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suggests  t h a t  the  morph ine - induced  hyper l ac tac idemia  
resul ts  largely f rom anerobic  muscle glycogenolysis  which 
is med ia t ed  by/3-adrenergic  receptors .  On the  o ther  hand ,  
it  seems t h a t  e - receptors  are no t  involved since phen to l -  
amine  has no effect  of its own nor  does it modi fy  the  
act ion of morphine .  

Hype r l ac t ac idemia  is a cons t an t  metabol ic  s y m p t o m  in 
morph in ized  animals,  even more  in teres t ing  as i t  pers is ts  
a f ter  cessat ion of morph ine  t r e a t m e n t .  In  our  exper imenta l  

Table 1I. Effect of propranolol (5 mg/kg) on blood lactate in fed (N) 
and 15 h fasted (F) rabbits 

series blood lac ta te  concen t ra t ion  remains  s ignif icant ly  
higher  t h a n  control  level up to 10 days  af ter  s topp ing  an 
8-day morph ine  t r ea tmen t .  Given the  pe rmeab i l i t y  of 
the  blood bra in  barr ier  to  lac ta te  ~0, an accumula t ion  of 
lac ta te  in the  blood can resul t  in a h igher  concen t ra t ion  
ill the  bra in  as has been shown in morphin ized  ra ts  a. 
Abnorma l ly  high bra in  lac ta te  concen t ra t ion  migh t  be 
re la ted to the  s t a t e  of anx ie ty  n found in drug  addic ts  
under  wi thdrawal .  We  have  shown t h a t  hyper lac tac i -  
demia  persis ts  a f ter  w i thd rawa l  f rom morph ine  and t h a t  
it  is comple te ly  suppressed  by  propranolol .  This  is ve ry  
in t?res t ing  because of recent  repor t s  d e m o n s t r a t i n g  the  
effect iveness of propranolol  in t r ea t ing  anx ie ty  in m a n  ~2, ~3 
and  heroin addictsI~. 

Lactate (rag p. 100 mI plasma) 

Time 0 1 3 6 hours 

1st injection 

F (8) 15.6 =~ 1.91 14.6 + 1.1 17.7 • 3:2 15.0 -L 2.4 
N (8) 34.1 ~- 5.32 29.3 ~ 3.8 29.7 -c 4.4 28.5 =t- 3.4 

p < 0.01 

10th injection 

F (8) 14.4 J- 0.9 16.9 -L 2.0 14.3 ~- 1.1 16.4 • 1.9 
N (8) 16.4 ~ 2.3 17.2 ~_ 0.8 17.4 ~ 2.4 20.3 ~ 2.1 

p < 0.01 b 

Values are means ~_ SE; p is given by Student's t-test. ~vs (1); 
b vs {2). The number in parentheses represent the number of animals. 
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Summary. The molluscicide N- t r i ty l  morphol ine  ( 'Frescon')  has  an unusual  effect  on the  cent ra l  nervous  sys t em of a 
f reshwater  snail. Nerve  impulses  become grouped into spon taneous  'burs t s ' ,  wi th  m a n y  ceils firing synchronous ly .  
This m a y  resul t  f rom inter ference  wi th  inh ib i to ry  processes.  

N- t r i t y lmorpho l ine  (Frescon, Shell Chemicals) is toxic  
to  m a n y  f reshwate r  snails a. I t  is h ighiy  specific, being 
harmless  to plants ,  insects  and  mos t  ve r tebra tes ,  t h o u g h  
it is mode ra t e ly  tox ic  to some species of fish~; even  the  
te r res t r ia l  Gas t ropod  Helix aspersa is a p p a r e n t l y  im- 
mune  ~. I t  is therefore  i m p o r t a n t  in control l ing the  snail  
hos t s  of a n u m b e r  of parasi tes ,  including species of 
Schistosoma which  give rise in m a n  to  tile widespread  
t ropica l  disease, bi lharzia  5. 

Frescon  is le thal  to  f r eshwate r  pu lmona t e  Gas t ropods  
a t  very  low concen t ra t ions  (e.g., Biomphalaria glabrata: 
LDh0 (24 h) = 2.5 • 10 .8 g/ml~). Lymnaea stagnalis is 
killed by  10 -6 g/ml  Frescon  ill 3 h a t  20~ I t s  specif ici ty 
and rapid  effect  have  caused specula t ion  as to its mode  
of action.  

Inves t iga t ions  so far have  no t  sugges ted  any  inter-  
ference in such metabol ic  processes as ox ida t ive  phos-  
phory la t ion  4. P re l imina ry  expe r imen t s  have  however  sug- 
gested t h a t  Frescon  m a y  cause abnormal i t i e s  in the  
e lec t rophysio logy of the  Lymnaea stagnalis nervous  sys- 
t e m  ~. To inves t iga te  th is  fur ther ,  individual  nerve  ceils 
f rom the  visceral  or r igh t  par ie ta l  ganglia of t he  isolated 
cent ra l  ne rvous  sys t em of th is  species were impaled  by  

1 _~r po tas s ium ace ta te  microelectrodes  (ca. 25 MY2) using 
s t an d a rd  electrophysiological  recording techniques .  Sep- 
ara te  recording and  s t imula t ing  electrodes were used to 
allow control  of m e m b r a n e  potent ia ls .  Normal  Ringer  
solut ion 7 consis ted of 50 m M  NaC1, 1.6 m M  KC1, # m M  
CaC12, 2 m M  MgC12 an.d 5 m M  Tris-C1 (pH 8.0) in dist i l led 
water .  In  more  recen t  exper iments ,  50 m M  sucrose was 
also added  to provide  a b e t t e r  osmot ic  balance.  Low 
Ca/high Mg Ringer  con ta ined  2 m M  CaCI~ and 20 m M  
MgCle, w i th  2 3 m M  sucrose to  ma in t a in  overall  osmolar i ty .  
As Frescon  is ve ry  hydrophobic ,  it  was used in a di- 
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m e t h y l s u l p h o x i d e  a n d  d e t e r g e n t  f o r m u l a t i o n  ( F X  2574, 
Shell  Chemicals)  c o n t a i n i n g  10-~ g /ml  Freseon.  I m m e -  
d ia t e ly  p r i o r  to  use th i s  was d i lu ted  w i t h  R inge r  so lu t ion  
p roduc ing  a fine suspension.  N o m i n a l  Frescon  concen t r a -  
t ions  of 10 -6 or 10 -5 g/m1 were used. Cont ro l  e x p e r i m e n t s  
w i th  t he  b l a n k  fo rmu l a t i on  showed no effect. 

F igure  1 shows t h e  e lectr ical  po t en t i a l s  of a Lymnaea 
n e r v e  celt before,  a n d  63 ra in  a f t e r  exposure  to  10 .6 g/m1 
Frescon.  Res t i ng  a n d  ac t ion  po t en t i a l s  are unaf fec ted ,  
b u t  t he  m e m b r a n e  po•  is s u d d e n l y  depolar ized  b y  
a :huge s u m m a t i n g  b u r s t  of s y n a p t i c  po ten t ia l s .  75% of 
al l  neurones  exposed to  F rescon  Show these  t yp i ca l  
'F rescon  burs t s ' .  The  f i rs t  inc idence  usua l ly  occurs  a f t e r  
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Fig. 1. Electrical recording from a Lymnaea neurone a) in normal 
Ringer, b) after 63 rain exposure to 10 -~ g/Inl Frescon. Scale bar 
20 mV (vertical), 250 msee lhorizontal). Numbers at le~t give the 
resting membrane potentiaI in inV. Action potentials in a) were 
elicited by a 3 mV depolarization (arrowed). 

- 4 9  - - . . . .  - -  . . . . . .  

8 

- 4 9  

b 

- 4 6 -  - -  " - - -  - 

C 

Fig. 2. a) Normal Ringer, b) after 53 rain exposure to 10 .5 g/ml 
Frescon, c) after 5 min in low Ca/high ~g  Ringer + Freseon. Scale 
bar 20 mV, 500 msec. Resting potentials in inV. 
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Fig. 3. Simultaneous recording' from 2 neurones, after 33 min expo- 
sure to 10 -~ g/ml Frescon. Scale bar 20 mV, 500 msee. Resting po- 
tentials in mV; vertical positions of the two traces adjusted to give a 
clear record. 

10-20 m i n  exposure  to  F re scon ;  t h e r e a f t e r  ' bu r s t s '  a p p e a r  
s p o n t a n e o u s l y  a n d  a t  r andom.  The  effect  appea r s  to  be  
i r revers ib le  even  a f t e r  p ro longed  wash ing  w i t h  R i n g e r  + 
d ime thy l su lphox ide .  There  is no g r adua l  or c o n s i s t e n t  
increase  in size or f r equency  of synap t i c  p o t e n t i a l s  p r io r  
to  a 'F rescon  b u r s t ' .  Over  a pe r iod  of 1-2 h,  however ,  
t he re  is o f ten  a genera l  increase  in s y n a p t i c  a c t i v i t y  (cf. 
F igure  2 a  and  b) w i t h  t h e  ' F r e seon  b u r s t s '  b e c o m i n g  
more  f requent .  

'F rescon  bu r s t s '  c a n n o t  be  el ici ted b y  in t r ace l lu l a r  
s t imu la t ion ,  and  do no t  a p p e a r  to  be  due  to  a d i rec t  ef- 
fect  on  soma t i c  r e s t ing  or ac t ion  po ten t ia l s ,  wh ich  r e m a i n  
una l t e red .  A synap t i c  or igin of t he  ' b u r s t s '  is i nd i ca t ed  
b y  t h e  effects  of a low Ca /h igh  Mg R i n g e r  (Figure  2), 
which  is genera l ly  found  to  reduce  n o r m a l  q u a n t a l  release 
of t r a n s m i t t e r  substancesS.  The  synap t i c  p o t e n t i a l s  are 
g rea t ly  reduced  in ampl i tude ,  w i t h  a co r r e spond ing  de-  
crease in f r e q u e n c y  of t he  ' burs t s ' .  S imu l t aneous  re- 
cordings  f rom sepa ra t e  neurones  i nd ica t e  t h a t  all cells in  
a p r e p a r a t i o n  which  e x h i b i t  'F rescon  bu I s t s '  do so syn-  
ch ronous ly  (wi th in  10-200 msec of each  o ther) ,  n e v e r  
i n d e p e n d e n t l y  (Figure 3). 

These  resul t s  the re fo re  raise t h e  poss ib i l i ty  t h a t  Fres-  
con, p e r h a p s  b y  dissolving in t he  l ipid phase  of t he  cell 
m e m b r a n e s ,  could be  in te r fe r ing  w i t h  e i the r  t h e  pre-  
synap t i c  ves icu la r  release m e c h a n i s m  or t he  eff icacy of 
the  t r a n s m i t t e r  in  c h a n g i n g  p o s t s y n a p t i c  m e m b r a n e  con-  
duc tances .  I n  t he  fo rmer  case F re scon  could be  p r o d u c i n g  
a mass ive  release of t r a n s m i t t e r .  H o w e v e r  i t  is d i f f icul t  
to  see how th i s  could p roduce  t h e  obse rved  d i scon t inuous  
a c t i v i t y  r ep resen ted  b y  t he  'F re scon  b u r s t s ' :  for ins tance ,  
B lack  W i d o w  Spider  venom,  wh ich  ha s  been  shown to  
in te r fe re  w i t h  p r e s y n a p t i c  vesicle release 9, s imp ly  pro-  
duces  a c o n t i n u o u s  increase  in synap t i c  p o t e n t i a l  fre- 
q u e n c y  followed b y  a n  e x p o n e n t i a l  decl ine b a c k  to  con-  
t ro l  levels. 

A specific p o s t s y n a p t i c  p o t e n t i a t i o n ,  on  t he  o the r  
h a n d ,  was  also cons idered  unl ikely ,  as t he  F rescon  effect  
d id  n o t  seem to be  l imi ted  to a n y  one t r a n s m i t t e r  sub-  
s t ance  (and b y  inference,  r ecep to r  complex) :  n e u r o n e s  
depolar ized  b y  top ica l  app l i ca t ion  of ace ty lchol ine ,  5- 
h y d r o x y t r y p t a m i n e ,  or n o r a d r e n a l i n e  were all capab le  of 
e x h i b i t i n g  'F re scon  bu r s t s ' ,  as were ceils wh ich  were 
h y p e r p o l a r i z e d  b y  ace ty lchol ine .  Occurrence  of ' F re scon  
bu r s t s '  in  a large p r o p o r t i o n  of cells in  t h e  gangl ion  also 
a rgues  aga in s t  specific t r a n s m i t t e r  i n v o l v e m e n t .  

A t h i r d  poss ib i l i ty  is t h a t  F re scon  modif ies  t h e  ac t ion  
of synap t i c  ne tworks  in such  a w a y  as to  cause  in te r -  
m i t t e n t  mass ive  d ischarges  a f fec t ing  t h e  en t i r e  ne rvous  
sys tem.  This  ' s y n a p t i c  n e t w o r k  fac i l i t a t ion '  could  p e r h a p s  
be  ach ieved  b y  a smal l  change  in t he  b a l a n c e  of e x c i t a t o r y  
a n d  i n h i b i t o r y  i n p u t s  to  each  cell. So far  t h e  ev idence  
o b t a i n e d  is c o m p a t i b l e  w i t h  t h i s  h y p o t h e s i s  (for ins tance ,  
no t e  t h e  a p p a r e n t  absence  of i n h i b i t o r y  p o s t s y n a p t i c  
po t en t i a l s  a f t e r  F rescon  exposure  (Figure 1)). T h u s  t he  
r educ t i on  of t he  F rescon  effect  in  low Ca /h igh  Mg R i n g e r  
is exp la ined  b y  t he  genera l  d i m i n u t i o n  of all  s y n a p t i c  
po t en t i a l s  t h r o u g h o u t  t h e  neuropi le  due  to  r educed  
ves icu la r  release of t r a n s m i t t e r .  Also t h e  s y n c h r o n y  of 
t he  F rescon  effect  suggests  a t o t a l  n e r v o u s  s y s t e m  in- 
v o i v e m e n t ,  r a t h e r  t h a n  changes  to  specific i sola ted 
synap t i c  t e rmina l s .  

The  ne rvous  s y s t e m  the re fo re  appea r s  to  be  a possible  
si te  for Frescon  ac t ion  in f r e shwa te r  snails.  C o n f i r m a t o r y  
e x p e r i m e n t s  are in  progress.  
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