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Summary. Increas ing concent ra t ions  of ha lo thane  were shown to sequent ia l ly  inhibi t  d i rec ted  (chemotactic)  and  
r andom  m o v e m e n t  of h u m a n  per iphera l  blood neutrophi ls .  No influence on neu t roph i l  m o v e m e n t  was a p p a r e n t  a t  
clinically i m p o r t a n t  concentra t ions ,  ha lo thane  m a y  effect  neu t rophi l  mic ro tubu le  and ac tomyos in  microf i lament  
sys tems.  

The exact  mechan i sm by  which neut rophi l s  and o ther  
phagocy tes  move about  remains  incomple te ly  under-  
stood. However ,  increasing evidence bo th  u l t r a s t ruc tu ra l  
and biochemical  suggests  t h a t  a class of organelles, the  
micro tubules  m a y  be i m p o r t a n t  for the  mobi l i ty  of 
phagocy tes  a-5. These tubu la r  s t ructures ,  abou t  25 n m  
in d iamete r  and  5 nm in wall thickness ,  are h igh molecular  
weight  p ro te in  po lymers  which can exist  in dynamic  
equi l ibr ium wi th  subuni ts  of the i r  cons t i t uen t  protein ,  
tubul in  ~. P r o m i n e n t  in the  per iphera l  cy top la sm of 
phagocy tes  are o ther  s t ruc tures  composed  of fine fila- 
ments ,  4-7 n m  in diameter ,  wi th  contrac t i le  and bio- 
chemical  proper t ies  of ac tomyosin  sys tems  7-1~ I t  has  
been pos tu la ted  t h a t  general  or r a n d o m  locomot ion  is 
p rov ided  by  the  ac tomyos in  contrac t i le  sys tem and  t h a t  
order ly  d i rec ted  m o v e m e n t  (chemotaxis)  depends  on 
micro tubule  funct ion p robab ly  in coord ina t ion  wi th  acto- 
myosin  f i laments  4,8,~~ A var ie ty  of chemical  agents  
including colchicine 12, ~a, vincr is t ine  14 and  griseofulvin 15 
can impede  neu t roph i l  chemotax i s  p r e s u m a b l y  by  inter-  
fering wi th  micro tubule  assembly.  In  the  case of colchi- 
cine, and p robab ly  the vinca alkaloids, in ter ference  results  
f rom drug b ind ing  wi th  tubul in  subuni t s  and a consequen t  
shif t  in the  equi l ibr ium be tween  tubul in  monomers  and 
funct ional  micro tubule  po lymer  ~, 6, 1~ 
I t  has  recent ly  been d e m o n s t r a t e d  t h a t  ha lo thane  is 
capable  of revers ib ly  dispersing micro tubules  in heliozoon 
organisms lT,,8 and immobil iz ing h u m a n  lymphocy te s  19. 
In spi te  of the  a p p a r e n t  effects of ha lo thane  on the  micro- 
tubule  sys tems  of a var ie ty  of cell types ,  no inf luence on 
the phagocyt ic  proper t ies  of h u m a n  neut rophi l s  has  been 
observed 2~ This  is not  unexpec ted  since phagocytos i s  
appears  to depend  pr imar i ly  on a funct ioning  ac tomyos in  
microf i lament  sys tem and is i n d e p e n d e n t  of micro tubule  
funct ion 4. The observed effects of ha lo thane  on micro- 
tubule  fo rmat ion  suggested t h a t  neut rophi l  movemen t ,  
especially d i rec ted  (chemotactic) ,  could be modif ied by  
exposure  to ha lo thane .  
Uti l izing a Boyden  chamber  me thod  21, 2-~ the  effects of 
various concen t ra t ions  of ha lo thane  on r a n d o m  and 
di rec ted  m o v e m e n t  of h u m a n  po lymorphonuc lea r  leuko- 
cytes  were s tudied.  Per iphera l  neu t rophi l s  were ha rves t ed  
f rom hea l thy  adul t  donors  by  dex t r an  sed imen ta t ion  and 
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cen t r i fuga t ion  and resuspended  in TC Medium 199 
(Gibco). The cell suspensions  were s t andard ized  to 5 • 10 ~ 
lenkocytes  per  chamber .  The lower c o m p a r t m e n t  con- 
ta ined  ei ther  TC Medium 199 - 10% pooled h u m a n  serum 
(for m e a s u r e m e n t  of r a n d o m  movement )  or TC Medium 
199 - 10% h u m a n  serum wi th  2 mg/ml  case inate  as a 
chemotax in .  A single fi l ter  t echnique  wi th  a 5 ~xm Sar- 
torius filter was used. Chemotax is  chamber s  were sealed 
in conta iners  t h rough  which  ei ther  air or ha lo thane-a i r  
mix tu res  were passed at  ident ical  flow rates.  All experi-  
men ts  were conduc ted  at  37~ wi th  an incuba t ion  of 
2.5 h. P re l iminary  expe r imen t s  indica ted  t h a t  comple te  
equi l ibra t ion of ha lo thane  wi th  cell suspensions  was ac- 
compl ished in less t han  10 rain. Fi l ters  were processed 
for microscopy  and neut rophi l s  on the  b o t t o m  surface of 
each filter were counted  in 5 r an d o m high power  ( • 400) 
fields. The resul t  of each exper imenta l  condi t ion  was the  
average of three  chambers .  The effect  of ha lo thane  on 
ei ther  r a n d o m  or d i rec ted  m o v e m e n t  was expressed  as a 
percen tage  of the  appropr i a t e  air control .  No a t t e m p t  
was made  to examine  possible revers ibi l i ty  of ha lo thane  
effect. 
E x c e p t  a t  ex t r eme ly  high concen t ra t ions  ( > 20%), halo- 
thane  did no t  appear  to effect  r an d o m neu t roph i l  move-  
ment .  However, direc ted  movemel l t  was s ignif icant ly  
impaired in the  presence  of 10% ha lo thane  (p < 0.01, 
S t u d e n t ' s  t - tes t ) .  At  lower concen t ra t ions  there  was no 
effect  on e i ther  r a n d o m  or d i rec ted  movemen t .  
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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. 


