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The participation of cyclic nucleotides in cell proliferation and differentiation makes 
the study of their effect on repair processes and, in particular, during wound healing, par- 
ticularly urgent. It was shown previously that administration of exogenous c~iP [2] and c~IP 
[3, 4] to animals after operations gives rise to a broad spectrum of changes in wound tissue 
metabolism, and thus evidently gives rise to an increase in the collagen content of the gran- 
ulations. It has also been shown that a single injection of c~fP immediately after an opera- 
tion in a near-physiological dose causes early activation of collagen biosynthesis in the 
granulations, skin, and muscles of wounds, activation of biosynthesis of various muscle pro- 
teins, and early mobilization of energy resources -- glycogen metabolism and glycolysis [5]. 
The changes in metabolism thus observed contribute to the intensification of repair processes, 
as has been confirmed by morphological study and measurement of the area of wounds in control 
and experimental animals in the course of healing. 

The facts so far obtained suggest that substances modulating the activity of the guanylate 
cyclase system may have a significant influence on metabolism and the regenerative capacity 
of injured tissues. One such substance is imidazole, an inactivator of 3',5'-AMP phosphodi- 
esterase and an inhibitor of enzymic hydrolysis of 3',5'-GMP. Imidazole thereby alters 
the relative levels of cAMP and cGMP in the direction of an increase in concentration 
of the latter [7]. Imidazole also is interesting because it is a component of carno- 

sine, which is known for its physiological activity [6] and its wound-healing action [9], and 
also of levamisole, which stimulates certain immune processes. The object of this investiga- 
tion was to study the effect of imidazole administration on metabolic processes characterizing 
regeneration in wound tissues. 

EXPERIHENTAL METHOD 

Experiments were carried out on 70 male albino rats weighing 150-170 g with experimental 
wounds: a linear skin incision with a nichrome coil, inducing granulation tissue formation 
[4], implanted subcutaneously. The animals were divided into three groups with 10-12 rats 
in each group: i) control animals (undergoing the operation), and 2 and 3) experimental ani- 
mals. Imidazole was injected intraperitoneally into the experimental rats in 0.5 ml of 0.14 
M NaCI solution 30 min after the operation in a dose of 5 mg (group 2) or i0 mg (group 3). 
The animals were investigated on the 5th day after the operation. The collagen content was 
measured [8] in the wound tissues (skin, muscles, and granulations). In addition, the content 
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TABLE i. Effect of Imidazole on DNA, RNA, and Collagen Content in Wound Tissues in 
Rats 

Experimental 
condi~ons 

Granulation tissue 

RNA, ~g/mg collagen, g/100 g 

Skin [ Muscles 

collagen, g/lO0 g DNA, #g/mg 

Control 2,57-+0,40 3,70-+0,06 2,41-+0,34 6,63~0,57 1,54-+0, t6 

5,41-+0,67 
<0,02 (+46%) 

7,44----- 0,46 
<0,001 (+101%) 

3,57-+0,37 
<0,02 (+48%) 

4,25-+0,30 
<0,001 (+76%) 

8,40--+0,69 
<0,05 (27%) 

9,40~0,70 
<0,02 (+40%) 

Injection of imidazole 
5 mg 

P 
10 mg 

P 

3,42--+0,24 
<0,02 (+33%) 

4,45--+0,56 
<0,001 (+73%) 

1,50=0,21 

1,46--+0,17 

of DNA and RNA [i] was determined in the granulation tissue, and in the animals of group 2 
collagen biosynthesis was investigated i~ v~o in the system in [ii], modified by the writers. 
As labeled precursor D,L-proline-3,4,5-aH3 (specific activity 3.5 Ci/nm~ole) was used. The 
specific radioactivity of hydroxyproline was determined by the method in [i0]. A morphological 
analysis of the granulation tissue by autoradiography also was undertaken on group 2. To ob- 
tain autoradiographs pieces of granulations weighing 50 mg were incubated for 8 h at 37~ [ii] 
in the presence of 24 ~Ci of D,L-proline-3,4,5-3H3. The autoradiographs were prepared with 
M photographic emulsion on sections 1-2 D thick. Exposure was 7 days at 4~ Grains of re- 
duced silver were counted above i00 fibroblasts and in the intercellular space in the imm~edi- 
ate vicinity of these cells. The numerical results were subjected to statistical analysis 
by Uilcoxon's test. 

EXPERIMENTAL RESULTS 

Injection of imidazole into the animals undergoing operation (Table i) increased the DNA 
and RNA concentrations in the animals of group 2 compared with the control by 33% (P < 0.02) 
and 46% (P < 0.02) respectively, and in the animals of group 3 by 73% (P < 0.001) and 101% 
(P < 0.001) respectively. Meanwhile the collagen concentration in the granulations was in- 
creased by 48% (P < 0.02) and 76% (P < 0.001) in the animals of groups 2 and 3 respectively. 
Changes in the intensity of anabolic processes in the granulations were confirmed by the re- 
sults of a study of biosynthesis: in the experimental animals specific radioactivity, de- 
termined as incorporation of labeled hydroxyproline, was increased after injection of imidazole 
by 60% compared with the control. Determination of collagen in the skin also showed an in- 
crease in its concentration in the animals of group 2 by 27% (P < 0.05) and in the animals 
of group 3 by 40% (P < 0.02). Collagen biosynthesis was activated in these experiments (+20%). 
No changes were found in the collagen content in muscles adjacent to the coil. 

The results of the morphological study showed that on the 5th day after the operation 
signs of inflammation were rather less well marked in the wounds of the experimental animals 
than in the control rats. Granulation and epithelization of the wound edges proceeded more 
actively. Foci of granulations had a marked tendency to merge and consisted of large, juicy 
fibroblasts with oval or round nuclei, containing two or three eccentrically arranged nucleo!i. 
The basophilic cytoplasm of these cells had outgrowths of different lengths. The fibroblasts 
themselves were arranged in parallel rows close to the newly formed capillaries. Quantitative 
analysis of the autoradiographs showed that the label in the wounds of the control rats was 
located mainly above cells, and only a very small fraction of it was above the intercellular 
space. In the rats receiving imidazole the amount of label above and close to the fibroblast 
was 2.5 times greater than in the control animals. Most label was projected above the in- 
tercellular space under these circumstances, and together with the overall larger number of 
grains of silver in the experimental animals, this is evidence of an increased rate of pro- 
tein synthesis and a more rapid outflow of proteins into the extracellular space. 

It can be concluded from these data that injection of imidazole into animals undergoing 
operations intensifies biosynthesis in the wound tissues. It can also be postulated that the 
wound-healing action of carnosine is due to its structural component, namely the imidazole 
ring, which activates the guanylate cyclase system. 
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Cells of the mucosa differ from cells of many other tissues in that the area of their 
cytoplasmic membrane is several times greater than the area of the intracellular membranes. 
This feature of the morphology of the plasma membrane in the mucosa is connected with its high 
transport activity. A decisive role in many Secretory processes (transport of amino acids 
and sugars, diffusion of water, active and passive transport of Na § K +, HCO7 , CI-) through 
the membrane is played by Ca ++ ions. 

Just as in other tissues, the Ca ++ concentration in the cytoplasn of mucosal cells is 
several orders of magnitude lower than in the extracellular medium. There is a continuous 
passive inflow of Ca++ inside the cells, which is considerably increased by the action of 
various stimulators of secretory processes: hormones and neuromediators, and also manybiolog- 
ically active substances which enter the intestine together with the food [i, 2]. To main- 
tain the Ca ~-~ concentration sradient in the plasma membranes of the mucosa, systems of Ca ++ 
transport against their concentration gradient must operate. In some tissues transport of 
this kind is effected by Na--Ca exchange [i]. Active transport of Ca ++ on account of function- 
ing of a special Ca-ATPase in the plasma membrane also is known. This mechanism of Ca ++ re- 
lease from the cell has been demonstrated most convincingly for erythrocytes [10]. The Ca- 
ATPase activity of erythrocytes can be regulated by calmodulin [5, 6]. This substance is 
found in many tissues, including the mucosa of the small intestine [3]. 

Calmodulin evidently activates the Ca-ATPase of the sarcolemma of the heart by increasing 
the rate of Ca-dependent phosphorylation of membrane proteins [Ii]. Activation of Ca-ATPase 
in erythrocytes is achieved by direct interaction between the enzyme and calmodulin [8]. 
Taking this into account, a one-stage method of isolating homogenous Ca-ATPase from erythro- 
cytes based on affinity chromatography of solubilized membranes on calmodulin-sepharose has 
been developed. 

The mechanism of active transport of Ca++ from cells of the mucosa into the intercel- 
lular space has not been established. The existence of Ca-ATPase in the cytoplasmic membranes 

Laboratory of Molecular Bases of Pathogenesis of Infectious Diseases, Central Research 
Institute of Epidemiology, Ministry of Health of the USSR, lloscow. Department of Chemistry 
and Technology of Fine Organic Compounds, M. V. Lomonosov Moscow Institute of Fine Chemical 
Technology. Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 95, No. 
6, pp. 62-65, June 1983. Original article submitted July 7, 1982. 

0007-4888/83/9506- 0793507.50 �9 1983 Plenum Publishing Corporation 793 


