
tion of the erythrocytes is not essential [15]. In the present  experiments features of the species difference 
between rat  and mouse were clearly manifested when formaldehyde-treated erythrocytes were used. The suc- 
cess of the attempt to use bone marrow instead of peripheral  blood granulocytes offers the prospects of work- 
ing with small animals,  from which it is difficult to obtain a leukocytic concentrate from the peripheral  blood. 
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M E C H A N I S M  OF A C T I O N  OF H E P A I N  ON L Y M P H O C Y T E S  in v i t r o  

V. A. K o z l o v ,  S. V. K a z n a c h e e v ,  UDC 615.273.53.015o4:612.112.94 
V. P .  L o z o v o i ,  a n d  u  V. L y a k h o v i c h  

In experiments on CBA mice in which a 2% suspe "~n of red blood cells was used as the anti- 
gen, heparin was shown to prevent the migration _. antibodies from antibody-producing cells 
substantially in vitro. On the addition of substances with the propert ies  of detergents (Triton 
X-100, deoxycholate) in vitro to a suspension of plaque-forming spleen cells treated with 
heparin, the ability of the cells to form plaques was partially res tored.  It is concluded that 
heparin is able to interact with the outer membrane of immunocompetent cells and to inhibit 
migration of antibodies synthesized by them into the surrounding medium. 
KEY WORDS: heparin; detergents; plaque-forming cells. 

Considerable evidence of the ability of heparin to inhibit the development of diseases based on autoim- 
mune conflict has accumulated recently in the l i terature [1, 2, 8, 11]. 

The inhibitory action of heparin on plaque formation in vitro has been demonstrated [3, 4]. During the 
analysis of the results of these investigations it was postulated that the mechanism of action of heparin could 
be connected with its adsorption of the cell membrane of the lymphocyte, as a resul t  of which obstacles could 
ar ise  to the migration of antibodies, which will be followed by inhibition of the reaction in progress .  

The object of the investigation described below was to test  this hypothesis. 
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TABLE 1. Deblocking Action of Tr i ton X-  
100 and Deoxycholate on Spleen Cells 
T rea t ed  with Bepar in  

Treatment of 
spleen cells 

Control 
Heparin 
Heparin+ Triton X-100 
Heparin + deoxycholate 

~o Number of PFC per 106 
[ o.~.l spleen cells 

/ confidooce 
~ t  x• interval 

30 
25 
31 
26 

22,4~1,21 
3,52~0,32 

10,02~0,55 
6,22~0,47 

24,82--19,98 
4,16--2,88 

11,12--8,92 
7,16--5,28 

180 A 90-1 B 
70 r 
50 
3O f 

1 ~ I I I l ~ ~ ', ;,0 i I 1 
0 0/,25 0,0625 0,03 16.106 8.10 ~ z~.106 

Fig. 1. Action of de te rgen ts  on spleen 
ce l l s  t r ea t ed  with hepar in .  A) Various  
concen t ra t ions  of  de te rgen t s ;  B) v a r i -  
ous n u m b e r s  of spleen ce l l s .  Absc i s sa :  
A) concent ra t ion  of de te rgen ts  (in %); 
B) number  of  spleen cel ls ;  ord ina te ,  
num be r  of  PFC (per 10 6 spleen cel ls) .  

E X P E 1 3 I M E N T A  L M E T H O D  

Exper imen t s  we re  c a r r i e d  out on CBA mice  obtained f rom the Stolbovaya N u r s e r y  of l a b o r a t o r y  an ima l s ,  
Academy of  Medical Sciences of the USSB. A 2% suspens ion of s h e e p ' s  red blood cel ls  (SBBC) was used as the 
ant igen.  Four days  a f t e r  in t raper i tonea l  immuniza t ion ,  the number  of  p l aque - fo rming  cel ls  (PFC) in the spleen 
of  the mice  was de te rmined  by a modif ica t ion of Cunningham's  method of local  zones of  hemolys i s  in s e m i -  
liquid med ium [9]. The suspens ion of spleen ce l l s ,  made  up by the usual method,  including f i l t ra t ion through a 
m e s h  f i l te r ,  was incubated with hepar in  in a dose  of 70 units to 0.5 ml  of  the cell  suspens ion  at  37~ for  15- 
20 r a i n .  T h e  cel l  suspens ion  was then washed th ree  t imes  with med ium 199, mixed  with a 10% suspens ion of 
SEBC, and fixed with complemen t  (1:5).  The resu l t ing  suspens ion was poured into spec ia l ly  p r e p a r e d  con-  
tainerso The conta iners  was incubated at  37~ for 45-60 min .  At the end of incubation the number  of PFC was 
counted and the n u m b e r  of  an t ibody- fo rming  ce l l s  pe r  106 lymphocytes  was calculated.  

The subs tances  used for abol ishing the hepar in  blockade of ant ibody-producing ce l l s  we re  the de te rgen ts  
Tr i ton  X-100 and deoxycholate .  They were  added to the spleen cel ls  immedia te ly  a f t e r  incubation of the ce l l s  
with hepar in .  The working d o s e o f  the de te rgen t  was that which, in the cou r se  of 5 rain,  fai led to cause  h e m o l y -  
s i s  of  the 10% suspens ion  of  SBBC. Cells not t r ea t ed  with hepar in  or  de te rgent  s e rved  as the ma in  cont ro ls .  
The effect  of  aboli t ion of  the blockade of plaque fo rmat ion  was a s s e s s e d  as  a pe rcen tage  of the cont ro ls .  The 
s ignif icance  of  d i f fe rences  was ca lcula ted  by the S t u d e n t - K o l m o g o r o v  method.  

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

The expe r imen ta l  r e su l t s  a r e  s u m m a r i z e d  in Table 1 and show that  the number  of  PFC in the conta iners  
t r ea t ed  with hepar in  was s ignif icant ly  lower  than in the contro l .  The r e su l t  was not connected with the an t i -  
c o m p l e m e n t a r y  act ion of hepar in ,  for  the spleen ce l l s ,  a f t e r  t r e a t m e n t  with hepar in ,  were  washed three  t imes  
to r e m o v e  the excess  of  this subs tance ,  and complemen t  was added in cons iderab le  quanti t ies .  The pa r t  of the 
hepar in  which had such a s t rong  blocking effect  on the lymphocytes  was evidently in a bound s ta te  on the s u r -  
face of the lymphocyte  m e m b r a n e .  This  hypothes is  is fu r ther  conf i rmed  by the fact  that hepar in ,  as a po ly -  
anion with a surp lus  negat ive  cha rge ,  pene t r a t e s  with difficulty inside the cell  [7] and is able to change the s u r -  
face ~ potent ial  of  the cell  m e m b r a n e  [5, 6, 10]. The r e su l t s  of the subsequent  expe r imen t s  with de te rgen ts  
showed that  this hypothes is  is c o r r e c t .  The final r e su l t s  of  these expe r imen t s  a r e  given in Table  1. Under the 
influence of de te rgen ts  the abi l i ty  of  the spleen ce l l s  t r ea t ed  with hepar in  to fo rm plaques was pa r t l y  r e s t o r e d .  
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The number  of  PFC was inc reased  by 2.5-3 t imes  by the action of  de te rgen ts  and was s ignif icant ly g r e a t e r  than 
the number  of  PFC t r ea ted  with hepar in  alone. 

The spec i f ic i ty  of  the act ion of de te rgen ts  on the lymphocytes  was ruled out by an additional s e r i e s  of 
expe r imen t s .  Start ing f rom the assumpt ion  that~ by the laws of act ion of  de t e rgen t s ,  the i r  deblocking effect  
on PFC should s t rengthen with an i nc r ea s e  in the i r  concent ra t ion ,  the following exper imen t  was c a r r i e d  out. 
Detergents  we re  added in var ious  concent ra t ions  to a constant  number  of  PFC t r ea ted  with heparino As Fig. 
1 shows,  an i nc rea se  in the concentra t ion  of s u r f a c e - a c t i v e  subs tances  led to a s t ronge r  deblocking effect.  

When s u r f a c e - a c t i v e  subs tances  belonging to two groups  of de te rgen ts  (deoxycholate) we re  used,  only 
quanti tat ive d i f fe rences  were  found in the i r  effect ive concentra t ion and the c o u r s e  of  the p r o c e s s  was in the 
s ame  di rec t ion.  

In another  s e r i e s  of  expe r imen t s  to rule  out speci f ic i ty  in the reac t ion  between de te rgen t s  and lympho-  
cy tes ,  the hypothesis  that the s a m e  dose of de te rgen ts  should have a s t ronge r  effect  on a smal l  number  of PFC 
than on a l a rge  number  was tes ted .  The r e su l t s  conf i rmed  the or iginal  hypothesis  (Fig~ 1). 

Evidence was thus obtained f rom the r e su l t s  of these  expe r imen t s  that  the p r o c e s s  of plaque fo rmat ion  
by mouse  spleen ce l l s  is inhibited by t r e a t m e n t  with hepar in  in v i t ro .  Subsequent t r e a t m e n t  with de te rgen t s  
l a rge ly  abol ishes  the inhibi tory effect  of heparino P r e s u m a b l y  hepar in  has an inhibi tory action both on account  
of obst ruct ion to in terac t ion  of T and B lymphocy tes  and on account  of  i ts  action on the m e m b r a n e  of the PFC 
t h e m s e l v e s ,  blocking mig ra t ion  of synthes ized  antibodies out of  the ce l l s .  
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