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T h e  ability of the granulocytes  and ret iculum cells  of the ra t  bone m a r r o w  to phagocytose mouse  
e ry throcy tes  under the influence of opsonins was investigated. Phagocytosis  of mouse  e r y t h r o -  
cytes ,  both untreated and t rea ted  with formaldehyde,  was compared.  By the use of untreated 
e ry throcytes  and uninactivated rat  immune s e r u m ,  modera te  phagocytosis  was observed,  and 
it was weaker  if inactivated se rum was used. No phagocytosis  was observed with ra t  immune 
se rum.  Conversely,  if fo rmaldehyde- t rea ted  e ry throcy tes  and these same sera  were  used, 
much s t ronger  phagoeytosis  was observed.  
KEY WOBDS: erythophagocyosis ;  opsonins; bone mar row.  

Phagocytosis  of e ry throcy tes  by granulocytes  in vivo is observed in a number  of immunological  blood 
d iseases .  Erythrophagocytos is  has been investigated in vitro by many workers  [5-8]. 

Erythrophagocytosis  takes place through the action of se rum fac tors ,  known as opsonins,  on ery throcytes  
[1, 2, 12]. Of the 30 plasma proteins  tested,  13 possessed  opsonic activity; proteins  with low molecu la r  weight 
did not s t imulate phagocytosis  [1, 10]. The f i rs t  four fractions of complement  [1, 12] and antibodies of Ig im-  
munoglobulins of c l a s ses  M and G a re  cur ren t ly  regarded  as opsonins. IgA antibodies a r e  indifferent [12]. , p -  
sonic activi ty is also a feature of a -  and fl -globulins and of albumin [4]. 

Bonin and Schwartz consider  that e ry throphagocytos is  is impossible  without the p resence  of  opsonizing 
antibodies requir ing complement  [5]. Other worke r s ,  however,  have observed phagocytosis  of group A t e r y -  
throcytes  in vitro under the influence of a-,agglutinins only [6, 8, 9]. Nikolov [3], a f ter  compar ing  phagocytosis 
by granulocytes  using untreated and formaldehyde- t rea ted  human group A and B e ry th rocy tes ,  found in the 
second case a fivefold increase  in the intensity of phagocytosis  when anti-A and ant i -B se ra  were used. 

The object of the present  investigation was to study the opsonizing action of cer ta in  antibodies and the 
effect of formaldehyde t rea tment  of e ry throcy tes  on their  ability to undergo phagocytosis .  Simultaneously with 
this ,  the ability of ma tu re  bone m a r r o w  cells  to undergo phagocytosis  was studied. 

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

To obtain immune se ra  containing opsonins against  mouse  e ry th rocy tes ,  Wistar  ra ts  were immunized 
with e ry throcy tes  f rom noninbred albino mice .  The opsonizing action of these se ra  against  untreated and f o r -  
maldehyde- t rea ted  mouse  e ry throcy tes  was tested in a sys tem of mouse  e ry throcytes  - ra t  bone mar row cells - 
ra t  o r  mouse  s e r u m .  Control exper iments  were  ca r r i ed  out to tes t  the action of:  uninactivated ra t  immune 
serum on untreated e ry throcy tes ;  inactivated rat  immune serum on untreated ery throcytes ;  ra t  nonimmune 
serum on untreated eryfhrocytes ;  mouse  nonimmune serum on untreated e ry throcy tes ;  physiological saline on 
untreated e ry throcy tes .  For these five control  se r ies  there  were five corresponding experimental  se r ies  in 
which, instead of untreated e ry th rocy tes ,  e ry throcytes  t reated with formaldehyde were used. 

The scheme of immunica t ion  of the rats  and preparat ion of the serum was as follows: Eachof  ten ra ts  
received an intraper i toneal  injection of 1 ml  of a 10% suspension of mouse  e ry throey tes ,  washed three t imes 
with physiological saline,  on the f i rs t ,  third,  fifth, tenth, and fifteenth days.  Two days af ter  the las t  immuniza-  
tion the ra t s  were  exsanguinated by cardiac  puncture under ether anesthesia.  The serum thus obtained was 
divided into two equal por t ions :  One portion was poured into ampuls and immediate ly  frozen at -20~ the other 
was inactivated at 56~ for 30 rain before  being poured into ampuls and frozen,  also at -20~ Unimmunized 
ra ts  were exsanguinated by the same method,  and thei r  se rum also was poured into ampuls and kept at  -20~ 
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T A B L E  1. N u m b e r  in %) of  P h a g o c y t i c  Rat  B o n e - M a r r o w  C e l l s  
Serum tested 

Erythrocytes uninactivated inactivated nonimmune nonimmune physiologic- 
immune immune rat serum mouse serum al saline 

Untreated 
Treated with 

formaldehyde 

18,48-+-0,10 

36,46~--0.0947 

7,87-----0,062 

27,28+0,114 

0 

19, 3• 0,022 

0 

5,55-----0,22 

T A B L E  2, P h a g o c y t i c  N u m b e r  of  Rat  B o n e - M a r r o w  C e l l s  
serum tested 

Erythmeytes uninactivated inactivated nonimmune nonimmune physiologic- 
immune immune rat serum mouse serum al saline 

Untreated 
Treated with 

formaldehyde 

0,61-'-0,0047 

1,48--- + 0,006 

0,17m0,0017 

1,12m0,0061 

0 

0,40--+0.0024 

0 

0,07--0,00036 

Fig. 1 Fig. 2 

F i g .  1. E r y t h r o e y p h a g o e y t o s i s  by  r a t  b o n e - m a r r o w  ee l l s~  a) G e n e r a l  v iew;  b) e e U  wi th  10 i n g e s t e d  

e r y t h r o e y t e s .  Difeo  Q u i c k  Sta in ,  

F i g .  2. E r y t h r o c y t e s  p h a g o c y t o s e d  by  young c e i l s  of  m y e l o i d  s e r i e s .  Di fco  Quiok  S t a in .  

Mouse  s e r u m  was  o b t a i n e d  f r o m  b lood  t aken  f r o m  the c a u d a l  ve ins  o f  s e v e r a l  m i c e .  E a g l e ' s  s o l u t i o n  was  u sed  

a s  t he  s a l i n e .  

The t i t e r  o f  a g g l u t i n i n s  and h e m o l y s i n s  was  d e t e r m i n e d  by the  u s u a l  t e s t  tube  m e t h o d .  The  i n t e n s i t y  of  
agg lu t i na t i on  was  d e s i g n a t e d  + + + + ,  + + + ,  + + ,  and  + .  Bone m a r r o w  c e l l s  w e r e  o b t a i n e d  f r o m  hea l thy  n o n i m m u -  
n i z e d W i s t a r  r a t s b y  f lush ing  f r o m  the  long  bones  wi th  E a g l e ' s  m e d i u m .  A s u s p e n s i o n  o f  b o n e - m a r r o w  c e i l s  
(40,000-60,000 e e l l s / m l )  was  then  p r e p a r e d  in a P o t t e r ' s  h o m o g e n i z e r .  
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Mouse e r y t h r o c y t e s  t r ea t ed  with formaldehyde  by the method of Moskowitz and Carb [11] were  used as  
the objec t  for  phagocytosis~ Untreated m o u s e  e r y t h r o c y t e s ,  washed three  t imes  with physiological  sa l ine ,  
s e rved  as  the contro l .  

Phagocy tos i s  was de te rmined  by the following method:  0.20 ml  of  the suspension of b o n e - m a r r o w  cel ls  
was  centr i fuged at  1000 rpm for  2 min .  Three  drops  of the d i f ferent  types of s e r a  or  of physiological  sal ine 
and 2 d rops  of  a 3070 suspens ion  of unt rea ted  or  f o r m a l d e h y d e - t r e a t e d  e r y t h r o c y t e s  were  added consecut ive ly  
to the cel l  res idue .  After  mix ing ,  the contents of  the tube were  incubated at  37~ for  2 h, and f i lms were  then 
made  on s l ides  and s tained by the rapid  method with Difco Quick Stain. Under the m i c r o s c o p e  100 b o n e - m a r -  
row ce l l s  we re  counted and the pe rcen tage  of phagocyt ic  ce l l s  and the phagocytic number  we re  calcula ted.  

From each s am p l e  th ree  f i lms were  p r e p a r e d  as  desc r ibed  above on s l ides ,  and 1000 ce l l s  were  counted 
in them.  

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

The r a t  immune s e r a  used in the expe r imen t s  had an agglutinin t i t e r  of  1 :32  (the undiluted s e r u m  gave 
a reac t ion  of +++  to ++)o The hemolys in  t i t e r  of  the uninact ivated immune s e r u m  was 1 : 2  ~ 

Al together  10 expe r imen t s  we re  c a r r i e d  out and the i r  r e su l t s  a r e  s u m m a r i z e d  in Table  1. 

The s t ronges t  phagocytos is  was obse rved  with uninact ivated r a t  immune  s e r u m .  When e ry th rocy t e s  
t r ea t ed  with formaldehyde  were  used the pe rcen tage  of  phagocytic ce l l s  was doubled. 

When inact ivated r a t  immune  s e r u m  and f o r m a l d e h y d e - t r e a t e d  e r y t h r o c y t e s  we re  used the pe rcen tage  
of phagocytic ce l l s  was a l m os t  four t imes  g r e a t e r  than in the expe r imen t s  with unt rea ted  e ry th rocy t e s .  

In e x p e r i m e n t s  with nonimmune  r a t  s e r u m  phagocytos is  was obse rved  only when f o r m a l d e h y d e - t r e a t e d  
e r y t h r o c y t e s  we re  used.  

When nonimmune mouse  s e r u m  was used,  weake r  phagocytos is  than in the p rev ious  group a lso  was found, 
only with f o r m a l d e h y d e - t r e a t e d  e r y t h r o c y t e s .  

If, ins tead of the s e r a ,  Eag le ' s  med ium was used no phagocytos is  was obse rved  e i ther  with fo rma ldehyde -  
t r ea t ed  or  with unt rea ted  e ry th rocy t e s .  

S imi lar  r e su l t s  w e r e  obtained when the phagocyt ic  number  was de te rmined  (Table 2). 

When phagocytos is  was c a r r i e d  out with uninactivated r a t  immune s e r u m ,  examinat ion of the s tained film 
revea led  ce l l s  which had ingested di f ferent  n u m b e r s  of e ry th rocy t e s  - f rom one to ten (Fig. 1). All s tab ce l l s  
and m a t u r e  g ranu locy tes  had s t rong  phagocyt ic  act ivi ty .  Younger ce l l s  of the mye lo id  s e r i e s ,  which phago-  
cy tosed  e r y t h r o c y t e s  in p r e c i s e l y  the s a m e  way,  a lso  were  found, but infrequently (Fig. 2). Phagocytic act ivi ty  
a lso  was man i fes t ed  by re t icu lum ce l l s .  In the control  expe r imen t  using untreated e r y t h r o c y t e s ,  the p ic ture  
was v e r y  uneven and var ied .  Phagocytosed e ry th rocy t e s  or  the i r  f r agments  were  infrequent ly  seen  in the s tained 
f i lms;  ma in ly  ghost  e r y t h r o c y t e s  w e r e  found, o r  the e ry th rocy te s  we re  a l r eady  broken up in the vacuoles .  

When the o ther  s e r a  we re  used the intensi ty  of e ry th rophagocy tos i s  gradual ly  d iminished and comple te ly  
d i sappea red  in the s a m p l e s  with physiological  sa l ine .  

The r e su l t s  show that  the s t r o n g e r  the effect  of  the opsonis ing antibodies on the e r y t h r o c y t e s ,  the l e s s  
in tens ive ly  the l a t t e r  we re  phagocytosed.  F u r t h e r m o r e ,  phagocytic  act ivi ty  was s t ronges t  if  f o rma ldehyde -  
t r ea t ed  e r y t h r o c y t e s  we re  the object  of phagocytos i s .  Species d i f fe rences  a lso  w e r e  found between the act ion 
of  r a t  and mouse  s e r u m ,  but only when f o r m a l d e h y d e - t r e a t e d  e ry th rocy te s  we re  used. 

The model  of  e ry th rophagocy tos i s  used in this invest igat ion shows that  all  m a t u r e  and some  young bone -  
m a r r o w  cel l s  of  the myelo id  s e r i e s  a r e  able to c a r r y  out phagocytos is .  Since the l a r g e s t  number  of ingested 
e r y t h r o c y t e s  with this model  is s m a l l ,  the phagocyt ic  number  can be de te rmined  accura te ly .  

Some w o r k e r s  cons ider  that  the s u r f ace  ac t iv i ty  of  e ry th rocy te s  is an obs tac le  to the i r  phagocytos is  [14, 
16]. F o r m a l d e h y d e - t r e a t e d  e r y t h r o c y t e s  a r e  not s u r f a c e - a c t i v e  and,  although the i r  antigens r e m a i n  unchanged, 
the ce l l s  cannot be agglut inated [11]. Formaldehyde  thus ac ts  as  a s t imula to r  of  e ry throphagocytos i s ;  the 
a n t i g e n - a n t i b o d y  complex  is fo rmed  on a su r f ace - inac t i ve  cel l ,  which is m o r e  eas i ly  phagocytosed.  

Perk ins  and Leonard  [13] showed that  the degree  of e ry th rophagocy tos i s  depends on antigenic re la t ions  
between the e r y t h r o c y t e s  and the phagocyt ic  cel ls  : The m o r e  widely r emoved  these  ce l l s  a r e  f rom the spec ies  
point  of view,  the h igher  the pe rcen tage  of phagocytos is  [13, 16]. If the spec ies  d i f fe rence  is g r e a t ,  opson iza -  
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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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