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known  proper t ies  of presyr!apt ic  inhibi t ion.  MendelD re- 
po r t ed  the  occurrence of posi t ive  dorsal  root  po ten t ia l s  in- 
duced  by  s t imula t ion  of group I I I  muscle afferents  and 
sugges ted  t h a t  posi t ive  dorsal  root  po ten t ia l s  m a y  be the  
resul t  of inhib i t ion  of a tonic  depolar iz ing pa thway .  Sim- 
i larly one can propose  t h a t  the  exci tabi l i ty  decrease in 
the  GS secondaries  m a y  resul t  f rom the  inhib i t ion  of the  
in te rnunc ia l  D-cells depolar iz ing the  in t rasp ina l  t e rmina ls  
of the  GS group II  afferents .  GABA m a y  ac t  as neuro-  

t r a n s m i t t e r  in this  p resynap t i c  d i s inh ib i to ry  circuit,  since 
the  GABA an tagon i s t  bicucull ine ~ an tagonized  the  de- 
press ing effect  of the  condi t ion ing  P D P  volleys on the  
GS secondary  af ferent  exci tabi l i ty .  

4 L. Mendell, J. Physiol., Lond. 226, 769 (1972). 
5 D.R.  Curtis, A. W. Duggan, D. Fellix and G. A. R. Johnston, 

Nature, Lond. 228, 676 (1970). 
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Summary. Quan t i t a t i ve  analysis  of adrena i  responses  to  mo d e ra t e  h y p o x i a  and  h y p e r c a p n i a  in t he  conscious calf shows 
t h a t  the  sens i t iv i ty  of the  adrena l  cort ical  response  far  exceeds  t h a t  of t he  adrenal  medulla.  

i 

Adrena l  responses  to h y p o x i a  and h y p e r c a p n i a  have  
been quant i f ied  in conscious calves, 3-5 weeks af ter  
bir th ,  using the  ' adrena l  c lamp '  t echnique  3 to  collect the  
eff luent  venous  blood f rom the  r ight  adrenal  gland.  Af te r  
recovery  f rom surgery  the  animals  were h a b i t u a t e d  to  
wear  a light, t r a n s p a r e n t  ' he lme t '  t h rough  which  air was 
perfused at  a ra te  of 15 1/min. H y p o x i a  or hype rcapn i a  
was induced  by  infusing a mix tu re  of gases t h roug h  the  
' he lme t '  for 30 rain as follows: 

Air Nitrogen Carbon 
(l/mffl) dioxide 

(1/min) (l/min) 

Grade I (n = 7) 7.5 7.5 - 
Hypoxia [ Grade II (n 4) 11.5 3.5 - 

�9 [G rade I  (n = 7) 13.5 - 1.5 
Hypercapnla ~ Grade II (n 6) 14.25 - 0.75 
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Fig. 1. Comparison of the changes in the output of cortisol from the 
right adrenal gland in response to hypoxia (A) and hypercapnia (B). 
Open circles: Grade I stimuli. Closed circles: Grade II stimuli. 
Horizontal bars: duration of stimulus. Vertical bars: SE of each 
mean value. 

Cortisol and cor t icos terone were measured  by  compet i t ive  
p ro te in  b inding  4 and ca techo lamines  by  a modif ica t ion 
of the  t r i hydroxy indo le  me t h o d  5. Adrenal  blood flow 
was  de t e rmined  grav imet r ica l ly  dur ing  each  sample  to  
allow calculat ion of ho rmone  ou tpu t .  
Dur ing  grade I hypox ia  the  Po2 of t he  ar ter ia l  blood fell 
to  less t h a n  hal f  the  init ial  value wi th in  5 min. Thereaf ter  
i t  decl ined more  slowly to be tween  20 and 25 m m  Hg 
dur ing the  las t  10 rain. Grade  I I  h y p o x i a  cons t i tu t ed  a 
less severe s t imulus;  ar ter ia l  Po2 was  reduced  by  c60% 
b u t  did no t  fall below 30 m m  Hg  a t  any  stage.  Grade I 
hype rcapn i a  caused a progressive increase in ar ter ia l  
Pcos f rom c40 m m  Hg  to m a x i m u m  values of be tween  
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Fig. 2. Comparison of the changes in cateeholamine output from the 
right adrenal gland in response to hypoxia or hypercapnia. 
A Grade I hypoxia. �9 = noradrenaline; A = adrenaline. B Grade II 
hypoxia. �9 = noradrenaline; O = adrenaline. C Hypercapnia. 
�9 = noradrenaline, grade I ; A = adrenaline, grade I ; �9 = noradren- 
Mine, grade II; O = adrenaline, grade II. 
Horizontal bars: duration of stimulus. Vertical bars: SE of each 
mean value. 
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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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