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Effect of Colchicine on Long Lasting Synaptic Modifications Induced by Hyperactivity 

The  exagge ra t ed  use of a n t i g r a v i t y  reflexes,  i nduced  
b y  load ing  a cockroach,  resu l t s  in  a mod i f i ca t i on  of 
' s y n a p t i c  pe rmeab i l i t y ' ,  i.e., an  increase  in t he  p r o b a b i l i t y  
of t r a n s m i s s i o n  a long a p a r t i c u l a r  s Y n a p t i c  p a t h w a y  ~. 
Such  mod i f i ca t ion  ha s  been  shown  to be  a long  l a s t i ng  
process  t h a t  persis ts ,  a f t e r  u n l o a d i n g  t he  insect ,  for per iods  
of t i m e  d i rec t ly  re lea ted  w i t h  t h e  d u r a t i o n  of t h e  load ing  2, 3 
Recen t ly ,  i t  h a s  b e e n  sugges ted  t h a t  s y n a p t i c  changes ,  
a n d  r e l a t ed  ckemica l  even ts ,  m a y  be  d e p e n d e n t  u p o n  
molecules  syn thes i zed  in t h e  p e r i k a r y o n  a n d  a x o n a l t y  
t r a n s p o r t e d  to  t he  s y n a p t i c  end ings  4. T he  p r e s en t  work  
was des igned to  s t u d y  t he  effect  of colchicine,  a n  a lka lo id  
k n o w n  to  b lock  axop la smic  t r anspor tS ,  s, on  t he  afore- 
m e n t i o n e d  increase  in s y n a p t i c  pe rmeab i l i t y .  

Material and method. A d u l t  female  cockroaches  (Blatta 
orientalis) were a n e s t h e t i z e d  w i t h  CO 2 a n d  t he  f i rs t  
t ho rac i c  gang l ion  exposed  b y  a sma l l  incis ion of t he  
over ly ing  chi t in .  F r o m  a m i c r o m e t e r  syringe,  0.2 F1 of 
physio logica l  sa l ine  e i t he r  a lone  or c o n t a i n i n g  10 m M  
colchicine was in j ec t ed  u n d e r  t h e  e p i n e u r i u m  of t h i s  
gang l ion  t h r o u g h  a 1-Fm t i p p e d  p i p e t t e  7. More  t h a n  
95% of t he  an ima l s  su rv ived  t h i s  ope ra t i on  over  t h e  
usual  t e s t i ng  per iods  (1-72 h) a n d  t h e i r  response  to  t ac t i l e  
s t i m u l a t i o n  could no t  be  d i s t ingu i shed  f rom t h a t  of 
u n t r e a t e d  an imals .  A t  d i f fe ren t  t i m e  i n t e rva l s  a f t e r  
in jec t ion ,  pieces of lead were a t t a c h e d  to  t he  insec ts '  
dorsa l  surface  so as to  doub le  t h e i r  we igh t  ~. I n  all  t h e  
expe r imen t s ,  such  a load  was m a i n t a i n e d  in p lace  for 3 h 
a n d  t l le  t e s t i n g  of s y n a p t i c  t r a n s m i s s i o n  was  p e r f o r m e d  
3 h a f t e r  un load ing .  

S y n a p t i c  t r a n s m i s s i o n  was t e s t e d  in v i t ro  b y  d issec t ing  
ou t  t h e  l e n g t h  of t h e  n e r v e  cord  f rom t h e  suboesophagea l  
to  t h e  4 th  a b d o m i n a l  gangl ion,  inc lud ing  t h e  f i f th  
ne rves  s of t he  m e t a t h o r a c i c  gangl ion.  Single s u p r a m a x i -  
ma l  s t i m u l a t i n g  shocks  (0.5 msec  d u r a t i o n ;  1/sec r epe t i -  
t i on  ra te)  were app l i ed  to  t he  p r e - s y n a p t i c  e l e m e n t  a t  t h e  
co t lnec t ives  b e t w e e n  t h e  oesophagea l  a n d  t h e  f i r s t  
t ho rac i c  gangl ion.  P r o p a g a t e d  a l l -or -none  responses  were 
recorded  f rom the  p o s t - s y n a p t i c  e l em en t  b y  m e a n s  of 
b ipo la r  electrodes,  m a d e  ou t  of f ine p l a t i n u m  wire, 
p laced  in c o n t a c t  w i t h  t he  f i f th  n e r v e  9. I n  al l  t h e  exper i -  
m e n t s  t he  e v a l u a t i o n  of s y n a p t i c  p e r m e a b i l i t y  was  made ,  
in  keep ing  w i t h  o t h e r  r epo r t s  ~, a, 9, b y  ca lcu la t ing  t h e  
p e r c e n t a g e  of p r e p a r a t i o n s  g iv ing  a p r o p a g a t e d  pos t -  
s y n a p t i c  response.  

Results and discussion. I n  100 con• p r e p a r a t i o n s ,  in  
which  an  i n j ec t i on  of phys io log ica l  sal ine a lone  was 
pe r fo rmed  ju s t  before  loading,  t he  pe rcen t age  of p repa ra -  
t ions  g iv ing  a p o s t - s y n a p t i c  r e s p o n s e w a s  a b o u t  8 0 - 8 5 % ,  
b e t w e e n  6 a n d  72 h a f t e r  t he  i n j ec t i on  (Figure).  As has  
been  repor ted ,  un in j  ected cockroaches  also give a response  
in a b o u t  8 0 - 8 5 %  of t he  cases, whereas  in  n o r m a l  u n -  
loaded  roaches  th i s  pe rcen t age  is a p p r o x i m a t e l y  10% ~-3. 
On t h e  o the r  hand ,  in  i32  expe r imen t s ,  in  wh ich  a s h a m  
o p e r a t i o n  was pe r fo rmed  a n d  t he  insec ts  were no t  loaded,  
t h e  p e r c e n t a g e  was 93% af te r  1 h. However ,  t h i s  va lue  
g r a d u a l l y  decreased  w i t h  t ime,  a n d  24 h l a t e r  i t  was  
s imi la r  to  t h a t  o b t a i n e d  f rom n o r m a l  cockroaches  
(Figure).  

I n  c o n t r a s t  to  t h e  a f o r e m e n t i o n e d  resul ts ,  in 115 
p repa ra t ions ,  w h e n  colchicine was in jec ted  pr io r  to  load- 
ing, t h e  n u m b e r  of p r e p a r a t i o n s  showing  a response  
decreased,  r each ing  t he  lowest  va lue  b e t w e e n  6 and  24 h 
a f t e r  t he  in jec t ion .  Th i s  d e c r e m e n t  c lear ly  showed  
i n h i b i t i o n  of t he  s y n a p t i c  f ac i l i t a t ion  obse rved  in  t h e  
con t ro l  series. The  m a x i m u m  i n h i b i t i o n  was 9 0 - 1 0 0 %  a t  
12 h a n d  d i m i n i s h e d  a f te r  24 h ;  a t  72 h t he  effect  o~ t he  
d rug  was no  longer  presen t ,  i.e., t h i s  effect  was  revers ib le  

(Figure).  I n  t u r n  ne rve  c o n d u c t i o n  was no t  affected,  as 
s h o w n  b y  t he  fac t  t h a t  us ing  t he  si te  of s t i m u l a t i o n  
m e n t i o n e d  (see me thod) ,  ac t ion  p o t e n t i a l s  were recorded  
f rom the  connec t ives  be tween  t he  f i r s t ' a n d  second a b d o m -  
ina l  gangl ion.  Th i s  f ind ing  is in a g r e e m e n t  w i t h  those  
showing  t h a t  colchicine does n o t  affect  ne rve  conduc t ion  
in o the r  p r e p a r a t i o n s  to, 1~. 

These  e x p e r i m e n t s  on  t h e  cockroach  show t h a t  col- 
chic ine  r eve r s ib ly  b locks  t h e  increase  in s y n a p t i c  per-  
m e a b i l i t y  induced  b y  load ing  t h e  insects.  Concern ing  t he  
way  in wh ich  t h i s  resu l t  is b r o u g h t  about ,  t h e  d rug  could 
be ac t ing  d i rec t ly  on:  a) t h e  synapse  i m p l i c a t e d  in such  
process ;  or b) ind i rec t ly  b y  b lock ing  axop lasmic  t r a n s p o r t .  
The  fo rmer  would be  c o m p a t i b l e  w i t h  a r e p o r t  showing  
t h a t  colchicine,  in j ec ted  i n t r a o c u l a r l y  in t h e  ,pigeon,  
induces  p o s t - s y n a p t i c  depress ion  in t he  opt ic  r e c t u m  n.  
I-Iowever, in  t he  p re sen t  s t u d y  t he  d rug  was app l ied  
local ly  and  i ts  ac t ion  mos t  p r o b a b l y  did  no t  e x t e n d  f rom 
the  s i te  of app l i ca t i on  to  t he  p a r t i c u l a r  synapse  involved .  
Th i s  is re inforced b y  t he  fac t  t h a t  t h e  effect  of colchicine 
in j ec t ion  i n to  a n  a b d o m i n a l  gang l ion  of e i the r  t h e  cock- 
roach  ~2 or t h e  c rayf i sh  ~ is conf ined  to  a p p r o x i m a t e l y  a 
3 m m  l e n g t h  of ne rve  cord  a r o u n d  t he  t r e a t e d  gangl ion.  
I n  t he  roach  ne rve  cord, t h e  d i s t ance  b e t w e e n  t he  s i te  of 
in j ec t ion  a n d  t h e  m e t a t h o r a c i c  gang l ion  is of t h e  order  
of 6-8  mm.  
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Ordinate : percentage of preparations giving an all-or-none propagated 
post-synaptic response. Abscissa: time aiter treatment (hours). 
Experimental conditions: O, injection of saline alone (each point, 
20 preparations); T, injection of eolchicine (each point, 23 prepara- 
tions); O, sham operation and insects not loaded (each point, 22 
preparations). 
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In  view of the  demons t r a t i ons  t h a t  colchicine interferes  
wi thaxop lasmic  t r anspo r t  in a var ie ty  of p repara t ions  5, 6, ~8, 
including the  cockroach nervous  sys t em ~, we favour  t he  
second possibi l i ty  men t ioned  above, namely ,  t h a t  the  
p resen t  f indings are the  result  of axoplasmic  t r a n s p o r t  
blockage by  colchicine. In  th is  regard,  a t  least  3 ra tes  of 
p ro te in  t r a n s p o r t  (1~, 24 and  72 mm/day)  have  been  shown 
in t he  cockroach ~4. W h e t h e r  any  of these  pro te ins  are 
involved in the  synap t i c  changes  descr ibed is no t  ye t  
known;  fu r ther  s tudies  are in progress  in order  to e lucidate  

t h e  problem.  

Resumen. La facil i tacidn de t r ansmis idn  sinAptica en 
un ganglio de cucaracha  se puede  inducir  med ian te  hiper-  
uso de reflejos ant i -gravi ta tor ios .  La  inyecci6n in t ra-  
gangl ionar  de colchicina inhibe revers ib lemente  la modi-  
f icacidn s in@t ica  sin a l terar  la conduccidn nerviosa.  

Es t e  resul tado puede  explicarse cons iderando  que la 
colchicina b loquea  el proceso de progresidn axoplasmStica .  
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R e s p o n s e s  to O s m o t i c  C o n c e n t r a t i o n  C h a n g e s  in 

It is well known that stenohaline Crustacea reside in an 
environment with limited variability of concentration and 
that they avoid unsuitable osmotic conditions. Although 
the presence of osmoreceptor is presumed, a specific 
organ sensitive to changes in osmotic pressure has not 
been identified. Motor responses have been studied in a 
marine crab when the antennule is stimulated with 
various concentrations of sea water I. Chemoreceptor 
responses in Decapods have been reported by many 
authors ~-4, but water responses, such as are described in 
vertebrate chemoreceptors 5,6, have not been observed. 
This paper  communicates afferent  responses  to osmotic  
concen t ra t ion  changes  of various solut ions in the  lobster  
an tenna .  

Material and methods. The a n t e n n a  of the  lobs ter  
Panulirus ]aponicus consists  of s tou t  basal  segments  and a 
long flexible flagellum. Record ings  of af ferent  impulses  
f rom an tenna l  nerves  w~re per fo rmed  on the  isolated 
f lagellum of abou t  5 cm in length.  Two recording electrodes 
(silver wire covered w i t h  a glass capi l lary except  for the  
wire tip) were in t roduced  into the  lumen f rom b o t h  the  
cut  ends  respect ively.  Impulses  were picked up on the  t ip  
of e lectrode and displayed on a ca thode - ray  oscilloscope 

the  Lobs ter  A n t e n n a  

through a CR amplifier (time constant, 0.01 sec). Among 
chemicals tested were NaCI, choline-Cl, sucrose and 
glycerol. These test solutions were made up in the pure 
water of various concentrations. A small amount of the 
test solution (0.2 ~ 0.4 ml) was applied to the cuticular 
surface of the antenna by means of a small glass pipette. 
After stimulation, the material was washed with sea 
water. All the experiments were carried out at room 
temperatures (20 to 22~C). 

Results and discussion. The appl ica t ion  of pure  wa te r  
gave rise to a high-frequency volley of impulses for several 
seconds. The water sensitive organ was found to be a 
small seta with many hairs on its tip found in great 
numbers distributed over the exoskeleton of the flagellum. 
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Responses to osmotic concentration changes. A) electrical recordings of responses to stimuli of NaC1 solutions. 1.1/8 M; 2.1/2 M; 3.3.1 M. 
1/2M NaC1 is osmotically equivalent to sea water. Large and small units were evoked at hypotonie and hypertonic concentrations, 
respectively. Large deflections of traces before and after the responses indicate stimulus and wash artifacts. Calibration: horizontal bar, 
1. sec. B) responses partly shown in A were plotted with frequency against concentration of NaC1 or sucrose. Open circle, large unit; 
solid circle, small unit. 


