
18
The New Armenian Medical Journal | Vol. 3, No. 4, p. 18-29 Avagyan S.A.

Abstract
The influence of putrescine low concentrations to the state of ornithine decarboxylase (ODC), endothelial NO-synthase 
(eNOS) activities, insulin, and glucose levels in myocardium of experimental animals.  

The performed immunomorphological studies allowed to reveal that in 20 minutes and 2 hours after putrescine ad-
ministration to experimental mice at the dose level of 10-8 mg/ml the marked decrease of ODC activity occurred in 
myocardiocytes. In 8 hours after putrescine administration, ODC activity was normalized. One of the probable reasons 
of ODC activity decrease is putrescine endogenously administered by us that, according to the “feed-back” response 
principle, indirectly modulates the processes of ODC activity inhibition. 

In 2 and 8 hours after putrescine administration, eNOS activity in myocardium, as well as myocardium microvessels walls 
was markedly decreased.  The results of immunofluorescent studies correlated with the findings of the immune enzyme 
assay, due to which in the same study intervals rather low NO indices were registered in myocardium. Therefore, it is 
not excluded that administration of rather low concentrations of putrescine to experimental animals was accompanied 
by in situ inhibition of the entire cascade of enzymatic and metabolic reactions, which under normal conditions ensure 
NO optimal synthesis by endotheliocytes of myocardium capillaries. In 20 minutes after putrescine administration, we 
recorded high indices of insulin in blood serum and heart tissues, as well as low glucose level in the heart. It cannot be 
excluded that in this precise case the high level of glucose is the consequence of a direct stimulating influence of putres-
cine administered by us to b-cells of insular apparatus of the pancreas. The low level of blood serum insulin observed 
in animals of Experimental Group III is to a certain extent mediated by IGF-1, the content of which in blood serum 
markedly increased in 8 hours after putrescine administration. One cannot exclude that in this case IGF-1-dependent 
mechanism of insulin and glucose metabolism is also engaged. This latter is the issue of a wide discussion nowadays. 

Keywords: myocardium, contractile activity, putrescine, ornithine decarboxylase, NO-synthase.

INTRODUCTION

Our previous studies revealed that single 
intravascular administration of rather 
low concentrations of putrescine to 

laboratory animals was accompanied by the en-
hancement of myocardium contractile activity 
[Avagyan S. et al., 2008]. 

In this connection, to our mind, it appears neces-
sary to elucidate, whether or not, the concentra-
tion of putrescine administered by us influences the 
activity of ODC (EC 4.1.1.17.) in myocardium, i.e. 
if the known ODC-dependent mechanisms of pu-
trescine synthesis continue to function or biological 

effects earlier revealed by us in myocardium of ex-
perimental animals are conditioned by exogenously 
administered putrescine.

The expediency of carrying out mentioned stud-
ies was also dictated by the following circum-
stance: there is evidence in scientific publications, 
according to which in vitro and in vivo putrescine 
administration is accompanied by ODC activity 
inhibition [Isom H., Backstrom J., 1979]. 

It is considered established: nitric oxide (NO) in 
the mammalian organism acts as a powerful en-
dogenous vasodilator. Thus, under conditions of 
normal functioning organism NO exerts an ex-
pressed dilatation action to smooth-muscle cells 
of vessels walls thus being actively engaged in 
regulation of the vascular tone and permeability 
of the vascular wall. Moreover, the vasoactive ef-
fect of NO is realized according to both autocrine 
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and paracrine mechanisms. At the same time, the 
excessive production of NO is accompanied by 
the decrease of venous and peripheral resistance, 
development of hypotension and blood redistri-
bution in internals [Kuzin M., 2000].

Taking into consideration the important vasoac-
tive role of NO in a mammalian organism, it seems 
necessary, to our mind, to elucidate a question, if 
the adaptive, NO-dependent vasodilation mecha-
nisms are engaged under conditions of enhanced 
contractile activity of myocardium caused by ad-
ministration of putrescine low concentrations to 
experimental animals? 

It cannot be excluded that under conditions of 
our experiment in case of increasing NO levels in 
myocardium the alternative changes might occur 
in this latter: in both parenchymatous and stromal 
cells, as it is known that at high concentrations 
NO exerts an expressed cytotoxic action. 

At present the mechanisms of polyamines modu-
lating influence are widely discussed in concern 
of insulin synthesis processes in incretory cells 
of pancreas, glycogen metabolism in liver, glucose 
energy-supply of parenchymatous organs, includ-
ing the heart as well [Bungay P. et al., 1984; Welsh 
N., Sjöholm Å., 1988; Sjöholm Å. et al., 2001].

According to publications [Rutter G. et al., 1992; 
Paxton R.,  Ye L., 2005], putrescine-dependent 
mechanisms of insulin and glucose metabolism, 
the realization of which occurs at the level of car-
diovascular system, are also engaged in the mam-
malian organism. 

Undoubtedly, the transitory enhancement of 
myocardium contractile activity revealed by us 
in experimental animals under administration of 
putrescine could not but influence processes of 
insulin-dependent myocardiocytes energy-supply 
with glucose [Brownsey R. et al., 1997; Doenst T. et 
al., 1999].

The current study presents findings of immuno-
morphological, immune enzyme, and biochemical 
studies for determination of ODC, eNOS activity, 
insulin and glucose levels in myocardium of nor-
mal animals, under conditions of administered low 
concentrations of putrescine. 

The results of the present study might be con-

sidered as a standpoint that allows interpreting 
those earlier described biological effects in myo-
cardium of experimental animals [Avagyan S. et al., 
2008] from qualitatively new positions. 

MATERIAL AND METHODS 

The study was performed in white male mice 
weighing 35-40 g. The Control Group embraced 
intact animals. Animals of experimental series 
were divided into 3 Groups. Animals of Experi-
mental Groups I, II, and III were withdrawn from 
the experiment appropriately in 20 minutes (min), 
2 hours (h) and 8 h after the single intravascular 
administration of putrescine (Sigma, USA) given 
as 10-8 mg/ml per 100 g animal body weight, under 
observance of all generally accepted bioethical 
regulations. Animals of the Control Group were 
exposed to intravascular administration of 0.1 ml 
saline, i.e. such an amount of saline that was used 
to dissolve putrescine for administration to ani-
mals of experimental groups. 

For morphological studies the pieces were taken 
from hearts of mice of Control and Experimental 
Groups, fixed in Karnua liquid and after the appro-
priate treatment in alcohols of increasing concen-
trations embedded in paraffin. Microtome-derived 
slices were stained with hematoxylin-eosin. 

In order to carry out the immunomorphological 
analysis for determination of ODC activity, indi-
rect Coons’ reaction was applied [Coons A., 1958], 
using monoclonal anti-mouse antibodies to ODC 
(Monoclonal Anti-Ornithine Decarboxylase Anti-
body produced in mouse) and FITC-labeled rabbit 
antibodies against mouse IgG (Sigma, USA). Be-
fore initiation of tests working dilutions of both 
antisera were prepared according to the Instruc-
tion obtained with the kits of antisera. Working 
dilution of antiserum to ODC was obtained as 
1:30 and working dilution of FITC-labeled rabbit 
antibodies against mouse IgG was 1:64, using 0.1 
M buffer at pH 7.4. While performing the indirect 
immunofluorescence reaction for eNOs determi-
nation, rabbit antibodies against endothelial NO 
synthase (Sigma, USA) and FITC-labeled goat se-
rum against rabbit IgG were used (Sigma, USA) 

The working dilution of antiserum against eNOS 
made 1:30, while that of FITC-labeled rabbit serum 
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against mouse IgG was 1:64. In both cases, 0.1 M 
phosphate buffer was used for dilution at pH 
7.4. All stages of immunofluorescence tests were 
performed with strict adherence to the specifi-
cations indicated in the “Immunohistochemistry” 
Protocol (Dia-Sorin, USA). The preparations were 
observed with the use of “Boecco” luminescent 
microscope (Germany) and filters corresponding 
to FITC excitation (excitation = 440-90 nm; emis-
sion 520-560 nm). Micro-photos were taken with 
the use of “Canon A-640” camera (Canon, Japan) 
that is a part of the microscope assemblage.

In each precise case necessary control was ar-
ranged without fail in order to exclude the non-
specific character fluorescence: 

1. Upon determination of ODC and eNOS 
activities the appropriate stages of pro-
cessing cryostat slices with antisera to 
ODC and eNOS were omitted. Thus, 
to determine ODC activity only FITC-
labeled rabbit serum against mouse IgG 
was applied, whereas for determination of 
eNOS activity we used FITC-labeled goat 
serum against rabbit IgG. 

2. Upon determination of ODC activity in-
stead of processing preparations of FITC-
labeled rabbit antibodies against mouse 
IgG, the following was used in each pre-
cise case, appropriately: FITC-labeled 
blood sera to human, mouse, and rat 
IgG. For determination of eNOS activity 
FITC-labeled sera to human, mouse and 
rat IgG produced by “Sorin” (USA) and 
“Niardmedic” (Institute of Epidemiology 
and Microbiology, Moscow, Russia) were 
applied by us instead of the FITC-labeled 
anti-rabbit serum.

3. In order to exclude the autoluminescence 
(spontaneous luminescence of myocar-
dium cells and stroma), we observed all 
conditions of stage-by-stage processing of 
preparations, excluding, appropriately, ap-
plication of FITC-labeled rabbit antibodies 
against mouse IgG and FITC-labeled goat 
antibodies against rabbit IgG to the slices. 
NO and insulin levels in the heart were 
determined using immune enzyme assay 
method (ELISA) and the corresponding 
kits of “Assay Design Inc.” and “DRG-

International Inc.” (USA - Germany). NO 
content was expressed in µmol/L, while for 
insulin measurements µu/ml was used.

Blood was collected from laboratory mice after 
decapitation. The blood was stored at room tem-
perature (20oC) for 2 h and then centrifuged at 
1500 g at 4°C for 20 min. The serum was sepa-
rated and stored at -20°C until being assayed for 
melatonin. 

Immediately after blood collection, the hearts 
were rapidly removed, weighed and homogenized 
in 0.4 mol/L HClO4 (4 ml/g tissue) at 0–4°C, us-
ing a Teflon Glass cell disrupter at maximal speed 
(1000 rpm). After 15 min at 0–4°C, homogenates 
were centrifuged at 16000 g for 20 min, and the 
supernatants frozen at -28°C until hormone (in-
sulin) and glucose analyses.

A summary count of the immune enzyme assay 
results was done on the “Stat Fax 3200” auto-
matic analyzer (Awareness Technology Inc., USA) 
according to requirements of the Instructions on 
determination methods for each kit. Plotting the 
calibration curve and determination of samples 
concentrations was done by means of DeltaGraf 
programme (version 5.4). 

Creatine kinase (CK), lactate dehydrogenase 
(LDG), aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) activities were 
determined spectrophotometrically using the ap-
propriate kits (Delta, Armenia). CK and LDG ac-
tivities were expressed in UI/l, while ALT and AST 
activities were expressed as µMol/ml. 

All statistical analyses were performed using SPSS 
version 11.0 statistical package for Microsoft Win-
dows (SPSS, Inc., Chicago, IL). Data are presented 
as mean±SEM. Correlations between variables 
were analyzed using Student’s t test. The compari-
sons between groups were performed using t test.

RESEARCH RESULTS 

To our mind, studies aimed at elucidation of the 
problem whether or not rather low concentrations of 
exogenously administered putrescine produce the in-
fluence on ODC activity in myocardium are of certain 
interest. 

With this aim, we performed immunofluorescent 
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Picture 1. ODC activity in myocardium of experimental animals 20 min after putrescine administration. Indi-activity in myocardium of experimental animals 20 min after putrescine administration. Indi-
rect reaction of fluorescence. Obj. 40; oc. 10. 

a) Foci of specific fluorescence at the area of singular myofibrils fragments.
b) Almost entire absence of specific fluorescence at the area of cross-oriented myofibrils.

 
Picture 2. ODC activity in myocardium of experimental animals in 2 h after putrescine administration. Indirect 
reaction of immunofluorescence. 

a) Focal specific fluorescence at the area of adjacent cross-oriented myofibrils. Obj. 40; oc. 10.
b) Fragment of preparation a. Intense specific focal luminescence along singular myofibrils. Moderate fluores-

cence at the surface of cells localized in the lumen of intermyocardiocytar capillaries. Obj. 40; oc. 10.

a

a

b

b
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studies for determination of ODC activity in myo-
cardium of mice under conditions of putrescine 
administration at concentration of 10-8 mg/ml.

As revealed by research findings 20 min after 
putrescine administration ODC activity in the 
myocardium of experimental animals markedly 
decreased as compared to animals of the Con-
trol Group.  Alongside all linearly and transversely 
oriented myocardiocytes the mosaic picture was 
observed being manifested as alternation of ex-
tended dark areas and singular sites, at which rela-
tively high ODC activity was revealed. Thus, the 
specific luminescence of primarily homogenous 
character bore exceptionally focal character and 
was determined alongside singular sarcomeres. 
The luminescence was determined intracellularly 
along separate fragments of myofibrils (Picture 1). 
In 2 h after putrescine administration (Experimen-
tal Group II) foci of the specific fluorescence at 
myocardiocytes area began to be revealed more 
frequent (compared to Experimental Group I). 
ODC activity began to be determined at the area 
of bigger groups of adjacent sarcomeres (Picture 
2). Eight hours post putrescine administration (Ex-
perimental Group III) a picture similar to that of 
mice in Control Group was observed in myocar-
dium of experimental animals. The luminescence 
at the majority of sites bore a diffuse character 

and was defined at the significant extent of most 
linearly and transversely oriented myocardiocytes 
(Picture 3). 

Thus, at the relatively early stage of observation 
(20 min post putrescine administration) using the 
method of indirect immunofluorescence we reg-
istered the significant decrease of ODC activity 
in myocardiocytes. In 2 h after putrescine admin-
istration only a tendency towards normalization 
of ODC activity in myocardium of experimental 
animals was traced. 

The immunomorphological analysis of freshly 
frozen cryostat derived sections of myocardium 
for determination of eNOS activity was the next 
stage of our study. 

As demonstrated by the results of performed im- demonstrated by the results of performed im-demonstrated by the results of performed im- by the results of performed im-by the results of performed im- the results of performed im-the results of performed im- results of performed im-results of performed im- of performed im-of performed im- performed im-performed im- im-im-
munofluorescence tests, in 20 min after putres-after putres- putres-putres-
cine administration eNOS activity practically did 
not differ from that in myocardium of animals of 
the Control Group. Thus, the intense and moder-Thus, the intense and moder-moder-
ate specific luminescence was revealed in walls of 
the majority of intermyocardial capillaries (Picture 
4a;b), the contours of which were rather distinct 
upon staining of the same cryostat derived sec-
tions exposed earlier to immunofl uorescent anal-exposed earlier to immunofluorescent anal-
ysis with the use of hematoxylin eosin (Picture 4b).    

 
Picture 3. ODC activity in myocardium of experimental animals in 8 h after putrescine administration. Indirect 
reaction of immunofluorescence. Obj. 40; oc. 10.

a) Specific luminescence at the area of major groups of longitudinally oriented myocardiocytes. Obj. 40; oc. 10. 
b) Specific intense and moderate fluorescence at the area of adjacent myocardiocytes. Obj. 40; oc. 10.

a b
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Picture 4. eNOS activity in myocardium of experimental 
animals in 20 min after putrescine administration. 

a) eNOS high activity in walls of most intermuscular mi-) eNOS high activity in walls of most intermuscular mi-eNOS high activity in walls of most intermuscular mi- high activity in walls of most intermuscular mi-high activity in walls of most intermuscular mi- activity in walls of most intermuscular mi-activity in walls of most intermuscular mi- in walls of most intermuscular mi-in walls of most intermuscular mi- walls of most intermuscular mi-walls of most intermuscular mi- of most intermuscular mi-of most intermuscular mi- most intermuscular mi-most intermuscular mi- intermuscular mi-intermuscular mi- mi-mi-
crovessels manifested in intense homogeneous fluo-
rescence in walls of longitudinally and cross-oriented 
capillaries. Experimental Group I. Indirect reaction of 
immunofluorescence. Obj. 10; oc. 10.

b) Cytoangioarchitectonics of myocardium was pre-
served. Intermyocardiocytar capillaries have distinct 
contours; relatively high eNOS activity was recorded by 
means of fluorescent microscopy method. Experimen-. Experimen-
tal Group I. Cryostat derived section that was stained 
with hematoxylin eosin after the immunofluorescent 
analysis.  Obj. 10; oc. 10.

c) Intense specific fluorescence in endotheliocytes of 
myocardium microvessels. Experimental Group I. Indi-
rect reaction of immunofluorescence. Obj. 10; oc. 10.

Picture 5. eNOS activity in myocardium of experimental 
animals in 2 and 8 h after putrescine administration.

a) Relatively high eNOS activity as specific luminescence is 
revealed only in singular microvessels of myocardium. Ex- only in singular microvessels of myocardium. Ex-only in singular microvessels of myocardium. Ex- in singular microvessels of myocardium. Ex-in singular microvessels of myocardium. Ex- singular microvessels of myocardium. Ex-singular microvessels of myocardium. Ex- microvessels of myocardium. Ex-microvessels of myocardium. Ex- of myocardium. Ex-of myocardium. Ex- myocardium. Ex-myocardium. Ex-. Ex-
perimental Group II. Indirect reaction of fluorescence. Obj. 
10; oc. 10.

b) The structure of myocardium is preserved. In the majority 
of intermuscular capillaries, which have distinct contours, 
low eNOS activity was registered using the immunofluo-
rescent method. Experimental Group II. Cryostat section 
that was stained by hematoxylin eosin after carrying out 
the immunofluorescent analysis. Obj. 10; oc. 10.

c) Low activity of eNOS in walls of myocardial microvessels 
is manifested in specific extremely weak fluorescence of 
the walls and endotheliocytes of capillaries. Experimen-
tal Group III. Indirect reaction of immunofluorescence. 
Obj. 10; oc. 10.

a a

b b

c c
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In 2 h after putrescine administration (Experimen-after putrescine administration (Experimen- putrescine administration (Experimen-putrescine administration (Experimen- administration (Experimen-administration (Experimen- (Experimen-Experimen-
tal Group II) the intense homogenous fl uores- Group II) the intense homogenous fl uores-Group II) the intense homogenous fl uores- II) the intense homogenous fl uores-II) the intense homogenous fl uores-) the intense homogenous fl uores-the intense homogenous fluores-
cence was observed only in walls of singular capil-
laries (Picture 5a), whereas in cryostat sections 
stained by hematoxylin eosin the well-developed 
capillary net had distinct contours in myocardium 
(Picture 5b). In 8 h after putrescine administration 
there took place further decrease of eNOS activi- took place further decrease of eNOS activi-took place further decrease of eNOS activi- place further decrease of eNOS activi-place further decrease of eNOS activi- further decrease of eNOS activi-further decrease of eNOS activi- decrease of eNOS activi-decrease of eNOS activi- activi-activi-
ty in myocardium of experimental animals; this lat-
ter was structurally expressed in a weak specific 
fluorescence in the walls and endotheliocytes of 
singular capillaries (Picture 5c). It should be noted 
that results of the immunofl uorescent study cor-immunofluorescent study cor-
related with NO indices determined by the im-
mune enzyme assay in myocardium. Thus, in 20 
min after putrescine administration NO level was 
within the range of control values (6.3±1.6 µmol/L 
versus 7.2±1.4 µmol/L in Controls; 0.4>p>0.25). In 
2 and 8 h there occurred NO level decrease in 
myocardium. In animals of Experimental Group II 
NO level made 3.1±0.9 µmol/L (0.015>p>0.01), in 
mice of the Experimental Group III: 2.5±0.9 µmol 
/L (0.025>p>0.01). 

Thus, on the base of performed immunomorpho-, on the base of performed immunomorpho-on the base of performed immunomorpho- the base of performed immunomorpho-the base of performed immunomorpho- base of performed immunomorpho-base of performed immunomorpho- of performed immunomorpho-of performed immunomorpho- performed immunomorpho-performed immunomorpho- immunomorpho-immunomorpho-
logical and immune enzyme studies, it became 
possible to draw a conclusion, according to which 
in 2 and 8 h after administration of rather low 
concentrations of putrescine to experimental ani-
mals there occurred a marked decrease of eNOS 
activity and nitric oxide level in myocardium. 

The results of performed immune enzyme assays 
and biochemical tests for determination of insulin 
and glucose levels are presented as Table 1. 

As revealed by immune enzyme assay findings in 
animals of the Experimental Group I blood serum 
insulin levels were insignifi cantly increased; how- were insignifi cantly increased; how-were insignifi cantly increased; how- insignifi cantly increased; how-insignificantly increased; how- increased; how-increased; how-; how-how-
ever, in 2 h after putrescine administration (Ex-after putrescine administration (Ex- putrescine administration (Ex-putrescine administration (Ex- administration (Ex-administration (Ex- (Ex-Ex-
perimental Group II) a marked decrease of insulin 
levels occurred: 1.6 times compared to that in rats 
of the Control Group. Low level of insulin was de- the Control Group. Low level of insulin was de-the Control Group. Low level of insulin was de- Control Group. Low level of insulin was de-Control Group. Low level of insulin was de- Group. Low level of insulin was de-Group. Low level of insulin was de-
termined in blood serum of animals of the Experi-
mental Group III likewise Experimental Group II. 

As demonstrated by results of biochemical stud-
ies for determination of blood serum glucose, in 
Experimental Groups we revealed indices similar 
to those in blood serum of animals of the Con-
trol Group. In 8 h after putrescine administration 
the content of glucose was markedly decreased 
(1.7 times as compared with similar index in the 
control Group). In 20 min after putrescine admin-
istration (Experimental Group I) insulin levels in 
heart markedly increased exceeding the control 
level 1.7 times. However, in 2 and 8 h after pu-
trescine administration relatively low indices of 
insulin, which were appropriately 1.5 and 2 times 
lower than control ones were registered by us in 
myocardium of experimental animals. In animals 
of the Experimental Group I the glucose levels in 
myocardium decreased 4 times as compared to 
that in animals of the Control Group. In 2 h after 
putrescine administration (Experimental Group 
II) the level of glucose in heart normalized; howev-) the level of glucose in heart normalized; howev-
er, in 8 h after putrescine administration we again 
registered low indices of glucose, which were 2.7 
times below the control level.

One cannot exclude that high indices of insulin 

Table 1.
Shifts in insulin and glucose content in heart and blood serum of experimental animals 

under conditions of putrescine administration 

Study Groups
(n=18)

Studied Objects and Indices
Blood serum Heart

Insulin Glucose Insulin Glucose
Control 5.01±0.04 4.95±0.21 13.35±0.14 0.8±0.007

Experimental Group I 5.7±0.005
p<0.0005

5.26±0.16
0.05<p<0.1

22.64±1.27
p<0.0005

0.2±0.05
p<0.0005

Experimental Group II 3.2±0.06
p<0.0005

5.0±0.3
0.1<p<0.5

9.1±0.5
p<0.0005

0.6±0.11
0.05<p<0.1

Experimental Group III 3.99±0.07
p<0.0005

2.95±0.13
p<0.0005

6.6±0.68
p<0.0005

0.3±0.05
p<0.0005
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observed in blood serum and heart of animals in 
Experimental Group I were the consequence of 
a direct stimulating influence exerted by exoge-
nously administered putrescine towards Langer-
hans islets b-cells of the pancreatic gland, as a re-b-cells of the pancreatic gland, as a re--cells of the pancreatic gland, as a re-
sult of which there occurred an enhanced inflow 
of insulin to blood and heart. 

The low level of glucose in myocardium at the 
mentioned period of observation on the back-
ground of high insulin content obviously signifies 
in favour of the increased glucose utilization by 
cardiomyocytes, which were in the state of in-
creased contractile activity. The low level of insu- low level of insu-low level of insu- level of insu-level of insu- of insu-of insu- insu-insu-
lin and glucose in myocardium and blood serum of 
animals of Experimental Group III to a certain de- of Experimental Group III to a certain de-of Experimental Group III to a certain de- Experimental Group III to a certain de-Experimental Group III to a certain de- Group III to a certain de-Group III to a certain de- III to a certain de-III to a certain de- to a certain de-to a certain de- a certain de-a certain de- certain de-certain de- de-de-
gree was mediated by IGF-1, the content of which, 
as demonstrated by us earlier, was significantly in-
creased in both mentioned biomedia [Avagyan S. 
et al., 2008].

As known, numerous endogenously active sub-active sub- sub-sub-
stances of hormonal, mediatory and mediatory-
mimetic nature produce toxic infl uence to paren- nature produce toxic infl uence to paren-nature produce toxic infl uence to paren- produce toxic infl uence to paren-produce toxic influence to paren-
chymatous and stromal cells in a dose-dependent 
mode (i.e., in concentrations manifold exceeding 
their physiological blood serum levels in mam-
mals). 

Despite the circumstance that the concentration 
of putrescine administered by us was much lower 
than the concentrations revealed in blood serum 
of mammals, it is not excluded that even this con-
centration might turn to be cytotoxic as a result 
of which the shifts revealed by us could not be 

considered especially from physiological positions. 
Therefore, we performed biochemical studies for 
determination of creatinine kinase (CK), lactate 
dehydrogenase (LDG), aspartate amino trans-
ferase (AST) and alanine aminotransferase (ALT) 
in blood serum of animals in Control and Experi-
mental Groups. 

As known, CK and LDG are considered as mark- known, CK and LDG are considered as mark-known, CK and LDG are considered as mark-, CK and LDG are considered as mark-CK and LDG are considered as mark- and LDG are considered as mark-and LDG are considered as mark- LDG are considered as mark-LDG are considered as mark- are considered as mark-are considered as mark- considered as mark-considered as mark- as mark-as mark- mark-mark-
ers for induction of acute (ischemic) processes in 
myocardium. Their activity in blood significantly 
increases upon development of pathological pro- upon development of pathological pro-upon development of pathological pro- development of pathological pro-development of pathological pro- of pathological pro-of pathological pro- pathological pro-pathological pro- pro-pro-
cesses of dystrophic and inflammatory character 
in myocardium: ischemia of myocardium, toxic 
myocarditises of different etiology, etc.). As a rule, 
acute damages of myocardiocytes are expressed 
as processes of nuclei pycnosis and rhexis, granu-
lar-clumpy decay of myofibrils, myocardiocytolysis. 

ALT and AST are considered as informative mark- and AST are considered as informative mark-and AST are considered as informative mark- AST are considered as informative mark-AST are considered as informative mark- are considered as informative mark-are considered as informative mark- considered as informative mark-considered as informative mark- as informative mark-as informative mark- informative mark-informative mark- mark-mark-
ers of parenchymatous organs functional state and, 
in the first turn, of liver. Blood AST and ALT high 
activities signify to high permeability of hepato-
cytes cytoplasmic membranes emerging because 
of hepatic cells alteration. As a rule, blood activity 
of mentioned enzymes markedly increases under 
a number of pathological states (acute and chron-
ic intoxication of different genesis, acute hepatitis, 
including those of viral etiology as well, mechani-
cal and parenchymal jaundice, acute stress, etc.). 
Alongside with this, AST and ALT high activities 
directly correlate with the degree of alternative 
changes in liver. 

Hence, we considered it expedient to perform 

Table 2.
CK, LDG, AST, and ALT activities in blood serum of intact animals 

under putrescine administration 

Study Groups
(n=18)

Studied  Indices
CK LDG AST ALT

Control 320.7±49.0 451.0±57.7 0.63±0.03 1.21±0.19

Experimental Group I 348.3±45.1
0.4>p>0.25

471.1±53.6
p = 0.4

0.59±0.08
0.4>p>0.25

1.36±0.23
0.4>p>0.25

Experimental Group II 351.6±50.6
0.4>p>0.25

499.7±60.4
0.4>p>0.25

0.66±0.06
0.4>p>0.25

0.93±0.13
0.25>p>0.1

Experimental Group III 386.6±66.9
0.25>p>0.1

520.4±47.5
0.4>p>0.25

0.58±0.09
0.4>p>0.25

0.85±0.18
0.1>p>0.05
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the study on cardiomodulatory effects of putres-
cine obligatory taking into account the activity of 
above mentioned enzymes in blood serum of ex-
perimental animals. 
Table 2 reflects findings of performed studies. 

As obvious from Table 2, activity of CK, SDG, 
ALT, and AST in blood serum of animals of Ex-
perimental Groups I, II and III practically did not 
differ from that of blood serum of animals of the 
Control Group. 

It should be also mentioned that upon morpho-
logical study of heart and liver we failed to reveal 
any structural alterations from the norm. The cy-
toangioarchitectonics of heart and liver of animals 
from all Experimental Groups was similar to that 
revealed in animals of the Control Group as well. 

Thus, on the basis of performed biochemical 
and morphological studies a conclusion might be 
drawn according to which rather low concentra-
tion of the administered putrescine that was ap-
probated by us produced no toxic influence to 
myocardium and liver of experimental animals in 
Experimental Groups I-III in the aspect of studying 
putrescine cardiomodulatory effects. 

DISCUSSION 

In this section an attempt will be made to inter-
pret the results of our studies aimed to determine 
ODC and eNOS activities, shifts of NO, insulin 
and glucose content in myocardium and blood se-
rum of experimental animals under conditions of 
putrescine rather low concentrations administra-
tion. 

I. In concern of ODC activity. 

What are the probable mechanisms underlying in-
hibition of ODC activity in myocardium of animals 
in Experimental Groups I-II? There are scientific 
publications with the evidence that nitrogen oxide 
inhibits ODC activity in a dose dependent mode 
[Satriano J. et al., 1999; Blantz R. et al., 2000; Ignar-
ro L. et al., 2001]. However, under conditions of 
our experiment in myocardium of experimental 
animals during the entire period of observation 
there occurred a marked decrease of NO level 
and eNOS activity established by immune enzyme 

and immunomorphological methods of research. 
Therefore, shifts of NO content and eNOS activ-
ity in myocardium of experimental animals can-
not be considered as the probable local factor of 
ODC activity inhibition. We cannot exclude that 
one of possible reasons of ODC activity decrease 
in myocardium 20 min and 2 h after putrescine 
administration is merely the exogenously admin-
istered putrescine, which according to the “feed-
back” response principle, indirectly modulates 
the ODC activity inhibition processes. ODC ac-
tivity normalization observed by us in 8 h after 
putrescine administration, though indirectly, justi-
fies in favour of the definite role of exogenous 
putrescine in the processes of temporal (transi-
tory) inhibition of ODC activity in myocardium 
of experimental animals. This circumstance is also 
confirmed by data of scientific publications dem-
onstrating that under putrescine administration 
ODC activity in cells and tissues of mammals is 
decreased. In this respect we should first of all 
dwell on studies [Isom H., Backstrom J., 1979; Theiss 
C. et al., 2002], which distinctly demonstrated in 
embryonic cells in vitro the inverse relationship of 
increasing concentrations of putrescine adminis-
tered to the cultural media and ODC activity. It 
should be especially mentioned that such inverse 
dependence was revealed by the mentioned au-
thors while using rather low concentrations of 
putrescine: from 10-8 to 10-6 M; one of these con-
centrations (10-8 M) was similar to that used in 
our experiments.

As known, ODC is the regulatory link of feed-
back for polyamines (putrescine) synthesis. This 
process is mediated by ODC antizyme by means 
of complex formation with ODC as a result of 
which ODC activity is inhibited in practice. In 
available literature there are scarce, but informa-
tive data relevant to the “specific” role of certain 
polyamines in regulation of ODC activity that was 
determined in cells of intestinal (Lieberkühn’s) 
crypt – (IEC-6) [Yuan Q. et al., 2001]. 

The authors managed to establish that exogenous 
spermidine and especially spermine decreased 
ODC activity in studied cells up to the control 
level. Exogenously administered putrescine was 
much less efficient in the aspect of ODC antizyme 
induction as compared to spermidine and sperm-
ine. Obviously, putrescine did not produce any 
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stimulating effect to processes of synthesis and, 
moreover, to binding ODC-antizyme to ODC as 
such. Thus, same authors under conditions in vitro 
blocked the synthesis of an enzyme (S-adenosyl-
methionine decarboxylase - EC 4.1.1.50, SAMDC) 
that ensures transformation of putrescine into 
spermidine and spermine. According to authors 
high levels of putrescine in cells treated with di-
ethylglyoxal-bis(guanylhydrazone) (DEGBG) did 
not induce ODC antizyme if the intracellular level 
of spermidine and spermine was low.  At the same 
time it is not excluded that, nevertheless, putres-
cine, either exogenous or produced in the mam-
malian organism produces modulating influence 
to processes of SAMDC activation in a dose-
dependent mode. According to J. Wang and co-
authors, SAMDC activity significantly increased 
upon addition of putrescine to the cellular me-
dium at concentration ≥ 10-4 M; lower doses of 
putrescine, as stated by authors, did not produce 
significant influence to SAMDC activity [Wang S. 
et al., 1996].

The analysis of literature data allows to draw a 
conclusion that putrescine administered at the 
concentration of 10-8 mg/ml produced no direct 
influence to processes of ODC activity inhibition. 
It is not excluded that in our experiment ODC 
activity inhibition was mediated by processes 
of putrescine transformation into spermine and 
spermidine, which activate ODC antizyme with 
formation of a complex “antizyme-ODC” thus 
bringing forth the subsequent decomposition/
degradation of ODC. Undoubtedly the proposed 
assumption has a hypothetic character, as it re-
quires performance of special studies for precise 
determination of the influence exerted by rather 
low concentrations of putrescine towards ODC 
activity and, especially, SAMDC, in myocardium 
specifically.

Since cardiomodulating effect of putrescine arises 
only under conditions of ODC-dependent mech-
anisms activation, which are responsible for en-
hancement of putrescine synthesis by cardiomyo-
cytes, ODC-activity normalization recorded by us 
in animals of the Experimental Group III should be 
directed to reduction of cells synthetic potentiali-
ties in concern of producing “optimal” putrescine 
concentrations, which likewise conditions of nor-
mal functioning heart do not produce their posi-

tive inotropic action towards myocardium (over-
tension of myocardium, its increased contractile 
activity). 

Thus and so, the decrease of ODC activity in myo-
cardium of experimental animals observed by us 
in 20 min and 2 h after putrescine administration 
bears a compensatory (adaptive) character obvi-
ously aimed at inhibition of putrescine synthesis 
processes in situ under conditions of exogenous 
putrescine-dependent increase of contractile ac-
tivity of cardiomyocytes. 

II. In concern of NO levels and eNOS activity

As shown in our earlier experiments, in 20 min 
after putrescine administration to laboratory ani-
mals the increased contractile activity of myocar-
dium was recorded [Avagyan S. et al., 2008]. The 
same study in 8 h after putrescine administration 
to the heart of experimental animals IGF-1high 
level was recorded thus signifying to the possible 
involvement of IGF-dependent mechanisms en-
suring formation of in situ processes concerned in 
an increase of myocardiocytes contractile activity. 

It is well known that NO, in a dose-dependent 
mode, ensures processes of vasodilation at all the 
levels of cardiovascular system structural organi-
zation. Therefore, one cannot exclude that simul-
taneously/alongside with the increase of heart 
contractile activity in myocardium of experimental 
animals there occur shifts of adaptation character 
triggering, in particular, NO-dependent regional 
processes of vasodilation. However, as demon-
strated by the results of fluorescent microscopy 
studies 2 and 8 h after putrescine administra-
tion marked decrease of specific luminescence 
in microvessel walls took place in myocardium 
of experimental animals, signifying in favour of 
the extreme decrease of eNOS activity. It should 
be specially noted that in the mentioned period 
of observation (i.e. in animals of Experimental 
Groups II and III) rather low NO levels were de-
termined in heart of experimental animals. 

Thus, the performed immunomorphological and 
immune enzyme studies allowed to establish that 
administration of putrescine at rather low con-
centrations was accompanied by in situ inhibition 
of the cascade of enzymatic and metabolic reac-
tions, which in Norm ensure NO optimal synthe-
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sis by endothelial cells of myocardium capillaries. 
Apparently, in 8 h after putrescine administration 
in myocardium of experimental animals on the 
background of eNOS activity inhibition and NO 
low level the “autonomous” IGF-1-dependent 
mechanisms aimed at enhancement of myocar-
dium contractile activity. 

III. In concern of shifts in insulin and glucose 
content 
In 20 min after putrescine administration, high lev-
els of insulin were registered in heart and blood 
serum of experimental animals. It is not ruled out 
that precisely in this case high levels of insulin in 
blood serum and heart are the consequence of a 
direct stimulating influence of putrescine adminis-
tered by us to b-cells of the islet apparatus of the 
pancreas. 

Data of scientific publications, which discuss the 
probable role of polyamines in metabolism of 
mRNA of pancreatic cells of insular apparatus 
[Welsh N., Sjöholm Å.,1988; Welsh N., 1990], signify 
in favour of the proposed assumption. It should 
be mentioned that, as a rule, studies were per-
formed in vitro, thus the authors made an attempt 
to establish direct relations between processes of 
insulin synthesis and polyamine levels in incretory 
cells of the pancreatic gland [Welsh N., Sjöholm Å., 
1988;  Welsh N., 1990; Sjöholm Å. et al., 1990; Sjöholm 
Å., 1993; 1996]. Thus, according to N. Welsh and Å. 
Sjöholm (1988), in situ produced putrescine and 
spermine are required for normal biosynthesis of 
insulin. It is known that the effects of polyamines 
are realized by activation of insulin synthesis. In 
this concern the conclusion drawn by Å. Sjöholm 
(1996), according to which polyamines function in 
a pancreatic gland as decisive or stimulating fac-
tors for production and excretion of insulin, is 
rather competent.

On the background of high insulin levels in myo-
cardium in 20 min after putrescine administration, 
the content of glucose extremely decreased. Tak-
ing into consideration the circumstance that in 20 
min after putrescine administration there was ob-
served the enhancement of contractile activity of 
myocardium, a supposition might be made accord-
ing to which as a result of enhanced insulin inflow 

to the heart there were intensified processes of 
glucose utilization by cardiomyocites aimed at sat-aimed at sat-
isfying the increased metabolic demands of myo-
cardium.  At the same time the low insulin level in 
heart of animals of Experimental Group II might 
be the consequence of a decreased incretory 
activity of b-cells in Langerhans islets, to which 
though indirectly signify the low level of insulin 
in blood serum of animals of this experimental 
group.  The low level of glucose in heart of animals 
in Experimental Group II on the background of 
normalization of its level in blood serum and low 
level of insulin in heart obviously signify to the 
transfer of myocardium to lower energetic level. 
These processes bear an adaptive character di-
rected at recovery of earlier increased contractile 
activity of myocardium. 

Low level of insulin observed in blood serum of 
Experimental Group III to a certain degree is me- Group III to a certain degree is me-Group III to a certain degree is me- III to a certain degree is me-III to a certain degree is me- to a certain degree is me-to a certain degree is me- a certain degree is me-a certain degree is me- certain degree is me-certain degree is me- degree is me-degree is me- is me-is me- me-me-
diated by IGF-1, the content of which in blood 
of experimental animals 8 h after putrescine ad-
ministration markedly increased. Scientific data 
also signify in favour of the proposed assumption 
[Frick F. et al., 2000]; it was shown that administra-
tion of IGF-1 to practically healthy contingent did 
not influence blood serum glucose level, but was 
accompanied by a noticeable decrease of insulin 
concentration in blood. 

The low level of insulin observed by us in myocar-
dium of animals in Experimental Group III on the 
background of optimal concentrations of glucose 
signifies to partial inhibition of myocardiocytes ca-
pability to metabolize glucose. Apparently, in this 
precise case IGF-dependent mechanism of insulin 
and glucose metabolism is also engaged; this latter 
is the issue of a special discussion nowadays [Prati-
panawatr T. et al., 2002]. IGF-1 high level registered 
by us in myocardium of rats 8 h after putrescine 
administration might be considered as a factor 
decreasing the ability of myocardiocytes to real-
ize glucose. This supposition, though indirectly, is 
also confirmed by scientific publications contain-
ing data on peculiarities of glycogen metabolism in 
muscles of the skeleton under conditions of IGF-1 
administration, when glycogen storage amounts in 
muscles increase and, at the same time, low con-
centrations of glucose are determined [Frick F. et 
al., 2000]. 
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