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S t i m u l a t i o n  induced  dep le t ion  of the  synapt i c  ve s i c l e s  in e x c i t a t o r y  m o t o r  nerve  t e r m i n a l s  
of  the  l ocus t ,  Locusta migratoria L. 
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Summary. N e u r a l  s t i m u l a t i o n  a t  h i g h  f r e q u e n c y  i n d u c e d  g ross  c h a n g e s  in t h e  u l t r a s t r u c t u r a l  p r o p e r t i e s  a n d  dep l e t ed  
t h e  s y n a p t i c  vesic les  in f a s t  a x o n  t e r m i n a l s  of l ocus t  e x t e n s o r  t ib iae  musc les .  A f t e r  a 1 -h- res t  t h e  s y n a p t i c  vesicle  
p o p u l a t i o n s  r e c o v e r e d  a n d  t h e  u l t r a s t r u c t u r a l  p r o p e r t i e s  of  t he se  r e c o v e r i n g  n e u r o m u s c u l a r  j u n c t i o n s  c losely r e s e m b l e d  
t h o s e  of t h e  con t ro l s .  

T h e  re lease  of t r a n s m i t t e r  f r o m  a x o n  t e r m i n a l s  is g e n e r a l l y  
c o n s i d e r e d  to  be  a q u a n t a l  p roce s s  w h i c h  h a s  long  been  
c o r r e l a t e d  w i t h  the  ex i s t ence  of  p r e s y n a p t i c a l i y  loca ted  
vesicles  3, 4 Th i s  co r r e l a t i on  h a s  been  p a r t l y  c o n f i r m e d  b y  
i n v e s t i g a t i o n s  w h i c h  h a v e  ind ica t ed  t h a t  t he  t e r m i n a l  
s y n a p t i c  vesicle p o p u l a t i o n  cou ld  be dep le t ed  b y  e lect r ical  
s t i m u l a t i o n  5. I n f o r m a t i o n  f r o m  s tud ie s  of th i s  n a t u r e  ap-  
p e a r  t O be l ack ing  in insec t s  a n d  r e su l t s  of t h e  few p u b -  
l i shed s tud ie s  are  conf l i c t ing  6, L T h e  ob j ec t i ve  of t h e  
p r e s e n t  s t u d y  w a s  to  d e t e r m i n e  the  c o n d i t i o n s  r e q u i r e d  
for  s t i m u l a t i o n  i n d u c e d  dep le t ion  of t he  s y n a p t i c  vesic les  
in n e u r o m u s c u l a r  j u n c t i o n s  of l ocus t  e x t e n s o r  t ib iae  
n e r v e - m u s c l e  p r e p a r a t i o n s .  
Materials and methods. I s o l a t e d  e x t e n s o r  t ib iae  musc les ,  
s t i m u l a t e d  via  N5 a t  f r equenc ie s  v a r y i n g  f r o m  0.5 to  
100 Hz,  were  f ixed  in g l u t a r a l d e h y d e  (2%,  21/2 h) e i t he r  
i m m e d i a t e l y  a f t e r  s t i m u l a t i o n  or  fo l lowing  a 1-h-rest .  T h e  
t i s sues  were  p o s t - f i x e d  in o s m i u m  t e t r o x i d e  (1~ 1 h),  
d e h y d r a t e d  in g r a d e d  a lcohols  a n d  e m b e d d e d  in Ara ld i t e  
res in .  T h i n  sec t ions  ( _~ 70 nm)  s t a i ned  w i t h  u r a n y l  a c e t a t e  
a n d  lead c i t r a t e  were  e x a m i n e d  in an  A E I  E M  6B e lec t ron  
mic roscope .  

Q u a n t i t a t i v e  e s t i m a t e s  of  s y n a p t i c  vesicle  dens i t i e s  we re  
d e t e r m i n e d  f r o m  m i c r o g r a p h s  d e p i c t i n g  a x o n  t e r m i n a l s ,  
u s i n g  a ve r s i on  of t h e  m o r p h o m e t r i c  ana ly s i s  d e s c r i b e d  
b y  U s h e r w o o d  a n d  Rees  8. A x o n  t e r m i n a l s  were  d iv id ed  
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Table 1. Density of synaptic vesicles per [xm 2 of axoplasm in specific areas of normal, stimulated and recovering axon terminals from control, 
stinmlated and recovering preparations respectively 

Specific area 
Treatment Preparation SA NSA 1 NSA 2 Remainder Inner 

Mean SD Mean SD Mean SD Mean SD Mean SD 

100 Hz 
CONT 196 138 111 71 125 61 71 23 115 54 
STIM 116 62 66 36 19 13 12 12 52 59 
REST 145 50 59 29 76 9 33 21 49 17 

Number of observations per mean -- 5.Mean and SD given to nearest whole number. 

Table 2. Comparisons of densities of synaptic vesicles in similar areas of normal (control), stimulated and recovering axon terminals 

Comparison Specific area Difference of 2 means Comparison Specific area Difference of 2 means 
(loge scale) (loge scale) 

CONT with STIM 0.506 CONT with STIM 2.209* 
CONT with REST SA 0.133 CONT with REST Remainder 0.848 
STIM with REST -0.373 STIM with REST -1.361 

0.380 1.313" 
NSA I 0.427 Inner 0.801 

0.047 -0.512 

2.174" 
NSA 2 0.374 

-1.797" 

CONT with STIM CONT with STIM 
CONT with REST CONT with REST 
STIM with REST STIM with REST 

CONT with STIM 
CONT with REST 
STIM with REST 

CONT = Control, STIM = Stimulated, REST -- Rested. Number of observations per mean = 5. Critical difference between any two means 
= 1.228. Significant differences denoted by asterisks. 
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to give 5 specific areas (figure 1) and vesicle densi t ies  
de t e rmined  for each of the  specific areas. A p lo t  of the  
means  versus  the  SD of the  densi t ies  revealed t h a t  the  
SD was p ropor t iona l  to the  mean,  indica t ing  t h a t  the  
var iance  was no t  homogeneous .  The da t a  was t r ans fo rmed  
to  the  loge scale and  the  cor responding  sca t te r  d iagram 
showed t h a t  th is  t r ans fo rma t ion  removed  any  re la t ionship  
be tween  tile mean  loge and SD loge of the  densi t ies .  The 
var iance  was analyzed and Scheff6's S- tes t  9 used to  de- 
t e rmine  the  significance of any  differences.  
Results  and discussion. The u l t r a s t ruc tu ra l  p roper t ies  of 
the  fas t  exc i t a to ry  t e rmina l s  f rom uns t imu la t ed  control  
p repa ra t ions  (see figure 2a) resembled  those  descr ibed 
previous ly  for a wide va r i e ty  of insect  neuromuscu la r  
junc t ions  1~ No not iceable  changes  were observed  in the  
u l t r a s t ruc tu re  of exc i t a to ry  neuromuscula r  junct ions  
s t imula ted  a t  t he  lower frequencies  bu t  gross differences 
were a p p a r e n t  fol lowing s t imula t ion  a t  50 Hz for 5 min  
or  100 Hz for 1 rain (figure 2b). The te rmina ls  in these  
fa t igued p repa ra t ions  con ta ined  d i s tended  mi tochondr i a  
wi th  ind is t inc t  cr is tae and  large irregular shaped  cisternae.  
These frequencies  induced te tan ic  muscle responses and  
rapid fatigue.  Normal  responses resumed af ter  a 1-h-rest.  
Neuromuscu la r  junc t ions  in fa t igued muscles e i ther  ap- 
peared  to  have  fewer  vesicles in areas away  f rom the  
synap t ic  sites, re la t ive  to  normal  junc t ions  (figure 2b) or 
were a lmos t  devoid  of vesicles. Neuromuscula r  junc t ions  
on muscle fibres s t imula ted  at  50 or 100 Hz and al lowed a 
1-h-rest,  were similar in u l t r a s t ruc tu ra l  appearance  to the  
control  junc t ions  ; the  synap t ic  vesicles in these  recover ing 
t e rmina l s  being more  dispersed t h a n  those  of the  fa t igued 
terminals .  In  normal ,  s t imula ted  and recover ing  axon 
te rmina ls  the  h ighes t  vesicle densi t ies  were always found 
in the  synap t ic  areas ad j acen t  to the  p re synap t i c  mem-  
branes  (table 1). Neuromuscu la r  junct ions  s t imula ted  at  
100 Hz showed a s ignif icant  reduc t ion  in the  popula t ion  
densi t ies  of the  vesicles in near ly  all the  nonsynap t i c  areas 
(NSA,,  R e m a i n d e r  and  Inner)  re la t ive  to no rma l  t e rmina l s  
(table 2). If  fa t igued te rmina ls  were allowed to res t  there  
was a recovery  of the  vesicle popula t ions  (table 1 and 2). 
We  sugges t  t h a t  these  resul ts  suppo r t  the  idea t h a t  the  
synap t i c  vesicles con ta in  the  t r ansmi t t e r ,  since the i r  
deple t ion  a t  the  axon  te rmina l  was corre la ted  wi th  loss 
of mechanica l  funct ion,  which re tu rned  as tile vesicle 
popu la t ion  recovered.  
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Fig. 1. Diagram of section through an axon terminal to illustrate 
specific areas of the terminal used to determine the population den- 
sities of the synaptic vesicles per ~m ~ of axoplasm. 

Fig. 2. a Electron micrograph depicting the general structure of a 
control fast axon neuromuscular junction synapsing (arrows) on a 
phasic muscle fibre. The axon terminal (AX) contains synaptic 
vesicles (SV), dense core vesicles (DV) mitochondria (M) and 
cisternae (C). b Electron mierograph of a neuromuseular junction from 
a preparation stimulated at 100 Hz for 1 min prior to fixation. Note 
the aggregated clumps of vesicles, distended mitoehondria with in- 
distinct cristae and large irregular cisternae. Arrows indicate sy- 
napses. 
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