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RINO ~'s. 6 animals  were given 1000mg/kg  L-DOPA 
per  os/day.  Dur ing  the  t r e a t m e n t ,  and for the  3 days  
following its in te r rupt ion ,  t he  animals  were regular ly  
sub jec ted  to t he  condi t ion ing  sessions 2,3. The L-DOPA 
was admin is te red  in each animal  120 min  before t he  
condi t ion ing  session. 

Ano the r  group of 6 an imals  was  kep t  as a control  
w i thou t  any  pharmacolog ica l  t r e a t m e n t  and  was sub- 
jec ted  to t he  condi t ion ing  sessions as previous ly  de- 
scribed ~, 3. In  the  12 animals  the  in te rva l  be tween  ses- 
sions was 24 h. Resul ts  are r epor ted  in the  Table.  No 
change in  the  'escape responses '  (uncondi t ioned responses) 

Deconditioning action of L-DOPA in the guinea-pig 

Guinea- Treat- 0 1st 2nd 3rd 4th 5th 6th 
pig merit day 
No. treat- 

ment 

1 no 90 90 90 100 90 90 90 
2 no 80 90 80 90 80 90 90 
3 no 100 90 90 100 90 90 90 
4 no 90 100 80 90 90 80 90 
5 no 80 85 85 90 90 85 85 
6 no 100 90 95 100 100 100 100 
7 L-DOPA 100 15 25 30 80 80 90 
8 L-DOPA 90 20 20 20 90 90 90 
9 L-DOPA 95 0 0 0 90 95 90 

10 L-DOPA 85 0 15 0 80 85 90 
11 L-DOPA 90 10 10 10 90 95 90 
12 L-DOPA 80 0 0 0 80 85 80 

Percentage of conditioned responses (C.A.) to the avoidance situation 
in 6 control-guinea-pigs and in 6 guinea-pigs treated with L-DOPA 
(1000 mg/kg/os/die) for 3 successive days, after the maximum C.A. 
was reached and maintained for 3 successive sessions. 0, the last 
conditioning session before beginning the L-DOPA treatment. 
lst-2nd-3rd, days in which the session was performed 120 min after 
the L-DOPA administration. 4th-5th-6th, days without L-DOPA 
administration. 

was found dur ing the  reduc t ion  of condi t ioned  responses  
induced by  the  drug. 

The decondi t ion ing  effect  of L-DOPA was readi ly  
reversible  af ter  the  end of the  t r ea tmen t .  The decon-  
d i t ioning dose we have  used in t he  guinea-pig is only  
15 t imes  h igher  t h a n  the  middle  the rapeu t i c  dai ly  dose 
employed  in mall  ( =  abou t  67 mg/kg  per  os). 

Therefore,  a 3-day t r e a t m e n t  w i th  a dai ly  dose of 
L-DOPA no t  af fect ing spon taneous  behav ior  or uncon-  
d i t ioned responses,  is able to de te rmine  a decondi t ion ing  
effect  on avoidance  in guinea-pigs.  

Conclusions. The effects  of L-DOPA admin i s te red  per  
os on condi t ioning,  spon taneous  behavior  and  the  electro- 
ca rd iogram of the  guinea-pig are r epor ted  and compared .  
L-DOPA is able to inh ib i t  the  condi t ioned  behavior  in 
doses per  os w i t h o u t  any  effect  on spon taneous  behav ior  
or mot i l i ty .  Moreover  L-DOPA in doses up to: 15 t imes  
higher  t h a n  the  average  the rapeu t i c  dai ly  dose pro kg 
used in m a n  (TDD), does no t  a l ter  t he  ECG of t he  
guinea-pig.  W e  did no t  observe ECG changes  even af ter  
a to ta l  dose pro kg 60 t imes  h igher  t h a n  TDD, which  
induced  behaviora l  a l te ra t ions  in t he  4 t r ea t ed  animals  
and  one death .  

The p resen t  resul ts  m a y  indica te  psycho t rop ic  pro- 
per t ies  for L-DOPA and do conf i rm the  low tox ic i ty  and  
card io toxic i ty  of t he  drug, when  suppl ied  in a pure  
p repa ra t ion  of quali tyl~.  

Zusammen/assung. Verabre ich t  m a n  L-Dopa (i000 
mg/kg  per  os) an Meerschweinchen,  so kann  dadurch  das 
kondi t ion ie r te  Verha l t en  g e h e m m t  werden,  w~thrend das 
Sp o n t an v e rh a l t en  und  die Moti l i t~t  u n v e r g n d e r t  bleiben. 
Es  sind keine Modif ika t ionen des E l ek t roka rd iog ramms  
festzustel len,  selbst  d a n n  nicht ,  wenn  die 60fache mi t t l e re  
the rapeu t i sche  Tagesdosis  gegeben wird.  
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Development of Acetylcholine Sensitivity in Cultured Skeletal Muscle 

The morphologica l  s tages involved in t he  t r ans i t ion  
f rom a mononuc lear  myob la s t  t h rough  a mul t inuc lear  
m y o t u b e  to  a s t r ia ted  muscle fibre in cul ture have  been  
es tabl ished 1-7 bu t  the  factors  inf luencing the  different ia-  
t ion  process and the  physiological  deve lopmen t  of t he  
fibre r emain  the  subjec t  of in tens ive  invest igat ion.  In  
th is  p re l iminary  s tudy,  an a t t e m p t  was made  to de te rmine  
the  earl iest  s tage a t  which  the  developing fibre would 
respond  to  acetylchol ine  chloride (Ach). 

Materials and methods. Cell suspensions  conta in ing  105 
cells per  ml  were ob ta ined  f rom the  leg muscu la tu re  of 
10 day  em bryo  chicks by  the  m e t h o d  of KONIGSBERG 
et al. s. Al iquots  of 3 ml  were p ipe t t ed  into 50 m m  plast ic  
pe t r i  dishes previous ly  coa ted  wi th  collagen 9. Appl ica t ion  
of drugs to  the  cells was pe r fo rmed  b y  diffusion f rom a 
mic rop ipe t t e  of t ip d i ame te r  abou t  10/z. The micro-  
p ipe t t e  was filled wi th  a solut ion of drug  in H a n k s  solut ion 
and  pos i t ioned to wi th in  10 ~ of the  cell or m y o t u b e  
membrane .  Diffusion could be a ided or p r even t ed  by  
apply ing  pressure  or suct ion to the  mic rop ipe t t e .  

Results. Appl ica t ion  of Ach solutions to  myob la s t s  and 
to forming  m y o t u b e s  when  a t  the  3-10 nuclei  s tage 

(Figure 1) failed to elicit cont rac ture .  Af te r  t he  fo rma t ion  
of my o t u b es  conta in ing  discernable  cy top lasmic  f i l aments  
(5 days  of culture,  Figure  2), appl ica t ion  of 10-4M Ach 
solut ion in i t ia ted  fibril lation, and  a t  h igher  concent ra -  
t ions  caused a con t rac tu re  which  las ted for several  seconds,  
followed by  slow re laxat ion.  This response  was evoked in 
all my o t u b es  which  Passed wi th in  50 ~ f rom the  t ip  of 
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the  micropipe t te ,  i.e. those  fibres which  came into  con tac t  
wi th  v i r tua l ly  und i lu ted  Ach soiution.  Sens i t iv i ty  was 
mani fes ted  at  all po in t s  along the  myotubes .  The onset  
of sens i t iv i ty  coincided wi th  tile appearance  of occasional  
spon taneous  twi tches  occurr ing r a n d o m l y  in groups of 
myotubes .  

Af ter  11 days,  by  which  t ime  d e v e l o p m e n t  to  the  
s t r ia ted  s ta te  was well advanced  (Figure 3), spon taneous  
f ibr i l la t ion was a c o m m o n  event ,  and  the  fibres could 
be s th lmla ted  to f ibri l late by  diffusion of I 0 - ~ M  Ach. 
Diffusion of H a n k s  solut ion alone as a control  had  no 
effect  on the  fibres. 

W h e n  the  m e d i u m  in the  pe t r i  dish was replaced wi th  
med ium conta in ing  1 ~g/ml D-tubocurar ine  chloride 
(DTC), the  cells were no t  affected by  diffused Ach even 
at  concen t ra t ions  of 10-~M. 

Diffusion of DTC or d e c a m e t h o n i u m  iodide (C~0) solu- 
t ions  f rom the  mic rop ipe t t e  evoked a cellular response.  
DTC at  1 ~g/ml had  no effect, b u t  a t  0.1 ~zg/ml it caused 

a single twi t ch  wi th  rap id  re laxa t ion  in fibres cul tured  
for 11 days.  In  s imilar  fibres, diffusion of 100 ag/ml  C10 
caused a con t rac tu re  which was ma in t a ined  for the  
dura t ion  of observa t ion  (about 20 rain). Lower  concen-  
t r a t ions  of C10 had  no effect  on the  fibres. 

Discussion.  Previous  work  wi th  developed skeletal  
muscle in cul ture  has shown t h a t  i t  was capable  of 
con t rac tu re  in the  presence  of Ach .1~ buL the  s tage of 
deve lopmen t  a t  which sens i t iv i ty  appeared  remained  
unknown.  I t  is ev iden t  f rom our p re l iminary  resul ts  t h a t  
the  developing m y o t u b e  is capable  of exh ib i t ing  a response  
to Ach long before i t  a t t a ins  the  s t r ia ted  state.  The con- 

10 E. SACERDOTE DE LUSTIG, Rev. Soc. argent. Biol. /8, 524 (1942). 
i2 E. SACERDOTE DE LUStre, Rev. Soc. argent. Biol. 19, 159 (1943). 
13 M. R. MURRAY, in Structure and Function o] Muscle (Ed. G. H. 

BOURNE; Academie Press, NewYork 1969), p. 111. 

Fig. 1. Myoblasts aligning end to end and 
fusing to form a myotube. Contractions have 
never been observed in such cells at this 
stage. 3 day culture. 

Fig. 2. Myotube with chains of central nuclei 
and longitudinal orientation of sarcoplasmic 
contents. This cell has begun to respond to 
10-4M Ach. 5 day culture. 
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Fig. 3. Muscle fibres showing cross striations. 
These cells are sensitive throughout their 
length to 10-~M Aeh. 11 day culture. 

t rac t i le  mechan i sm is funct ional  shor t ly  af ter  the  rap id  
fusion of myob las t s  into myo tubes  since spasmodic  
twi t ch ing  of myo tubes  has been no ted  to commence  
be tween  the  th i rd  and the  f i f th  day  of cul ture ~3-t5. 

Mononuclear  myob las t s  early in cul ture  do no t  possess 
sarcoplasmic ret iculum, T- tubules  or myof i l amen t s  36, and 
the  process of cell fusion appears  to  precede  the  f i rs t  
appearance  of organized f i laments .  F luorescent  an t ibody  
conf i rmat ion  of the  presence  of myos in  in m y o t n b e s  was 
ob ta ined  af ter  4 or 5 days  in culture~7 a l though  r a n d o m  
f i laments  have  been observed in e lectron micrographs  of 
younger  cul tures  16,18 along wi th  t he  f i rs t  e lements  o f  
sarcoplasmic re t icu lum and  T-sys tem.  Or ien ta t ion  of the  
myofibr i ls  along the  axis of the  m y o t u b e  immed ia t e ly  
preceded  the  appearance  of cont rac t i l i ty .  The m y o t u b e  
therefore  cont rac t s  in response  to admin i s t e red  Ach as 
soon as i t  has  a funct ional  t hough  incomple te ly  developed 
contract i le  mechanism.  

Deve lopmen t  of cross s t r ia t ions  and  a comple te  
T - sys t em is no t  comple ted  unti l  af ter  7 and  16 days  in 
culture~8,~9. This  subsequen t  deve lopmen t  of the  myo-  
tubes  is accompanied  by  the  observed increase in sen- 
s i t iv i ty  over  an 11 day  period.  Sens i t iv i ty  to  electrical 
s t imulaeion has also been  shown to increase wi th  develop- 
m e n t  in explan ts  of muscle 2o, and more  recen t  work  has 
shown t h a t  the  po ten t i a l  across the  m y o t u b e  m e m b r a n e  
increases as deve lopmen t  progresses21, ~2. W h e t h e r  the  
deve lopmen t  of these  proper t ies  is d e p e n d e n t  on the  
same influence is no t  known.  

Muscle cul tured in th is  fashion can be considered 
analogous to p re inne rva t ed  t issue in vivo. Foe ta l  muscles 
are known  to  be sensi t ive along the i r  l eng th  af ter  innerva-  
tion23, and sect ion of the  mo to r  nerve  resul ts  in a spread  
of sens i t iv i ty  f rom the  end p la te  region to  the  ent i re  
fibre in adul t  muscle in vivo 24, 2~ and  in v i t ro  2~. Sens i t iv i ty  
to Ach mus t  therefore  be a p r o p e r t y  of the  ent i re  muscle  
f ibre which  is modif ied  by  the  presence  of nerve.  

The blocking agents  employed  exer ted  a pred ic tab le  
effect  on the  muscle fibres. DTC is general ly regarded  as 
a non-depolar i s ing  drug  and a t  h igher  concen t ra t ions  in 
the  a m b i e n t  medium,  th is  p rope r ty  was demons t ra t ed .  
At  low concen t ra t ions  i t  can cause depolar iza t ion  and  
cont rac t ion  in dene rva t ed  muscle ~7 and the  poss ibi l i ty  

t h a t  th is  m a y  be the  case in cul tured muscle  has also 
been reported~l .  The results  here no ted  conf i rm t h a t  th is  
is so. C~0 is a depolar iz ing drug, and the  no ted  prolonged 
con t rae tu re  of cul tured fibres on appl ica t ion  of C~0 is 
in keeping wi th  its known effects in av ian  muscle ~8. 

Rdsumd. Nous avons  6tudi6 in vi t ro  la r6action des 
fibres musculaires,  k l ' ac t ion  de l 'ac6tylcholine,  de la 
tubocura r ine  e t  du d6cam6thonium.  L 'ac6tylchol ine  a 
provoqu6 une con t rac t ion  un  peu apr~s la fusion des 
myoblas tes ,  a v a n t  que les f ibres ne dev iennen t  stri6es. 
La sensibilit6 des fibres ~ l 'ac6tylchol ine a augment6  
avec le d6ve loppement  morphologique.  Elle s 'es t  mani -  
fest6e le long des fibres et  les drogues de blocage neuro-  
musculai re  ont  agi c o m m e  pr6vu. 
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