
1036 Specialia EXPERIENTIA 23112 

been reported tha t  after the injection of dextran, a com- 
pound is formed in the blood which differs from dextran 
and which, once transferred to normal animals, induces 
the AEI0; however, there is some disagreement on this 
point n 

I t  appears tha t  hypophysectomy inhibits the AE and 
that  the reactivity to Fe-Dex is restored by the trans- 
fusion of plasma of normal bu t  not  of hypophysectomized 
or resistant animals 12 

Furth,  quA est insensible ~ l 'action anaphylactoide du 
dextran ferrique. 

G. GABBIANI and A. BoCSKOR 

Institut de Mddicine et de Chirurgie exp~rimentates, 
Universild de Monlrgal, Montreal (Canada), 
22 May  1967. 

Rdsum& Chez le rat  albino de souche Sprague-Dawley, 
l 'ablation de l 'hypophyse emp~che le d6veloppement de 
l'oed~me anaphylactoide provoqu6 par le dextran ferrique. 
AprSs hypophysectomie, la transfusion de plasma d 'un  
rat  normal de la m~me souche rend l 'animal de nouveau 
sensible ~ l 'agent anaphylacto~de. Cet effet n 'est  pas 
obtenu par la transfusion de plasma d 'un  ra t  Sprague- 
Dawley hypophysectomis6 ou d 'un  rat  de souche Wistar- 

10 V. ADAMKIEWlCZ and J. P. SACRA, Am. J. Physiol. 205, 357 
(1963). 

n H. LAAF, H. GIERTZ, F. HAHN and B. WIRTH, Archs int. Pharma- 
codyn. ThOr. 162, 30 (1966). 
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Presynaptic Inhibition in Crustacean Muscle: 
Axo-axonal  Synapse 

Most crustacean muscles are innervated by  one or more 
inhibitory axons which regulate muscle tension. When 
active, the inhibitors weaken or abolish the contractions 
set up by the motor axons 1. The inhibition may be either 
postsynaptic (i.e. the inhibitory t ransmit ter  substance 
acts directly on the muscle fibre membrane), or pre- 
synaptic (i.e. the inhibitory action is on the presynaptic 
terminal of the motor axon), Both effects occur simul- 
taneously in some muscles 2. In  crustacean material the 
presynaptic effect has been demonstrated in only a few 
leg muscles of crayfish and crabs, although presynaptic 
inhibition is known in other material, particularly the 
mammalian central nervous system 8. The phenomenon 
was first described in crustaceans by DUDEL and KUrFL~R 8, 
who found that  an inhibitory impulse timed to arrive 1-5 
msec before a motor impulse reduced the quanta l  release 
of the excitatory t ransmit ter  substance while leaving the 
quan tum size unchanged. Subsequent work 4-s has sup- 
ported the hypothesis" tha t  the inhibitory effect arises 
from a reaction of the inhibitory t ransmit ter  with receptors 
on the motor axon terminal. The reaction induces an in- 
crease in chloride ion permeability of the axon membrane 
and a consequent decrease in amplitude of the motor 
impulse in the axon terminal. This reduced 'nerve terminal 
potentia) '  (n.t.p.) is presumably less effective in releasing 
the excitatory transmitter.  

So far the morphological basis for the effect has re- 
mained undisclosed. I t  could arise from inhibitory synaptic 
contacts on the motor axon terminal, or from leakage of 
t ransmit ter  from inhibitory neuromuscular synapses to 
adjacent motor axon terminals. All that  can be said from 
previous histological evidence is tha t  the inhibitory and 
excitatory nerve terminals occur close together °. In  this 
report we present electron microscopical evidence for the 
existence of inhibitory synaptic contacts on the motor 
axon terminal.  

The electrical manifestations of crustacean presynaptic 
inhibition are illustrated in Figure 1. The top traces in 
both records were obtained with an  extracel]ular micro- 
electrode placed close to an excitatory neuromuscular 
synapse to record the motor n.t.p, and the subsequent 

flow of current  into the postsynaptic membrane (measured 
as a potential  drop in the extracellular solution). The 
bot tom traces show the postsynaptic potentials recorded 
across the muscle fibre membrane with an intracellular 
microelectrode. The recording methods are similar to those 
o1 DUDEL and KUFFLER 2. Stimulation of an inhibitory 
axon (B) produces an inhibitory n,t.p., together with 
reduction of the excitatory postsynaptic potential, the 
motor n.t.p,, and the synaptic current (compare A and B). 
The last 2 effects are seen only when the inhibitory n.t.p. 
precedes the motor n.t.p, by  1-6 msec. 

Muscle fibres and attached nerves from preparations 
manifesting presynapt~c inhibition, as shown in Figure 1, 
were fixed for electron microscopy 1 h in 4% glutaralde- 
hyde in Millonig phosphate buffer, then washed in the 
buffer alone for 2 h and post-fixed 1 h in 1% buffered 
osmium tetroxide. The material was dehydrated in an 
acetone series and embedded in Durcupan (Fluka AG), 
Sections 50-150 nm in thickness were cut  serially from 
regions thought to contain motor synapses, stained with 
ethanolic uranyl  acetate, and examined in a Phillips EM 
200 electron microscope. 

Two types of nerve terminal  were seen: I with pre- 
dominant ly  round vesicles of fairly uniform size and 
400-500 ]k in diameter; and another with vesicles of 
slightly smaller size (often 200-400 A) and less regular 
shape - sometimes round, bu t  quite often elliptical, pear- 
shaped, or indented (Figure 2), 

I n  the first type of ending, about  90% of the vesicles 
were circular in cross section, bu t  in the second type, only 
40-50% had this property. A statistical comparison of 
the 2 populations of vesicles was made by  measuring the 

1 G. MARMONT and C. A. G. WIERSMA, J. Physiol. 93, 173 (1938). 
¢ J. DUDEL and S, W. KUFFLER, J. Physiol. 755, 543 (1961). 
3 j. C. ECCLIZS, Thf Physiology o/ Synapses (Academic Press, New 

York 1964). 
4 j .  DUDEL, Pfliigers Arch. ges. Physiol. 277, 537 (1963). 

3. DUDEL, Pflfigers Arch. ges. Physiol. 284, 66 (1965). 
0 A. TAKEUCaI and N. TAKEUCm, J. Physiol, 177, 225 (1965). 
v A. TAKEUCal and N. TAK~UCHI, J. Physiol. 183, 418 (1966). 
s A. Taggucm and N. TAKEUCm, J. Physiol. 183., 433 (1966). 
9 A. VAN HARREVELD, J. comp. Neurol. 70, 267 (1939). 
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Fig. 3. Enlarged view of the axo-axonal synapse of Figure 2, showing 
the electron-dense synaptic membranes, the synaptie gap, the 
accumulation of vesicles in the I axon, and the lack of a corresponding 

accumulation in the E axon. Scale mark, 0.5/*. 

Fig. 1. Presynaptic inhibition in the stretcher muscle of the crab, 
Pachygrapsus. External recordings of synaptic currents and nerve 
terminal potentials (n.t.p.'s) appear in the upper traces, and intern- 
ally recorded postsynaptic potentials in the lower traces. (A) Re- 
sponses to 3 successive stimuli to the excitatory axon at 1/sec; the 
motor n.t.p, is indicated by an arrow, and is followed by the synaptic 
current record. (B) Arrival of inhibitory impulses (note inhibitory 
n.t.p.) just before the motor impulses, effects reduction of the motor 
n.t.p. (arrow), the synaptic current and the postsynaptic potentials. 
Calibration: voltage, 400/~V (top), 20 mV (bottom); time, 4 msec. 

Fig. 2. Electron micrograph of presumed excitatory (E) and inhibi- 
tory (I) nerve terminals in the leg opener muscle of the crayfish 
Omonectes, showing a synaptic contact between the 2 axons (1), and 
an excitatory neuromuscular synapse (2). Note the large number of 
spherical vesicles in the E axon, and the less uniform vesicles in the 

I axon. Scale mark, 1/~. 

m i n i m u m  w i d t h  of 100 vesicles  f rom each  n e r v e  end ing .  
Fo r  t h e  f i rs t  t y p e  of end ing ,  t h e  m e a n  w i d t h  was  445 A, 
w i t h  a s t a n d a r d  d e v i a t i o n  of ± 47 A. T h e  c o r r e s p o n d i n g  
va lues  for  t h e  second  t y p e  of e n d i n g  were  330 ~ a n d  
4- 75 /~. T h e  d i f fe rence  b e t w e e n  t h e  m e a n  va lues  was  
s t a t i s t i c a l l y  s ign i f i can t  a t  t h e  1 %  level .  T h e  sma l l e r  m e a n  
a n d  l a rge r  s t a n d a r d  d e v i a t i o n  for  t h e  second  t y p e  of end -  
ing  ref lec ts  t h e  l a rger  p r o p o r t i o n  of n o n - c i r c u l a r  vesicles.  

E n d i n g s  s imi la r  t o  t h e s e  in  some  respec t s  h a v e  r e c e n t l y  
b e e n  r e p o r t e d  b y  UCHIZONO i° t o  occur  in  c r ay f i sh  leg 
muscles .  I n  i t s  possess ion  of m a n y  n o n - s p h e r i c a l  s y n a p t i c  
vesicles,  t h e  s econd  t y p e  of e n d i n g  b e a r s  a r e s e m b l a n c e  
to  t h e  i n h i b i t o r y  en d i n g s  o n  t h e  c r ay f i sh  s t r e t c h  r e c e p t o r  
n e u r o n  l°. T h e  f i r s t  t y p e  of e n d i n g  h a s  b e e n  f o u n d  n i n  
c ray f i sh  a n d  c r a b  musc le  f ibres  w i t h  no  or  v e r y  sparse  
i n h i b i t o r y  i n n e r v a t i o n ;  t h u s  t h e r e  is good  r e a s o n  to  
be l ieve  t h a t  th i s  t y p e  of e n d i n g  is ex c i t a t o ry .  

I n  p r e p a r a t i o n s  of musc les  w h i c h  showed  p r e s y n a p t i c  
i nh ib i t i on ,  b o t h  t y p e s  of e n d i n g  were  o b s e r v e d  to  fo rm 
s y n a p t i c  c o n t a c t s  w i t h  t h e  musc le  f ibre.  T h e  s y n a p s e s  
were  c h a r a c t e r i z e d  b y  e l ec t ron -dense  a reas  on  b o t h  pre-  
a n d  p o s t s y n a p t i c  m e m b r a n e s ,  w i t h  a n  i n t e r v e n i n g  gap  of 
a b o u t  200 JL T h e  s y n a p f i c  vesicles  were  o f t en  c lus te red  
d en s e l y  r i g h t  a t  t h e  p r e s y n a p t i c  m e m b r a n e  (F igure  2). 
T h e  s y n a p s e s  o f t en  occu r red  a long  t h e  a x o n s  a t  close 
i n t e r v a l s  (1-3/~) .  Typica l ly ,  t h e y  were  m a d e  w i t h  a r m s  of  
t h e  musc l e  f ibre  c o n t a i n i n g  g r a n u l a r  s a r c o p l a s m  a n d  m i t o -  
c h o n d r i a ,  b u t  d e v o i d  of co n t r ac t i l e  f i la lnents .  

I n  a d d i t i o n  to  t h e  n e u r o m u s c u l a r  synapses ,  a x o - a x o n a I  
c o n t a c t  w as  o b s e r v e d  (F igures  2, 3). D a r k e n i n g  of b o t h  
a x o n a l  m e m b r a n e s  occu r red  a t  t h e  a r e a  of con t ac t ,  a n d  a 
g ap  of a b o u t  200 ~ was  p r e s e n t  b e t w e e n  t h e  d a r k e n e d  
m e m b r a n e s .  I n  t h e  a x o n  t h o u g h t  to  b e  i n h i b i t o r y ,  s y n a p t i c  
vesic les  were  c lus t e red  n e a r  t h e  m e m b r a n e ,  b u t  n o  such  
agg rega t ions  were  seen in  t h e  e x c i t a t o r y  axon .  T h e  reg ion  
of  c o n t a c t  c lea r ly  shows  t h e  s t r u c t u r a l  f e a tu r e s  c u r r e n t l y  
t h o u g h t  t o  b e  c h a r a c t e r i s t i c  of chemica l ly  t r a n s m i t t i n g  
synapses .  F u r t h e r m o r e ,  t h e  a g g r e g a t i o n  of ves ic les  ex-  
c lus ive ly  in  t h e  i n h i b i t o r y  a x o n  i nd i ca t e s  t h a t  t h i s  

10 K. UcmzoNo, Nature 214, 833 (1967). 
11 S. S. JAHROm and H. L. ATWOOD, Can. J. Zoo1. 45, 601 (1967). 



1038 Specialia ]~XpERII~NTIA 23/12 

synapse is designed to t r a n s m i t  f rom the  inh ib i to ry  to 
the  exc i t a to ry  axon.  

The  exis tence of inh ib i to ry  synapses on the  mo to r  ne rve  
te rminals  clarifies the  physiological  observat ions .  T h e  
m i n i m u m  t ime  of abou t  1 msec for the  appearance  of 
p resynap t i c  inhibi t ion  fol lowing the  a r r iva l  of t he  in- 
h ib i to ry  impulse  is consis tent  w i th  a process invo lv ing  a 
single chemical ly  t r ansmi t t i ng  synapse,  bu t  too  slow for 
typ ica l  electr ical  t ransmiss ion  8 and  p robab ly  too  fas t  for 
diffusion of t r ansmi t t e r  f rom the  inh ib i to ry  neuromuscu la r  
synapses.  W e  suggest  t h a t  axo-axona l  synapses  are  t he  
agents  of p resynap t ic  inhibi t ion  in c rus tacean  muscle  1~. 

Zusaremenlassung. Es  is t  anzunehmen ,  dass die pr~i- 
synapt i sche  H e m m u n g  der  Crustaceen-Muskeln  durch  
Reak t ion  eines h e m m e n d e n  1Dbertrggerstoffs m i t  Rezep-  

toren  der  End igungen  der  motor i schen  Nervenfase rn  
zus tande  k o m m t .  Synap t i sche  K o n t a k t e  des  h e m m e n d e n  
Axons  m i t  den  End igungen  der  motor i schen  Nervenfase rn  
sind m i t  dem E lek t ronenmik roskop  beobach t e t  worden.  
Wahrsche in l ich  ve rmi t t e l n  diese S t ruk tu ren .  den pr~- 
synapt i schen  Effekt .  

H,  L. ATWOOD and A. JoNEs 

Zoology Department, University o! Toronto, Toronto 
(Canada) 7 August 7967. 
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C h e m i c a l  S t r u c t u r e  and B i o l o g i c a l  Act iv i ty  of 
o - D l s u b s t i t u t e d  D e r i v a t i v e s  of  B e n z e n e  

We suggested in previous  repor ts  1,~ the  four -pa ramete r  
equa t ion  (1) expressing a q u a n t i t a t i v e  re la t ion be tween  
the  s t ruc tu re  of rn- and  p-d i subs t i tu ted  benzene der iva-  
t ives  and the  m a g n i t u d e  of the i r  biological  effect,  

1og[LDs0]hrH -- log[LD60]xy = bx + by + ex × ey (1) 

The  symbol  log[LD~0]xv means  logar i thm LD~,, ex-  
pressed in m M / k g  body  weight  of t he  benzene de r iva t i ve  
wi th  subs t i tuents  X and Y; log[LDsoJHH is the  same  
q u a n t i t y  for benzene.  

W e  wish to  repor t  here  our  resul ts  ob ta ined  wi th  a 

series of substances  of t y p e  , where  X and  Y 
~ . y  

represent  H,  CH a, C1, OH,  NO2, N H , ;  the  series of 
substances  s tudied included all  possible combina t ions  of  

0,5 

~ D  

-~5 D 0.5 
10g [/Ds0]xr [mMIkg] 

The toxicity data (LDs0) were determined for white mice (weight 
20 =1= 2 g) by the Thompson method. The substances were adminis- 
tered i.v. in a 20% polyvinylpyrrolidone 4 solution, [] o-derivatives 
of benzene where X = Y; o X =~ Y respectively; O mono-subsfituted 

derivatives. 

X and Y. The  s ta t i s t ica l  t r e a t m e n t  of the  exper imenta l  
d a t a  p roved  t h a t  o-disubst i tu ted  benzenes do no t  fulfil  (1) 
because  no eo.x exist,  which  satisfies t he  whole set  of 
data .  However ,  for o-disubst i tu ted  benzenes  which  sat isfy 
the  condi t ion  X = Y, in teres t ing  results  were  obtained.  
The  d a t a  for these  substances  f i t  (2). 

log[LD~0jHg -- log[ LDso]o.XX = 2bo.x (2) 

where  bo-x = br~.x = bi~.x (see *). F o r  subs tances  where  
X # Y, t h e  t o x i t y  is, in mos t  cases, lower  t h a n  t h a t  g iven  
b y  bx + by. 

The  d a t a  f i t t ing  (2) can  be  added  to  the  series of m- 
and  p -d i subs t i tu ted  benzene  de r iva t ives  for ca lcula t ing  
more  precise bx constants ,  These  new da ta  of bx are  
summar ized  in the  Tabte  a. 

X NO e C1 OH CH a H NH$ 

b X 0.503 0.294 0.273 0.182 0.007 0.071 

The  cor re la t ion  of  measured  toxic i t ies  w i t h  ca lcula ted  
va lues  are  shown in t he  F igure  4. 

Zusammen/assung. Es  wurden  die i.v. EDs0 einer 
Gruppe  o-disubst i tu ier ter  Benzolder iva te ,  welche nile 
K o m b i n a t i o n e n  der  e rw~hnten  Subs t i t uen ten  enthiel t ,  
bes t immt .  Die q u a n t i t a t i v e  Kor re la t ion  zwischen chemi-  
scher S t ruk tu r  und  biol'ogischer Ak t iv i t~ t  wird  in einer 
Gle ichung gefasst.  
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