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ABSTRACT

RÉSUMÉ

The objective of the study was to evaluate the intracellular cyclase cascade under the conditions of chronic fluoride intoxication in white rats of the Wistar
population.
Materials and methods. The study was conducted
from 2009 to 2014 in the Department of Biochemistry
and vivarium of Kharkiv National Medical University
MOH, Kharkiv, Ukraine. The study was performed on
white rats of the Wistar population. In these rats, we
administered intragastric, in the morning, on an empty stomach, a solution of sodium fluoride at a rate of
20 mg/kg of body weight. In this way, the development
of fluoride intoxication was simulated. The duration of
oral administration of the drug was 1.5 months. The
intracellular metabolism was assessed in plasma, liver,
kidneys, spleen, and brain cortex. The energy components of the adenylate cyclase system, adenosine monophosphate (AMP), adenosine diphosphate (ADP),
adenosine triphosphate (ATP), inorganic phosphorus
and ions of Mg2+, guanylate cyclase, phosphodiesterase,
were measured. The organs and tissues content of cyclic adenosine monophosphate (cAMP), cyclic guanosine monophosphate (cGMP) and absorption of Ca2+
by the liver membranes microsomes and synaptosomes
of the brain were also determined.

La médiation intracellulaire au cours de l’intoxication chronique de fluorure chez les rats
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L’objectif de l’étude était d’évaluer la cascade des cyclases intracellulaires dans les conditions d’intoxication chronique au fluorure chez les rats blancs de la
population de Wistar.
Matériaux et méthodes. La recherche dans ce domaine a été menée par le groupe créatif de la recherche
scientifique de 2009 à 2014 dans le Département de
biochimie et dans le vivarium de l’Université nationale
de médecine de Kharkiv, Kharkiv, Ukraine. Chez ces
rats blancs de la population Wistar, on a administré
une solution de fluorure de sodium à taux de 20 mg/
kg de poids, le matin à jeun, simulant le développement d’une intoxication au fluorure. La durée de l’administration orale du médicament était de 1,5 mois. Le
métabolisme intracellulaire a été évalué dans le plasma, le foie, les reins, la rate et le cortex cérébral. Les
composants énergétiques du système de l’adénylate cyclase, l’adénosine monophosphate (AMP), l’adénosine
diphosphate (ADP), l’adénosine triphosphate (ATP), le
phosphore inorganique et les ions de Mg2 +, la guanylate cyclase et la phosphodiésterase ont été mesurés.
Le contenu dans les organes et les tissus d’adénosine
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Results. The increase in the content of cAMP and
a decrease in the level of cGMP were observed in the
blood plasma of animals, whereas a decrease in the concentration of cAMP and an increase in the amount of
cGMP were observed in the liver, kidneys and spleen.
In the cerebral cortex, a decrease in adenylate cyclase
activity and cAMP content has been established. At the
same time, the activity of guanylate cyclase, phosphodiesterase, and cGMP content increased.
Conclusions. Analysis of the absorption of Ca 2+
membranes by macrosomes of the liver and brain synaptosomes revealed a decrease in basal and K+- stimulated absorption of calcium ions by membrane preparations of nerve cells. In the liver, the K+-stimulated
and basal absorption of Ca2+ ions was significantly less
than in the brain.
Keywords: intracellular metabolism, liver macrosomes, brain synaptosomes, Wistar white rats.
List of abbreviations:
AMP = adenosine monophosphate
ADP = adenosine diphosphate
ATP = adenosine triphosphate
cAMP = cyclic adenosine monophosphate
cGMP = cyclic guanosine monophosphate
AC = adenylate cyclase

INTRODUCTION
One of the recent discoveries of biochemistry and
physiology is considered to be the biological role of adenosine 3’, 5’- monophosphate, or, as it is commonly called,
cyclic adenosine monophosphate (cAMP) and guanosine
3’, 5’-monophosphate (cGMP)1,2. Initially, cAMP was established as an intracellular mediator of the action of
various biogenic amines and polypeptide hormones.
Subsequently, the concept of a „secondary“ mediator
was proposed, according to which biogenic amines,
hormones (“first“ mediators) change the concentration
of cAMP within cells, which leads to a change in the
metabolic rates of various processes in cells3-7.
Cyclic adenine monophosphate is synthesized
from ATP with the participation of the enzyme adenylate cyclase (AC) 8. In most cells, this enzyme is
localized in the plasma membrane. In the nervous
tissue, the Mg2+-containing enzyme is also found
in mitochondria and microsomes and is a membrane-bound enzyme. The enzyme hydrolyzing cAMP
to 5’-ATP is cyclonucleotide phosphodiesterase (3’,
5’-cAMP-phosphodiesterase)9,10. This is the only enzymatic reaction leading to deactivation of cAMP. The
highest cAMP-phosphodiesterase activity is found in
the cerebral cortex11.
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monophosphate cyclique (AMPc), de guanosine monophosphate cyclique (GMPc) et de l’absorption de
Mg2 + par le microsome des membranes hépatiques a
été aussi déterminé.
Résultats. L’augmentation de la teneur en AMPc et
une diminution du taux de GMPc ont été observées
dans le plasma sanguin des animaux, alors qu’une diminution de la concentration en AMPc et une augmentation de la quantité de GMPc ont été observées dans
le foie, les reins et la rate. Dans le cortex cérébral, une
diminution de l’activité de l’adénylate cyclase et de la
teneur en AMPc a été établie. Dans le même temps,
l’activité de la guanylate cyclase, de la phosphodiestérase et du cGMP a augmenté.
Conclusions. L’analyse de l’absorption des membranes
Ca2+ par les macrosomes du synaptosome du foie et du
cerveau a révélé une diminution de l’absorption basale,
stimulée par le K+ des ions de calcium par les préparations membranaires de cellules nerveuses. Dans le foie,
l’absorption basale des ions Ca2+ stimulée par le K+ était
significativement inférieure à celle du cerveau.
Mots-clés: métabolisme intracellulaire, macrosomes
du foie, synaptosomes cérébraux, rats blancs Wistar.

It has now been established that cAMP can regulate the total enzymatic activity of effector cells by two
main mechanisms: 1-modify the activity of enzymes
already synthesized by cells; 2-increase or decrease
the rate of enzyme synthesis12. The role of cAMP in
regulating the activity of protein kinases is especially
large. Moreover, the simultaneous existence of several
protein kinases activated by various cyclic nucleotides
and catalyzing the formation of various proteins in
one cell is assumed13-15. It is now well known that the
action of a large number of hormones and biologically
active substances is carried out with the participation
of cAMP. The „primary“ receptor for the action of
hormones is adenylate cyclase, the activation of which
in membranes leads to the accumulation of cAMP
and the activation of protein kinase. The special role
of cAMP plays in the processes of lipolysis, gene transcription, RNA and DNA synthesis. The variety of
effects of cAMP makes it possible to consider it in the
body as a universal regulator of biological processes16.
The effect on the concentration of cAMP xenobiotics
led to the idea that the enzymes involved in the synthesis and disintegration of cAMP are the point of application of the action of most xenobiotics. cAMP can
exhibit regulatory functions at any metabolic level, in
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which various proteins are involved — nuclear regulatory proteins, enzymes, membrane proteins, receptors,
hormones17.
Intracellular mediation plays an important role
in the energy supply of cells of all types. The energy
components of the adenylate cyclase system are adenosine monophosphate (AMP), adenosine diphosphate
(ADP), adenosine triphosphate (ATP), inorganic
phosphorus and Mg2+ ions. ATP, having a high energy potential, performs the function of a carrier of
chemical energy. In various pathological processes,
the metabolism of macroergic factors is disturbed,
the ATP content in the cell decreases, so macroergic
substances such as AMP, ADP, ATP, inorganic phosphate, are the „adenylate cyclase control“ system of
the metabolic state of the cell18-20.
The formation of high-energy phosphate compounds is carried out in the reactions of oxidation of
substrates in the Crebs cycle and associated oxidative
phosphorylation. Changes in the dynamics of the activity of enzymes and nucleotides of the intracellular
cyclic cascade in diseases of the kidneys, heart, liver,
brain, alcohol intoxication were found. There is a
significant decrease in the ATP content and the total
amount of adenyl nucleotides with a simultaneous increase in AMP concentration, which is probably associated with inhibition of oxidative phosphorylation21-25.
OBJECTIVE OF THE STUDY was to evaluate the
intracellular cyclase cascade under the conditions
of chronic fluoride intoxication in white rats of the
Wistar population.

THE

MATERIALS

AND METHODS

This work is a fragment of KhMAPO study
„Patho-chemical mechanisms of action of radioiodine on the organism and principles of their early
diagnosis and correction“, state registration number
0117U000589 of Ukrainian Scientific and Technical
Information Center.
The research was conducted by the initiative creative group for scientific research from 2009 to 2014
at the Department of Biochemistry and vivarium of
Kharkiv National Medical University MOH, Kharkiv,
Ukraine.
The experimental part of the work was performed on 24 white rats of the Wistar population (12
experimental and 12 control). The control group was
monitored for 2 weeks to assess their condition. After
2 weeks, healthy mature (3 months) males weighing
180-200 grams were selected, and the study program
was conducted. In experimental rats, we administered
intragastric, in the morning, on an empty stomach, a
solution of sodium fluoride at a rate of 20 mg/kg of
body weight. In this way, the development of fluoride

intoxication was simulated. The duration of oral administration of the drug was 1.5 months. During
this period, the development of fluoride intoxication
was simulated in the animals. The state of intracellular metabolism was assessed by the adequacy of adenylate cyclase, guanylate cyclase, phosphodiesterase
and the organs and tissues content of cyclic adenosine
monophosphate (cAMP), cyclic guanosine monophosphate (cGMP) and the absorption of Ca2+ by the liver
macrosomes and brain synaptosomes. To determine the
activity of the cyclase cascade, generally accepted radioisotope techniques and the accompanying Ria Kit instructions (Slovakia, USA, UK) were used. The materials of the study were blood plasma, liver, brain, kidneys
and spleen, isolated after decapitation of white rats.

RESULTS
The study of the processes of intracellular mediation of the experimental and control groups of
animals under conditions of chronic fluoride intoxication showed a change in almost all parts of the
cyclase mediator system. Thus, in the experimental
group of animals in plasma, there was an increase in
the content of cAMP and a decrease in the level of
cGMP, whereas in the liver, kidneys, and spleen there
was a decrease in the concentration of cAMP and an
increase in the number of cGMP (Table 1).
Analysis of the obtained results shows the presence of deep violations of intracellular metabolism in
the conditions of the formation of fluoride intoxication. Prolonged intake of sodium fluoride resulted
in a decrease in the level of adenylate cyclase in the
brain and its increase in the liver (Table 2).
In the cerebral cortex of experimental animals, a
decrease in adenylate cyclase activity and cAMP content was determined. At the same time, the activity
of guanylate cyclase, phosphodiesterase, and cGMP
content increased (Table 3).
The study of the effect of sodium fluoride revealed a significant impairment of the metabolism
of Ca2+ ions in the experimental group of animals.
The research results indicate a close relationship between the levels in the organs and tissues of cAMP,
cGMP, adenylate cyclase, guanylate cyclase, phosphodiesterase, and calcium ions in biological substrates.
Analysis of the absorption of 45Ca2+ membranes by
macroscopes of the liver and brain synaptosomes revealed a decrease in basal and K+- stimulated absorption of calcium ions by membrane preparations of
nerve cells. In the liver, the K+-stimulated and basal
absorption of Ca2+ ions was significantly less than in
the brain. It should be noted that compared with the
control, the studied values of the experimental group
differed significantly (Table 4).
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Table 1. The content of cyclic nucleotides in the organs and tissues
of white rats under fluoride intoxication conditions.
Organs and tissues

Blood plasma

Liver

Kidney

Spleen

Cerebrum

Groups of animals, M±m

Indexes

Control (n=12)

Experimental (n=12)

cAMP
(nmol/mL)

141.4±7.3

180.3±6.2
p<0.05

cGMP
(nmol/mL)

12.6±0.45

7.4±0.33
p<0.05

cAMP
(nmol/mL)

159.6±3.2

130.2±3.8
p<0.05

cGMP
(nmol/mL)

80.6±4.5

140.3±7.6
p<0.05

cAMP
(nmol/mL)

225.7±10.4

170.6±8.2
p<0.05

cGMP
(nmol/mL)

120.3±6.8

186.7±8.0
p<0.05

cAMP
(nmol/mL)

215.6±9.3

165.3±7.1
p<0.05

cGMP
(nmol/mL)

115.7±5.9

170.4±6.6
p<0.05

cAMP
(nmol/mL)

370.4±12.6

310.5±14.5
p<0.05

cGMP
(nmol/mL)

260.3±7.8

340.2±9.3
p<0.05

Table 2. The effect of sodium fluoride on the activity of adenylate cyclase in preparations of liver
microsomes membrane and brain synaptosome membrane (pmol/cAMP/mg protein/min)
Organs, M±m
Group of animals

Cerebrum

Cerebrum

Adenylate cyclase

+ isoproterinol

+NaF

Adenylate cyclase

+ isoproterinol

+NaF

Control (n=12)

1.29±
0.03

1.24±
0.02

1.58±
0.04

2.10±
0.06

2.90±
0.04

3.15±
0.05

Experimental (n=12)

0.72±
0.006
p<0.05

0.75±
0.004
p<0.05

1.15±
0.02
p<0.05

2.53±
0.04
p<0.05

3.60±
0.09
p<0.05

3.90±
0.025
p<0.05

Table 3. The effect of sodium fluoride on the state of intracellular mediation of the cerebral cortex.
Indexes, M±m
AC
(pmol cAMP/mg
protein.min)

cAMP (fmol mg
tissue)

GC
(pmol cAMP/mg
protein.min)

cGMP
(fmol mg tissue)

Phosphodiesterase
(nmol cAMP/mg
protein.min)

Control (n=12)

97.4±3.2

480.6± 13.8

0.82±0.06

52.4±2.6

4.80±0.33

Experimental (n=12)

58.5±4.2
p<0.05

260.1±12.5
p<0.05

1.76±0.04
p<0.05

84.3±5.7
p<0.05

8.16±0.59
p<0.05

Group of animals

DISCUSSION
The important role in the processes of intracellular metabolism belongs to calcium ions26. Since
the phosphorylation of functional proteins catalyzed
by cyclic nucleotides has proven to be an effective
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regulator of a wide variety of cellular processes, the
possibility of calcium participation in such regulation
and ensuring metabolic homeostasis is of paramount
importance in the pathogenesis of impaired functions27. The reversible effect of Ca2+ ions entering the
cell through the surface membrane during cellular
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Table 4. The effect of sodium fluoride on absorption of Са 2+ by preparations of liver microsome membrane
and brain synaptosomes of animals (imp/min/mg protein).
Organs, M±m
Cerebrum

Group of animals

Liver

Basal absorption

K+stimulated absorption

Basal absorption

K+stimulated absorption

Control
(n=12)

16275.9±
80.4

25983.6±
135.6

12837.4±
56.2

13483.7±
42.6

Experimental (n=12)

10428.3±
49.6
p<0.05

19844.3±
90a.3
p<0.05

9134.5±
60.8
p<0.05

12356.4±
58.2
p<0.05

activity is the most rapidly developing functional
effect. Ca2+ ions entering the cell through calcium
channels have a very specific effect on the surface
membrane – they activate potassium ion channels28.
The detected phenomenon was very common and
was confirmed for many cells29. The inclusion of
Ca2+-dependent potassium conductivity can also be
one of the mechanisms of the cell’s adaptation process to long-term external stress30,31.
Research results indicate that under fluoride
intoxication conditions, there is a close relationship
between the activity of adenylate cyclase, phosphodiesterase, guanylate cyclase and the content of cAMP,
cGMP and calcium ions in organs and tissues. Thus,
a decrease in the absorption of calcium ions may be
associated with inhibition of adenylate cyclase and an
increase in the activity of phosphodiesterase and a decrease in the level of cAMP. These processes, it should
be assumed, were leading in the metabolism of Ca2+
ions and their incorporation into the membranes of
the synaptosomes of nerve cells and the microsomes
of the hepatocytes during fluoride intoxication.

CONCLUSIONS
The detected violations of intracellular mediation of the adenylate cyclase cascade (changes in the
activity of adenylate cyclase, guanylate cyclase, phosphodiesterase, cAMP, cGMP content, and Ca2+ ion
absorption by the nerve cell synaptosome membranes
and hepatocyte microsomes) indicate a deep structural and metabolic restructuring and the possibility of
multiple manifestations of pathological conditions in
the formation of fluoride intoxication.
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