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EFFECT OF CHOLINOLYTIC AND ADRENOBLOCKING 

AGENTS ON RESISTANCE OF RAT ERYTHROCYTES 

T O  H Y P O O S M O T I C  H E M O L Y S I S  

A.  N.  P e t r o v  UDC 612.111.32:612.118.221.3] 
.014.46:615.217.24 

The effect  of cen t ra l  cholinolytics and adrenoblockers  on hemolys is  of r a t  e ry th rocy te s  in hypo- 
osmotic  buffer was studied in vitro.  At pH 7.4 and in a concentrat ion of 10 -4 M, hemolys is  was 
prevented to the g rea tes t  degree  by the cent ra l  nicotinic (n) cholinolytics ethyldiphacil,  dipha- 
ci l  1), pediphen 2), t ropacin 3), and the f l -adrenoblocker  propranolol .  E ry th rocy tes  were protected 
against hemolys is  to a l e s se r  degree  by the cen t ra l  muscar in ic  (m) cholinolytics amizi l  4) and 
glypin 5) and the a - ad renob locke r s  pyr roxan  ~), sympatholytin 7), and phentolamine. The anti-  
hemolyt ic  effect  of the drugs reached  a maximum in the course  of 30 min and continued for  
severa l  hours .  A lower level  of ionization of the drugs containing a t e r t i a ry  nitrogen atom i n  
their  molecule  was shown to cor respond to g rea te r  protect ion of the e ry th rocy te s  against hemo-  
lysis .  The prevention ofhypoosmot ic  hemolysis  is evidence of stabil ization of the e ry th rocy te  
membrane  by the substances studied. The possibil i ty of stabil ization of membrane  format ions  
not containing synaptic contacts  must  be taken into account when consider ing the mechanism of 
action of cent ra l  n-chol inolyt ies  and f l -adrenoblockers .  

KEY WORDS: cent ra l  cholinolytics;  adrenoblockers ;  e ry th rocy tes ;  membranes ;  stabilization. 

Evidence has now been obtained to show that not all ef fects  of cholinolytics and adrenoblockers  can be 
explained en t i re ly  by blockage of the postsynaptic r e c e p t o r s  of the corresponding media tor  sys tem [1, 3, 6]. 
It is accordingly in teres t ing  to study interact ion between such compounds and biological membranes  not con- 
raining synaptic contacts.  E ry th rocy t e s  are a widely used model for  the study of the action of various com-  
pounds on me m br a nes  [5].  

l)Adiphenine; 2 ~ 1,1-diphenyl- 5-diethylaminopentane;  3) 2, 3-dihydr o- 3-hydr oxy- 8-me thylnor tr opidine 
diphenylacetate hydrochlor ide;  4)Benactyzine; 5)Unidentified; 6)Central a - ad renob locke r  of USSR origin; 
7)Dibenamine. 

(Presen ted  by Academician of the Academy of Medical Sciences of the USSR S. N. Golikov.) Trans la ted  
f rom Byulleten' t~ksperimental 'noi  Biologii i Meditsiny, Vol. 85, No. 1, pp. 48-51, January,  1978. Original 
ar t ic le  submitted Apri l  27, 1977. 
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T A B L E  1. E f f ec t  of C e n t r a l  C h o l i n o l y t i c s  and A d r e n o b l o c k e r s  on H y p o o s m o c t i c  
H e m o l y s i s  of R a t  E r y t h r o c y t e s  (in % of c o n t r o l ;  M :~ m) 

Drug 

Amizil 
P 

Glypin 

P 

Diphefidine 
P 

Diphaeil 
P 

Tropacin 
P 

Ethyldiphacil 
P 

Pediphen 
P 

Sympatholytin 
P 

Phentolamine 
P 

Pyrroxan 
P 

Propranolol 
P 

Procaine 
P 

Td.fluoperazine 
P 

Amphetamine 
P 

Pharmacological 
properties 

Central m- 
cholinolytic 

The same 

Central m- and n- 
cholinolytic 

Central n- 
cholinotytic 

The same 

H 

a-Adrenoblocker 

Central a- 
adrenoblocker 

t3 - adrenoblocker 

Local anesthetic 

Neuroleptic 

Adrenomimetic 

Concentration of drugs in incubation medium 

10--3M 

63,3.-.-6,2 
(8) 

<0,002 
51,4+.2,9 

(24) 
<0201 

108,3• 
(4) 

>0,2 
39,8--.-9,3 

(8) 
<o,oo1 

64,6+.3,9 
(28) 

<0,001 
47,8--..1,5 

(a) 
<0,001 

191,6+.16,9 
(12) 

<0,001 
96,1-!-_I,0 

(4) 
<o,1 

41,3+2,5 
(4) 

<o,ool 
48,4+4,0 

(4) 
<0,002 

11,44-3,7 
(4) 

<0,005 

10--4M 

77,4+.4,0 
06) 

<0,02 
79,7_5,1 

(12) 
>o,2 

64,8+.11 
(12) 

<0,025 
63,9__7,7 

(16) 
<0,005 

38,5___8,2 
(12) 

<0,005 
25,4--.-2,1 

(8) 
~0,00I 

36,6.-.-4,6 
(28) 

<0,001 
74,9-4-6,3 

(8) 
<0,01 

63,6--.-2,9 
(8) 

<0,001 
81,4+.6,8 

(52) 
<0,05 

32,6___6,7 
(12) 

<o,ooi 
1 lO,6.-..8,2 

(8) 
>0 ,25  

37,5.-..13,9 
(20) 

<0,002 
95,3 5,9 

(12) 
>0,5 

I 0--SM 

92,9+.2,9 
(2O) 

>0,05 
95,3--.-5,7 

(S) 
>0,4 

89,3--.-6,7 
(24) 

>0,25 
91,3--.-2,9 

(19) 
<0,025 

89,9-+-3,3 
(S) 

<0,05 
88,9.-.-5,4 

(15) 
>025 

84,i.-..8,7 
(44) 

>0,2 
94,2+.5,2 

(s) 
>0,3 

85,3--I-7,8 
(12) 

>o ,2  
100,8+.6,1 

(66) 
>0,9 

82,0+.4,1 
(16) 

<0,05 
89,8+9,1 

(S) 
>0,3 

28,5___3,5 
(28) 

<0,001 
95,3.-.-2,1 

(24) 
>0,1 

140,0+0,9 
(4) 

~0,001 
106,9+2,0 

(S) 
>o,1 

10--eM 

113,2+14,5 
(16) 

>0,5 
94,8• 

02) 
>0,5 

92,7+12,5 
(12) 

>0,5 
91,4+7,4 

04) 
>0,4 

91,7-1-5,2 

>o,3 
88,6.-.-3,3 

(s) 
>0,05 

93,5.-.-8,7 
(24) 

>0,5 

84,2• 
(4) 

<0,02 
105,5+4,1 

(27) 
>0,3 

85,1 -I-4,2 
(4) 

<0,05 
79, l +4,2 

(4) 
<0, 05 

65,0-t-5,2 
(4) 

<0,02 
97,6• 

(12) 
>0,4 

Legend .  H e r e  and in T a b l e  2, n u m b e r  of o b s e r v a t i o n s  given in p a r e n t h e s e s .  

In the p r e s e n t  i n v e s t i g a t i o n  the e f f ec t  of c e n t r a l  m -  and n - c h o l i n o l y t i c s ,  a -  and f l - a d r e n o b l o c k e r s ,  and 
c e r t a i n  o the r  s u b s t a n c e s  ( t r i f l u o p e r a z i n e ,  a m p h e t a m i n e ,  p r o c a i n e )  on the r e s i s t a n c e  of r a t  e r y t h r o c y t e s  to 
h y p o o s m o t i c  h e m o l y s i s  was  s tud i ed .  

E X P E R I M E N T A L  M E T H O D  

In e x p e r i m e n t s  to s tudy  the e f f e c t  of the c o n c e n t r a t i o n  of the d r u g s  on h e m o l y s i s  of e r y t h r o c y t e s ,  0.05 m l  
of b lood  ob ta ined  f r o m  a lb ino  r a t s  was  added  to 5 m l  of 5 mM s o d i u m - p h o s p h a t e  buf fe r ,  pH 7.4, con t a in ing  
0.425?o NaC1 and 0.2 m l  of an aqueous  so lu t i on  of the d r u g  ( e x p e r i m e n t a l  s a m p l e s )  or  0.2 m l  of w a t e r  ( con t ro l  
s a m p l e s ) .  A f t e r  c a r e f u l  m i x i n g  the s a m p l e s  w e r e  i ncuba ted  fo r  5 m i n  a t  r o o m  t e m p e r a t u r e  and c e n t r i f u g e d  a t  
4000 r p m .  The  op t i c a l  d e n s i t y  of the s u p e r n a t a n t  was  d e t e r m i n e d  by the S F - 4  s p e c t r o p h o t o m e t e r  a t  a w a v e -  
length  of 540 nm.  The  e x t i n c t i o n  c h a r a c t e r i z e d  the outf low of h e m o g l o b i n  f r o m  the e r y t h r o c y t e s  and was  
d i r e c t l y  p r o p o r t i o n a l  to the d e g r e e  of h e m o l y s i s .  In e x p e r i m e n t s  in which the pH of the incuba t ion  m e d i u m  was  
v a r i e d  unde r  the s a m e  e x p e r i m e n t a l  cond i t i ons  a 5 mM s o d i u m  phospha te  buf fe r  con t a in ing  0.425% NaCI,  pH 6.6 
and 7.75, was  u s e d .  In the e x p e r i m e n t s  to s tudy  the r e l a t i o n s h i p  be tween  the a n t i h e m o l y t i c  e f f e c t  of the d r u g s  
and t ime ,  c o n t r o l  and e x p e r i m e n t a l  s a m p l e s  w e r e  i ncuba ted  in a w a t e r b a t h  a t  37~ with c a r e f u l  m i x i n g  fo r  the 
r e q u i r e d  p e r i o d .  

E X P E R I M E N T A L  R E S U L T S  

C e n t r a l  c h o l i n o l y t i c s  and a d r e n o b l o c k e r s ,  u s e d  in c o n c e n t r a t i o n s  of 10 .4 M, p r o t e c t e d  the e r y t h r o c y t e s  
a g a i n s t  h e m o l y s i s  in a hypo ton ic  sod ium phospha t e  buf fe r .  The  s t r o n g e s t  p r o t e c t i v e  ac t i on  was  e x h i b i t e d  by the 
c e n t r a l  n - c h o l i n o l y t i c s  ( e thy ld iphac i l ,  ped iphen ,  t r o p a c i n ,  and d iphac i l )  and the f l - a d r e n o b l o c k e r  p r o p r a n o l o l .  
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Fig. 1. Ef fec t  of cen t ra l  cholinolyt ics  and ad renob locke r s  on hypoosmot ic  
h e m o l y s i s  of r a t  e r y t h r o c y t e s  (in % of control) depending on durat ion of 
incubation. 1) Glycine 10 -4 M; 2) t ropacin  10 -4 M; 3) pyr roxan  10 -4 M; 
4) p ropranolo l  10 -4 M. All va lues  shown on graph differ  s ignif icant ly  f r o m  
cont ro l  (P < 0.05). Absc i s sa ,  t ime (in min);  ordinate,  h e m o l y s i s  (in ~0 of 
control) .  

The cen t ra l  m-cho l ino ly t i c s  -- a m i z i l ,  glypin, and the o t -adrenoblockers  - pyr roxan ,  sympatholyt in ,  and phen-  
tolamine,  were  less  effect ive (Table 1). Potentiat ion of the ant ihemolyt ie  action with an inc rease  in the con-  
cent ra t ion  of the drugs  f rom 10 -6 to 10 -4 M indicates  that within this dose range  the intensi ty  of the pro tec t ive  
e f fec t  depended on the number  of molecu les  of cholinolytic or adrenoblocker  in te rac t ing  with the e ry th rocy t e  
m e m b r a n e .  In a concentra t ion  of 10 -3 M the ant ihemolyt ic  ef fec t  of many  of the compounds was inc reased ,  but 
pediphen and dipheridine,  and also the neurolept ic  t r i f luoroperaz ine ,  in this dose,  potentiated hemolys i s .  The 
ant ihemolyt i  c action of ethyldiphacil ,  t ropacin,  and sympatholy t in  in a concentra t ion of 10 -3 M was weaker  than 
in a concent ra t ion  of 10 -4 M (Table 1). The appearance  of a hemolyt ic  e f fec t  of ce r t a in  drugs  in high concen-  
t ra t ions  was obse rved  by Seeman and Weinstein [8] and, in their  opinion, it is due to i r r e v e r s i b l e  lyric in jur ies  
to the e ry th rocy t e  m e m b r a n e .  

The re la t ionsh ip  between the r e s i s t a n c e  of the e r y t h r o c y t e s  to hypoosmot ic  hemolys i s  and the durat ion 
of action of the drugs  on the e ry th rocy t e  m e m b r a n e  was studied for  the cholinolyt ics  glypin and t ropacin  and 
the ad renob locke r s  py r roxan  and propranolo l .  The ant ihemolyt ic  effect  of all four drugs  was found to r each  a 
m a x i m u m  30 min af ter  the beginning of incubation, and it p e r s i s t e d  for  4 h (maximal  durat ion of incubation in 
these expe r imen t s ) .  Jus t  as in the e x p e r i m e n t s  to study the dependence of the ant ihemolyt ic  action of the drugs  
on its concentra t ion,  the n-chol inolyt ic  t ropacin  inhibited h e m o l y s i s  much m o r e  s t rongly  than the m-chol ino ly t ic  
glypin; the s ame  was a lso  ~ u e  of the f l -adrenoblocker  propranolo l  compa red  with the ~ - a d r e n o b l o e k e r  py r roxan  
(Fig~ 1). These  r e s u l t s  point to gradual  sa tura t ion  of the e ry th rocy te  m e m b r a n e  by molecu le s  of the drugs  and 
that  binding of the drugs  with the m e m b r a n e  components  takes  place for  a r e l a t ive ly  long t ime,  at l eas t  s e v e r a l  
hours .  

Cons ider ing  that the drugs  studied contain a t e r t i a ry  ni t rogen a tom in their  s t ruc tu re  and, since they are  
weak organic  ba se s  which a re  ionized to di f ferent  d e g r e e s  at pH 7.4, the next  s tep w a s t o  study to what extent  
the deg ree  of ionization af fec ts  the ant ihemolyt ie  action of some of them. At pH 7.75, a lower degree  of ioniza-  
tion of the drugs  was shown to co r r e spond  to g r e a t e r  pro tec t ion  of the e r y t h r o c y t e s  agains t  hypoosmot ic  h e m o -  
lys i s  than at  pH 6.6, when they were  p rac t i ca l ly  comple te ly  ionized (Table 2). These  r e s u l t s  indicate that the 
hydrophobic  r eg ions  of the e ry th rocy t e  m e m b r a n e  are  opt imal  for  binding drugs  containing a t e r t i a r y  n i t rogen 
a tom in their  s t ruc tu re .  

Prevent ion  of hypoosmot ic  h e m o l y s i s  r e f l e c t s  s tabi l izat ion of the e ry th rocy te  m e m b r a n e  and has  been 
demons t r a t ed  for  a wide range  of local  anes the t i cs  [7] .  The r e s u l t s  indicate that a large group of cen t ra l  
cholinolyt ics  and ad renob locke r s  containing an amino group in their  s t ruc tu re  has  this effect .  However,  other 
components  of ~he molecule  of the b lockers  play an impor tan t  ro le  in the s tabi l iz ing effect ,  for  the a d r e n o m i -  
tact ic  amphetamine ,  which a lso  contains an amino group, did not p ro tec t  the e r y t h r o c y t e s  against  h e m o l y s i s  
(Table 1). The use of e r y t h r o c y t e s  as a model  for  studying action on m e m b r a n e s  con f i rms  the opinion of 
l~rofessor  S. S. Kry lov  [2] that cen t ra l  n-chol inoly t ics  can s tabi l ize  m e m b r a n e s ,  including those which do not 
contain pos tsynapt ic  s t r u c t u r e s .  Cent ra l  n -chol inoly t ics  a re  known to have a m a r k e d  local  anesthet ic  action 
[4] .  Stabil ization of m e m b r a n e s  of ne rve  endings in the CNS by compounds of this so r t  m a y  p reven t  r e l e a s e  of 
n e u r o t r a n s m i t t e r s  and thereby abolish their  action on pos tsynapt ic  r e c e p t o r s .  In all  probabil i ty ,  an e s sen t i a l  
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TABLE 2. Effect  of Central  Cholinolytics 
and Adrenoblockers  in Concentra t ion of 
10 -4 M on Hypoosmotic Hemolys is  of Rat  
E ry th rocy t e s  (in To of control) at Dif ferent  
pH Values of Incubation Medium (M �9 m) 

Drug 

Amizil 

P 
Glypin 

P 
Diphacil 

P 
Tropacin 

P 
Ethyldiphacil 

P 

Sympatholyfin 

P Pyrroxan 
P 

pH of incubation medium 
6,6 [ 7,75 

97,4+-4,0 
(8) 

95,4+-2,7 
02) 

94,3___3,2 
(S) 

88,4+3,3 
(12) 

96,0___1,9 
(4) 

101.4+3,8 
(4) 

98,5___4,l 

t 76,7+_8,3 
(8} 

>0,5 
47~3+_3,1 

(8) 
>0,2 [ 50,3+_6,4 

(8) 
>0,25! 

8,5-4-2,2 
(S) 

<0,02 
5,4+_1,9 

~0 05 ] (4) 

35,9+_2,6 
(4) 

i>0, 7 
>0,7 35,9+_3,1 

~0,05 

<0,001 

<o,001 

d0,001 

~o,001 

<'o,0ol 

~0,001 

fea ture  of the mechanism of action of the f l -adrenoblocker  propranolol  is its ability to prevent  the r e l e a se  of 
ca techolamines  f rom nerve  endings in the CNS and in organs rece iv ing  a sympathet ic  innervation.  The weaker 
protect ion of e r y th roey t e s  against  hypoosmotic  hemolys i s  when cent ra l  m-chol ino ly t ics  and a - a d r e n o b l o c k e r s  
were used suggests  that stabil ization of the membranes  plays a less  important  ro le  in the mechanism of action 
of these compounds. Meanwhile the p resence  of glypin and pyrroxan in biological membranes  for seve ra l  
hours,  as shown by the antihemolytic test,  points to the possibil i ty that the ProPer t ies  of these membranes  may 
be modified under the influence of these drugs.  

1, 

2. 
3. 
4. 

5, 

6. 
7. 
8. 
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