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CYCLIC AMP IN MACROPHAGES, INTESTINAL MUCOSA, 

AND BLOOD PLASMA Ol 7 GERMFREE AND ORDINARY ANIMALS 
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In r ecen t  y e a r s  much attention has been paid to the sy s t em of cyclic nucleotides in the regu la to ry  m e c h -  
an i s ms  of immunity of r e s i s t a n c e  to infection [2, 4, 6]. G e r m f r e e  animals  with their  intact immune sys t em con- 
st i tute an adequate object  for  studying the role  of the mic rob ia l  fac tor  in the development  of the nucleotide- 
cyc lase  m e c h a n i s m s  of ce l lu lar  reac t iv i ty  of the host o rgan i sm.  

The object  of this investigation was to study, in compara t ive  expe r imen t s  on g e r m f r e e  and ord inary  ani-  
mals ,  the role  of natural  mic rob ia l  contaminat ion of the host  o rganism on abili ty to fo rm cyclic AMP in the in- 
tes t ina l  mucosa  and r e a c t ,  phages.  

EXPERIMENTAL METHOD 

Germfree and ordinary C3H/He mice aged 3-4 months and outbred guinea pigs aged 2-3 weeks were used. 
The animals were kept in Trexler germfree isolators. During work with animals in germfree isolators, the 
rules established in [i] were observed. The germfree animals were kept, fed, and subjected to microbiological 
control in accordance with the general demands of gnotobiological technology [3]. 

The cyclic AMP content was determined in peritoneal macrophges, the intestinal mucosa, and the blood 
plasma of intact animals and also in the course of administration of Escherichia coli 055 lipopolysaccharide 
(LPS). The LPS was isolatedbythewater-pheno] method [8] and purified on a Spinco ultracentrifuge at 105,000g. 

The effect of LPS on the adenylate cyc]ase of the intestinal mucosa was studied by the method of local 
application in an isolated loop of small intestine of germfree guinea pigs. For this purpose, under ether anes- 
thesia a loop of small intestine was isolated in the animals and i000 pg of LPS in a volume of 0.5 ml of 0.14 M 
NaCl was injected into a segment of it (8 cm long), isolated by means of silk ligatures. Only physiological saline 

was injected in control experiments. The animals were killed after 30 and 60 rain and scrapings of intestinal 
mucosa were obtained together with blood plasma. Weighed samples of the scrapings were homogenized in 1 ml 
5% TCA and were extracted 5 times with 2 volumes of ether, after the addition of 0.i rnl 1 N HCI. Cyclic AMP 
was determined by the competitive binding method [5]. The values obtained for the cyclic AMP content in pico- 
moles were expressed per I00 mg tissue and per milliliter of blood plasma. 
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Fig. 1. Cyclic AMP content in intestinal mucosa 
and blood plasma of ge rmfree  and ord inary  
guinea pigs. Abscissa ,  time of injection of LPS 
from E. coli 055 (in h); ordinate,  cyclic AMP 
concentration (in pmoles /100 mg t i s sue /ml  
plasma). A) Intestinal mucosa,  B) blood plasma. 
Shaded columns represen t  ord inary  animals;  
unshaded columns germfree  animals at different 
t imes after injection of LPS. 
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Fig. 2. Effect of LPS from E. coli 055 on cyclic 
AMP formation in maerophages of germfree 

and ordinary mice. i) Extracellular medium 
of germfree mice, 2) maerophges of germfree 

mice, 3) extracellular medium of ordinary mice, 
4) maerophages of ordinary mice. Continuous 
line - cyclic AMP concentration after stimula- 
tion by LPS, broken line- control (spontaneous 
production of eyelie AMP without stimulation 
by LPS). 

To determine the cyclic AMP level in the macrophages ,  unstirnulated peritoneal cells obtained by i r r iga-  
tion of the peri toneal  cavity of the mice with Hanks' solution were used. The cell suspension (over 95% of the 
cells were macrophages)  was washed. When cells were obtained f rom the mouse peri toneal  cavity, the number 
of macrophages  obtained from ordinary animals was three t imes grea ter  (6 �9 10~/ml) than from germfree  ani- 
mals (2" 106/ml), To ensure  identical exper imental  conditions the number of cells taken from the germfree  and 
ordinary  animals was equalized. LPS was added to the resul t ing suspension of washed macrophages  at the rate 
of 50 ~g per 10 ~ cells.  Cyclic AMP levels were determined 30 rain and 2 h af ter  the beginning of interaction 
between the macrophages  and LPS. Samples measur ing  0.5 ml were taken at the above-mentioned intervals 
f rom the cell suspension. Cells sedimented by eentrifugation at 1000g for 5 rain were homogenized in a glass 
homogenizer .  Cyclic AMP was determined by the above method with convers ions of the cyclic AMP concentra-  
tion to picomoles/106 macrophages .  
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Altogether 10 ge rmfree  and 10 ordinary  mice and also 15 germfree  and 15 ordinary  guinea pigs were used. 

EXPERIMENTAL RESULTS 

The cyclic AMP level found in the intestinal mucosa of the intact guinea pigs was 5 times higher than in 
germfree animals (Fig. i). Under the influence of LI~ an increase was observed in the cyclic AMP content of 
the intestinal mucosa of the germfree guinea pigs after 30 rain and 1 h. The cyclic AMP level in the plasma of 
the ordinary animals also was higher than in that of the germfree animals. A sharp rise in the cyclic AMP 
level (more than twofold) was observed 30 rain after injection of LPS, falling to its initial level after 1 h of ob- 
servation. 

In the macrophages of the germfree mice 30 min after injection of LPS a significant (fourfold) increase 
in the eyclie AMP content was observed. In ordinary animals the doses of LPS used induced the formation of 
practically no cyclic AMP. In macrophages of ordinary animals, synthesis of cyclic AMP was equal to its se- 
cretion into the surrounding medium. The peak of formation of cyclic AMP was observed after 30 rain, after 
which the level of this cyclic nucleotide fell (Fig. 2). 

The resul ts  show that LPS st imulates  cyclic AMP synthesis ,  and more  especial ly in germfree  animals.  
It can be tentatively suggested that in the latter,  in which the spect rum of biological stimuli,  pr imar i ly  of mic ro -  
bial origin, is more  limited, adenylate cyclase is less well balanced, and this is reflected in increased formation 
of cyclic AMP. It must  be r emembered  that the cyclic AMP levels are  determined by combined activity of both 
adenylate cyclase and phosphodiesterase.  The fact  that cyclic AMP synthesis in the intestinal mucosa of the 
ge rmfree  animals did not r each  the vaIues found in ordinary,  contaminated animals,  indicates the stimulating 
role of other mic roo rgan i sms  and their biologically active products in the formation of this cyclic nueleotide. 
The ability of the microbia l  cells themselves to synthesize their own cyclic AMP must  aIso be borne in mind, 
and this also would account for the increased levels of cyclic AMP in the intestinal mucosa  of the ordinary  ani- 
mals  compared with the germfree  animals.  

The reduced content of cyclic AMP in intact ge rmfree  animals and the inadequate response  of the cyclic 
nucleotide sys tem to stimulation by products of microbia l  origin can also explain certain special  features of 
immunobiologic reac t iv i ty  in germfree  animals and, in par t icular ,  depress ion of their res is tance  to infection. 
Dis turbances  of in t racel lular  levels of cyclic nucleotides are known to lead to a reduction of immunocompetence 
[7]. The increase  in cyclic AMP formation under the influence of LPS must  be regarded  as a biologically pur-  
posive response  protect ingthe animal against  excessive response  to extremal  biotic factors  of the microbia l  
environment.  Through the "blocking" of various cellular functions cyclic AMP protects  the body against the 
dangerous consequences of an uncontrolled immune response  [2], thereby defining the important role of cyclic 
nucleotides in the regulation of homeostas is  of the body. 

The resul ts  show that cyclic AMP formation in the intestinal mueosa  and peritoneal macrophages  is de- 
pendent on microbia l  stimulation. The r i se  in the cyclic AMP levels in the blood plasma of germfree  animals 
after  st imulation by LPS may ref lect  the participation of this cyclic nucleotide in nonspecific react ions of the 
host organism to microbia l  stimulation, which resembles  shock in type (microbial  or  endotoxin shock). These 
findings are in accordance  with modern views on the role of cyclic nucleotides in the regulation of immunity 
and of the homeostat ic  react ions of the body [2, 4, 6]. 
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