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In t e r f e r ence  w i t h  d i rec ted  m o v e m e n t  in  t he  absence  of a 
co inc iden t  effect  on r a n d o m  m o b i l i t y  as seen a t  10% 
h a l o t h a n e  suggests  depress ion  of m i c r o t u b u l e  func t ion  
w i t h o u t  a c o n c u r r e n t  effect  on  t h e  a c t o m y o s i n  microfi la-  
m e n t  sys tem.  A t  e x t r e m e l y  h i g h  c o n c e n t r a t i o n s  ( > 20%),  
h a l o t h a n e  p r o b a b l y  in te r feres  w i t h  b o t h  m i c r o t u b u l e  and  
m i c r o f i l a m e n t  sys tems  resu l t ing  in comple te  para lys i s  of 
m o v e m e n t .  A l t h o u g h  no  effect  on  phagocy tos i s  has  been  
obse rved  a t  lower c o n c e n t r a t i o n s  (0 .5-2 .5%) of halo-  
t h a n e  ~~ t o t a l  i m m o b i l i z a t i o n  obse rved  a t  h igher  con-  
c e n t r a t i o n s  ( >  20%)  shou ld  be  assoc ia ted  w i t h  impa i r ed  
phagocytos is .  However ,  no d a t a  are ava i l ab le  conce rn ing  
th i s  possibi l i ty .  

I t  has  been  sugges ted  t h a t  t he  nega t i ve  ino t rop ic  effect  
of h a l o t h a n e  on ca rd iac  muscle  is t he  resu l t  of i nh ib i t i on  
of A T P  u t i l i za t ion  b y  t he  a c t o m y o s i n  con t rac t i l e  sys- 
t e m  2a. A s imi lar  effect  on  n e u t r o p h i l  a c t o m y o s i n  A T P  
u t i l i za t ion  could exp la in  t he  i m m o b i l i z a t i o n  obse rved  
w i t h  h i g h  c o n c e n t r a t i o n s  of h a l o t h a n e .  I t  is conc luded  
t h a t  c l inical ly  s ign i f ican t  c o n c e n t r a t i o n s  of ha l0 tha l l e  do 
n o t  effect  n e u t r o p h i l  m o v e m e n t  in  vi t ro .  H i g h e r  concen-  
t r a t i o n s  s equen t i a l l y  effect  c h e m o t a c t i c  and  r a n d o m  
m o v e m e n t .  

23 R. G. Merin, T. Kumazawa and C. R. Honig, in: Recent Ad- 
vances in Studies on Cardiac Structure and Metabolism, vol. 5, 
405 (1975). 
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Summary. The  local a n e s t h e t i c  effects of cocaine and  one of i ts  m a i n  me tabo l i t e s  norcocaine ,  were i nves t i ga t ed  com- 
p a r a t i v e l y  on  isola ted gangl ion  cells of t he  m a r i n e  gas t ropod,  Aplysia californica. D u r i n g  a 1-hour-per iod,  d i f ferent  
ac t ion  p o t e n t i a l  p a r a m e t e r s  such  as ampl i t ude ,  du ra t ion ,  m a x i m u m  ra te  of rise were observed ,  which  d e m o n s t r a t e d  
t h a t  no rcoca ine  exh ib i t s  a h i g h e r  local anes the t i c  p o t e n c y  t h a n  cocaine.  

P rev ious  e x p e r i m e n t s  h a v e  d e m o n s t r a t e d  a r ap id  onse t  
of cocaine N - d e m e t h y l a t i o n  a f te r  cocaine is adm i n i s t e r ed  
in vivo,  sugges t ing  t he  f o r m a t i o n  of norcoca ine  as a 
cocaine m e t a b o l i t e  ~. R e c e n t l y  norcoca ine  was found  to  
be  p r e sen t  in  p lasma,  b r a i n  a n d  ce rebrosp ina l  f luid of 
m o n k e y s  in cons iderab le  c o n c e n t r a t i o n s  a f t e r  in t r ape r i -  
t onea l  cocaine in jec t iona ,  4. I n  p rev ious  repor ts ,  t h e  
pha rmaco log ica l  a c t i v i t y  of cocaine a n d  norcoca ine  was 
e x a m i n e d  compara t i ve ly .  Norcoca ine  i n h i b i t e d  t he  car-  
diac response  to t y r a m i n e  more  ac t ive ly  t h a n  cocaine ~ 
and  b o t h  drugs  i n h i b i t e d  t he  u p t a k e  of 3H-noradrena l ine  
b y  r a t  b r a i n  s y n a p t o s o m e s  s imi la r ly  3. On t he  frog sciat ic  
nerve ,  norcoca ine  seemed to  cause  more  local a n e s t h e t i c  
a c t i v i t y  t h a n  cocaine ~. Fo r  a de ta i led  c o m p a r a t i v e  anal -  
ysis of t he  local  a n e s t h e t i c  po tenc ies  of cocaine and  nor-  
cocaine,  t he  gangl ion  cells of a mollusc,  Aplysia californica, 
were used for t he  expe r imen t s .  This  p r e p a r a t i o n  pe rmi t s  
in t r ace l lu la r  r ecord ing  for per iods  of h o u r s  a l lowing b o t h  
c o m p o u n d s  to  be  t e s t ed  on t he  same n e u r o n  u n d e r  con- 
t ro l led  condi t ions .  

Materials and methods. The  dissected  viscera l  gang l ion  
of t he  m a r i n e  ga s t ropod  was p laced  in to  a per fus ion  
chamber .  Cells ident i f ied  accord ing  to  t he  n o m e n c l a t u r e  
of FRAZlER e t  al. 5 were p e n e t r a t e d  b y  mic rop ipe t t e s  wh ich  

were filled w i t h  2 M p o t a s s i u m  c i t ra te  h a v i n g  all elec- 
t r ica l  res i s tance  of 8-15 M~.  S t a n d a r d  in t race l lu la r  re- 
cord ing  t echn iques  were used. 

Art i f ic ial  s eawa te r  (pH = 8.2) was  used as pe r fusa te  
c o n t a i n i n g  cocaine and  norcoca ine  in a c o n c e n t r a t i o n  of 
10 m M .  Th i s  c o n c e n t r a t i o n  is lower  t h a n  t he  effect ive 
dosage for local anes thes i a  6, 7 ; however ,  i t  was  suff ic ient ly  
effect ive  to r educe  inward  c u r r e n t  d e p e n d e n t  vo l tage  
changes .  The  subs t ances  were e x a m i n e d  in 7 exper iments .  
I n  each  e x p e r i m e n t  t he  effect  of cocaine a n d  norcoca ine  
was s tud ied  on  t he  same cell. B e t w e e n  each  drug  appl ica-  
t ion,  t h e  gangl ion  was r insed  for  a t  leas t  2 hou r s  w i t h  
ar t i f ic ia l  sea water ,  un t i l  t h e  ac t ion  p o t e n t i a l  p a r a m e t e r s  
recovered  to a t  leas t  90% of t h e  con t ro l  va lues  measu red  
a t  t he  b e g i n n i n g  of t he  expe r imen t .  F u r t h e r m o r e ,  the  
sequence  of d rug  e x a m i n a t i o n  was c h a n g e d  in each sub-  
s equen t  e x p e r i m e n t  to  e l imina te  effects d e p e n d e n t  upon  
t he  sequence  of d rug  admin i s t r a t i on .  Drug  appl ica t ions  
las ted  for 60 ra in  and  ac t ion  p o t e n t i a l  records  were m a d e  
a t  30 a n d  60 rain.  B o t h  a c o n v e n t i o n a l  d i sp lay  of t he  
ac t ion  p o t e n t i a l  (V/t) and  a p h a s e  p lane ,  i .e. t he  d i sp lay  
of vo l tage  aga ins t  the  f i rs t  d e r i v a t i v e  of t he  ac t ion  
p o t e n t i a l  (dV/dt)  on  an  X-Y-osc i l loscope ,  were recorded.  
Cocaine HC1 was p u r c h a s e d  f rom E. Merck  (Da rms t ad t ,  
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Fig. 1. Influence of a 10 mM concentra- 
tion of cocaine and norcocaine on the 
action potential and the phase plane of 
the ganglion cell R-2 of the marine gas- 
tropod Aplysia cali]ornica after 1 h drug 
contact. Norcocaine revealed a higher 
local anesthetic potency than cocaine. 
Note the almost complete recovery of 
the control action potential after a 2-h- 
period of washing. 
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Fig. 2. Effect of cocaine and norcocaine on different action potential parameters. The values were obtained fronl 7 experiments on the cells 
R-2(3), R-15(2), L-2(1) and L1)(1). (* Reduction of total action potential amplitude, b Reductiori of positive peak of the differentiated action 
potential (dV/dt) i.e. the right hand peak of the phase plane, indicating the inward current, c Reduction of the first negative peak of the 
differentiated action potential i.e. the first or top left hand peak of the phase plane, indicating the inactivation of inward current, d Increase of 
the duration of the action potential measured at one third of total amplitude. All control values were taken as 100%. Standard deviations 
which are by definitions to plus and minus are drawn to one side only and are represented by the bars. 

BRD) and  norcocaine HC1 was synthes ized  as recent ly  
descr ibed s 

Resu l t s .  After a 30-rain-period of perfusion wi th  cocaine 
and wi th  norcocaine,  spike ampl i tude ,  spike dura t ion  
and m a x i m u m  ra te  of rise were marked ly  decreased.  
This effect  was more  a p p a r e n t  wi th  norcocaine t h a n  wi th  
cocaine. Figure 1 shows b o t h  the  act ion po ten t i a l  and the  
phase plane of one expe r imen t  wi th  the  cell R-2 af ter  
60 min perfusion wi th  solut ions conta in ing  cocaine and 
norcocaine,  respect ively.  The t ime  d e p e n d e n t  course of 
the act ion po ten t ia l  p a r a m e t e r  changes  under  the  in- 
fluence of the  drugs is d e m o n s t r a t e d  in Figure 2. The 
change  of the  pa rame te r s  is expressed in pe rcen t  of the  
contro l  values. The spike dura t ion  was measured  at  one- 
th i rd  of the  he igh t  of the  to ta l  ampl i tude  (including over-  
shoot  and  af ter  hyperpolar iza t ion) .  The ra te  of rise is 
equal  to  the  first  der iva t ive  of vol tage as de t e rmined  by  
an analog different ia tor .  The ampl i tude  of the  act ion 
potent ia l ,  its m a x i m u m  rate  of rise, and  the  first  maxi -  
m u m  of the  slope are more  s t rongly  inf luenced by  norco-  
caine t h a n  by  cocaine. This holds  for the  spike dura t ion  
also. 

D i s c u s s i o n .  The main  act ion of local anes the t ics  is 
the i r  in ter ference  wi th  t he  t r ans i en t  increase of cell mem-  
brane  pe rmeab i l i t y  to the  ions car ry ing  the  inward cur- 
ren t  9. This  effect  is expressed by  the  reduc t ion  of the  
m a x i m u m  rate  of rise of the  act ion potent ia l .  This reduc-  
t ion of the  inward  cu r ren t  is indica ted  by  the  decrease of 
d V / d t  dur ing  the  rise of the  act ion potent ia l ,  d isplayed 
by  the  dev ia t ion  on the  r i gh t -hand  side of the  phase  plane 
(Figure 1 and Figure 2b). The f irs t  and second m a x i m u m  
of the  phase  p lane  slope dur ing the  falling phase  of the  
act ion potent ia l ,  d i sp layed  on the  le f t -hand  side of the  
phase  plane,  are corre la ted  to the  inward  cu r r en t  in- 
ac t iva t ion  and  ou tward  cur ren t  ac t ivat ion,  respect ively.  
The corre la t ion is based upon pure ly  theore t ica l  grounds  
(W. Daun i ch t  and  M. R. Klee, personal  communica t ion) .  
This could explain w h y  bo th  drugs reduce the  first  maxi-  
m u m  of the  act ion po ten t i a l  slope, which  is cor re la ted  
to the  inward  cu r ren t  mechanism,  whereas  the  second 

max i mu m,  corre la ted to the  ou tward  cur ren t  mechanism,  
is no t  inf luenced uniformly.  

The d i f ferent  pa r ame te r s  of the  act ion po ten t i a l  
measured  a f te r  the  drug  appl ica t ion  indicate  t h a t  nor-  
cocaine interferes  to  a grea te r  e x t e n t  wi th  the  t r ans i en t  
pe rmeabi l i ty  changes  of the  m e m b r a n e  for inward  cur- 
r en t  carrying ions t h a n  cocaine does. This local anes the t ic  
effect  is d e m o n s t r a t e d  especially by  the  s ignif icant  reduc-  
t ion of the  spike ampl i tude ,  the  ra te  of spike rise and  the  
first  m a x i m u m  of the  act ion po ten t i a l  slope. In  various 
prepara t ions ,  cocaine exhibi t s  its local anes the t ic  effect  
on the  inside of the  m e m b r a n e  x0. Therefore  it can be as- 
sumed t h a t  the  compounds  have  to pene t r a t e  the  mem-  
brane  of the  A p l y s i a  neurons.  2 exp lana t ions  seem to be 
possible for the  d i f ferent  local anes the t ic  p o t e n c y  of co- 
caine and norcocaine:  1. The N - d e m e t h y l a t i o n  makes  the  
norcocaine molecule more  effect ive on its site of action,  
or 2. the  d i f ferent  pK-va lues  (cocaine p K  = 8.4, nor- 
cocaine p K  = 8.0, 25 ~ and/or  the  d i f ferent  l ipophi l ic i ty  
enables the  2 compounds  to p e n e t r a t e  the  cell m e m b r a n e  
differently.  
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