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A New Anaesthetic Technique for Slugs 

D u r i n g  r e c e n t  s tud ies  on  t h e  in v i t ro  cu l tu re  of o rgans  
of t h e  Grey  Field Slug, Agriolimax reticulatus, i t  was  
f o u n d  necessa ry  to use anaes thes ia .  Since o rgans  were 
to be  e x p l a n t e d  f rom these  a n a e s t h e t i z e d  slugs, i t  was  
necessa ry  t h a t  t he  a n a e s t h e t i c  to  be  used should  give 
100% recove ry  a n d  i t  would  also be  a d v a n t a g e o u s  if t he  
a n a e s t h e t i c  lef t  no  res idue  in  t h e  an ima l s '  t issues.  

A s u r v e y  was m a d e  of t h e  m e t h o d s  for  a n a e s t h e t i z i n g  
a n d  na rco t i z ing  ga s t r opods L  T h e  m e t h o d s  wh ich  were 
u~ed for slugs gave  i ncons i s t en t  r ecove ry  ra t e s  v a r y i n g  
f rom 0.92%, a n d  of ten  i nvo lved  t he  use of complex  chem-  
icals. 

Since c a r b o n  dioxide  is wide ly  used as a n  anaes the t i c ,  
especial ly  w i t h  insects ,  i t  was decided to s t u d y  i ts  effect  
as an  anaesthet ic ,  for slugs. L i t t l e  m e n t i o n  is m a d e  in t he  
l i t e r a t u r e  of t he  use of c a r b o n  d ioxide  as a n  a n a e s t h e t i c  
for  gas t ropods .  I t  h a s  been  used in c o n j u n c t i o n  w i t h  
Sev in  ( 1 - n a p h t h y l  N - m e t h y l - c a r b a m a t e ;  U n i o n  Carb ide)"  
to  re lax  mur ic ids  and  also to re lax  Nucella lapillus pr ior  
to  f i xa t i on  1. C a r b o n  d ioxide  has  been  used in c o n j u n c t i o n  
w i t h  N e m b u t a l  and  M S 2 2 2  (Sandoz :  r e c t a - amino -  
benzo ic  ac id  e thy l  es ter  m e t h a n s u l p h o n a t e )  3 as a n  
a n a e s t h e t i c  for  Lymnea stagnalis. R e c e n t l y  4 gaseous  
c a r b o n  d ioxide  ha s  been  used for a n a e s t h e t i z i n g  slugs b u t  
no  m e t h o d  is descr ibed.  

A p las t i c  con ta iner ,  6 cm deep w i t h  a n  ou t l e t  in t h e  
base, was  used as t h e  a n a e s t h e t i c  c h a m b e r .  A layer  of 
c o t t o n  wool, a b o u t  3 c m  th ick ,  was  p laced  in t h e  b o t t o m  
of t h e  c o n t a i n e r  and  m o i s t  f i l te r  p a p e r  p laced  u p o n  this .  
Gaseous  c a r b o n  dioxide,  s a t u r a t e d  w i t h  water ,  was  
passed  in to  t h e  c h a m b e r  v ia  the ,  basa l  inlet .  T he  slug 
was p laced  u p o n  th i s  mo i s t  f i l ter  p a p e r  a n d  a p e r f o r a t e d  
lid p laced  on  t h e  p las t ic  con ta iner .  The  slug usua l ly  
r e m a i n e d  fa i r ly  i nac t i ve  a n d  t he  t i m e  t a k e n  for i t  to  
s u c c u m b  was v e r y  var iab le ,  some t imes  in excess of 1 h. 

Us ing  t h e  s ame  chamber ,  b u t  w i t h  no  basa l  inlet ,  t h i s  
t e c h n i q u e  was modi f ied  for use w i th  solid c a r b o n  dioxide.  
Crushed  solid c a r b o n  d ioxide  (Drikold,  I.C.I.) was  p laced  
u n d e r  t he  c o t t o n  wool, in  a l ayer  1 cm deep, a n d  t h e  gas 
g iven  off b y  th i s  was  used as t he  anaes the t i c .  W h e n  t he  
slugs were p laced  in th i s  c h a m b e r  t h e y  were v e r y  ac t ive  
a n d  secre ted  mucus ,  b u t  no t  excessively.  T h e y  m o v e d  

a b o u t  3 t imes  t h e i r  l eng th  before  s u c c u m b i n g  to  t he  
effects  of t h e  anaes the t i c .  W h e n  a n a e s t h e t i z e d  t he  ani-  
ma l s  were i n v a r i a b l y  in a ful ly e x t e n d e d  s ta te ,  o f ten  
w i t h  t h e  pen ia l  sac ever ted .  

Us ing  th i s  t e c h n i q u e  anaes the s i a  is r ap id  and,  even  
a f t e r  5 rain,  suff ic ient  for m i n o r  opera t ions .  10-15 ra in  
has  been  shown  to  be  t he  be s t  exposure  t ime.  S t rong  
m e c h a n i c a l  s t i m u l a t i o n  of t h e  a n t e r i o r  end  of t h e  slug 
d u r i n g  t he  f i rs t  2-3  min  a f t e r  r e m o v a l  f rom the  c h a m b e r  
p roduces  no  response.  The  Mugs s lowly recover  f rom t h e  
a n a e s t h e t i c  a n d  a p p e a r  n o r m a l  a f t e r  20-30 rain.  E x t e n d i n g  
t he  t i m e  in t he  a n a e s t h e t i c  b e y o n d  15 m i n  does n o t  de lay  
the  an ima l s  r ecovery  t i m e  to  a n y  ex ten t .  H o w e v e r  
o p e r a t i n g  t i m e  can  be  e x t e n d e d  indef in i t e ly  b y  work ing  
in  a n  a t m o s p h e r e  of c a r b o n  dioxide.  R e c o v e r y  is 100% 
unless  t he  exposure  to t h e  c a r b o n  d ioxide  is well  in  
excess of 60 mill. 

Th i s  a n a e s t h e t i c  t e c h n i q u e  ha s  been  Used in th i s  
l a b o r a t o r y  for t h e  p a s t  2 years .  D u r i n g  th i s  t i m e  i t  h a s  
been  found  to  be  e x t r e m e l y  ~eliableB. 

Rdsumd. On a 6 tudi6  l ' e f fe t  anes th6s ique  de l ' a n h y d r i d e  
c a r b o n i q u e  sur  les l imaces.  L a  t e c h n i q u e  d6cri te  p e r m e t  
une  anes th6s ie  ro ta te  p e n d a n t  une  heu re  avec  une  gu6- 
r ison de 100%. 
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Observation of Nerve Fibers in Incident Light 

I n  p rev ious  pub l i c a t i ons  we h a v e  descr ibed  t he  
d e v e l o p m e n t  a n d  app l i ca t ion  of a new t y p e  of microscope 
e m p l o y i n g  t a n d e m  s c a n n i n g  1, 2. Th i s  microscope  was  de-  
s igned  express ly  for in  v ivo  o b s e r v a t i o n  of b r a in  cells. A 
m a j o r  l i m i t a t i o n  in  t h e  f i rs t  vers ions  of th i s  microscope 
was t he  g rea t  l i gh t  loss en ta i l ed  b y  t h e  s c a n n i n g  sys tem,  
r e su l t ing  in such  low image  b r igh tnesses  t h a t  t h e  on ly  
s a t i s f ac to ry  source for o b s e r v a t i o n  of ne rvous  t i ssue  was 
t h e  re f lec ted  l igh t  of t h e  sun. R e c e n t l y  one of us  (M. D. E.) 
des igned a s c a n n i n g  s y s t e m  c o m p a t i b l e  w i t h  t he  or ig ina l  
microscope,  b u t  h a v i n g  a m u c h  g rea t e r  coeff icient  of 
l igh t  t r ansmiss ion ,  t h u s  m a k i n g  possible  obs e r va t i on  of 
u n s t a i n e d  ne rvous  t i ssue  w i t h  a c o n v e n t i o n a l  ar t i f ic ia l  
l i gh t  source. 

The  s cann ing  s y s t e m  is based  on  t he  wheel  i l l u s t r a t ed  in 
F igure  1; s i lvered excep t  for 800 s y m m e t r i c a l l y  p laced  
rad ia l  s l i ts  of 40 a wid th .  L i g h t  f rom a 200-wat t  m e r c u r y  
sho r t  arc  l a m p  ( P E K )  was focused on  t he  wheel  wh ich  was 
r o t a t e d  a t  200 rpm.  The  r ad i a l ly  s y m m e t r i c a l  sli ts  on  
oppos i te  sides of t he  wheel  were m a d e  op t ica l ly  c o n g r u e n t  
b y  i n v e r t i n g  p r i sm sys t ems  as in  t he  or ig ina l  t a n d e m  
scann ing  microscope ~. 

1 M. D. EGGER and M. PETRs Science 757, 305 (1967). 
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Opt. Soc. Am. 58, 661 (1968). 



1226 Speeialia ]~XPERIENTIA 25/1t 

The  s c a n n i n g  sys t em of t h e  or ig ina l  t a n d e m - s c a n n i n g  
microscope was  based  on a N i p k o w  wheel  w i t h  26,400 holes 
of 90 ~ d i a m e t e r  a r r anged  in 80 in t e r lock ing  A r c h i m e d e a n  
spirals.  The  coeff ic ient  of l igh t  t r an smi s s ion  for a single 
t r a n s i t  t h r o u g h  th i s  wheel  was  0.08. The  co r re spond ing  
coeff ic ient  of l igh t  t r a n s m i s s i o n  t h r o u g h  t he  new, sli t  
wheel  is 0.15. 

Fig. i. Schematic of scanning wheel. The width of the slits on the 
exploded segment in the upper part of the drawing is greatly exag- 
gerated. All dimensions indicated in mm. 

W i t h  t he  new scann ing  sys tem,  we obse rved  a n d  pho to -  
g r aphed  i n d i v i d u a l  f ibers  of u n s t a i n e d  ne rves  in t h i c k  
bundles .  F igure  2 shows such  f ibers  in  a l u m b a r  dorsa l  
roo t l e t  of a cat ,  f ixed b u t  uns t a ined .  The  p i c tu re  a t  t h e  
b o t t o m  of t h e  f igure was t a k e n  w i t h  t h e  s cann ing  micro-  
scope. The  d e p t h  of focus in t he  t a n d e m - s c a n n i n g  micro-  
scope is v e r y  shallow. Only  a few f ibers  a re  in  focus a t  a n y  
g iven  focal plane.  A p h o t o g r a p h  of t he  same  roo t l e t  w i t h o u t  
t he  s cann ing  s y s t e m  is shown  on t he  top,  w i t h  t he  focal 
p l a n e  of t he  ob jec t ive  a t  a pos i t ion  c o m p a r a b l e  to  t h e  
p h o t o g r a p h  on  t h e  b o t t o m .  W i t h o u t  t h e  s c a n n i n g  s y s t e m  
t h e r e  is no  w a y  of screening  ou t  t h e  s c a t t e r e d  a n d  f lare  
l igh t  f rom t h e  en t i r e  ne rve  bundle .  

Fo r  m o s t  app l i ca t ions  w i t h i n  t he  CNS itself, even  t h e  
new s y s t e m  does no t  ach ieve  suff ic ient  image  b r igh tness .  
W e  are  i n v e s t i g a t i n g  2 f u r t h e r  i n n o v a t i o n s :  (1) redesign-  
ing t h e  s c a n n i n g  s y s t e m  so as to  m a k e  t h e  i n v e r t i n g  
s y s t e m  unneces sa ry ;  t h i s  shou ld  decrease  p rob l ems  of 
i n t e r n a l  l igh t  toss a n d  sca t t e r ed  l igh t  f rom the  surfaces of 
t h e  i n v e r t i n g  sys tems,  a n d  (2) a d a p t i n g  t he  microscope 
for use w i t h  a laser  l igh t  source. P r e l i m i n a r y  inves t iga-  
t ions  us ing  a 5 m w a t t  He -Ne  c o n t i n u o u s  wave  laser  
(Spec t ra -Phys ics  Model  120) w i t h  spa t i a l  a n d  di f fus ion 
f i l ters  h a v e  resu l ted  in p h o t o g r a p h s  of q u a l i t y  app roach -  
ing those  w i t h  t h e  m e r c u r y  arc l amps ,  b u t  of g rea te r  
image  b r igh tnes s  3. 

Fig. 2. Photographs of unstained fibers of eat lumbar dorsal rootlet. 
The photograph on the bottom was taken with the scanning system 
operating. The photograph of the same rootlet on the top was 
taken with the spanning system removed. The photographs were 
made on Tri-X film developed in Diafine. The light source was a 
200-watt mercury arc lamp. 

Rdsumd. On d6cr i t  une  vers ion  am61ior6e d ' u n  micro-  
scope ~ t a n d e m  scanning~>, ~ lumi6re  r6fl6chie. Ce micro-  
scope nt i l i se  u n  sys t6me plus  efficace de scanning,  qui  
p r o d u i t  n n e  image  plus  lumineuse  que  celle q n ' o n  a pu  
o b t en i r  j u s q u ' k  pr6sent .  Avec  ce microscope  des f ibres de 
nerfs  o n t  pu  8tre pho tog raph i6es  sans  colorat ion.  
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