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The binding of nonachlazine (NON), im ip ramine  (IMI), and noradrena l in  (NA) with model 
phospholipid m e m b r a n e  ves i c l e s  ( l iposomes)  was invest igated.  Binding was de te rmined  
by the quenching effect  of these  subs tances  on a 3-methoxybenzanthrone  (MBA) f l u o r e s -  
cent  p robe  p r e s e n t  in the m e m b r a n e .  The method of calculat ing the p a r a m e t e r s  of bind-  
ing of the subs tances  with the m e m b r a n e  based  on a change in intensi ty  of f l uo rescence  
of MBA was developed. The binding constants  of NON, IMI, and NA, with the m e m b r a n e  
were  (4.3 + 10.3) �9 103 M -1, (2.7+ 0.2).  103 M - i ,  and (0.7 + 0.15). 103 M -1 respec t ive ly .  NON 
and IMI were  shown to be able to compete  with NA for  the binding s i tes .  These compe -  
t i t ive in te rac t ions  can be r ega rded  as the probable  mechan i sm of the blocking of r e v e r s e  
NA t r a n s p o r t  through the axonal and ves i cu l a r  m e m b r a n e s  cha rac t e r i s t i c  of NON and IMI. 
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The w r i t e r s  showed prev ious ly  that  nonachlazine (NON) reduces  the r e v e r s e  t r a n s p o r t  of noradrena l in  
(NA) in r a t  hea r t  musc le .  E l e c t r o n - m i c r o s c o p i c  and f l uo re scenee -h i s tochemica l  observa t ions  have led to the 
hypothesis  that  the blocking of med ia to r  uptake takes  place  at the level  of i t s  pa s sage  through the axonal and 
ves i cu la r  m e m b r a n e s .  However  it is  not yet  c l ea r  how NON can block the pa s sage  of NA through the membrane .  

It  was the re fo re  decided to invest igate  the poss ib i l i ty  of d i rec t  in teract ion between these  subs tances  in a 
membrane .  The wel l -known b locker  of med ia to r  uptake, imip ramine  (IMI), which also blocks at the level  of the 
axonal m e m b r a n e  [1], was  used  fo r  compar i son .  

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

Phosphol ip ids  we re  i so la ted  f r o m  hens '  eggs [6] and ar t i f ic ia l  phospholipid m e m b r a n e  v e s i c l e - l i p o s o m e s  
were  obtained [5]. In terac t ion  between drugs on the model  phospholipid m e m b r a n e  was studied by the f l u o re s -  
cence probe  method [3]. F luo rescence  s pec t r a  we re  r eco rded  on the ins t rument  desc r ibed  p rev ious ly  [4] with 
a co r r ec t i on  for  the spec t r a l  sens i t iv i ty  of the appara tus .  The total light energy  of the f luoresence  spec t ru m 
in the region 470-600 nm was m e a s u r e d  on the ]~F-3 Ma f l u o r o m e t e r  during exci ta t ion by light 436 nm. The 
p r o p e r t i e s  of the 3-methoxybenzanthrone  (MBA) f luorescen t  probe  were  desc r ibed  p rev ious ly  [2]. The pa -  
r a m e t e r s  of binding of the drugs  with the m e m b r a n e s  were  de te rmined  f r o m  the i r  quenching effect  on f luor -  
e scence  of the MBA probe  in the membrane .  It was a s sumed  that quenching obeys  the S t e r n - V o l m e r  equation 

[8]: 

b Kq r.-~- 

where  I 0 and I r e p r e s e n t  the in tensi ty  of f luorescence  in the absence and p r e s e n c e  of the quenching agent r e -  
spect ively;  r the concen t ra t ion  of quencher  bound with the membrane ;  N the concentra t ion  of binding s i tes ;  b 
the number  of binding s i tes  of the quenching agent  (in moles)  p e r  l i t e r  volume of m e m b r a n e  acces s ib l e  to the 
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Fig. 1. F luorescence  s p e c t r a  of MBA 
in suspension of l iposomes  (a) and in 
organic  solvents  (b): 1) MBA (5 #M) 
in suspens ion of l y s o s o m e s  (0.4 mg 
l ip id /m 1); 2 ) t h e  s ame  in p r e s e n c e  of 
1.5 mM NA; 3) the same  in p r e sence  of 
0.5 mM NON; 4) the s ame  in p r e s e n c e  
of 0.5 mM IML Solvent: 0.01 M T r i s -  
HC1, pH 7.5; 5) MBA (5 #M) in heptane 
solution; 6) the same  in ethanol solution. 
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Fig. 2. De te rmina t ion  of binding constants  of NA (1), NON (2), and IMI (3) with l iposomes  
(0.4 m g / m l  in 0.01 M T r i s - H C 1  solution, pH 7.5). Explanation in text. 

Fig. 3. Compet i t ion of NON (1) and IMI (2) with NA for  binding s i tes  with m e m b r a n e  of 
l iposomes .  I o and 1) Intensi ty of f luorescence  of MBA in absence and p r e sence  of added 
subs tances  respec t ive ly ;  i 0 = [(I0/D - 1 ]  in absence,  and i n = [(I0/D - 1 ]  in p r e s e n c e  of 1.7 
mM NA; [NP]concentrat ion of noradrenal in;  A) concentra t ion  of NON (1) or  IMI (2). 
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quencher;  Kq the quenching constant.  In that case,  quenching is descr ibed by equations (1-3): 

r 

r ~ e = A  (1); C(.V__r)=Kb (2); 

b 
Kq.r.'~-: i, (3) 

where A is the concentrat ion of the quenching agent, C the concentrat ion of quenching agent not bound with the 
membrane,  and Kb the binding constant of the quenching agent with the membrane.  The value of K b was de- 
termined by the method of double rec iproca l  coordinates [2]. The value of N was measured  by car ry ing  out 
determinations at two different concentrat ions of membrane (N 1 and N2) and an equal concentrat ion of quench- 
ing agent (A). In that case,  according to (1) and (2): 

A'tKb(A--r,) --r,(KbA -~- 1)--Kbr~, (4) 

N,qh b(A--rc) = r~(KbA -}- 1)--hbr~, (5) 

where q = Nz/N 1. Aeeording to (3): r l / r  2 = i l / i  z. 1/q. (6). 

Substitution of (6) in (4) and (5) gives an equation for  determining r2: 

1 i, 1 
Kb~' A--r,-- io Kb-~  i, 1 ' (7) 

" A - - r ~  i-S-," ~ -  

and substitution of r 2 in (2) gives the value of N 2. 

E X P E R I M E N T A L  R E S U L T S  A.ND D I S C U S S I O N  

NON and IMI lowered the intensity of f luorescence of the probe and shifted the maximum of f luorescence 
of MBA in the lysosomes  (Fig. 1). The effect of NA was much weaker. The position of the maximum of f luor-  
escence of MBA in the l iposomes (530 nm) is evidence that the probe was located in a polar  environment close 
to the membrane surface.  This follows f rom compar ison of the f luorescence spec t ra  of MBA in solvents with 
different polari t ies .  The maximum of f luorescence of MBA in the l iposomes was s imi la r  to that in the polar  
alcohols and it differed appreciably f rom the f luorescence spec t rum in nonpolar heptane. Since NON and IMI 
quench the f luorescence  of MBA, which was located in the surface layer  of the membrane,  p resumably  the 
substances were bound to the membrane  and also were located in its surface layer .  

By using the quenching data it was possible to determine the binding constants (Kb) of the preparat ions  
with l iposomes (Fig. 2). Since a shift of the maximum of f luorescence  took place under the influence of the 
drugs, the total light energy of the f luorescence spectrum of MBA was subsequently recorded.  Approximate 
values of Kb were determined (intercepts on the horizontal  axis), into which cor rec t ions  were introduced [2]. 
The values of K b thus obtained were as follows: (4.3 • 0.3)- 103 M -1 for  NON, (2.7 • 0.2). 103 M -1 for  IMI, 
and (0.7 • 0.15) �9 103 M -I for NA. 

To determine the number  of binding sites for NON in the membrane,  quenching of the f luorescence  of the 
probe was measured  in a concentrat ion of NON of 0.12 mM and a concentrat ion of l iposomes of 0.2 and 0.4 
mg/ml ,  giving values of i 1 = 0.13 and i 2 = 0.1. Substitution of these values in equations (1-7) showed that for  
two molecules  of phospholipids there  was one NON binding site. 

Both IMI and NON, on the one hand, and NA on the other  hand, could thus bind with the membrane  of the 
l iposomes,  but NON and IMI had much g rea t e r  affinity for  the membrane  than NA. It could accordingly be 
postulated that the two substances could compete with NA for  the binding sites with the membrane.  To tes t  
this hypothesis,  NON and I1VII were added to l iposomes in the absence and in the presence  of 1.7 mM NA. When 
plotted in Hunter and Downce coordinates  [7], the resul ts  fell on s t ra ight  lines having a cer ta in  slope, and in-  
tercept ing a segment on the ver t ica l  axis equal to the rec iproca l  of Kq for  NA. All this, according to the meth-  
od of Hunter and Downce [7], is evidence in support of competit ion between NON and IMI, on the one hand, and 
NA on the other  hand for  the same binding si tes on the membrane.  NON and IMI thus therefore  effectively 
prevent  NA f rom binding with the membrane.  If such competit ion between NA and the other  substances studied 
in fact  exist not only in the model membrane,  but also in axonal and granular  membranes ,  the relat ionships 
descr ibed above can be regarded  as a poss ib le  mechanism of the blocking of r e v e r s e  NA t ranspor t ,  a c h a r a c -  
te r i s t ic  feature of the substances studied. 
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EFFECT OF HEPARIN ON LIPID PEROXIDATION REACTION 

OF ERYTHROCYTES AND THEIR RESISTANCE 

V. Yu. Kulikov, V. P. Kaznacheev*, UDC615.273.53.015.45:612.111.I 
N. G. Kolosova and L. V. Molchanova 

In a physiological concentration (10 units/ml) heparin activates the ascorbate-dependent lipid 
peroxidation of lipids and reduces their  resistance in c i t ra te-phosphate  buffer, pH 3.0. In a 
concentration of 100 units /ml heparin does not affect thermal (62~ oxidation of methyloleate; 
this is evidence that heparin is not a direct-action prooxidant. 

KEY WORDS: heparin; erythrocytes;  peroxidatlon of lipids. 

Heparin has been shown to participate in the humoral regulation of metabolism as a universal inhibitor 
of many enzymic processes  [6, 12, 17]. The biological effect of heparin is due to its polyanionic structure and 
its marked ability to form complexes. When adsorbed on cell membranes heparin essentially changes their 
physic.chemical  propert ies ,  and thereby regulates the permeability of the membranes, their  charge, and the 
cell metabolism [13, 14, 16]. According to some workers,  heparin increases the osmotic and reduces the acid 
resistance of erythrocytes [7]; other workers conclude that it destabilizes cell membranes, evidently by activa- 
ting phospholipase A 1 [20]. This enzyme removes the free  fatty acids from structural  phospholipids, and in 
conjunction with its actions on permeability and the charge, this may lead to activation of lipid peroxidation 
processes  (LPP). LPP are known to play an important role in the regulation of the physic.chemical  proper-  
ties of membranes under normal and pathological conditions [3, 4, 8]. A stationary level of LPP in the body 
is essential for its normal function and it is controlled by a whole series  of factors [5], including hormones 
[19]. According to the present  wri ters ,  LPP can be controlled by heparin, which activates the lip.lipid system 
[18], on the one hand, and blocks glutathione reduetase activity on the other hand [1]. 

The object of the present  investigation was to study the possible effect of heparin on LPP of erythrocytes 
and their stability and also the anti- and prooxidant propert ies of heparin. 

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

Blood was taken from fasting donors into sodium oxalate and washed twice with physiological saline. 
Heparin (Richter} was f i rs t  purified with ether. The erythrocytes were incubated for 10 min at 37~ with 10 
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