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and  lysille, whereas  in t he  Fact hyd ro ly sa t e  we found  
lysine, asparaginic  acid, glycine, serine, g lu tamic  acid, 
th reonine ,  alanine,  pheny la lamine ,  leucine and  isoleucine, 
t r y p t o p h a n ,  me th ion ine  and  valine.  The p ro t e in  na tu re  
of the  fac tors  is also conf i rmed by  the i r  ex t r eme ly  h igh  
labi l i ty :  even  a t  4 ~ t h e y  lose mos t  of the i r  ac t iv i ty  ill 
several  h ;  these  fac tors  were t h e n  incuba ted  a t  60 ~ for 
1 h, consequen t ly  the i r  biological ac t iv i ty  d i sappeared  
comple te ly  in each case (figure 1 shows t h a t  ca ta lase  ac- 
t i v i t y  a f t e r  admin i s t r a t i on  of Finh sub jec ted  to  h e a t  in- 
ac t iva t ion  prac t ica l ly  coincides wi th  cont ro l  curve  1). 
I t  can  been  seen t h a t  the  catalase  ac t iv i ty  was fal l ing 

af ter  t r e a t m e n t  of Finh wi th  t ryps in ,  too (figure 1, curve 
4). Moreover,  the  dens i t og raph  of the  inhib i t ing  fac tor  
changed,  too (figure 2C). In  all p robabi l i ty ,  it  is caused by  
the  des t ruc t ion  of the  fac tor  by  t ryps in .  These da t a  seem 
to es tabl ish  the  des t ruc t ive  effect  of t ryps in  on F i ~ ,  which  
shows, in tu rn ,  t he  p ro te in  n a t u r e  of the  la t ter .  The h igh  
concen t r a t ion  of the  SH-groups  per  g p ro te in  is also 
w o r t h y  of no te  (table). 
Thus,  the  subs tances  isolated f rom r a t  l iver cell cy top la sm 
are p ro te ins  and  are biologically act ive  prepara t ions ,  
which  e i ther  s t imula te  or suppress  the  ra te  of cata lase  
syn thes i s  in liver. 
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Summary. Local  anes the t ics  v a r y  in inh ib i t ion  of glucose t r a n s p o r t  in h u m a n  e ry th rocy t e s  a t  d i f ferent  pH-va lues  in 
t he  incuba t ion  media .  

Diverse  biological  reac t ions  are inf luenced by  local 
anesthet ics3-4;  a m o n g  such processes,  the  glucose 
t r a n s p o r t  in h u m a n  e ry th rocy t e s  is inh ib i ted  by  d i f ferent  
kinetics,  depend ing  on the  local anes the t ics  appl ied  5. The 
molecular  m e c h a n i s m  of the i r  ac t ion is n o t  ye t  clarif ied;  
ne i the r  it  is known  w h e t h e r  local anes the t ics  are effect ive  
ill t he  charged  or uncha rged  form 3, 6. Ill th i s  s tudy,  t he  
inf luence of p H  (i.e. of the  re la t ion be tween  the  charged  
and  the  uncha rged  form) on the  inh ib i t ion  of the  glucose 
t r a n s p o r t  by  local anes the t ics  is inves t iga ted .  
Material and methods. H u m a n  blood was col lected ill ACD 
solut ion (11 g sod ium-c i t ra te ,  35 g glucose, 4 g citric acid 
w i th  aqua  bidest ,  ad 1000 ml). The e ry th rocy t e s  were 
p re loaded  b y  4 washings  wi th  isotonic NaC1 solution,  
con ta in ing  200 mM glucose. The fu r the r  p re incuba t ion  
of t he  cells is descr ibed  ill the  var ious  expe r imen t s :  
150 al of these  p re loaded  cells were incuba ted  for 5 sec a t  
20~ in 10 ml  p h o s p h a t - b u f f e r  of the  desi red p H  wi th  
0.038 mM C14-glucose and  local anes the t ics  of the  con- 
cen t ra t ions  as ind ica ted  in figure 1. The fu r the r  p rocedure  
used for t he  incuba t ion  and  the  analy t ica l  m e t h o d s  were 
descr ibed in previous  papers  ~, 3. The inh ib i t ion  cons t an t s  
were ca lcula ted  f rom the  equa t ion :  

Kf [I] (under the condition [S] ~ K,~) ~, 
v~ 1 
VI 

where v 0 = velocity of the non-inhibited glucose uptake 
v~ = velocity of the inhibited glucose uptake 
IS] = glucose concentration in the medium 
[I] = concentration of the localanesthetic 
Km ~ Michaelis constartt of the carrier-glucose complex 

The re la t ive  inhib i t ion  'i '  in pe rcen t  was ca lcula ted  f rom 

(v,) i= (1-~0 100. 

The de r iva t ion  of the  parab les  was carr ied ou t  b y  a 
graphic  m e t h o d  using a mi r ror  ruler 10. 
Results and discussion. As descr ibed previously,  re la t ive  
inhiMtion  of glucose t r a n s p o r t  by  local anes the t ics  a t  
p H  4 was smal ler  compared  wi th  t h a t  found  at  h igher  
pH-va lues  5. Ineff ic iency of the  charged  forms,  increasing 
wi th  the  decrease of pH-va lue ,  migh t  be due to  the i r  
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Fig. 1. The logarithmic dependence of the dissociation coustants(Kl) 
of the local anesthetics on the pH. Erythrocytes were preloaded with 
200 mM glucose and incubated for 5 see at 20 ~ in phosphat-buffer 
at pH 7.9, containing Cl*-glucose and the local anesthetics in the in- 
dicated concentrations. 7 0.5 mM brufacaine, 2 15 mM mepivaeaine, 
3 12 mM procaine, 4 8 mM lidocaine, 5 6 mM hostaeaine, 6 4.5 mM 
ultracaine, 7 1.5 mM tetracaine, 8 3 mM baycaine, 9 1.6 mM buta- 
caine, 70 1.2 mM oxybuprocaine, 77 0.35 mM dibucaine. (The con- 
centrations used are the same as in our previous paperS.) 
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Tables la  and b. Glucose uptake in preincubated erythroeytes with 
or without phosphat-buffer in the presence or in the absence of 
localanaesthetics in a medium-containing procaine, tetraeaine and 
lidoeaine at pH 7.5 (a) and at pH 5.5 (b) 

Table la  

Medium at Glucose uptake Relative** 
pH 7.5 with ~[xmoles �9 1 0 s ~  inhibition 

lml ery.  sec ] (%) 

grythrocytes* 0 36.0 - 
preincubated Procaine 20.6 43 
with NaCl/glue. Tetracaine 23.0 36 

Lidoeaine 21.1 42 

Erythroeytes* 0 36.0 - 
preineubated Procaine 21.0 42 
with NaCI/gluc. 
containing 
procaine 

Erythrocytes* 0 36.0 
preineubated Tetracaine 22.4 36 
with NaC1/gluc. 
containing 
tetraeaine 

Erythrocytes* 0 35.4 
preincubated Lidocaine i9.6 45 
with NaCl]glue. 
containing 
lidocaine 

s l owe r  p e n e t r a t i o n  i n to  t h e  m e m b r a n e .  W e  w a n t e d  to  
f ind  o u t  w h e t h e r  or  n o t  t h i s  a s s u m p t i o n  w a s  t rue .  F o r  
t h i s  r ea son ,  we  p r e i n c u b a t e d  e r y t h r o c y t e s  in 0 .9% NaC1 
or  a t  p H  5.5 fo r  30 m i n  w i t h  t h e  r e s p e c t i v e  local  a n e s t h e t -  
ics ( r e p r e s e n t i n g  a m e m b e r  of  3 d i f f e ren t  t y p e s  of  inh ib i -  
t ionS).  Glucose  u p t a k e  w a s  m e a s u r e d  a t  p H  5.5 o r  7.5 
d u r i n g  i n c u b a t i o n  of 5 sec in a m e d i u m  w h i c h  a l so  con-  
t a i n e d  t h e  c o r r e s p o n d i n g  local  a n e s t h e t i c s .  I n  t a b l e s  l a  
a n d  l b ,  i t  is seen  t h a t  a t  p H  5.5 t h e  n o n - i n h i b i t e d  g lucose  
u p t a k e  in e r y t h r o c y t e s ,  n o t  p r e i n c u b a t e d  w i t h  local  
a n e s t h e t i c s ,  is m u c h  sma l l e r  ( a b o u t  40%)  t h a n  a t  p H  7.5. 
T h i s  is in  a c c o r d a n c e  w i t h  o u r  p r e v i o u s  r e s u l t s L  F u r t h e r -  
more ,  t h e  r e l a t i ve  i n h i b i t i o n  of  g lucose  u p t a k e  a t  pt-I 7.5 
is o n l y  d e p e n d e n t  on  t h e  p r e s e n c e  of t h e  local  a n e s t h e t i c  
in t h e  m e d i u m ,  b u t  n o t  f r o m  t h e  p r e i n c u b a t i o n  of t h e  
e r y t h r o c y t e s  w i t h  local  a n e s t h e t i c s  be fo re  t h e  m a i n  
i n c u b a t i o n  ( table  l a ) .  T h e  r e s u l t s  a t  p H  5.5 a re  s im i l a r ;  
he re  t h e  p r e i n c u b a t i o n  w i t h  p r o c a i n e  leads  to  a s m a l l  
i nh ib i t i on ,  in  c o m p a r i s o n  w i t h  t h e  e r y t h r o e y t e s  n o t  
p r e i n c u b a t e d  w i t h  p roca ine .  T e t r a c a i n e  in t h e  m e d i u m  
r e su l t s  in  a s m a l l  a c t i v a t i o n  of t h e  g lucose  u p t a k e ,  in  
c o m p a r i s o n  w i t h  t h e  i n c u b a t i o n  w i t h o u t  t e t r a c a i n e  in 
t h e  m e d i u m .  

Table 2. Parameters of the parables, representing the relation be- 
tween log Ki and pH and the quotient of the uncharged to the charged 
form of local anesthetics in the vertex 

Local a -b  c pH of the L*___~* 
anesthetic* vertex L + 

Table lb 

Medium at Glucose uptake Relative** 
pH 5.5 with /[xmoles-10s~ inhibition 

\nll ery - sec ] (%) 

Erythrocytes* 0 21.1 - 
preincubated Procaine 21.6 0 
with phosphat- Tetracaine 24.0 0'** 
buffer/glue. Lidocaine 20.4 0 
at pH 5.5 

Erythroeytes* 0 18.6 - 
preincubated Procaine 19.6 0 
with phosphat- 
buffer/glue. 
at pH 5.5, con- 
taining procaine 

Erythrocytes* 0 20.3 - 
preincubated Tetracaine 23.6 0 * * * 
with phosphat- 
buffer]gluc. 
at pH 5.5, con- 
taining tetracaine 

Erythroeytes* 0 20.6 - 
preincubated Lidocaine 20.6 0 
with phosphat- 
buffer/glue. 
at pH 5.5, eoI1- 
taining lidocaine 

*Erythrocytes were preloaded with 200 mM glucose in 0.9% NaC1 
(see 'material and methods'). **Relative inhibition = i (see 'material 
and methods'). ***This actually was an activation of about 15%. 
The concentration of procaine was 12 mM, of tetracaine 1.5 mM and 
of lidoeaine 8 raM. 

/3rufacaine 0.08 1.8 10.5 11.2 - 
Procaine 0.17 3.5 17.5 10.0 138 
Lidocaine 0.20 3.8 18.0 9.4 219 
Hostacaine 0.25 4.7 21.5 9.2 98 
Mepivacaine 0.28 4.9 22.1 8.7 30 
Ultracaine 0.32 5.5 23.9 8.6 - 
Bayeaine 0.34 5.9 25.9 8.7 - 
Oxybuprocaine 0.39 6.8 29.4 8.8 9 
Butaeaine 0.42 7.4 32.0 8.8 4 
Dibucaine 0.44 7.4 31.0 8.4 2 
Tetracaine 0.46 8.3 36.6 8.9 26 

*Formulas see Lacko et al.K **L = local anesthetic uncharged; 
L + = local anesthetic charged. 
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Fig. 2. Straight lines obtained by derivation of some parables from 
figure 1. O, Dibucaine, •  ultraeaine, m, tetraeaine, l ,  lidocaine, 
0, procaine. The intersection of the straight lines with the abscissa 
was calculated. 
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Summariz ing,  these da ta  indicate  t h a t  only  the  p H  and 
the  presence of the  local anesthet ics  in the  med ium of the  
main  incuba t ion  p lay  a role for the  glucose t ranspor t  and 
no t  the  pre incubat ion  of t i le erythrocytes .  Therefore,  
e ry th rocy tes  no t  p re incuba ted  wi th  local anesthet ics  
were used in our  fur ther  invest igat ions .  
We t h e n  s tudied the af f in i ty  of the  local anesthet ics  to 
the  t ranspor t  sys tem of glycose at  the  pH- range  be tween  
7 and 9. The dissociat ion constants  (K~) a t  p H  7, 7.5, 8, 
8.5 and 9 were de te rmined  and the  log Ki  were p lo t t ed  
against  the  pH-va lues  (figure 1). The der ivat ions  of the  
obta ined  curves dlog K i / d p H  against  p H  yield s t ra igh t  
lines (some of t h e m  shown in figure 2), which is evidence 
t h a t  the  re la t ion be tween  log K~ and p H  is in accordance 
wi th  a quadra t i c  funct ion;  i ts graphic  presenta t ion  is a 
parable.  
F r o m  the  equa t ion  of the  der ived parables:  d y / d x  = 
2ax + b  and the  parables  ax  2 + b x  + c  = y  (where 
x = the  p H  of the  med ium and y = the  corresponding 
log Ki) we calcula ted the  paramete rs  a, b and e and the  
ve r t ex  (this is the  pH-va lue  where log K~ is min imum,  
table  2). 
One will  find t h a t  the  increase of the  pa rame te r  'a '  also 
results  in an increase of ' - - b '  and 'c ' .  This  roughly  
agrees wi th  a gradual  decrease of the  p H  of the  ver tex .  

The  smaller  is 'a ' ,  i.e. the  smaller  the  slope of dy /dx  (the 
smaller  the  influence of the  p H  of the  med ium on log Ki), 
the  higher  are the  pH-va lues  of the  ver tex  (table 2); i t  
thus  indicates  those  pH-va lues  where the  aff ini ty  of the  
local anesthet ics  to the  t r anspor t  sys tem becomes 
maximal ,  and a t  fur ther  increase of the  pI-I begins to  
decrease. 
According to the  equa t ion  p H  = p K  + log L/L+, we 
calculated the  relat ion of the  uncharged (L) and the  
charged (L +) form of the  local anesthet ics  in the  ver tex .  
(The pK-va lues  of some local anesthet ics  are communi -  
ca ted  in the  l i te ra ture  17). I n  table  2, i t  can be found t h a t  
the  re la t ion of the  2 forms varies  in individual  local 
anesthetics.  This  implies t h a t  the  largest  effect of the  
local anesthet ics  on the glucose t ranspor t  in e ry th rocy tes  
is dependen t  on a specific re la t ion of the  uncharged to 
the  charged form of each local anesthet ic .  This  also migh t  
be considered an indicat ion to the  ques t ion  of which of 
bo th  forms of the  local anesthet ics  are effect ive in o ther  
biological  processes. 

11 J. Btichi and X. Perlia, in: Local Anesthetics I, International 
Encyclopedia of Pharmacology and Therapeutics, p. 39. Per- 
gamon Press 1971. 
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Summary. F r o m  4 serum aminopept idases  (2 of p regnan t  and 2 of nonpregnan t  women ' s  sera), the  placental  lysosomal  
(tool. wt  320,000) splits Lys -NAp only. B-Cys-NAp is hydrolyzed  f rom the  bo th  p lacenta l  enzymes,  i.e. lysosomal and 
microsomal  (mol. wt  145.000) AP. Ala -NAp is spli t  by  bo th  nonpregnan t  serum A P  more  readi ly  than  Leu-NAp! 

Aminopepf idase  (AID), p resent  in women ' s  se rum and 
hydrolyz ing  L-leucine-f l -naphtylamide,  L-leucine-p-ni-  
t ranil ide,  L-cyst ine-di - / / -naphtylamide or S-benzyl-L- 
cysteine-p-ni t rani l ide,  rises dur ing pregnancy.  I ts  level  in 
the  serum m a y  be used as cr i ter ion for the  func t ion  of 
placenta .  This  p lacenta l  A P  was separa ted  f rom A P  
which is present  in nonpregnant women ' s  serum ~. 2 pla-  
centa l  isoenzymes (CAP 1 and CAP~) were found in the  
serum ~, a. Mizutani  et  al. 4 d i f ferent ia ted  the  p lacenta l  A P  
f rom the  nonplacenta l  one on the  basis of resistence to L-  
meth ionine- inhib i t ion  and sens i t iv i ty  to heat .  We  com- 
pared  the  hydrolysis  of some substra tes  which were der ived 
f rom L-amino  acid-p-nitranil ides,  using the  normal  and 
pregnan t  women ' s  serum, NaCl-e luate  f rom placenta  and 
2 fract ions of the  p regnan t  serum f rom Sephadex G-200 
column.  
W h e n  obtained,  the  serum and p lacenta  samples were im- 
media te ly  frozen unt i l  used. The  aryl -amidase  ac t iv i ty  
was followed as ' reac t ion  r a t e '  using p-ni t rani l ides  of 
L-leucine (Leu-NAp),  L-lysine (Lys-NAp).  L-a lanine  
(Ala-NAp),  S-benzyl-L-cyste ine  (B-Cys-NAp) and L- 
phenyla lan ine  (Phe-NAp) as substrates.  The free p-  
ni t rani l ine was measured  a t  405 nm (Vitatron) and the  
uni ts  were calculated in the  usual  manner .  Compar ing 
some arylamidases  ac t i v i t y  in the  p regnan t  and non- 
p regnan t  serum and in placenta ,  we followed the  possi- 
b i l i ty  of de termining  the  p lacenta l  A P  di rec t ly  by  means  

of a sui table  subs t ra te  and to different ia te  the p lacenta l  
A P  from the  nonplacenta l  one. The  unpropor t ional  hydro-  
lysis of Leu-, Ala-, Lys- and B-Cys-p-nitranil ides by  preg-  
nan t  and normal  serum indica ted  t h a t  more than  one A P  
split  these substrates,  as repor ted  by  some authors  for 
L- leucyl- f i -naphthylamide  as substra te  2-~. 
In  the  serum or nonpregnan t  women,  we failed to f ind (in 
our condit ions of 25 ~ min  0.1 ml  serum p H  7.2) any  
ac t iv i ty  spl i t t ing Lys-NAp.  At  the  beginning of pregnancy,  
Lys-ary lamidase  appears  in the  serum, and when the  pla- 
centa  is formed, the  ac t iv i ty  increase up to m a x i m u m  
values (figure 1). This L y s - A P  ac t iv i ty  is inac t iva ted  by  
hea t ing  and is prac t ica l ly  insensi t ive  to L-meth ion ine  in- 
hibit ion.  By  molecular  sieving on Sephadex G-200 col- 
umn,  i t  d isplayed a single peak  in the  high molecular  frac- 
t ion (figure 2). The  o p t i m u m  p H  in the  phosphate  buffers 
was found to be 7.2, the  ac t iv i ty  is complete ly  inhibi ted 
by  1.10 phenant ro l ine  (0.01 M); an addi t ion  of CoCI~ (in 
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