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Materials and methods. M a t u r e  spec imens  of Blennius 
pholis L., l e n g t h  12.2-14.6 cm a n d  w e i g h t  25-35 g, were 
col lec ted  f rom the  rocky  shores  a r o u n d  Anglesey,  tagged,  
a n d  k e p t  in  t h e  l a b o r a t o r y  a q u a r i u m  in t a n k s  w i t h  circu- 
l a t i ng  sea-water .  W a t e r  t e m p e r a t u r e  was c o n t i n u o u s l y  
recorded  a n d  r e m a i n e d  t h r o u g h o u t  t he  expe r imen t s ,  con-  
d u c t e d  J u n e - A u g u s t ,  w i t h i n  t i le  r ange  15-17 ~ T he  f ish 
were i n t r o d u c e d  to  a d ie t  of lug-worm,  Arenicola marina, 
w h i c h  a f t e r  severa l  days  c a p t u r e  t h e y  accep ted  read i ly  
f rom the  surface  of t i le  w a t e r  i m m e d i a t e l y  i t  was  in t ro -  
duced.  Social f ac i l i t a t ion  5 a p p e a r e d  to  p l ay  a n  i m p o r t a n t  
role in  t h e  ea r ly  s tages  of a r t i f ic ia l  feeding.  T he  f ish were  
fed to  excess on a l t e r n a t e  days.  

D u r i n g  e x p e r i m e n t a l  t r ia l s  a n  'Ara ld i t e '  pellet ,  2-3  m m  
d iamete r ,  was  fed to each  f ish i n d i v i d u a l l y  ins ide  a piece 
of lug-worm.  The  t i m e  f rom feeding to a p p e a r a n c e  of t he  
pe l le t  in  t h e  faeces was  recorded  f rom each  f ish a n d  used 
as a measu re  of t h e  m e c h a n i c a l  a c t i v i t y  of t he  a l i m e n t a r y  
t rac t .  B a r i u m  s u l p h a t e  was  m i x e d  w i t h  t he  res in  of t he  
pe l le t  to  a l low i ts  progress  to  be  m o n i t o r e d  b y  X - r a y  
screening.  Th i s  enab led  i n v e s t i g a t i o n  of a n y  d i f fe ren t ia l  
effects of t he  d rugs  on  t he  m o t i l i t y  of a r b i t r a r i l y  def ined  
fore-gut  a n d  h i n d - g u t  regions.  Th i s  r e p o r t  h o w e v e r  deals  
on ly  w i t h  t o t a l  c learance  t imes  i.e. t h e  t i m e  e lapsed be tw-  
een feeding and  de faeca t ion  of t he  pellet .  

Drugs  were m a d e  up  in t e leos t  1Ringer 6 a n d  in j ec t ed  
in 0.1 m l  vo lumes  in to  t he  coelomic  cavi ty . '  2 in jec t ions  
were a d m i n i s t e r e d  d u r i n g  each  expe r i m en t ,  a p p r o x i m a -  
t e ly  1 h a n d  9 h a f t e r  feeding.  The  fo l lowing drugs  were 
used:  - ace ty lcho l ine  chloride,  ace ty l -b -me thYlcho l ine  
chlor ide  (methachol ine) ,  eser ine su lpha te ,  (Sigma),  car- 
b a m y l c h o l i n e  chlor ide  (carbachol) ,  a t r o p i n e  su lpha te ,  
(B.D.H.) .  

Results a~zd discussion. Of t he  3 cho l ines te rs  t e s t e d  on ly  
ca rbacho l  (0.05 mg/kg)  s t i m u l a t e d  m o t o r  a c t i v i t y  of t h e  
a l i m e n t a r y  t r ac t .  The  m e a n  c learance  t ime,  17.7 h ~ 0.99 
( •  s t a n d a r d  error),  d e t e r m i n e d  f rom 10 c a r b a c h o l  t r ea t -  
ed f ish was s ign i f i can t ly  less ( P  < 0.05) t h a n  t he  m e a n  
c learance  t ime,  20.1 h :k 0.61, d e t e r m i n e d  f rom a group  ; 
of 35 u n t r e a t e d  controls .  Mean  c learance  t i m e s  f rom f ish 
t r e a t e d  w i t h  ace ty lcho l ine /ese r ine  (1, 3 a n d  5 mg/kg)  a n d  
m e t h a c h o l i n e  (5 mg/kg)  were n o t  s ign i f i can t ly  d i f fe ren t  
f rom those  of t h e i r  controls .  These  resu l t s  m a y  ref lect  t he  
r e l a t ive  i n s t a b i l i t y  of ace ty lcho l ine  or  m e t h a c h o l i n e  w h e n  
re leased  in to  t he  b o d y  f lu idsL B o t h  these  c o m p o u n d s  
are more  suscep t ib le  to  cho l ines te rase  a c t i v i t y  t h a n  car-  
bachol .  I n j e c t i o n  of a n  equ imolecu la r  c o n c e n t r a t i o n  of 
t h e  an t i cho l ines te rase ,  eserine, fai led h o w e v e r  to  revea l  
a n y  in  v ivo  a c t i v i t y  of ace ty lcho l ine  wh ich  has  been  s h o w n  
to  c o n t r a c t  i so la ted  s m o o t h  muscle  p r e p a r a t i o n s  of te le-  
os t  g u t  8-11, i nc lud ing  p r e p a r a t i o n s  f rom Blennius (per- 
sonal  obse rva t ion) .  

The  ac t ion  of c a rbacho l  in  s t i m u l a t i n g  gu t  m o t i l t y  m a y  
be v ia  n ico t in ic  or musca r in i c  receptors ,  or bo th ,  as t h i s  
c o m p o u n d  ha s  been  shown  in m a m m a l s  to  be equa l ly  
ac t ive  a t  b o t h  SitesL W h i l s t  i t  has  been  proposed  t h a t  
n ico t in ic  recep tors  are  t he  p r inc ipa l  s i tes  of chol inergic  
t r a n s m i s s i o n  in  t he  te leos t  s t o m a c h  9 more  r ecen t  evi- 
dence  4,1~ has  i nd i ca t ed  t h a t  chol inergic  t r a n s m i s s i o n  
is p r e d o m i n a n t l y  muscar in ic .  F u r t h e r  ev idence  of a mus-  
car in ic  s i te  in  Blennius is a f forded b y  t he  o b s e r v a t i o n  
t h a t  a t rop ine ,  in  o the rwise  u n t r e a t e d  fish, decreased  t he  
r a t e  of m o v e m e n t  of food t h r o u g h  t h e  gut .  The  increase  
in c learance  t imes  was s ign i f ican t  in  2 groups  e a c h  of 10 
f ish t r e a t e d  w i t h  3 m g / k g  ( P  < 0.05) a n d  5 m g / k g  ( P  < 
0.001) a t rop ine .  Mean  c learance  t imes  were r e spec t ive ly  
21.3 h J= 0.27 a n d  22.7 h ~: 0.47 c o m p a r e d  w i t h  a m e a n  
con t ro l  t i m e  of 19.9 h • 0.44 d e t e r m i n e d  f rom 36 u n t r e a t -  
ed fish. I f  a t r o p i n e  ac ts  as a se lect ive  musca r in i c  b lock ing  
agent ,  in  t h e  doses employed  here,  t h i s  would  ind ica t e  t h e  
presence  of chol inerg ic  recep tors  on  t he  s m o o t h  muscle  
cells. These  resu l t s  are  cons i s t en t  w i t h  o t h e r  in  v i t ro  ~t 
a n d  in v ivo  4 s tud ies  r epo r t ed  f rom th i s  l a b o r a t o r y  ~2. 

Rdsumd. Les effets des cho l ines te rs  sur  les m o u v e m e n t s  
spon t an6s  du t r a c t u s  a l i m e n t a i r e  son t  ~tudi6s sur  des 
poissons  in tac t s .  L ' ac6 ty lcho l ine  e t  la m6 tacho l ine  son t  
sans  effets. P a r  ail leurs,  une  c o n c e n t r a t i o n  de 0,05 m g / k g  
de ca rbacho l  p r o d u i t  u n  acc ro i s semen t  du  m o u v e m e n t  
spon tan6 .  Des c o n c e n t r a t i o n s  de 3 e t  5 m g / k g  d ' a t r o p i n e  
i n h i b e  le m o u v e m e n t .  
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The Effects of the 'Calcium-Antagonist ' ,  Prenylamine,  on th e  Action Potential  of 
Crayfish Muscle ( Oronec t e s  v ir i l is  ) 

Cer ta in  d rugs  t h a t  h a v e  been  iden t i f i ed  as 'Ca++-an ta  - 
gonis t s '  b lock  e x c i t a t i o n - c o n t r a c t i o n  coup l ing  in s m o o t h  
muscle  1 a n d  e l im ina t e  t h e  i n w a r d  f lux of Ca++ d u r i n g  t h e  
ac t ion  p o t e n t i a l  in  t he  frog myoca rd ium2 ,  3. T he  same  
d rugs  b lock  t h e  second,  longer- las t ing ,  de layed  phase  of 
Ca ++ e n t r y  in t h e  squ id  a x o n  4. The  p r e s en t  e x p e r i m e n t s  
were des igned  to  t e s t  t h e  effects of a Ca++-an tagon is t  on  
t he  ac t ion  p o t e n t i a l  of c r u s t a c e a n  muscle,  w h i c h  was t he  
f i rs t  e x p e r i m e n t a l  s y s t e m  in w h i c h  Ca ++ inf low was 
i m p l i c a t e d  in t he  genesis  of spikes  ~, ~. 

Method. The  o b s e r v a t i o n s  were m a d e  on  t he  c o n t r a c t o r  
ep imera l i s  a n d  t h e  super ior  ex t enso r  a b d o m i n a l i s  media l i s  
muscles  of t he  crayf ish ,  Orvonectes virilis. The  muscles  
were d issected  in  a v a n  H a r r e v e l d ' s  so lu t ion  (v/H) con- 
t a i n i n g  210.0 m M  NaC1, 14.0 m M  CaCI~, 2.8 m M  MgClz, 
5.25 m M  KC1, a n d  8.0 m M  N-Tr is  ( h y d r o x y l m e t h y l )  
m e t h y l - 2 - a m i n o e t h a n e  sulfonic acid (TES) buf fe r  p H  7.4. 
The  Ca++-an tagon is t  t e s t ed  was p r e n y l a m i n e  l a c t a t e  
(N- (3 ,3 -Dipheny lp ropy l ) - e -me thy l  p h e n e t h y l a m i n e  lac- 
t a t e  ; Segon t in  | w h i c h  a was g i f t  f rom t h e  H o e c h s t  P h a r -  
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maceu t i ca l  Co. These  c rayf i sh  muscles  f r e q u e n t l y  do n o t  
genera te  ac t ion  p o t e n t i a l s  in  n o r m a l  v /H ,  so long, over-  
shoo t ing  ac t ion  po t en t i a l s  were e s t ab l i shed  b y  a d d i n g  
p roca ine  (10 .3 w/v)  to  t he  v / H  ~ or b y  t r a n s f e r r i n g  t h e  
p r e p a r a t i o n  to  160 m M  SrCI~. 

Results and discussion. Figure  1A shows an  ac t ion  
p o t e n t i a l  gene ra t ed  b y  a c rayf i sh  muscle.  T h e  ampl i t ude ,  
du ra t ion ,  a n d  t h e  t h r e s h o M  ~or t h e  ac t ion  p o t e n t i a l  were  
u n c h a n g e d  w h e n  0.01, 0.05 or 0.1 m M  p r e n y l a m i n e  was 
a d d e d  to  t h e  b a t h i n g  solut ion.  However ,  w i t h i n  a few 
m i n u t e s  a f te r  t h e  add i t i on  of 0.25 m M  p r e n y l a m i n e  
t h e r e  was a m a r k e d  l e n g t h e n i n g  of t h e  dur~/tion, a n d  a 
d i s t i nc t  increase  in t h e  t h r e s h o l d  and  in t h e  a m p l i t u d e  
(Figure 1 t3). Tile p r e n y l a m i n e  c o n c e n t r a t i o n  was t h e n  
ra ised  to  1.0 m M .  W i t h i n  10 mil l  t h e  a m p l i t u d e  of t h e  
ac t ion  p o t e n t i a l  was  r educed  a n d  t he  t h r e s h o l d  was eleva-  
ted .  The  p r e p a r a t i o n  was t h e n  r e t u r n e d  to  p roca ine  v / H ,  
w i t h  r e p e a t e d  changes  of t h e  b a t h i n g  solut ion.  1 h l a t e r  
t he  a m p l i t u d e  of t h e  ac t ion  p o t e n t i a l  r e m a i n e d  a t  t h e  
depressed  level  a n d  t h e  t h r e s h o l d  r e m a i n e d  h i g h  (Figure  
1 C). I n  some o the r  e x p e r i m e n t s  1.0 m M  p r e n y l a m i n e  
comple t e ly  abo l i shed  ac t ive  m e m b r a n e  responses,  a n d  
r epea t ed  wash ing  w i t h  v / H  fai led to  res tore  exc i tab i l i ty .  

The  d rug  does n o t  c h a n g e  r e s t i ng  po ten t ia l s .  I n  3 
e x p e r i m e n t s  t h e  m e m b r a n e  res i s t ance  was m e a s u r e d  
before  an d  a f te r  t r e a t m e n t  w i t h  i m M  preny lamine ,  b y  
pass ing  h y p e r p o l a r i z i n g  c u r r e n t  t h r o u g h  1 e lec t rode  a n d  
record ing  m e m b r a n e  p o t e n t i a l  w i t h  ano the r .  I n  one case 
t he re  was a b o u t  a 1 0 %  increase  in  i n p u t  r e s i s t ance  
fol lowing t r e a t m e n t  w i t h  p r en y l ami n e ,  in  t h e  o the r  2 
examples  t h e r e  was no  de tec t ab le  change .  T h e  m e c h a n i s m  
b y  which  p r e n y l a m i n e  increases  ac t ion  p o t e n t i a l  d u r a t i o n  
a n d  a m p l i t u d e  is unce r t a in .  I n  4 e x p e r i m e n t s  in  wh ich  
p r e n y l a m i n e  (0.01 to 0.5raM) was added  to  v / H  t h a t  d id  
n o t  co n t a i n  procaine ,  t he re  was  no  d e v e l o p m e n t  of 
ove r shoo t ing  ac t ion  po ten t ia l s .  I t  is un l ike ly  t h a t  p reny l -  
a m i n e  i tself  d i r ec t ly  s t i m u l a t e s  t h e  Ca ++ m e c h a n i s m ;  
p r o b a b l y  i t  de lays  t h e  increase  in p o t a s s i u m  p e r m e a b i l i t y  
t h a t  b r ings  a b o u t  repo la r iza t ion .  

P r e n y l a m i n e  also b locks  ac t ion  p o t e n t i a l s  in  w h i c h  t h e  
i n w a r d  c u r r e n t  is car r ied  b y  St++. Once again,  0.25 m M  
p r e n y l a m i n e  h a d  no  no t i ceab le  d e p r e s s a n t  effect, b u t  t h e  
ac t ion  p o t e n t i a l  was  abol i shed  w h e n  t h e  c o n c e n t r a t i o n  was 
increased  to  1.0 m M  or to  2.0 r aM.  I n  7 expe r imen t s ,  
t he re  was no r ecove ry  w h e n  t h e  p r e p a r a t i o n  was  r e t u r n e d  
to 160 m M  SrCI~. 

The  m o s t  u n e x p e c t e d  o b s e r v a t i o n  was on  t h e  effects  of 
p r e t r e a t m e n t  w i t h  p r e n y l a m i n e  before  t h e  muscle  f ibers  
were  exposed  to p roca ine  v / H  or to  160 m M  SrCI~. I n  one 
series of expe r imen t s ,  a muscle  f r o m  one  side of t h e  cray-  
f ish was p laced  in v /H ,  t h e  muscle  f rom t h e  oppos i te  side 
was p laced  in p r e n y l a m i n e .  Af te r  20 ra in  b o t h  p r e p a r a t i o n s  
were t r a n s f e r r e d  to  p roca ine  v / H  or to  160 m M  SrCt 2. 
W h e n  t h e  p r e t r e a t m e n t  was  w i t h  0.1 to  1.0 m M  preny l -  
amine ,  even  3 h l a t e r  t h e  muscles  fai led to  genera te  ac t ion  
po ten t i a l s ,  a l t h o u g h  t h e  cont ro l s  f rom t h e  oppos i te  side 
gave  t y p i ca l  spikes.  P r e t r e a t m e n t  w i t h  t h e  d rug  is effec- 
t i ve  a t  c o n c e n t r a t i o n s  on ly  1/10 as h i g h  as those  needed  
to  b lock  a t re~dy  deve loped  a c t i o n  po ten t i a l s .  P r o c a i n e  
a n d  Sr++ m a y  m a k e  i t  more  d i f f icul t  for  p r e n y l a m i n e  to  
b i n d  to  i t s  receptor .  

T h e  m a j o r  conc lus ion  is t h a t  p r e n y l a m i n e  can  b lock  
Ca++ spikes in  c rayf i sh  muscle,  b u t  since t h e r e  is also 
ev idence  for a decrease  in s t i m u l a t e d  p o t a s s i u m  pe rmea-  
b i l i ty ,  i t  is un l ike ly  to  ac t  solely on  t h e  Ca++-channel .  

Zusammen/assung. Der  organ ische  Ca++-Antagon i s t  
P r e n y l a m i n  b lock ie r t  die l e ich t  r eve r s ib l en  Ca++-Akt ions-  
p o t e n t i a l e  in  der  Muskel faser  des  FIusskrebses  Oronectes 
virilis. E t w a s  n iedr igere  K o n z e n t r a t i o n e n  e r h 6 h e n  die 
Schwelle  u n d  verl~ingern die Dauer ,  w~ihrend schwache  
K o n z e n t r a t i o n e n  y o n  P r e n y l a m i n  n u r  w i r k s a m  waren ,  
w e n n  dieses v e r w e n d e t  wurde ,  b e v o r  der  Muske l  d e m  
A k t i o n s p o t e n t i a l e r r e g e r  P r o c a i n  oder  St++ ausgese tz t  
w a r .  
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Responses of a erayfish contractor epimeralis muscle to depolariza- 
tion. Calibrations : 1 • 10 -7 stops, 20 mV, 20 msec. A) In v/H solution 
containing 10 -3 (w/v) procaine. B) after 10 rain in procaine v/H 
containing 0.25 mM prenylamine. C) 1 h after being returned from 
1.0 mM prenylamine to v/H. For further description see the text. 
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