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Effects of Tetracaine  and Hexobarbi ta l  on Artificial Phosphol ip id  M e m b r a n e s  

A st r ik ing  corre la t ion has been  d e m o n s t r a t e d  be tween  
the  pharmacolog ica l  ac t iv i ty  of local anes the t ics  and  the i r  
abi l i ty  to in te rac t  w i th  m e m b r a n e  l ipids 1. Studies  w i th  
model  sys tems  2-4 have  shown t h a t  cat ionic local anes the t -  
ics (procaine and  its der ivates)  in t e rac t  mos t ly  w i th  
nega t ive ly  charged  phosphol ip ids ,  thus  suppor t ing  the  
belief t h a t  the  in te rac t ion  be tween  local anes the t ics  and 
m e m b r a n e  phosphol ip ids  is ma in ly  electrostat ic .  However  
th is  t y p e  of in te rac t ion  canno t  expla in  the  anes the t ic  
proper t ies  of e i ther  neu t ra l  or anionic molecules,  like 
alcohols ~ and barb i tura tes% Evidence  of t he  occurence 
of p r i m a r y  hyd rophob ic  in terac t ions ,  f i rs t  suggested by  
SKou ~ and  s t rongly  suppor t ed  by  SEEMANV, has recen t ly  
been p roduced  wi th  NMR-analysisS.  

The purpose  of th is  pape r  is to eva lua te  t he  e f f ec t  of 
the  surface charge on the  in te rac t ions  be tween  art if icial  
l ipid m e m b r a n e s  and  two drugs wi th  local anes the t ic  
proper t ies .  We used te t racaine ,  a typ ica l  cat ionic local 
anes the t ic  and  hexobarb i ta l ,  a ba rb i tu ra te ,  which  dis- 
sociates as an anion. Bo th  reduce and  block the  act ion 
po ten t i a l  in nerve  f ibres 9. 

Materials and methods. Reagen t s  (analyt ical  reagent  
grade) were purchased  f rom Merck (Darmstad t ) .  Na- 
hexoba rb i t a l  was purchased  f rom Rhone -Pou lenc  (Paris) 
and Tetracaine-HC1 was a gift  of Hoechs t  (Frankfur t ) .  

P h o s p h a t i d y l e t h a n o l a m i n e  (PE) and  phospha i t dy l -  
serine (PS) were separa ted  by  D E A E  co lumn chromato -  
g raphy  f rom ra t  b ra in  lipids. Their  f a t t y  acid compos i t ion  
was the  same as r epor ted  by  GALLI et  al. *~ t h a t  is b o t h  
phosphol ip ids  were found  to be r ich in f a t t y  acids w i th  
one or more  u n s a t u r a t e d  bonds  per  molecule.  The phos-  
phol ip ids  were suspended  in n -decane  (20 mg/ml) .  

Table I. Resistance of PE and PS bilayer membranes in 100 mM 
KC1 buffered solutions (intrinsic bilayer resistance, Ro) and maximum 
effect of the 2 anesthetics expressed by the ratio between the resis- 
tance produced by the drugs and R o 

PE 6.4 PS 6.4 PS 8.4 

Ro(Q" em 2) 4 • l0 s 2 • 106 2 • l0 s 

RHexob 
40.5 28.5 3.7 

R0 

RTetrac 

Ro 
2.1 6.0 10.1 

The values refer to a 0.1 mM drug concentration. 

Table If. Oil/water partition coefficients (P) was determined ac- 
cording to JANSSON et al. is. 

P pKa 

pH 6.4 pH 8.4 

8.24 0.13 0.05 Hexobarbital 
(98.6) (41.2) 

8.48 0.38 2.55 Tetracaine 
(0.8 (45.4) 

The figures in parenthesis represent the calculated percentage of the 
neutral form. 

P was determined according to JANSSON et al. is. 

The bi layers  were formed by  the  technique  of MI~ILLER 
and  RUDIN n across a 1 m m  ~ hole in a tef lon pa r t i t i on  
separa t ing  2 lucite chamber s  conta in ing  ident ical  solu- 
t ions  of 100 m M  KC1 buffered  a t  p H  6.4 wi th  5 m M  Tris- 
malea te  or a t  p H  8.4 wi th  5 m M  Tris-HC1, kep t  a t  23 ~ 
( • 1). The anes the t ics  were a lways added  in to  the  2 cell 
ha lves  before forming  the  membranes .  The electrical 
res is tance  was de t e rmined  by  app ly ing  a po ten t i a l  
difference of 30 m V  t h ro u g h  a pai r  of Ag-AgC1 electrodes 
and measur ing  the  re la t ive po ten t i a l  drop  on the  mem-  
brane  wi th  an e lect rometer .  

Results and discussion. The res is tance  of our P E  and 
PS  un t r ea t ed  m e m b r a n e s  is abou t  10 t imes  lower t h a n  
those  r epor ted  in t he  l i t e ra ture  4, ~2. This  can be expla ined  
by  the  high degree of unsa tu ra t ion  of our phospho l ip id  
fractions.  I t  is known t h a t  the  res is tance of f i lms made  
wi th  syn the t i c  sa tu ra t ed  leci thins  is a t  least  an order  of 
magn i tude  higher  t h a n  those  of leci thins  f rom na tu ra l  
sources 13. Fur the r ,  in our  exper iments ,  bi layers  made  
wi th  P E  (unsa tura t ion  index 17810) show resis tances  lower 
t h a n  bi layers  made  wi th  PS  (unsa tura t ion  index  9210). 

Tet raca ine  and  hexobarb i t a l  a t  low concen t ra t ions  (up 
to 1 mM)  increase s ignif icant ly  the  electrical  res is tance of 
a neu t ra l  b i layer  (PE at  p H  6.4) as repor ted  in Table  I. 
In  fact ,  it  has  been d e m o n s t r a t e d  ~4 t h a t  P E  at  p H  6.4 is a 
zwi t te r ion  wi th  zero net  charge. Since the  two drugs 
produce  the  same modif ica t ion  of the  bi layer  permeabi l i ty ,  
it  m a y  be argued t h a t  t h e y  in te rac t  in the  same way  wi th  
P E  membrane ,  p ro b ab l y  t h ro u g h  hyd rophob ic  in te rac t ion  
be tween  the  non-po la r  groups of the  anes the t ics  and the  
hyd roca rbon  chains  of the  phosphol ip ids .  C~RB6N s 
has  clearly shown wi th  N M R  analysis  t h a t  p a r t  of t e t ra -  
caine can pene t r a t e  be tween  the  first  ca rbon  of a neu t ra l  
bilayer.  

In  order  to  es tabl ish  w h e t h e r  the  increase of m e m b r a n e  
res is tance can be corre la ted  wi th  t he  l iposolubil i ty  
of the  drugs, we de t e rmined  the  oi l /water  pa r t i t ion  
coefficient (P) of hexobarb i t a l  and  te t raca ine .  At  bo th  
p H s  te t raca ine  has a h igher  P (Table II).  Fur the r ,  each 
drug  was more  soluble in the  oil phase  a t  the  p H  a t  which  
the  non- ionized f rac t ion  (figures in parenthes is )  prevails .  
The abi l i ty  of t he  anes the t i c  to increase t he  res is tance  is 
no t  s imply  d e p e n d e n t  on i ts  l iposolubil i ty,  since hexo-  
ba rb i t a l  produces  an increase larger t h a n  te t raca ine ,  bu t  
has  a smaller  P. Other  properkies of the  anes the t i c  
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molecule  should  be  t a k e n  in to  account ,  such  as bulkiness ,  
r ig id i ty  and  t he  ab i l i ty  to  fo rm h y d r o g e n  bonds  w i t h  t he  
p h o s p h a t e  oxygen  of t h e  phosphol ip ids .  

The  presence  of a ne t  charge  on t h e  m e m b r a n e  surface 
does no t  q u a l i t a t i v e l y  change  t he  ac t ion  of t e t r a c a i n e  and  
h e x o b a r b i t a l ,  b u t  inf luences  t he  increase  of res i s tance  
p roduced  b y  a g iven  dose of a n e s t h e t i c  (PS bi layers ,  
Tab le  I). A -158 m V  surface p o t e n t i a l  has  been  r epo r t ed  
for t he  P S  m e m b r a n e s  a t  p H  7.2 t2 a n d  can  be a s sumed  
to  be  p re sen t  a t  t he  surface of P S  b i layers  in  t he  p H  range  
of our  expe r imen t s  1~. This  nega t ive  surface p o t e n t i a l  
could mod i fy  t h e  c o n c e n t r a t i o n  of t he  anes the t i c  in  a 
region nea r  to  t h e  in terface .  H e x o b a r b i t a l ,  wh ich  disso- 
c ia tes  as a n  anion,  shou ld  be  d i lu ted  a n d  t e t r aca ine ,  
wh ich  dissociates  as a cat ion,  shou ld  be c o n c e n t r a t e d  w i th  
respec t  to  t he  b u l k  aqueous  solut ion.  I n  fact ,  h e x o b a r b i t a l  
a t  0.1 m M  increase  40 t imes  t he  res i s tance  of t he  n e u t r a l  
P E  a t  p H  6.4 a n d  on ly  28 t imes  t he  res i s t ance  of t he  
s t rong ly  charged  P S  a t  p H  6.4. T he  oppos i te  is va l id  
for  t e t r a c a i n e :  t he  more  dense  t he  sur tace  charge,  t h e  
more  effect ive t he  drug.  

I t  can  be  s t a t e d  t h a t  t he  c o n c e n t r a t i o n  of t he  d rug  in 
t h e  m e m b r a n e  phase  is d e t e r m i n e d  b y  t h e  p a r t i t i o n  coeffi- 
c ient  and  the  in te r rac ia l  concen t r a t i on .  The  l a t t e r  depends  
on t he  sign a n d  dens i ty  of t h e  surface charge  of t he  m e m -  
b r a n e  and  on  t he  sign of t he  ionized form of t he  d rugs  in 
solut ion.  B o t h  fac tors  are af fected b y  t he  d issoc ia t ion  of 
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t h e  drug. However ,  t he  effect  on  t he  p a r t i t i o n  coeff icient  
is t he  m o s t  i m p o r t a n t ,  as can  be  seen in t he  e x p e r i m e n t s  
w i t h  t e t r a c a i n e  on  t h e  P S  m e m b r a n e ,  where  t he  p H  
change  inf luences  on ly  t he  d issoc ia t ion  of t he  d rug  and  
no t  t he  surface cha rge  of the  m e m b r a n e .  T e t r a c a i n e  is 
more  ac t ive  a t  p H  8.4, w h e n  t he  p a r t i t i o n  coeff icient  is 
h igher  and  t h e  ionized f r ac t ion  is lower. 

A t  c o n c e n t r a t i o n s  nea r  1 m M ,  b o t h  drugs  caused a 
large decrease  of t he  res i s t ance  va lues  (below those  of the  
in t r ins ic  bi layers)  and  f ina l ly  (over 2-3  raM)  t he  f i lms 
t e n d e d  to  b r e a k  in to  t h e  solut ion.  The  drop  in res i s tance  
was p r o b a b l y  due  to  coarse  r e a r r a n g e m e n t  of t h e  double  
l ayer  s t ruc tu re ,  such  as local  nl icel l izat ions.  

The  molecu la r  m e c h a n i s m  b y  wh ich  the  presence  of the  
anes the t i c  in t he  b i l aye r  p roduces  an  increase  of res is tance,  
is s t i l l  no t  unde r s tood .  W e  sugges t  t h a t  t he  inse r t ion  of 
r e l a t ive ly  r igid s t ruc tu re s  l ike t he  a n e s t h e t i c  molecules  in  
t he  b i l ayer  can  reduce  t he  f lu id i ty  of the  f i rs t  c a rbons  of 
t he  f a t t y  acids. I t  is well  k n o w n  t h a t  cholesterol ,  wh ich  
decreases  t he  f lu id i ty  of ar t i f ic ia l  m e m b r a n e s  16, also 
reduces  t he i r  p e r m e a b i l i t y  ~7. Local  anes the t ics ,  wh ich  
increase  b i l aye r  r ig id i ty ,  m a y  t h e r e b y  also increase  t he  
b i l aye r  res is tance.  

Riassunto. Viene  s tud i a to  l ' e f fe t to  del la  ca r ies  e le t t r i ca  
su l l ' i n t e raz ione  t r a  f a rmac i  ad  az ione anes t e t i ca  locale e 
fosfolipidi  di m e m b r a n a .  Viene  messa  in ev idenza  la 
n a t u r a  p r i n c i p a l m e n t e  idrofobica  di q u e s t a  in teraz ione .  
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Modi f i ca t ion  of D i u r e s i s  in the  Rat  by  C h l o r p r o p a m i d e ,  G l i b e n c l a m i d e  and T o l b u t a m i d e  

Oral  hypog lycaemic  drugs  are of increas ing  i m p o r t a n c e  
in the  m a n a g e m e n t  of m a t u r i t y  onse t  d iabetes .  Some of 
these  drugs  h a v e  been  impl i ca t ed  in disorders  of w a t e r  and  
e lec t ro ly te  ba lance .  Fo r  i n s t ance  severa l  workers  h a v e  
r epo r t ed  an  an t id iu re t i c  ac t ion  of ch l o r p r opamide  in 
w a t e r  loaded  n o r m a l  subjects1,  2 w a t e r  loaded  sub jec t s  
w i t h  d iabetes ,  mel l i tus  a a n d  in p a t i e n t s  wi th  d iabe tes  
ins ip idus  ~, 2, 4-6. Severa l  m e c h a n i s m s  h a v e  been  suggested.  
One t h a t  ha s  received mos t  s u p p o r t  is t h a t  of EARLEY 7 
who sugges ted  t h a t  ch l o r p r opam i de  p o t e n t i a t e d  t he  effect 
of ADH.  Such  a m e c h a n i s m  would  be  expec ted  to resu l t  in 
h y p o n a t r a e m i a  and  se rum hypoosmola r i t y ,  s y m p t o m s  
d e m o n s t r a t e d  b y  W e i s s m a n  et  al. in  f ive d iabe t ics  
t r e a t e d  w i t h  ch lo rp ropamide .  A clinical  s u r v e y  showed 
t h a t  a b o u t  4 %  of p a t i e n t s  t r e a t e d  w i t h  ch l o r p r opamide  
developed these  s y m p t o m s .  WEISSMAN S suggested  t h a t  in 
these  4 %  the  cessa t ion  of A D H  secre t ion  in response  to 
deve lop ing  h y p o n a t r a e m i a  was incomple t e  so a l lowing 
A D H  p o t e n t i a t i o n  to con t inue  and  resu l t  in more  pro-  
n o u n c e d  s y m p t o m s .  

F u r t h e r  mechan i s t i c  i nves t iga t ions  us ing  e x p e r i m e n t a l  
a n i m a l  p r e p a r a t i o n s  h a v e  shown,  for ins tance ,  t h a t  us ing  
t he  t o a d  b l adde r  9 ch l o r p r opam i de  ha s  no  effect alone, 
p o t e n t i a t e s  smal l  A D H  levels b u t  ha s  no  such  effect  on  
large doses of ADH.  Simi lar  resul t s  h a v e  been  ob t a ined  in 
v ivo  us ing  a s t r a in  of r a t s  w i t h  genet ic  h y p o t h a l a m i c  
d iabe tes  ins ip idus  1~ T he  same  s t u d y  showed no an t i -  
d iu re t i c  effect  of c h l o r p r opam i de  in n o r m a l  r a t s  p e r h a p s  
because  these  an ima l s  c o m p e n s a t e d  for t he  increased  

effect iveness  of t h e i r  A D H  b y  reduc ing  A D H  ou tpu t .  In  
b o t h  u n t r e a t e d  ra t s  w i t h  d iabe tes  ins ip idus  a n d  n o r m a l  
r a t s  sod ium excre t ion  was s ign i f i can t ly  increased  du r ing  
ch lo rp ropamide  t r e a t m e n t  which  in t he  d iabe t i c  r a t s  led 
to  a n  increase  in ur ine  volume.  This  effect  of chlor-  
p r o p a m i d e  m a y  be  sepa ra t e  f rom a n y  effect  on  ADH.  

Gl ibenc lamide  in c o n t r a s t  to  c h l o r p r o p a m i d e  has  been  
r epo r t ed  to enhance  diuresis  in  n o r m a l  subjects ,  p a t i e n t s  
w i t h  d iabe tes  melli~us a and  those  w i t h  d iabe tes  ins ip idus  11. 
MosEs  et  al. a h a v e  sugges ted  t h a t  t h i s  effect  is due  to t he  
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