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Intracellular concentration of  cAMP and phosphorylation of  15 kD protein in cultured 
mouse peritoneal macrophages are increased in the presence of  arginine-vasopressin. 
Vasopressin decreases adhesion of  macrophages to plastic. 
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Vasopressin (VP) is a neuropeptide which is prob- 
ably involved in functional interactions between the 
central nervous and immune  systems [5]. Mono-  
nuclear macrophagal cells are an object of  its im- 
munomodulating effect. Some researchers claim that 
these cells are the main target of  specific binding 
of VP among circulating blood cells of  man [8]. 
Few studies of  functional effects and mechanisms 
of VP effect on macrophages have been carried out 
on cells of  different species using different structural 
analogs of  VP, w h i c h  may account  for their con- 
tradictory results. Studies on mouse and rat cells 
showed activation o f  phagocytosis in macrophages 
under  the effect of  VP [4,10]. Study of  intracellular 
signalization systems activated during specific bin- 
ding of  VP to human circulating blood mononuclear  
phagocytes showed an increase in the content  of  
intracellular cAMP in the presence of the hormone 
[8,12], which is typical of  phagocytosis inhibition at 
all its stages [2]. Studies of  specific VP binding by 
mononuclear  macrophagal cells o f  circulating blood 
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of humans and rats carried out by different analogs 
and selective antagonists of  VP, brought the authors 
to cont radic tory  conclusions on the type of  re- 
ceptors (V 1 or V2) for this neuropeptide [7-9]. 

Further studies of  the mechanisms underlying 
the effect of  VP on macrophages were devoted to 
its effects on the intracel lular  con ten t  of  cyclic 
nucleotides, cellular protein phosphorylation, and 
macrophage adhesion to plastic on the same cell 
model: cultured mouse peritoneal macrophages. 

MATERIALS AND METHODS 

Macrophages of  CBA mice were isolated from peri- 
toneal lavage by adhesion on the glass. Nonadherent  
cells were removed by washing in warm incubation 
medium, and adhesive cells (mainly macrophages) 
were washed from the glass by cold Ca 2+ and Mg 2+- 
free phosphate saline b u f f e r .  

For assessing the effect  of  VP on the intra- 
cellular content  of cAMP and cGMP,  macrophages 
were preincubated for several hours at 37~ and 
then incubated for 10 min with 10 -9, 10 -8, 10 -7, and 
10 _6 M [ArgS]-vasopressin (Sigma), after which cold 
trichloroacetic acid was added. The specimens were 
immerced in boiling water for 5 min, homogenized, 
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and centrifuged. The supernatant was extracted with 
ether and lyophilized, dry residue was dissolved in 
buffer for measuring cyclic nucleotides with kits for 
cAMP and c G M P  radioimmunoassay (Chemapol). 
The concentrat ion of  cellular protein in the speci- 
mens was measured routinely [13]. 

Phosphorylation of  macrophagal cellular pro- 
teins under  the effect of  VP was evaluated by in- 
coqporation of  32p after a 2-h incubation of  cells in 
medium containing 32p-orthophosphoric acid (12 
MBq/ml, Izotop) for the production of endogenic 
pool of  32p-ATP, after which the specimens were 
incubated with or without 10 .6 M arginine-VP, 10 .4 
M methylisobutyl xanthine, and 10 -3 M dibutyril- 
cAMP for 60 min at 37~ The reaction was stopped 
by adding cold buffer containing 100 mM NaF,  10 
mM EDTA, 80 m M  sucrose, and 10 mM Tris, pH 
7.4. The specimens were centrifuged for 5 min at 
1000g, the supernatant was discarded, and buffer of  
the following composition was added to the preci- 
pitate: 1% sodium dodecyl sulfate, 5% 2-mercapto- 
ethanol, 5% glycerol, 1 mM EDTA, 5 mM brolno- 
phenol blue, and 10 mM Tris (pH 8.0), and boiled 
for 15 min. For eletrophoretic separation of  protein, 
the specimens were layered onto 5% stack and 14% 
separating polyacrylamide gel. Electrophoresis was 
performed in the Laemmli 's system [11] at 150 V 
for 5 h. After electrophoresis the gels were stained, 
vacuum-dried,  and autoradiographed. 

Adhesion o f  cells to plastic was assessed by total 
cellular prote in  con ten t  after incubation o f  cell 
suspension in the wells of  96-well plates in Medium 
199 with fetal calf  serum at 37~ for 1 h in the 
presence of  10 -9, 10 -8, and 10 .7 M arginine-VP and 
removal of nonadherent  cells by shaking and washing 
in a warm incubation medium. 

Results were statistically processed using Stu- 
dent's t test. 
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Fig, 1, Changed content of cyclic nucleotides in peritoneal macro- 
phages in the presence of vasopressin. Here and in Fig. 3:*p<Q01 vs.  

the control. 

cellular cAMP concentrat ion can lead to activation 
of cAMP-dependent  protein kinases and phospho- 
rylation of  cellular proteins; therefore, we studied 
macrophagal protein phosphorylation in the pre- 
sence of VP. A 15-kD protein was detected, phos- 
phorylated upon  addition to cells of  VP and di- 
butyril-cAMP (Fig. 2), presumably a substrate of 

RESULTS 

Radioimmunoassay of  cAMP and cGMP in macro- 
phages after 10-min incubation with arginine-VP in 
concentra t ions  10-9-10 .6 M revealed a dose-de-  
pendent  increase in the intracellular  con ten t  o f  
cAMP which was statistically significant at VP con- 
centrations of  10 .7 and 10 .6 M (p<0.01), while the 
content  of  c G M P  virtually did not  change (Fig. 1). 
The c G M P / c A M P  ratio in the cells decreased. These 
results agree with the data obtained on human cir- 
culating blood m o n o n u c l e a r  phagocytes [8]. An 
increase in cAMP level in cells is typical of  activa- 
tion of  type V 2 receptors  of  VP associated with 
antidiuretic activity of  this hormone at the level of  
renal tubular epithelium. An increase in the intra- 

Fig. 2. Phosphorylation of CBA mouse peritoneal macrophage proteins 
under the effect of vasopressin (autoradiogram). 1) control; 2) vaso- 
pressin, 10 4 M, and methylisobutyl xanthine, 0.1 mM; 3) dibutyril- 
cAMP, 1 mM. Arrow shows 15 kD protein. 
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Fig. 3. Changed macrophage adhesion to plastic in the presence of 
vasopressin. 

c A M P - d e p e n d e n t  p ro t e i n  k inases  ac t iva ted  dur ing 
VP b ind ing  to m a c r o p h a g a l  recep tors .  The  15-kD 
pro te in  is a p ro t e in  o f  the  m e m b r a n o u s  f rac t ion  o f  
the renal  tubu la r  e p i t h e l i u m  p h o s p h o r y l a t e d  in the 
p resence  o f  VP [3]. Which  charac ter i s t ics  o f  m a c r o -  
phagal  m e m b r a n e s  (if it is a m e m b r a n e - a s s o c i a t e d  
p ro te in )  can  change  in the  p r e s ence  o f  VP? A char -  
acteris t ic  fea ture  o f  m a c r o p h a g e s  is the  capac i ty  o f  
adhes ion .  S tudy  o f  VP  e f fec t  on  m a c r o p h a g e  ad-  
hes ion to plast ic  revea led  a dec rease  in this abil i ty 
in the  p r e s e n c e  o f  10 -7 M V P  (p<0.01,  Fig. 3). 
Al though  such an  inh ib i t ion  o f  cell  adhes ion  c o m -  
b i n e d  w i th  i n c r e a s e  o f  c A M P  c o n c e n t r a t i o n s  in 
t h e m  and  a dec rease  in in t r ace l lu la r  c A M P / c G M P  
ratio, which  was obse rved  at  the same  concen t r a t i on  
o f  the h o r m o n e ,  is in l ine wi th  cu r r en t  views on the 
d i rec t ion  o f  these in t race l lu la r  messenge r s '  ac t ion in 
the regulat ion o f  m a c r o p h a g a l  func t ion ,  these results 
can  hard ly  be  i n t e rp re t ed  as a dec rease  in the func-  
t ional  act iv i ty  o f  m a c r o p h a g e s  in the  p re sence  o f  
VP.  S o m e  a u t h o r s  c o n f i r m e d  the  s t i m u l a t i o n  o f  
phagocy tos i s  wi th  VP  - -  the  results  o f  expe r imen t s  
on  p e r i t o n e a l  m o u s e  m a c r o p h a g e s  in vitro at  VP  
concen t r a t i ons  c o m p a t i b l e  to those  we  used [4]; this 
n e u r o p e p t i d e  act ivates  h u m a n  m a c r o p h a g e  c h e m o -  
taxis [14]. At  cer ta in  c o n c e n t r a t i o n s  c A M P  increases 
the migra t ion  capac i ty  o f  m a c r o p h a g e s ,  which  can  

be expla ined  by  dec rea sed  adhes ion  o f  these cells 
[6]. I n  v ivo r e s p o n s e  o f  m a c r o p h a g e s  to i n f l am-  
mat ion ,  their  chemotax i s  a n d  inhibit ion o f  leukocyte  
adhes ion  induced  by  che lnoa t t r ac t an t s ,  are in good 
corre la t ion;  reversible cell adhes ion  is required  for  
l e u k o c y t e  l o c o m o t i o n  [15]. Thus ,  the  n o t i o n  o f  
discreteness  o f  signs o f  m a c r o p h a g e  ac t iva t ion  and  
i n d e p e n d e n t  m e c h a n i s m s  o f  thei r  ac t iva t ion  char -  
acteristic o f  these po lyfunc t iona l  cells is justif ied [1]. 

We canno t  say for  sure that  the de tec ted  changes 
in in t racel lu lar  c o n t e n t  o f  c A M P ,  p h o s p h m y l a t i o n  
o f  15 k D  protein,  and  decreased  adhesion o f  mac ro -  
phages  to plastic are c o m p o n e n t s  o f  the s ame  chain  
o f  cell events  t r iggered b y  the  h o r m o n e ,  bu t  de tec -  
t ion o f  these shifts in the s ame  cell m o d e l  in the 
same range o f  h o r m o n e  concen t r a t i ons  pe rmi t s  such 
a hypothesis .  
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