
molecule, but also with polar groups of membrane lipids, with a consequent increase in viscosity of the rnem- 
brahe  and i ts  stabil ization.  Coupling of BAH, G-prote in ,  and adenylate eyc lase  does  net take place under  
those conditions. 

On the ba s i s  of the foregoing fac t s  BAR can be regarded  as a l ipoprotein m e m b r a n e  complex,  and the 
d i f ference  between the action of a d r e n o m t m e t i c s  and ad renob loeke r s  can be explained by the different  ch a r ac -  
t e r  of the influence of these  subs tances  on the lipid components  of the f i - ad renoreeep to r  complex.  
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B Y  C E L L S  O F  1 M M U N O C O M P E T E N T  T I S S U E S  

AND B Y  S Y N A P T O S O M E S  
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serotonin; [mipramine; [mmunocompetent cells; synaptosomes. 

The writers showed previously that ceils of [mmunocompetent tissues have affinity for the biogenic 
amine, serotonin (5-HT), which has some of the basis features of receptor interaction: high specificity of 
binding (non specific binding for blood leukoeyte s and peritoneal cells was 5.8 and 4.5% respectively), reversi- 
bility, saturation, and the presence of temperature of pH optima. The localization of 5-HT-binding structures 
both on the membrane surface and inside the cell [4, II] was determined with the aid of imipramine, which in- 
hibits the passage of predominantly 5-HT through the plasma membrane [18, 19]. There is also information 
in the literature on the character of 5-HT binding by the coarse membrane fraction obtained from blood 
[eukocytes [2]. As later investigations showed, activity of 5-HT binding is changed by immunization [5]. 

In the investigation described below relations between surface and [ntraeellular adsorption of 5-HT by 
ceils of immune and nonimmune animals were compared in order to determine which type of adsorption is 
functionally linked with immunogenesis, with the aim of using the information thus obtained to shed light on 
the effeetor mechanisms of serotoninergic immunomodulation and subsequently to use it for deliberate inter- 
vention in [mmunogenesis. 

L a b o r a t o r y  of Mechan i sms  of Neurochem[ca[  Modulation, Insti tute of Physiology, Siberian Branch,  Acad- 
emy  of Medical  Sciences  of the USSR, Novosibirsk .  L a b o r a t o r y  of Nucleic Acid Chemis t ry ,  Novos ib i rsk  Inst i -  
tute of Organic  Chemis t ry ,  Academy of Sciences of the USSR. (Presen ted  by Academician of the Academy of 
Medical Sciences  of the USSR Yu. I, Borodon.) Trans la ted  f rom Byulleten '  /~ksper[mental 'noi  Biologi[ i Med i t s -  
iny, Vol. 100, No. 8, pp. 210-213, August, 1985. Original  a r t ic le  submit ted J anua ry  18, 1985. 
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Fig. 1. I m i p r a m i n e - s e n s i t i v e  ([ntracel lular)  and [mi-  
p r a m i n e - r e s i s t a n t  (surface)  binding of 3H-5-HT by ce l l s  
of [mmunocomponent  t i s sue s  and synaptosomes .  Ab- 
sc issa ,  t ime a f te r  immunizat ion (in min); ordinate,  bind- 
ing of 5-HT: 1) by synap tosomes  (in c p m .  10-3/mg p ro -  
tein); 2) by blood [eukocytes;  3) by per i toneal  ce i l s  {in 
count~Cmin �9 10-~/106 cei ls ;  4-8) binding of 5-HT by suspens ions  
of bone mar row,  spleen, thymus,  P e y e r ' s  patches ,  and 
Lymph nodes r e spec t i ve ly  (in counts/rain" 10-~106 cel ls) .  
Continuous line shows i m i p r a m i n e - s e n s i t i v e  binding, broken  
l i n e -  i m i p r a m i n e - r e s i s t a n t  binding. 

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

Male CBA mice  aged 3-5 months  were  used. Suspensions of ce i l s  f rom per i toneal  exudate, bone mar row,  
lymph nodes, thymus,  spleen, and P e y e r ' s  patches ,  of blood leukocytes  [3], and bra in  synap tosomes  [15] were  
obtained f rom them. The ce l l s  were  washed th ree  t i m e s  at 4~ with Hanks '  solution containing 0.001 M HEPES, 
pH 7.2, by centr i fugat ion in s iI iconized t e s t  tubes (150 g, 10 rain). The number  of dying ce l l s  e s t imated  by 
staining them with 0.04% solution of t rypan blue. The resul t ing  suspens ions  contained 90-99% of living cel ls .  
The synap tosomes  were  washed, sedimented at 600 g (15 min), and the requi red  doses  were  obtained on the 
bas i s  of the i r  prote in  content. Cells  (0.5. 106-2 �9 106/ml) and synap tosomes  (0.5-1.5 m g / m l )  were  suspended 
in Eag le ' s  medium with the addition of 0.01 M HEPES, pH 7.2, and incubated (0.5 ml) in the p r e sence  of 
2 p C i / m l  of 3H-5-HT ( 5 - h y d r o x ~ r y p t a m i n e  c rea t ine  sulfate, 12 C i /mmole ,  f rom A m e r s h a m  Corporat ion,  Eng- 
land) in s iI iconized tubes in an a tmosphe re  with 5% CO 2 at 37~ for  30 rain. The cel ls  and synap tosomes  were  
then washed in the same  tubes four  t imes  with 10 ml  of 0.85% NaC1 with 1 mM Tris-HC1,  pH 7.2, and t r a n s -  
f e r r e d  into f l a sks  with d[oxane scint i l la tor .  The quantity of bound radioac t iv i ty  was de te rmined  on a Mark  III 
counter  (Nuclear Chicago, USA), with a counting eff ic iency of 60%. 

Intact  mice  were  immunized by in t ravenous  injection of sheep ' s  red blood ce l l s  (SRBC, l0 T) in 0.4 ml 
of 0.85% NaC1. Control an imals  rece ived  an injection of 0.4 m[ of 0.85% NaCI. Im ip ramine  (10 -6 M) was added 
to the cell  suspension immedia te ly  before  addition of 3H-5-HT to the cul ture medium.  The dose of [mipramine  
was  chosen on the ba s i s  that, as  the w r i t e r s  showed, an inc rease  in i ts  concentra t ion f rom 10 -6 to 10 -4 M r e -  
duced the degree  of 5-HT binding by the t e s t  ce i l s  only negligibly [4]. The concentrat ion of the substance used 
was thus minimal ,  to give n e a r - m a x i m a l  inhibition of 5 -HT binding. 

The r e su l t s  were  subjected to s ta t i s t ica l  ana lys i s  by Student 's  t test .  Ar i thmet ic  mean values  (of four  
de terminat ions)  with 95% confidence l imi t s  a re  given in Figs.  1 and 2. The di f ference  between total and [mi-  
p r a m i n e - r e s i s t a n t  binding of 3H-5-HT was a t t r ibutable  to the [ m i p r a m i n e - s e n s i t i v e  component.  

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

Data obtained during cul ture  of suspens ions  of ce l l s  and synap tosomes  with ~H-5-T and when its  pa s sage  
through p l a sma  m e m b r a n e s  was inhibited by [mipramine ,  a re  given in Figs.  1 and 2. Choice of im[pramine  
for' this  purpose  for  the ce l l s  to be studied was based on p r e l i m i n a r y  exper iments ,  in which i m i p r a m i n e - s e n -  
sitive binding was  sharp ly  inhibited by ouabain and dinitrophenol,  which are  known to inhibit act ive t r a n s p o r t  
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Fig. 2. Retative percentages  of imipramine-sens i t lve  
and [mipramine- res i s t an t  binding of SH-5-HT. Abscissa,  
t ime after  immunization (in rain); ordinate, percentage 
of total binding. Black c o l u m n s -  [mipramine- res i s t an t  
binding, white c o l u m n s -  imipramine-sens i t ive  b[ndingby 
synaptosomes (I), by blood leukocytes (II), and by cells  of 
peri toneal exudate (III), bone mar row (IV), spleen (V), 
thymus (VI), P e y e r ' s  patches (VII), and lymph nodes (VIII). 
*P < 0.05 compared with cel ls  of nonimmune mice. 

of ma te r i a l s  into the cell. Comparison of imipram[ne-sens i t ive  ([ntracel][ular) and [m[pramine- res l s tan t  (sur-  
face) binding of the ligand in nonimmune animals revealed considerable differences in specific activity (Fig. 1) 
of imipramine-sens i t ive  and imip ramine - re s i s t an t  binding, depending on the type of suspension studied. For  
instance, maximal  specific imip ramine - re s i s t an t  binding was a feature of synaptosomes and blood leukocytes, 
but minimal  binding of this type was found with lymph node ceils; maximal imlpramine-sens i t ive  binding was 
associated with synapto some s, a high level with blood leukocytes and peritoneal ceils,  and absence of [ml- 
p ramine-sens[ t ive  binding was found tn cel ls  of P e y e r ' s  patches. As r ega rds  the ratio between these two 
f o r m s  of binding (Fig. 2), the distribution of the label in blood leukocytes was uniform, in thymocytes  and cells 
f rom P e y e r ' s  patches  binding was predominantly imipramine- res i s tan t ,  and in the remaining suspensions 61- 
79% of the label was accounted for by imtpram[ne-sens[ t ive  binding. After injection of the antigen both the 
specific activity of the two fo rms  of binding and the ratio between surface and [ntracel tuIar  ligand changed. 

Imipramtne-sens i t ive  binding increased in suspensions with htgh and average activity immediately after  
immunization {after 30 men in the suspension of synaptosomes).  Imipramtne- res i s t an t  binding changes less  
uniformly:  It decreased  in the suspension of synaptosomes 5 men after  injection of the antigen, a small de- 
c r ease  was observed in bone mar row cei ls  until 30 rain, and in o~*er cases  it increased.  As regards  suspen- 
sions with weak adsorption activity a cer tain trend could be detected in 5-HT binding after  immunization in 
thymus and lymph node cells, whereas  cei ls  of P e y e r ' s  patches did not reac t  under these conditions {Fig. 1). 
Despite significant changes  in the levels of [nt racel lular  and surface binding of 5-HT, the ratio between them 
was changed as a resul t  of injection of the antigen only in the case of leukocytes and bone mar row and lymph 
node cells  {Fig. 2). The disturbance of proport ion and absence of a paral leI  in the changes in imipramine-  
sensitive and imtp ramtne - re s t s t an t  binding were most  probably due to heterogeneity of the 5-HT-binding cells. 

The increased  intensity of 5-HT binding after  immunization in some organs  may be the resul t  of an in- 
flow of 5-HT binding cel ls  into them on account of cel lular  migrat ion induced by the antigen [14, 16]. However, 
since 5-HT-bind[ng by cel ls  of the immune system as a whole was increased,  this phenomenon could also have 
depended on qualitative changes in the cells  themselves.  For  instance, antigen-induced t ransformat ion of the 
cell membranes  could be the cause of changes in capaci ty for  interaction [17], o r  after [mmunlzation some 
cel ls  became sensitive to 5-HT, as has been demonstrated for  glucocort icoids  [12]. On variat ion of the physi-  
ological conditions, moreover ,  the concentrat ion of r ecep to r s  in the target  cel ls  changes, and so also, evi- 
dently, does the sensit ivity of the cel ls  to the corresponding ligand [1]. The increase  in the ability of [mmuno- 
cytes  and synaptosomes to bind 5-HT in response  to immunization may also be linked with a fall in its level 
in the blood and brain in the ear ly  stage of immunogenesis  [8]. Dependence of the binding capaci ty  of the dis-  
closed ta rge t  cel ls  on the ext race l lu lar  5-HT level, which we postulate, is confirmed by reduction of its 
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adsorpt ion by spleen and per i toneal  exudate ce l l s  and by synap tosomes  2 rain a f te r  immunizat ion [5], which 
coincides  with r e l e a s e  of 5 -HT into the blood s t r e a m  immedia te ly  a f te r  a r r iva l  of the antigen there  [6], where -  
as the inc rease  in ex t r ace l l u l a r  concentra t ion of 5-HT may  in turn reduce the number  of binding s i tes  [13] or  
may  lead to compet i t ive  inhibition of binding of the labeled ligand. T h e  r e su l t s  are evidence of a functional 
associa t ion of both surface  and in t race l lu la r  5-HT with the immune p roces s .  The surface  f ract ion of the 
amine is pe rhaps  essen t i a l  for  m o r e  rapid action on the cell,  whe rea s  the in t race l lu la r  f rac t ion  is essen t ia l  
for  s lower  action, of the polypeptide hormone type [13]. Considering the important  role  of the inner surface  
of the p l a sma  m e m b r a n e  in the control  of lymphocyte  behavior  [9] and the more  intensive penet ra t ion  of 5-HT 
into the lymphocy tes  immedia te ly  a f t e r  antigenic act ivat ion (Fig. 1), by analogy with cer ta in  ho rmones  [1, 7, 
10] we can postulate  that 5-HT pene t r a t e s  into the ce l l s  we are  studying, not for  degradation,  but for  action. 

The role  played by the changes revea led  in i m i p r a m i n e - s e n s i t i v e  and i m i p r a m i n e - r e s i s t a n t  5-HT bind- 
ing by the t es t  suspens ions  is not yet  c lear .  However,  it is evident that they are  caused by injection of the 
antigen, and a re  thus evidence in support  of interdependence between the r e sponse  of immunocompetent  t i s sues  
to immunizat ion and the p r o c e s s  of adsorpt ion of 5-HT by the ce l l s  of these  t i s sues  and by synaptosomes .  Dif- 
f e r ences  in the level of binding, i ts  cha rac t e r ,  i ts  direct ion,  and the ra te  of changes in response  to the anti-  
genic s t imulus  depend, it mus t  be considered,  on the mul t i s tage  c h a r a c t e r  of the immune response  and the 
he te rogene i ty  of the immunocytes ,  and they are  evidence of the complexi ty  of the ef fec tor  mechan i sm of se ro -  
toninenergic  immunomodulat ion.  
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