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the  cor responding  l iver (Table) 2 These resul ts  suggest  t h a t  
the  p r o m p t  degrada t ion  of polysomes  in incuba ted  l iver 
slices is the  ou tcome  of a metabol ic  release f rom the  
messenger ,  r a the r  t h a n  the  consequence  of enzymat i c  
b reakdown.  The  ac t ion  of amino  acids in t he  p rese rva t ion  
of p a r t  of the  po lysomes  can be sa t is factor i ly  expla ined  in 
th is  context .  The reason w h y  liver slices, wi th  a r ibosomal  
popu la t ion  a lmos t  ent i re ly  reduced to monosomes ,  can 
stil l  sus ta in  a good and  l inear ra te  of pro te in  syn thes i s  for a 
fairly long t ime  is no t  clear and will need fu r ther  invest i -  
gat ion.  

Riassunto. D u r a n t e  l ' incubaz ione  a 37~ i pol i r ibosomi  
delle sezioni di  legato di r a t t o  subiscono un processo di 
monomerizzazione .  I1 processo viene ra l len ta to  dalla pre-  
senza di fort i  concent raz ioni  di  aminoac id i  ed ~ inibi to dal  
t r a t t a m e n t o  con cicloheximide.  I mo n o mer i  che si fo rmano  
du ran te  l ' incubazione  in v i t ro  r i spondono  al poly-U come 
i monosomi  isolati  d i r e t t a m e n t e  dal  fegato.  Si r i t iene 
quindi  che la degradaz ione  dei pol isomi  sia il r i sul ta to  di 
un distacco metabol ico  dal  messaggero con un ra l lenta-  
mento  del  riciclo dei mo n o mer i  p iu t tos to  c h e l a  conse- 
guenza di una  azione enzimat ica .  

Polyphenylalanine synthesis by monosomes isolated from a) liver 
or b) liver slices after 30 min incubation in vitro 

Time (min) 
5 10 15 

a) Liver 429,700 666,570 790,360 
b) Liver slices 491.,150 695,200 814,680 

Results of a typical experiment: cpm/mg RNA. 
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T h e  A c t i v e  F o r m  of  L o c a l  A n e s t h e t i c  D r u g s  

Most local anes the t ics  are secondary  or t e r t i a ry  amines  
and  can therefore  exis t  e i ther  as uncharged  molecules or as 
a m m o n i u m  ions, depend ing  on the  pKa of the  molecule and  
on the  p H  of the  solution.  The ques t ion  whe the r  the  ac- 
t ive  form of the  drug  is the  cat ionic or t he  undissoc ia ted  
one received considerable  a t t en t ion ,  b u t  t he  expe r imen ta l  
resul ts  are conflicting~-~4, because of t he  va r i e ty  of me- 
thods  employed  and  of the  large n u m b e r  of p a r a m e t e r s  
which  are involved.  Therefore  the  p rob iem remains  to  be 
clarified ; we therefore  looked for a d i f ferent  expe r imen ta l  
app roach  and  carr ied out  expe r imen t s  on the  act ion of 
t e t r aca ine  on the  t r ans fe r  of ions across a model  of mem-  
brane,  a t  d i f fe rent  p H  values. 

Methods. The  th ree-phases  pa r t i t ion  model  sys tem de- 
scribed by  RosANo and  SCHULMAN 1~, 16 has  been  used be- 
cause i t  behaves  like a physiological  m e m b r a n e  as to the  
d i f fe rent  ra te  of t r ans fe r  of various inorganic cat ions  ~7-~9 
and because the  2 interfacies  are equiva len t  to  mono-  
molecular  phosphol ip id ic  layers ~5, ~6, 20. The model  sys tem 

allowed us to  s t u d y  the  faci l i ta ted diffusion of ions f rom 
one wa te r  c o m p a r t m e n t  to  t he  o ther  one, across a phos-  
phol ipidic  layer  ~1. For  th is  purpose  we ad o p t ed  a 3.5 mg/  
ml solut ion of bra in  cephal ine  (Koch and  Light,  Bucks.) 
in a diffusion blocking solvent ,  name ly  1-pentanol  + p e t r o l  
e ther  4:1. Salt  solut ions of KC1 and  MgCI~ (both • 0,17M) 
were al lowed to  exchange  aga ins t  NaC1 and CaC12 
(0,17M), which  were placed in t he  opposi te  water  com- 
p a r t m e n t .  The effect  of local anes the t ics  has  been s tudied  
by  using 3 m M  te t raca ine  in b o t h  wa te r  co mp a r t men t s .  
The p H  value has been set  a t  5.0-7.3-9.3 wi th  0 .01M pi- 
peraz ine  buffer  ; in these  condi t ions ,  t e t raca ine  is dissociat-  
ed > 9 9 % - 9 0 % - 1 0 % ,  respect ive ly .  

The ion concen t ra t ion  has been  measured  at  d i f ferent  
t ime in terva ls  by  a tomic  absorp t ion  (Atomspec,  Hilger 
and Wat t s ) .  The Figures  are t he  average of 4 to  6 deter-  
minat ions .  

Results. In  the  above -men t ioned  exper imenta l  condi-  
t ions, a negligible passage of ions occurs by  simple diffu- 
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Fig. 1. Effect of cephaline (3,5 mg/ml) on the 
passage of Na +, K +, Ca ++ , Mg ++ accross 
pentanol-petrol ether 4:1. Water solutions: 
pH 5,0. 
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sion. In  con t ras t  to  th is  (Figure 1) the  addi t ion  of cepha-  
line to  the  di f fus ion-blocking so lvent  sys tem brings abou t  
a s t rong increase in the  ra te  of t r ans fe r  of the  4 t e s t ed  ca- 
t ions  ; hence  i t  can be a s sumed  t h a t  b ra in  cephal ine is able 
to ac t  as carr ier  for m o n o v a l e n t  and  d iva len t  cat ions  and  
t h a t  the  expe r imen ta l  cell works  as a faci l i ta ted diffusion 
model  sys tem.  

As i l lus t ra ted  in Figure  1, t r ans fe r  of N a ,  K, Mg, Ca 
takes  place a t  a ra te  inverse ly  p ropor t iona l  to  the i r  b ind-  
ing af f in i ty  for phosphol ip ids  ~2. Al though  the  ra te  of t rans-  
fer is no t  t he  same for the  t e s t ed  ions, it  seems possible to  
assume t h a t  phosphol ip ids  can ac t  as unspecific carr iers  
for d i f ferent  cat ions.  This  v iew is suppor t ed  also by  the  
expe r imen t s  of FRAZIER 113'14 showing t h a t  a c o m m o n  
mechan i sm is responsible  for the  passage of K+ and of 
Na+, since b o t h  ions are blocked by  anesthet ics .  By  in- 
creasing the  p H  value, the  dissocia t ion of the  acidic groups 
of the  phosphol ip ids  and  the  ra te  of ion t r a n s p o r t  increase 
too (Figure 2), according to  the  view of several  au thors  
t h a t  phosphol ip ids  could ac t  as ion exchangers  w i th  the i r  
phospha t id i c  groups.  

Along the  same lines, it  is possible  to consider  also the  
mode  of ac t ion of t he  local anes the t ic  drugs. The act ion of 
t e t raca ine  has  been  t e s t ed  at  p H  5.0-7.3-9.3;  as the  pK~ 
value of the  drug  is 8.3, a t  th i s  p H  values  te t raca ine  is 
dissociated > 99%-90  % - 1 0  %, respec t ive ly :  in th is  way  it 
is possible to  s tudy  the  re la t ionship  exis t ing be tween  
dissociat ion of the  molecule and  inhib i t ing  effect  on the  
exchange  of ions. 

Te t raca ine  inh ib i t s  the  t r ans fe r  of the  4 t e s t ed  ions 
a p p r o x i m a t e l y  to  the  same e x t e n t ;  as shown in Figure  2, 
the  inh ib i t ing  act ion a t t a ins  t he  max ima l  level a t  an ac- 
idic p H  value, i.e. when  the  drug  is more  dissociated;  by  
lowering the  dissociat ion of t he  molecule, as by  p H  7.3, 
also the  act ion of t e t r aca ine  becomes  less p ronounced  
(50% inhib i t ion  of ion t r anspor t ,  ins tead of 60% inhibi-  
t ion,  as observed by  p H  5.0). The effect  is a lmost  absen t  
when  the  p H  of t he  solut ion is alkaline. Since under  t he  
last  condi t ion  no p rec ip i t a t ion  of t e t r aca ine  occurs, only a 
difference in the  degree of dissocia t ion can be responsible  
for t he  lack of ac t iv i ty  ; hence,  it  seems to be reasonable  to  
assume t h a t  t e t r aca ine  is able to inh ib i t  the  t r ans fe r  of 
ions across a phosphol ip id ic  layer  only when  the  molecule 
is p resen t  in a cat ionic form. As it is known t h a t  the  nerve  
t r ansmiss ion  is d e p e n d e n t  on the  passage  of ions across t he  
membrane ,  it  is possible to specula te  t h a t  the  act ion of 
t e t raca ine  on the  mode l - sys t em is s imilar  to t h a t  on the  
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Fig. 2. Effect of Tetracaine on the transport of K+, Na +, Ca++ and 
Mg ++ at different pH values. 100% values are (in inmol/h) : pH 5 = 
Na 0.58, K 0.49, Mg 0.28, Ca 0.10; pH 7.3 = Na 0.84, K 0.66, Mg0.35, 
Ca0.14;.pH 9.3 = Na 0.91, K 0.80. 

nerve  t ransmiss ion ,  name ly  t h a t  local anes the t ic  drugs act  
as ca t ions  and no t  as undissoc ia ted  molecules.  

Ear l ier  expe r imen t s  1-4 showing t h a t  local anes the t ics  
are more  act ive w h e n  suppl ied  in alkaline t h a n  in neu t ra l  
or acidic solut ion could be readi ly  expla ined  on the  as- 
s u m p t i o n  t h a t  t he  undissoc ia ted  base is i m p o r t a n t  for 
pene t r a t i on  of t he  drug  in to  the  nerves.  

F inal ly  our expe r imen t s  conf i rm the  view t h a t  phospho-  
l i p i d s  can carry  ca t ions  by  act ing as ion exchangers ,  al- 
t h o u g h  the  model  used allows us to s tudy  only  the  t r a n s p o r t  
of ions by  faci l i ta ted diffusion. Tet raca ine  could inhibi t  th is  
process  by  b inding  i tself  in the  cat ionic form to  the  acidic 
groups of the  phosphol ip ids ,  wi th  a h igher  b ind ing  aff in i ty  
t h a n  inorganic  monova l en t  and d iva len t  cat ions.  

Riassunto. I1 p rob lema  della forma a t t i v a  degli anes te-  
t ici  locali 6 s ta to  s tud ia to  d e t e r m i n a n d o  l ' e f fe t to  delia 
t e t r aca ina  sul t r a spo r to  di  Na, K, Ca, Mg in un model lo  di 
membrana .  Poich6 l 'azione de l l ' anes te t ico  6 mass ima  a 
p H  acido, 6 probabi le  che il fa rmaco agisca in fo rma  ca- 
t ionica.  

F. PlCClNINI, A. CHIARRA and  F. VILLANI 

Cattedra di Saggi e Dosaggi 
Farmacologici dell' Universitd L 
Via Taramelli 74, 1-27100 Pavia  ( I taly) ,  and 
Istituto di Farmacologia dell' Universith, 
Via Vanvitelli 32, 1-20129 Milano (Italy), 
3 June  1971. 

i J. W. TREVAN and E. BOOCK, Br. J. Pharmac. 8, 307 (1927). 
2 j.  C. SKOU, Pharmac. tox. Acta 70, 281 (1954). 
3 j .  C. SKOU, J, Pharmae. 73, 204 (1961). 
4 j .  RUD, Acta physiol, scand. 57, suppl. 178, (1961). 
5 C. P. BIANCHI and T. C. BOLTON, J. Pharmac. exp. Ther. 757, 388 

(1967). 
o C. P. BIANCm and G. E. STROBEL, Trans. N.Y. Acad. Sci. 30, 1082 

(1968). 
T j .  iV[. RITCmE and P. GREENGARD, J. Pharmac. exp. Ther. 133, 241 

(1961). 
8 j .  M. RITCHIE, B. RITCmE and P. GREENGARD, J. Pharmac. exp. 

Ther. 150, 160 (1965). 
9 j .  M. RITCmE and P. GREENGARD, Ann. Rev. Pharmacol. 6, 405 

(1966). 
10 W. D. WILCOX and F. FUcHS, Biochim. biophys. Aeta. 180, 210 

(1969). 
11 T. NARAHASI-II, D. T. FRAZIER and M. YAMADA, J. Pharmac. exp. 

Ther. 171, 32 (1970). 
12 D. T. FRAZIER, T. NARAHASHI and M. rAMADA, J .  Pharmac. exp. 

Ther. 171, 45 (1970). 
13 D. T. FRAZIER, Expl. Neur. 20, 245 (1968). 
14 D. T. FRAZIER, T. NARAHASHI and J. W. MOORE, Science q63, 820 

(1969). 
15 H. L. ROSANO, P. DUBY and J. A. SCHULMAN, J. phys. Chem. 65, 

1704 (1961). 
is H. L. ROSANO, J. H. SCHULMAN and J. B. WEISBUCH, Ann. N.Y. 

Acad. Sci. 92, 457 (1960). 
17 j.  H. SCHUL~tAN and H. L. ROSANO, Retardation o/ Evaporation by 

Monolayers (Acad. Press. Inc. ,New York 1962). 
18 j .  I-I. SCHULMAN, Ann. N.Y. Acad. Sci. 137, 860 (1966). 
19 F. VILLANI, A. CHIARRA, D. PELUCCHETTI and F. PICCININI: Atti 

Accad. med. lomb. 2d, 71 (1969). 
20 A. EYDT, H. L. ROSANO and J. H. SCHULMAN, IVth Int. Conf. on 

Surface Chemistry, Brussels 1964. 
~1 A .  CHIARRA, V. PICCININI and F. VILLANI: Naunyn-Schmiede- 

bergs Arch. Pharmak. 269, 421 (1971). 
Italian and German Society of Pharmacology, Heidelberg 1970. 

22 F. PICCININI, F. VILLANI and A. CHIARRA, Atti Accad. reed. lomb. 
24, 80 (1969). 


