Morpholinomethyl-3-isoxazotidone (-) 10 -4 
19 5 -Carboxy- 3 -nlethyl-isox azole (-) 10 -4 
20 3-Carboxy-5-methyl-isoxazole (-) 10 .4 
21 2-Oxazolidone (-) 10 4 
22 2-Mercapto-5-methyl-2-oxazoline (-) 10 .4 

I, inhibitory effect; (-), no effect; *, critical concentration to produce 
the effect. (1), donated by Dr M. Kurono of Ono Pharmaceutical 
Co.; (2), product of Wako Pure Chenfical; (3), donated by Dr H. 
Iwasaki of Takeda Chemical Co.; (4), donated by Prof. Emer. T. 
Takemoto of Toboku University; (5), product of Sankyo Co.; (6), 
donated by Prof. C. H. Eugster of Zurich University. 

T h e  r e s u l t s  o b t a i n e d  in  t h e  p h y s i o l o g i c a l  m e d i u m  a r e  
s u m m a r i z e d  in  t h e  t a b l e .  T h e  f o l l o w i n g  h e t e r o c y c l i c  
a m i n o  a c i d s ,  a d m i n i s t e r e d  b y  b a t h  a p p l i c a t i o n ,  s h o w e d  
a n  i n h i b i t o r y  e f f ec t  o n  P O N  e x c i t a b i l i t y  in  t h e  p h y s i o -  
log ica l  c o n d i t i o n :  i b o t e n i c  a c i d  ; q u i s q u a l i c  a c id  ; e r y t h r o - ,  
t h r e o -  a n d  i s o - t r i c h o l o m i c  ac id .  A s  s h o w n  in  f i g u r e  1, t h e  
i n h i b i t o r y  e f f ec t  of  i b o t e n i c  a c id  a n d  q u i s q u a l i c  a c i d  is  
s t r o n g e r  t h a n  t h a t  o f  t h r e e  i s o m e r s  o f  t r i c h o l o m i c  ac id .  
T h e  c r i t i c a l  c o n c e n t r a t i o n s  of  t h e s e  s u b s t a n c e s  t o  p r o d u c e  
t h e  e f f ec t  w e r e  r e s p e c t i v e l y :  i b o t e n i c  a c id  (3 •  -e t o  
10 -5 kg/1), q u i s q u a l i c  a c i d  (10 -5 kg/1) a n d  3 i s o m e r s  of  
t r i c h o l o m i c  ac id  (10 -~ kg/1). T h e  e f f ec t  d i s a p p e a r e d  a f t e r  
w a s h i n g  t h e  g a n g l i a  w i t h  t h e  p h y s i o l o g i c a l  s o l u t i o n .  S u b -  
s t a n c e s  e x a m i n e d  in  t h e  p r e s e n t  s t u d y  o t h e r  t h a n  t h e  5 
a b o v e - m e n t i o n e d  a m i n o  a c i d s  h a d  n o  e f f ec t  o n  t h e  P O N  
e x c i t a b i l i t y  in  a c o n c e n t r a t i o n  o f  10 -4 kg/1. 
W e  t r i e d  t h e  loca l  a p p l i c a t i o n  of  t h e  2 e f f e c t i v e  s u b -  
s t a n c e s ,  i b o t e n i c  a c id  a n d  q u i s q u a l i c  ac id ,  o n  t h e  P O N  in  
t h e  p h y s i o l o g i c a l  c o n d i t i o n  ( f igure  2). A m i c r o d r o p  ( a b o u t  
100 ~zm in  d i a m e t e r )  o f  t h e  s o l u t i o n  o f  e a c h  s u b s t a n c e  w a s  
p l a c e d  on  t h e  P O N  s u r f a c e  ( the  d i a m e t e r  of  t h e  n e u r o n a l  
s o m a  is a b o u t  200 a m )  u n d e r  a m i c r o s c o p e .  S e v e r a l  sec-  
o n d s  a f t e r  t h e  a p p l i c a t i o n ,  t h e  P O N  b i o p o t e n t i a l  h y p e r -  
p o l a r i z e d  a n d  s t o p p e d  t h e  s p i k e  d i s c h a r g e s .  T h e  e f f ec t  o f  
t h e s e  s u b s t a n c e s ,  a p p l i e d  in  t h i s  w a y ,  w a s  a l so  r e v e r s i b l e .  
W e  c o n c l u d e  t h a t  t h e  i n h i b i t i o n  of  t h e  P O N  b i o p o t e n t i a l  
c a u s e d  b y  t h e  2 s u b s t a n c e s  is d u e  to  t h e  h y p e r p o l a r i z a t i o n  
of  t h e  P O N  n e u r o m e m b r a n e .  
T o  d e t e r m i n e  w h e t h e r  t h e  h y p e r p o l a r i z i n g  e f f ec t  of  t h e  2 
h e t e r o c y c l i c  a m i n o  a c i d s  o n  t h e  P O N  n e u r o m e m b r a n e  
m i g h t  be  d u e  t o  t h e  i n c r e a s e  o f  t h e  m e m b r a n e  p e r m e -  
a b i l i t y  to  c h l o r i d e  ions ,  we  t r i e d  t h e  m i c r o d r o p  a p p l i c a -  
t i o n  o f  t h e  2 s u b s t a n c e s  o n  t h e  P O N  s u r f a c e  in  t h e  
c h l o r i d e - f r e e  m e d i u m .  A s  s h o w n  in  f i g u r e  3, t h e  2 s u b -  
s t a n c e s  s h o w e d  t h e  h y p e r p o l a r i z i n g  e f f ec t  o n  t h e  P O N  
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Fig. 3. Effect of ibotenic acid and quisqualic acid on PON excitability in the Cl--free condition (microdrop application). Chloride ions were 
replaced with acetate ions in the environmental 'solution. The upper traces of A and B are the full-spike recordings of the PON biopotential. 
The lower traces of A and B are the high gain recordings of  the upper traces. (The spike peaks have been cut  off by an electronic voltage 
clipper.) In A, a microdrop (100 ~m in diameter) of 10 -s  kg/1 ibotenic acid (the total amount  of this substances was about 500 pg) was applied 
on the PON surface (arrow). In B, a microdrop (the same diameter) of 2 x 10 -s quisqualic acid (the total amount  was about 1 ng) was ap- 
plied (arrow). Note that  the 2 substances showed the inhibitory effect on the PON excitability even in the chloride-free medium. 
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n e u r o m e m b r a n e  in t he  chlor ide-free  condi t ion ,  in t he  
same  m a n n e r  as in  t h e  physiological  med ium.  W e  con-  
f i rmed  t h a t  f l -hydroxy  g lu t amic  acid (BHGA,  e ry th ro -  
L- type)  also i n h i b i t e d  t he  P O N  in t he  chlor ide-free  condi-  
t ion.  W e  conc lude  t h a t  the  i n h i b i t o r y  effect  of these  
subs t ances  on  t he  P O N  is p r o b a b l y  n o t  due to t he  m e m -  
b r a n e  p e r m e a b i l i t y  increase  to  chlor ide  ions. 
W a l k e r  e t  al. 14 r e p o r t e d  t h a t  L - g l u t a m i c  acid a n d  ibo ten ic  
acid show the  s a m e  effect  ( i nh ib i t o ry  or exc i t a to ry )  on  
iden t i f i ab le  g i an t  neu rones  of a E u r o p e a n  g a r d e n  snai l  
(Hel ix  aspersa) .  T h e y  sugges ted  t h a t  t he  2 amino  acids 
will ac t  on  t he  same r ecep to r  of t he  n e u r o m e m b r a n e  u n d e r  
t he  same  ionic m e c h a n i s m  ( their  i n h i b i t o r y  effect  is due  
to  t h e  m e m b r a n e  p e r m e a b i l i t y  increase  to  b o t h  chlor ide  
and  po tass ium) .  Concern ing  t he  P O N  of A c h a t i n a  ful ica 
F6russac,  n o t  L - g l u t a m i c  acid, b u t  e ry th ro - f l -hydroxy-L-  
g lu t amic  acid a n d  2 he te rocyc l ic  amino  acids ( ibotenic  
acid a n d  quisqual ic  acid) show t h e  same  effect~ W e  sugges t  

the  poss ib i l i ty  t h a t  t he  3 s u b s t a n c e s  ac t  on  t he  same  
si tes of n e u r o m e m b r a n e  u n d e r  t h e  same ionic m e c h a n i s m .  
Unl ike  t he  resu l t s  of W a l k e r  e t  al. us ing  Hel ix  aspersa ,  
the  3 a m i n o  acids are n o t  cons idered  to increase  t he  P O N  
m e m b r a n e  p e r m e a b i l i t y  to  chlor ide .  
Lea  a n d  Ushe rwood  15,16 sugges ted  t h a t  t he  c o n d u c t a n c e  
increase  of t he  locus t  (Schis tocerca  gregaria)  muscle  f ibre  
m e m b r a n e  caused  b y  ibo ten ic  acid is due to  t he  m e m b r a n e  
p e r m e a b i l i t y  increase  of chlor ide.  The i r  f ind ings  on t he  
effect  of ibo ten ic  acid would  be  d i f fe ren t  f rom the  case of 
the  P O N  n e u r o m e m b r a n e .  

14 R . J .  Walker, G. N. Woodruff and G. A. Kerkut, Comp. Gen. 
Pharmac. 2, 168-174 (1971). 

15 T. J. Lea and P. N. R. Usherwood, Comp. Gen. Pharmac, 4, 
333-350 (1973). 

16 T. J. Lea and P. N. R. Usherwood, Comp. Gen. Pharmac. 4, 
351-363 (1973). 

T h e  ef fect  of  v i n b l a s t i n  a n d  v i n c r i s t i n  on  s i n g l e  n e r v e  f i b r e s  

Delia  Mi to lo-Chieppa  

Institute o/Pharmacology, University o /Bar i ,  1-70124 Bari (Italy), 22 July  1976 

Summary. The  per fus lon  of t h e  node  of R a n v i e r  w i t h  v i n b l a s t i n  or v inc r i s t i n  reduces  t h e  a m p l i t u d e  of t he  ac t ion  
p o t e n t i a l  w i t h i n  a few seconds.  Vincr i s t ins  is 10fold more  ac t ive  t h a n  v inb l a s t i n .  U p o n  w i thd rawa l ,  t he  effect  is 
p r o m p t l y  revers ib le  a n d  i t  is an t agon i zed  b y  ace ty lchol ine .  

V i n b l a s t i n  a n d  v incr i s t in ,  t he  2 m a i n  a lkaloids  of V inca  
rosea, are endowed  w i t h  a m a r k e d  n e u r o t o x i c i t y  even  a t  
c u r r e n t  t h e r a p e u t i c a l  doses 1. I t  has  been  m a i n t a i n e d  t h a t  
t h e  p r i m a r y  a l t e r a t i o n  is a n  i m p a i r m e n t  to  t he  a x o n a l  
t r a n s p o r t "  t h r o u g h  degene r a t i ve  changes  in ne rvous  
t i ssue  2. The  p r o p a g a t i o n  of t he  ac t ion  p o t e n t i a l s  would  
be  a l t e red  on ly  secondar i ly ,  some t i m e  a f t e r  t he  axo-  
p la smic  t r a n s p o r t  h a s  comple t e ly  s t opped  a. 
I h a v e  inves t iga t ed ,  in  t he  i so la ted  n e r v e  f ibre  of t he  
u n t r e a t e d  frog, t h e  modi f i ca t ions  of t h e  ac t ion  p o t e n t i a l s  
fol lowing per fus ion  of t h e  node  of R a n v i e r  w i t h  so lu t ions  
c o n t a i n i n g  v i n b l a s t i n  or  v inc r i s t i n ;  in  th i s  p a p e r  m u c h  
fas te r  effects  are r e p o r t e d  of b o t h  a lkaloids  on  t he  pro-  
pe r t i es  of t he  m e m b r a n e  of t i le  ne rve  fibre. 
Method. I h a v e  s tud ied  the  ac t ion  of v i n b l a s t i n  a n d  v in -  
cr i s t in  on t h e  fol lowing p a r a m e t e r s  of t he  electr ic  a c t i v i t y  
in  i so la ted  n e r v e  f ibres :  a m p l i t u d e  a n d  d u r a t i o n  of t he  
ac t ion  p o t e n t i a  L t h r e s h o l d  for e lectr ical  exc i t ab i l i t y  a n d  
m e m b r a n e  po ten t i a l .  F u r t h e r m o r e  I sea rched  for  modif i -  
ca t ions  of t i le r e p e t i t i v e  f i r ing  wh ich  m a y  be  el ici ted in 
sensory  f ibres  b y  a m a i n t a i n e d  electr ic  s t imu lus  4 ( abou t  
30 msec).  Single m y e l i n a t e d  ne rve  f ibres were i so la ted  

f rom the  frog 's  sciat ic  n e r v e  a n d  t r a n s f e r r e d  to a special  
c h a m b e r  s where  one node  of R a n v i e r  was  c o n t i n u o u s l y  
superfused.  One of t h e  n e i g h b o u r i n g  nodes  was s t imu-  
la ted  and  t he  electr ic  a c t i v i t y  of t he  per fused  node  was 
recorded  according  to t he  a i r -gap  t e c h n i q u e  5. The  l iquid  
of pe r fus ion  was a b a l a n c e d  sa l t  so lu t ion  for a m p h i b i a  
(110.5 NaC1, 2.5 KC1, 1.8 CaC12 and  2.4 NaHCO3, all  in  
mM/1) in  which  e i the r  v i n c r i s t i n  su lpha t e  or v i n b l a s t i n  
s u l p h a t e  (Eli Li l ly  & Company ,  Ind ianapo l i s ,  USA) could  
be  dissolved.  The  f ibres  were s t i m u l a t e d  b y  r e c t a n g u l a r  
pulses  of 0.2 msec w i t h  t he  f r equency  of 1 pe r  sec. 
Results. The  a m p l i t u d e  of t h e  ac t ion  p o t e n t i a l  was  found  
to be  r educed  b y  b o t h  drugs.  F igure  1 shows the  dose-  
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Millett, Brain 96, 69 (1973). 
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Fig. 1. Per cent decrease of the amplitude of the action potential 
(ordinate) at different concentrations (abscissa) of Vinblastin (Vbl) 
and Vincristin (Vcr). 
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Fig, 2. Action potentials with simple Ringer (Ri), Vinoristin (l[~glml) 
(Vcr) and Vincristin + Acetylcholine (1 [~g/ml + 1 mg/ml) (Vcr + 
ACh). 


