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conclusion can  be d rawn f rom this  observat ion.  Quan t i t a -  
t i ve  measu remen t s  repor ted  in t he  Tab le  showed a sig- 
n i f icant  increase in L A P  ac t i v i t y  on ly  in gas t rocnemius  
of mice of the  older  group.  

Theoret ica l ly ,  g rowth  hormone,  t h rough  its influence 
on connec t ive  tissue ~, m igh t  have  been an  ac t iva to r  of 
dys t roph ic  degenera t ion  and h a v e  induced an increase of 
L A P  ac t iv i ty .  However ,  t r e a t m e n t  of the  animals  wi th  
this h o rmone  produced  no measurab le  effect  on LAP,  and 
did no t  s t imula te  body  growth ;  apparen t ly ,  the  growth  
hormone  p repara t ion  used here, t hough  g rowth -p romot ing  
in ra t s  n ,  was ineffect ive  in dys t rophic  mice.  

Leueine aminopeptidase activity in muscles of dystrophic mice 

Groups 50-60 days old 100-125 days old 

Untreated Growth hormone 

The  present  q u a n t i t a t i v e  resul ts  conf i rm prev ious  his to-  
chemical  repor ts  on the  presence  of L A P  a c t i v i t y  in 
muscles of dys t rophic  mice ~,4. T h e y  do no t  indica te  an  
accelera t ion of t he  e n z y m e  a c t i v i t y  pr ior  to connec t ive  
t issue prol i fera t ion in dys t roph ic  muscles bu t  suggest  t h a t  
both  changes occur  s imul taneous ly  12 

Rdsumd. L'aci:ivit6 de la leucine aminopep t idase  (LAP) 
a ~t~ mesur6e dans te muscle  de la souris dys t rophique .  La  
L A P  est peu act ivc  dans le muscle dys t roph ique  de la 
souris jeune  (50 ~ 60 jours).  D ' a u t r e  par t ,  l ' ac t iv i t6  de 
l ' enzyme  est  fo r t emen t  augment6e  dans  le muscle  de la 
souris plus ag6e (110 ~ 125 jours).  U n  t r a i t e m e n t  de 5 
jours  h I 'hormone  de croissance chez la  souris j eune  n ' a  pas  
modifi6 s igni f ica t ivement  l ' ac t iv i td  de la L A P  dans les 
muscles des souris dys t rophiques  ou t6moins.  
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Controls 3.2 4- 0.4 2.9 :j: 0.3 5.3 4- 0.8 

Dystrophic 4,'2 ~ 0.5 3.8={=0.8 10.5 :h 1.1 
p < 0.002 

~Expressed in [zg of naphthylamine produced per g of tissue after 2 h 
of incubation 4- S.E. 
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Inhibitory Action of ~'-Aminobutyric 
Acid (GABA) on Ascaris Muscle 

Piperazine,  the  drug most  c o m m o n l y  used for the  t rea t -  
men t  of r o u n d w o r m  infections,  produces  a flaccid paral-  
ysis of the  somat ic  muscu la tu re  of Ascaris lumbricoides, A 
recent  inves t iga t ion  has shown t h a t  this  effect c anno t  be 
accounted  for by  a b lock or  curar iza t ion  of exc i t a to ry  
nerve-muscle  synapses,  as was general ly  assumed.  New 
exper imen ta l  evidence suggests t h a t  p iperazine  behaves  
as a pharmacologica l  analogue of  an  inh ib i to ry  neuro-  
muscular  t ransmi t te r* .  

The repe t i t ive  spike potent ia ls  responsible for the  con- 
t r ac t ion  of A scarfs muscle are no t  t r ansmi t t ed  f rom moto r  
nerve  fibres by  discrete burs ts  of synapt ic  ac t iv i ty .  In- 
stead, t h e y  are genera ted  by pacemakers  located in a 
specialized region of the  muscle which we have  called the  
syncylium ~,3. This is a s t ruc ture  formed by  the  t e rmina l  
arbor iza t ions  of t he  arms, extensions or processes, sent  by  
each  muscle cell  to  t he  ne rve  cord (see F igure  1). 

The  funct iona l  proper t ies  of  the  muscle s y n c y t i u m  re- 
semble those  of m a m m a l i a n  visceral  muscle.  On  the  one 
hand,  the  muscle cell arms are e lectr ical ly  in te rconnec ted  
a t  this level, i.e. cur ren t  in jec ted  into any  muscle cell 
flows along its a rm into the s y n c y t i u m  where it  spreads 
e lec t ro tonical ly  to the  sur rounding  arms across low impe-  
dance p a t h w a y s  ~. On the  o ther  hand,  the  syncyt ia l  sur- 
face m e m b r a n e  possesses a u t o r h y t h m i c  propert ies ,  gener-  
a t ing spike potent ia ls  which are  conduc ted  wi th in  the  
s y n c y t i u m  itself as well as away  from i t  a long the  arms, 
to  t he  cont rac t i le  region of the  muscle  celt or  spindle (see 
F igure  2). 

The f requency  of the  rhy thmic  spike po ten t ia l s  is modu-  
la ted  by  exc i t a to ry  and inh ib i to ry  synapses  es tabl ished 
be tween  the  nerve  cord fibres and the  muscle syncy t ium.  
The  chemical  t r ansmi t t e r  l iberated by  the  former ,  be-  
l ieved to be acetylcholine or a re la ted  choline ester,  exer ts  
a depolar iz ing effect on the  syncyt ia l  m e m b r a n e  increas- 
ing the  f requency of the spike ac t i v i t y  a. The  chemica l  
t r ansmi t t e r ,  of unknown nature ,  released a t  the  inh ib i to ry  
synapses  causes a hyperpo la r i za t ion  of t he  s y n c y t i u m  and 
a decrease in the  f requency of t he  spikes, which  d isappear  
when  the  po ten t ia l  difference across t he  m e m b r a n e  in- 
creases above  40 inV. 

The addi t ion of p iperazine  (to a concent ra t ion  of 
10-8M) to the  saline ba th ing  Ascaris prepara t ions  causes 
hyperpo la r iza t ion  of t he  muscle  cells and suppression of 
the  spike ac t iv i ty .  E lec t rophore t i c  appl ica t ion of this  
compound  to different  regions of t he  muscle cells has  
shown t h a t  the  p iperazine-receptors  are located in t he  
muscle s y n c y t i u m  and are  p robab ly  ident ical  w i t h  t he  
pos t synapt ic  receptors  of t he  inh ib i to ry  nerve-muscle  
junct ions .  The ac t iva t ion  of  such receptors  resul ts  in an 
increased conduc tance  of t he  syncy t i a l  m e m b r a n e  to  C1- 
ions, which,  mov ing  into  t he  cell a long the  exis t ing con-  
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c e n t r a t i o n  g rad ien t s ,  b r i n g  a b o u t  a n  inc reased  n e g a t i v i t y  
of t h e  cy top la sm.  

E x p e r i m e n t s  are  n o w  be ing  p e r t o r m e d  to  see w h e t h e r  
these  i n h i b i t o r y  r ecep to r s  are a c t i v a t e d  b y  c o m p o u n d s  
o t h e r  t h a n  p ipe raz ine  a n d  t h e  n a t u r a l  i n h i b i t o r y  t r a n s -  
m i t t e r ;  pa r t i cu l a r l y  b y  those  k n o w n  to  i n h i b i t  in  low 
c o n c e n t r a t i o n s  i n v e r t e b r a t e  n e r v e  a n d  musc le  cells. One  
of the  chemica ls  a l r eady  tes ted ,  : - a m i n o b u t y r i c  acid 
(GABA),  has  been  found  to  exe r t  a power fu l  hype rpo la r i z -  
ing  ac t ion  on Ascaris muscle  cells. 
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Fig. Z. Cross section of a somatic muscle cell and the nerve cord in 
Ascaria lumbricoides. Three different parts can be distinguished in 
the former: a voluminous nuclear bag, or belly; a long and flattened 
spimtle parallel to the axis of the worm, which contains the contrac- 
tile material; and a process, the muscle ce l l  arm, which extends from 
the belly to the nerve cord. The terminal arborizations of the arms 
form a structure, the muscle syncytium, which extends across the 
channel of hypodermal tissue enclosing the nerve cord. Excitatory 
and inhibitory synapses are established between the nerve cord 
fibres and the muscle syncytium. Part of other six cell arms are also 
shown in this drawing, as well as the spindle of another muscle cell 
sectioned some distance away from the corresponding nuclear bag. 

Curve  A in F igu re  3 r ep re sen t s  t h e  c h a n g e  in  muscle  
m e m b r a n e  p o t e n t i a l  r e co rded  w i t h  i n t r ace l l u l a r  micro-  
e lec t rodes  as a f u n c t i o n  of t h e  c o n c e n t r a t i o n  of G A B A  in  
t he  s u r r o u n d i n g  so lu t ion .  E a c h  p o i n t  is t h e  ave rage  of 120 
m e a s u r e m e n t s  (20 cells in  each  of s i x  p r e p a r a t i o n s )  ex-  
p ressed  as t h e  d i f ference  f rom t h e  a v e r a g e  in i t i a l  va lue  in 
t h e  absence  of G A B A  in t h e  so lu t ion .  

As can  be  seen, a low c o n c e n t r a t i o n  of G A B A  (10-?M) 
exer t s  a sma l l  b u t  s ign i f i can t  ( P  < 0.0002) depolarizing 
a c t i o n  o n  t h e  musc le  cells. Howeve r ,  a n  i n c r e m e n t  of 
a b o u t  15 m V  in  t h e  ave r age  m e m b r a n e  p o t e n t i a l  occurs  
w h e n  t h e  c o n c e n t r a t i o n  of G A B A  is i nc r ea sed  f rom a b o u t  
10 -0 to  lO-SM. A f u r t h e r  increase  in  c o n c e n t r a t i o n  is n o t  
a c c o m p a n i e d  b y  a c o r r e s p o n d i n g  i n c r e m e n t  in  t h e  m e m -  
b r a n e  p o t e n t i a l  which ,  ins tead ,  t e n d s  to  decrease  s l ight ly ,  

I n  o r d e r  to  c o m p a r e  t h e  h y p e r p o l a r i z i n g  ac t ions  of 
G A B A  a n d  p iperaz ine ,  t he  c u r v e  B, b a s e d  o n  d a t a  f rom a 
p r ev ious  p a p e r  1, is i nc luded  in F igu re  3. T h i s  c u r v e  shows 
t h e  m e m b r a n e  p o t e n t i a l  as a f u n c t i o n  of p ipe raz ine  con-  
c en t r a t i on .  E a c h  p o i n t  is t h e  a v e r a g e  of 100 measu re -  
m e n t s  (20 ceils in  each  of f ive d i f f e ren t  p r epa ra t i ons ) .  

The  m a x i m a l  levels of m e m b r a n e  p o t e n t i a l  i n d u c e d  b y  
b o t h  G A B A  a n d  p ipe raz ine  are  n e a r l y  equal ,  The  in i t i a l  
r e s t i ng  p o t e n t i a l  in  c u r v e  A, in  t h e  absence  of G A B A ,  was  
of 30.5 m Y  (S.E.  + 0.34) w h i c h  was  inc reased  to  a n  ave rage  
of 46.3 m V  (S.E.  4-0.88)  b y  a 1 0 - S M  c o n c e n t r a t i o n  of 
G A B A .  T h e  in i t i a l  m e m b r a n e  p o t e n t i a l  of B, in  t h e  ab-  
sence of p iperaz ine ,  was  of 30.7 m V  (S.E. :k 0.37). T h e  
h ighes t  p o i n t  in  th i s  curve ,  c o r r e s p o n d i n g  to a p ipe raz ine  
c o n c e n t r a t i o n  of 2 . 1 5 ×  10-SM,  was  of 45.2 m V  (S.E, 
4- 0.62). 

This  close s imi l a r i t y  b e t w e e n  t h e  effects  of G A B A  a n d  
p ipe raz ine  is n o t  surpr is ing ,  s ince o t h e r  e x p e r i m e n t s  (to 
be  p u b l i s h e d  elsewhere)  h a v e  revea led  t h a t  t he  i m m e d i a t e  
ef fec t  of G A B A  on  t h e  s y n c y t i a l  m e m b r a n e  is also a n  in-  
crease of i t s  c o n d u c t a n c e  to  CI-  ions. Therefore ,  one  m a y  
a s s u m e  t h a t  t h e  46 m V  level  co r re sponds  to  t h e  ch lor ide  
po ten t i a l .  

As m e n t i o n e d  above ,  t h e  spike  a c t i v i t y  of Ascaris 
musc le  is supp re s sed  w h e n  t h e  a v e r a g e  r e s t i ng  p o t e n t i M  
increases  a b o v e  40 mV,  a l t h o u g h  occas ional ly  spikes  h a v e  
b e e n  seen  in  cells w i t h  h ighe r  m e m b r a n e  po ten t i a l s .  Th i s  
level  is i n d i c a t e d  b y  t he  s h a d e d  s t r ipe  in F igu re  3. I t  c an  
be  seen  t h a t  t h e  c o n c e n t r a t i o n s  of G A B A  a n d  p ipe raz ine  
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Fig, ~. Functional organization of the neuromuscular system of 
Ascaris. The muscle pacemakers at the syncytium generate spike 
potentials which are conducted along the cell arms to the nuclear 
bags and spindles. Only one muscle cell has been drawn at each side 
although approximately 85 arms join the muscle syncytium per mm 
of length. The frequency of the spike potentials produced by the 
mltscle syncytium are modulated by excitatory (+) and inhibitory 

(--) nerve-muscle junctions. 
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Fig. 3. Graph showing the effect of ~-aminobutyric acid (GABA) and 
pipera.zine on the membrane potential of Asc~ris muscte cells. Ordi- 
nates represent average membrane potential in mV, expressed as the 
difference from the initial values in the absence of drugs. Abscissae: 
concentration of the drugs in moles. Each point in curve A (GABA) 
is the average membrane potential of 120 cells (six preparations), 
while the points in curve A (piperazine) are the average of 100 
measurements (five preparations). The lines drawn through the 

points are equal to g x the S.E. of the mean. 
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needed to produce  such a hyperpo la r iza t ion  differ  by  two 
orders of magni tude .  

The  decrease in m e m b r a n e  po ten t i a l  observed  when  the  
piperazine  concen t ra t ion  increases above  4 × 1 0 - a M  ap-  
pears to be  due to a non-specif ic inf luence of th is  com- 
pound  over  the  ent ire  surface of the  muscle cells. The  ef- 
fects of comparab le  concent ra t ions  of G A B A  have  no t  
been inves t iga ted ,  a l though  the  shape of curve  A suggests 
t h a t  t h e y  would  exer t  a s imilar  depolar iz ing act ion.  

The  marked  hyperpolar iz ing  ac t ion  of G A B A  on A scaris 
muscle leads one to  t h ink  t h a t  th is  compound  migh t  serve 
as a basis for t he  d e v e l o p m e n t  of new an the lmin t ics  4. 

zielt. Beide Subs tanzen  s te igern  die C1-Permeabili t / i t  der  
Muske lmembran .  
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Zusammen/assung. Die somat ische  Musku la tu r  von  
Ascaris lumbricoides wird durch  ? -Aminobut te rs / iu re  in 
Konzen t r a t i onen  yon  10 -e -10 -6M v611ig gehemmt .  Eine  
h n l i ch e  H e m m u n g  wird durch  P iperaz in  (10-aM) er-  
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Benzpyrene-Induced Tumours  in the 
Clawed Toad, Xenopus laevis  

Al though  a va r i e t y  of spontaneous  neoplasms h a v e  
been discovered in a large number  of anuran  species x, a t -  
t emp t s  a t  the  chemical  induct ion  of t umours  in these am-  
phib ians  have  been re la t ive ly  unsuccessful  2. Recent ly ,  
however ,  i t  has  been shown t h a t  the  implan ta t ion  of 
me thy l cho l an th rene  crys ta ls  into the  Sou th  Afr ican 
c lawed toad,  Xenopue laevis ~, provokes  the  d e v e l o p m e n t  
of l ympho id  t umour s  s imilar  to  those occurr ing spon-  
t aneous ly  in this  speciesX; moreover ,  these  t umours  are  
readi ly  t ransp lan tab le  in to  o ther  Xenopus a or in to  the  
urodele species Triturus cristatus 4. 

In  v i ew of the  suggest ion of LEONE 6 that, un ique ly  in 
the  amphib ia ,  sarcomas develop af te r  methylcholan-  
th rene  t r e a t m e n t  and carc inomas  af ter  benzpyrene  appli-  
cation,  exper iments  h a v e  been per formed in an  a t t e m p t  
to induce  neoplas ia  in an  anuran  species using benz-  
pyrene.  Single doses (1.5 mg) of benzpyrene  crys ta ls  
(Roche) were placed in the  abdomina l  cav i ty  of 13 adu l t  
Xenopus laevis laevis t h rough  small  cuts in the  abdomina l  
wall  near  the  liver,  and each wound was closed wi th  a 
single s t i tch  (Expe r imen t  I). Secondly,  single smal l  doses 
of benzpyrene  crystals  m ixed  wi th  egg a lbumen  were 
placed in t he  dorsal  l y m p h  sac or  abdomina l  cav i ty  of 20 
i m m a t u r e  animals  of t he  same species (Expe r imen t  II) .  

The  results  of the  first  expe r imen t  are summar ized  in 
Table  I, which shows t h a t  11 of the  13 animals  developed 
lymphosa rcomas  be tween  86 and 288 days  af ter  t r ea t -  
ment .  In  7 of the  11 posi t ive  cases the  induced turnouts  
affected a mul t ip l i c i ty  of visceral  organs,  no t ab ly  the  
l iver  and  kidneys,  bu t  in four  cases t he  t um our s  were less 
widespread  w h e n  the  an imals  were killed. The  develop-  
m e n t  of lesions in the  abdomina l  wal l  muscle or  skin of 
f ive animals  is a ref!ect ion of t he  dif f icul ty  of in t roduc ing  
the  carcinogen w i thou t  leaving some crystals  in the  
wound  area. 

The  benzpyrene- induced  t um our s  appeared  to be histo-  
logically v e r y  similar  to those  lympho id  tumours  appear -  
ing spon taneous ly  in Xenopus or  induced wi th  me thy l -  
cho lan threne  crystals .  A v e r y  large nodule  some 2 cm in 
d iameter ,  found in t he  in tes t inal  mesen te ry  of  Case 10, 
consis ted of groups of l ympho id  ceils separa ted  b y  con- 
nec t ive  tissue. Unde r  the  abdomina l  skin of the  same ani- 

Transler series case 4. The liver parenchyma lacks the large groups of 
pigment granules normally found in this organ, but contains a large 
lymphoid tumour consisting of peripheral smalllymphocytes (1) and a 
'germinal centre' (gc). Smaller tumour nodules such as those arrowed 

were spread throughout the liver. H. & E. x 200. 
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