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N e u r o m u s c u l a r  T r a n s m i s s i o n  in 
Electrophorus electricus ( L . )  

In  m a n y  electric fishes the  electric organ originates 
f rom muscle. Very  l i t t le in fo rmat ion  as ye t  exists  abou t  
the  embryological  deve lopmen t  of the  electric organ in 
Electrophorus electricus, in which  the  electrogenic process  
has been more  fully inves t iga ted .  

Concerning the  mechan i sm of neuro-e lec t ropla te  t rans-  
mission in Electrophorus, there  is general  agreement  t h a t  
it  is cholinergic in na tu re  1. No th ing  is known abou t  its 
neuromuscu la r  sys tem.  An inves t iga t ion  of the  mechan i sm 
of neuromuscula r  t ransmiss ion  in th is  fish is no t  only 
valuable  for compara t ive  neuromuscu la r  physiology bu t  
will provide  an o p p o r t u n i t y  to seek possible differences in 
the  mechan i sm of junc t iona l  t ransmiss ion  in muscle and  
in electric organ. In  the  p resen t  exper iments ,  the  neuro-  
muscular  t ransmiss ion  in Electrophorus was invest igated.  

The abduc to r  muscle of the  ven t ra l  fin was used. This 
muscle  has an app rox ima te  d iamete r  of 0.5 cm and its 
length  is abou t  3 cm. One end of the  muscle is at tachecl to 
the  ven t ra l  fin bone and the  o ther  is inser ted  into the  
skin of the  body ' s  side (Figure 1). E a c h  motor  nerve  t r u n k  
supplies 2 ne ighbour ing  muscles before enter ing  the  
muscle, and  each nerve  divides into a long and  a shor t  
branch.  The muscle was excised wi th  its nerve t r u n k  and 
was fixed in a perspex  chambe r  a t  its rest ing length.  

Rec tangu la r  pulses of cur ren t  del ivered f rom an electronic 
s t imula to r  and  isolat ion uni t  were used to s t imula te  the  
enrve.  All the  expe r imen t s  were pe r fo rmed  at  room t em-  
epra tu re  (23 ~ 

W h e n  the  muscle was impaled  wi th  a microelectrode,  
an in te rna l  nega t iv i ty  of 93.4 mV (S.D. ~ 1.5) was re- 
corded.  

By apply ing  adequa te  s t imulus  to the  motor  nerve,  
act ion po ten t ia l s  (90-100 mV in ampl i tude  and  1-11/2 
msec in durat ion)  were elicited in the  muscle fibres 
(Figure 2). The act ion po ten t i a lusua l ly  overshoots  the  zero 
m e m b r a n e  po ten t i a l  level by  4-6 mV. 

In  regions of the  muscle which were found la ter  to be 
neuromuscu la r  junct ions  (Figure lc), a s tep  was seen a t  
the  foot of the  act ion po ten t i a l  (Figure 2). As can easily 
be d is t inguished  in Figure 2, the  act ion po ten t ia l  is ini- 
t i a t ed  when  the  s tep reaches a depolar iza t ion level of 
abou t  35 mV. This s tep  was no t  observed in regions out-  
side the  neuromuscu la r  junct ions.  

The addi t ion  of D-tubocurar ine (5 - 10 7 w/v) to t he  
solut ion b a t h i n g  the muscle caused a complete  blockade of 
the  neuromuscu la r  t ransmiss ion  in abou t  5 min in super-  
ficial f ibres and in abou t  30 min in the  whole muscle. The 
suppress ion of the  act ion po ten t i a l  by  curar iza t ion per-  
m i t t ed  us to record, in response to nerve s t imulat ion,  a 
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Fig. 1. (a) Cross section of the fish body behind anus. (b) Innervation 
of 2 abductor muscles of the ventral fin. (c) A single abductor muscle, 
showing the central groove and 4 focal points (crosses where the 

amplitude of the end-plate potential appears highest). 

A saline solut ion wi th  the  following concen t ra t ion  was 
used:  Na + 168.1 mM, K + 5 mM, Ca++ 6 mM, Mg++ 
1.5mM, Cl-185mM, HCO~- 2.3m2V/,andH2PO 4 0 .SmM.  
The p H  of the  saline solut ion was 7.4. Solutions wi th  a 
h igh magnes ium concen t ra t ion  (12-15 mM),  were pre-  
pa red  by  mixing  appropr i a t e  a m o u n t s  of isotonic Mg++ 
solut ion wi th  a Mg++-free Ringer  solution. D-tubocurar ine 
chloride di luted in normal  saline solut ion was used in a 
concen t ra t ion  of 5 �9 10 -~ w/v.  

Measurements  of t r a n s m e m b r a n e  poten t ia l s  were made  
wi th  convent iona l  KC1 microelect rodes  and the  po ten t i a l  
changes  were recorded in a ca thode - ray  oscilloscope. 

Fig, 2. Intracellular recorded action potentials in normal Ringer's 
solution and end-plate potentials in 2 different blocking agents. The 
action potential shown at the top was recorded outside the neuro- 
nmseular junction. The 2 others were recorded at the neuromuscular 
junction and show the 'end-plate component'. The horizontal line 
appearing on the action potential at the bottom indicates zero 
membrane potential. Calibration: horizontal, 4 msec; vertical, 40 inV. 
The end-plate potentials were recorded (a) in D-tubocurarine 
(5" 10 r w/v) and (b) in saline solution containing 12 mM of mag- 
nesium, from different fibres at various distances from the focus. 
Calibration: horizontal, 4 msec; vertical, 4 mV. Temperature 23~ 
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t r ans i en t  decrease of the  m e m b r a n e  po ten t i a l  whose  
character is t ics  are comple te ly  di f ferent  f rom the  ac t ion  
potent ia l .  The ampl i tude  of th is  fall in m e m b r a n e  po ten-  
t ial  ranged f rom 1-10 mV in di f ferent  fibres. At  the  
neuromuscu la r  junc t ion  its r ising phase  is abou t  1.2 msec 
and, af ter  the  summit ,  the  po ten t i a l  falls by  one half  in 
abou t  3.7 msec. They  are typ ica l  end-p la te  poten t ia l s  
s imilar  to those  descr ibed in the  neuromuscu la r  sy s t em 
of the  frog 2. Thei r  ampl i tude  falls and the  po ten t i a l  
changes  are slowed down a t  points  d i s t an t  f rom the  
neuromuscu la r  junc t ion  (Figure 2). During the  process of 
curarizat ion,  i t  was possible to see t h a t  the  s tep located 
at  the  foot  of act ion potent ia ls ,  recorded a t  the  neuro- 
muscular  junct ions ,  cor responds  to the  first  pa r t  of the  
end-pla te  po ten t i a l  (end-plate  component ) .  

Summat ion  of 2 end-p la te  poten t ia l s  m a y  give rise to 
p ropaga ted  spike and  twi tches .  The end-p la te  po ten t i a l  
elicited by  the  second nerve volley was usually of larger 
ampl i tude  t h a n  the  f irs t  end-p la te  po ten t ia l  bu t  of similar 
t ime course. 

Blockade of neuromuscu la r  t ransmiss ion  was also 
found when  a saline solut ion conta in ing  a high mag-  
nes ium concen t ra t ion  (12 15 raM) was used. Figure 2b 
shows end-pla te  poten t ia l s  recorded f rom di f ferent  
muscle fibres af ter  5 rain of equi l ibra t ion in high mag-  
nes ium solution. Similar results  were descr ibed wi th  
magnes ium in frog muscle 3. The neuromuscula r  blockade 
observed wi th  high magnes ium solut ion or D-tubo- 
curarine was comple te ly  reversible and no change on 
res t ing po ten t i a l  was found af ter  the  addi t ion  of these  2 
blocking agents  in a concen t ra t ion  s t rong enough to 
abolish the  neuromuscula r  t ransmiss ion.  The average 
res t ing  po ten t ia l  recorded in 20 muscle fibres in D-tubo- 
curarine (5 �9 10 7 w/v) was 94.7 mV (S.1). i 1.7), and in 
high Mg ++ (15 mM) 91.5 mV (S.D. z} 2.2). The average 

res t ing  po ten t i a l  recorded in 60 muscle fibres in normal  
Ringer  solut ion was 93.4 mV (S.D. • 1.5). Calcium with-  
d rawal  also caused neuromuscu la r  blockade,  which sug- 
gests  t h a t  in the  neuromuscu la r  sys t em of Electrophorus, 
the  cat ion also p lays  a fac i l i ta tory  act ion on the  release 
of the  neuro -hormone  by  nerve  impulse.  

Al though  more  de ta i l ed  in fo rmat ion  is requi red  abou t  
the  neuromuscu la r  s y s t em in Electrophorus, the  results  
p resen ted  above seem to indicate  t h a t  the  mechan i sm of 
neuromuscu la r  t ransmiss ion  in this  f ish is cholinergic and 
t h a t  the  proper t ies  of the  mo to r  end-p la te  are, as a whole, 
ve ry  similar  to those  descr ibed in frog muscle.  

The resul ts  also lead to the  conclusion t h a t  the  mecha-  
n ism of neuromuscu la r  and neuro-e lec t ropla te  t ransmis -  
sion in Electrophorus are similar.  If  the  electric organ in 
Electrophorus originates  f rom muscle as in o the r  electric 
fishes, the  process of d i f ferent ia t ion  does no t  include the  
mechan i sm of junc t iona l  t ransmiss ion.  

Rdsumd. Le syst6me neuromuscula i re  dans  Electro- 
phorus electricus est  6tudi6 avee des 61ectrodes intracel lu-  
laires. La t ransmiss ion  neuromuscula i re  est  suppr im6e 
avec D-tubocurar ine  (5 �9 10 7 p/v) ou avec un exc6s des 
ions Mg++ (12 mM) dans  la solution. 
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T h e  Effect  of G i b b e r e l l i c  A c i d  T r e a t m e n t  on  th e  
A l k a l o i d  C o n t e n t  of M a t u r e  Ipomoea violacea L. 

S e e d s  

Several  s tudies  have  shown t h a t  the  alkaloid con t en t  
of medicinal  p lan ts  can be inf luenced marked ly  by  t r ea t -  
m e n t  wi th  gibberellic acid (GA). While  in some cases 
such t r e a t m e n t  has b rough t  abou t  an increase, it has, in 
others,  led to a reduc t ion  of alkaloid concen t ra t ion  in 
various p l an t  organs 1-6. GA effects observed va ry  gen- 
erally wi th  the  p l an t  organ inves t iga ted  and are, fur ther -  
more, d e p e n d e n t  on such factors  as the  age of the  p l an t  
and mode and concen t ra t ion  of the  GA appl icat ion.  
Studies of these  effects on p sycho tomime t i c  cons t i tuen t s  
are par t icu lar ly  i m p o r t a n t  since misuse of seeds of Ipo- 
moea violacea has been repor ted  7 9. The presen t  s t u d y  
was in i t ia ted to inves t iga te  whe the r  condi t ions  for GA 
t r e a t m e n t  could be found which  would reduce the  alkaloid 
con ten t  of the  seeds. 11 p lan ts  of I. violacea L. (Heavenly  
Blue) were grown under  greenhouse  condi t ions  (60 70 ~ 
The seeds were sown on March 10, 1965. The small  p lan ts  
were t r ansp lan ted  into pots  and af ter  t hey  reached a 
he igh t  of 15 inches (April 13, 1965) 4 groups of 2 p lan ts  
each were t r ea ted  weekly wi th  the  following GA sprays  10 : 
100 p p m  for 2 weeks (GA [11); 500 p p m  for 2 weeks 
(GA E2]); 100 p p m  for 9 weeks (GA [3~); 500 p p m  for 9 
weeks (GA [4~). 3 p lan ts  served as controls.  After  reaching 

m a t u r i t y  the  seeds f rom each individual  p lan t  were col- 
lected and analysed  for to ta l  alkaloids, lysergic acid 
amide,  isolysergic acid amide and clavine alkaloids by  
me t h o d s  repor ted  previously  n.  Morphological  observa-  
t ions  were also recorded and will be r epor ted  elsewhere.  
F lower  p roduc t ion  s t a r t ed  dur ing the  f irs t  week of June,  
las ted for 5 weeks and reached a peak  12 weeks af ter  the  
first  GA t r ea tmen t .  The seeds were ma t u r e  abou t  60 days  
af ter  fert i l ization.  11 weeks following the  first  peak  a 
second smaller  peak  in flower p roduc t ion  was produced  
by  all plants .  The seeds f rom bo th  peaks  were collected 
separa te ly  and are referred to as f i rs t  and second crop, 
respect ively.  
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