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STUDY OF DOPAMINE LEVELS

IN PERIPHERAL VENOUS BLOOD

AND IMMUNE PROTECTION STATUS IN
RESIDENTS OF NORTHERN TERRITORIES
OF THE RUSSIAN FEDERATION
ACCORDING TO HEALTH STATUS

The correlation between the dopamine concentration in the peripheralblood and the level of immune protection in Northerners was studied. 70
practically healthy people and 172 patients (including 67 people with cancer of the large intestine) were examined to study the level of dopamine
in peripheral venous blood and the state of immune protection in residents of the northern territories of the Russian Federation, depending on
their state of health. Thus, for the first time, it was established that the level of registration of the frequency of elevated dopamine concentrations
in peripheral venous blood in practically healthy residents of the northern territories of the Russian Federation is high and amounts to 7.14+0.38%,
the level of registration of the frequency of elevated dopamine concentrations in peripheral venous blood in sick people was recorded much more
often (59.21+1.7%). A high level of registration of elevated concentrations of IL-10 and TNF-a was also established, both in practically healthy
people and in people with oncologicaldiseases. There was an increase in the frequency of registration of phagocytic activity deficiency, circulating
mature, activated lymphocytes, natural killers, and lymphocyte phenotypeswithuentopamu k transferrin and IL-2 receptors. In cancer pathology,
there was a high frequency of neutrophil deficiency, phagocytic activity, NK, mature, activated T cells, and lymphocyte phenotypes with transferrin

and IL-2 receptors.
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The correlation of dopamine concen-
tration in peripheral blood with the level
of immune protection in Northerners was
studied. 70 practically healthy people
and 172 patients (including 67 people
with oncological pathology of the large
intestine) were examined to study the
level of dopamine in peripheral venous
blood and the state of immune protection
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in residents of the northern territories of
the Russian Federation, depending on
the state of health. Thus, it was estab-
lished for the first time that the level of
registration of the frequency of elevated
concentrations of dopamine in periph-
eral venous blood in practically healthy
residents of the northern territories of the
Russian Federation is high and amounts
to 7.14+0.38%, the level of registration of
the frequency of elevated concentrations
of dopamine in peripheral venous blood
in sick people was recorded much more
often (69.21+1.7%). A high level of regis-
tration of elevated concentrations of IL-10
and TNF-a was also established, both in
practically healthy people and in people
with oncological diseases. There was an
increase in the frequency of registration
of deficiency of phagocytic activity, cir-
culating mature, activated lymphocytes,
natural killers and phenotypes of lympho-
cytes with transferrin and IL-2 receptors.
In oncological pathology, there was a
high incidence of deficiency of neutro-
phils, phagocytic activity, NK, mature,
activated T cells, lymphocyte phenotypes
with transferrin and IL-2 receptors.
Introduction. The mechanisms of the

effects of norepinephrine and epinephrine
are well known, but the available data on
the effects of dopamine are contradictory
[5]. Dopamine, an intermediate precursor
of norepinephrine and epinephrine, is se-
creted by the chromaffin cells of the ad-
renal medulla. Regulation of the activity
of the adrenal medulla is carried out by
sympathetic impulses. Each chromaffin
cell at one end is in contact with the ar-
terial capillary, and the other is turned to
the venous sinusoid, where synthesized
catecholamines are released. Sinusoids
form the central vein of the adrenal gland,
which flows into the inferior vena cava.
This ensures simultaneous entry of both
glucocorticoids and catecholamines into
the circulation, which makes it possible
for them to act together on effector or-
gans.

It is known that dopamine can inhibit
the secretion of thyroid-stimulating hor-
mone and prolactin in hyperthyroidism.
There is evidence that dopamine is in-
volved in the regulation of arousal and
inhibition in the central nervous system.
The effect of dopamine on the state of the
immune system can vary, from stimula-
tion to a sharp suppression of activity. In



oncological diseases, there is a violation
of the immune defense [2]. It was inter-
esting to compare the results of studying
elevated dopamine concentrations and
associated changes in immune status
in practically healthy people in compari-
son with sick people with malignant neo-
plasms of the intestinal tract in residents
of the northern territories of the Russian
Federation [1, 9].Current data on dopa-
mine levels indicate that a lack of dopa-
mine plays an important role in stress,
aging of the body, and also restricts the
growth and development of tumors [4].
From the literature sources of foreign au-
thors, it is knownthat studies of the level
of dopamine in various diseases nwere
conducted in Scandinavian residents and
the level of its content changed, relative
to one or another pathology, but not in-
all cases. At what level and whatcauses
changes in dopamine levels, is of some
interest [11].

Objective: to identify the level of do-
pamine in peripheral venous blood and
the state of immune defense in residents
of the northern territories of the Russian
Federation, depending on their health
status.

Materials and methods. The article
analyzes the material carried out over
the past ten years by employees of the
laboratories of the Institute of Physiolo-
gy of Natural Adaptations of the Russian
Academy of Sciences named after Ac-
ademician N. P. Laveroy, including the
examination of 70 practically healthy
people who did not have a history of
acute and chronic pathology at the time
of examination for dopamine, cortisol,
thyroxine, neutrophil granulocytes, % of
active phagocytes, natural killer cells,
T-lymphocytes, cytokines in peripheral

venous blood. As a comparison group,
172 people with malignant neoplasms
of the intestinal tract were taken. The
examination was conducted in the med-
ical company "Biokor", Arkhangelsk.
The age of the subjects ranged from 21
to 75 years. The survey was conducted
with the written consent of respondents
in compliance with the basic norms of
biomedical ethics in accordance with the
document "Ethical principles for conduct-
ing medical research involving people as
research subjects" (World Medical Asso-
ciation Declaration of Helsinki 1964 (as
amended in 2008)). Blood sampling for
the study was performed from the ulnar
vein at 8-10 o'clock in the morning, on
an empty stomach. The serum was sep-
arated from the formed blood elements
(erythrocytes) by the method of centrifu-
gation-separation of the liquid part of the
blood from the cells in order to prepare
the biomaterial for subsequent analysis.
The complex of immunological research
included the study of hemograms in blood
smears stained according to the Roma-
novsky-Giemse method, the preparation
of lymph suspension, and the phagocyt-
ic activity of neutrophil granulocytes. To
detect the phagocytic activity of neutro-
phils, the following method was used: a
mixture of 100 yl of latex was taken (the
latex suspension was prepared by inject-
ing 2 ml of buffer solution into a Latex
bottle, shaking intensively for 2 minutes)
and 100 pl of blood with heparin, mixed
and put in a thermostat for 30 minutes,
the temperature of the device was set to
37°C. Then the supernatant was sucked
out of the test tube, mixed and a blood
smear was made from it. Slides with
smears were dried at room temperature.
Then it was fixed in the Nikiforov mixture
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for 20 minut, stained according to Roma-
novsky-Giemsa for 40 minutes. Washed
and dried slides were examined under a
microscope at magnification of the x90
lens and the x7 eyepiece. The results ob-
tained were evaluated using the phago-
cytic index, i.e., the percentage of phago-
cytic cells from the number of counted
neutrophils, and the phagocytic number,
i.e., the number of particles absorbed by
one active neutrophil.

The level of T-cells (CD3+), T-help-
er cells (CD3+ CDA4+), natural Kkiller
cells (CD3-CD16+CD56+), activated
lymphocytes  with  transferrinrecep-
tors TpaHcoheppuHy(CD71+) and IL-2
(CD25+) was evaluated using the indi-
rect immunoperoxidase reaction method
using monoclonal cells. antibodies (Sor-
bent, Moscow) and flow cytometry on
untomeTpe «an Epics XL flow cytometer
(Beckman Coulter, USA). HamburgThe
content of dopamine (IBL Hamburg,
Germany)nr, cortisol (DBC, Canada),
thyroxine (Human GmbH, Germany),
uHtepneriknHoand interleukins (IL) 1b, 4,
and 6 was studied by enzyme - linked im-
munosorbent assay in peripheral venous
blood serum., 10, 13 ("BIOSOURSE",
USA). Statistical analysis of the research
results was carried out using the appli-
cation software package "Microsoft Ex-
cel 2010" and "Statistica 7.0" (StatSoft,
USA). The boundaries of the normal dis-
tribution of indicators were determined.
CpaBHeHue pacThe data distribution was
compared with the normaldistribution and
BbinonHawas performed using the Shap-
iro—Wilk criterionYunka. The distributions
of the results turned out to be similar to
the normal one, sothe arithmetic mean
(M) and standard error of the mean (m)
were calculated to describe the data.

Table 1

Frequency of registration of elevated concentrations of dopamine, cortisol, thyroxine and cytokines in peripheral venous blood
in normal and oncological pathology of the large intestine in residents of the northern territories of the Russian Federation,

depending on the state of health, %

Frequency of registration Frequency of registration
P . of elevated concentrations in q 4 gistra . . . .
arameters studied ractically healthy people of elevated concentrations in patients Physiological limits
P 3’:70 %y people, with colon cancer, n=172, %
Dopamine 7.14+0.38 59.21£1.7 *** >30 pg/ ml
Cortisol 7.82+0.41 17.65+0.55 *** >600 nmol/ L
Thyroxine (T4) 7.36+2.11 9.24+0.35% 10-25 pmol/ 1
IL-1P 22.92+0.99 24.56+0.87* >5 pg/ ml
1L-4 7.55+0.52 9.38+0.48%* >5 pg/ ml
1L-6 1.92+0.27 3.33+0.38* >20 pg/ ml
of IL-10 8.93+0.53 17.86£0.75%** >10 pg/ ml
of IL-13 2.44+0.38 4.08+0.41* >20 pg/ ml
TNF-a 1.89+0.08 42.11+0.38 *** >20 pg/ml

Note: n is the number of people surveyed, ***p<0.001, **p<0.01, *p<0.05.
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Table 2

Frequency of registration of low concentrations of neutrophilic granulocytes, % of active phagocytes, natural killers
and T-lymphocytes in peripheral venous blood with normal and elevated dopamine levels in residents of the northern
territories of the Russian Federation, depending on the state of health, %

Studied parameters Frequency of registration Frequency of registration
and ph siorl)o ical limits of low concentrations in practically healthy people, of low concentrations in patients
phy g n=70 with small bowel cancer, n=172
With normal dopamine With increased With normal With increased
ntent n:go dopamine content, dopamine content, dopamine content,
content, n=70 n=172 n=172
Neutrophil granulocytes,<2x10° cells/l 2.86+0.24 5.71+£0.34%%* 6.9+0.32 8.2+0.47*
% active phagocytes, <50 20.86+0.65 24.29+0.7* 72.4140.97 84.62+1.66**
CDACDIe Kl ellol 1.43£0.17 2,860,244 63.95%1.45 76.92+1.34%*
9
Trhelper cells, CDIF+ CD4*, <0.4x10 4.29+0.29 5.7120.34% 13.79+0.42 17.44+1.39%
CD3+, <1x10° cells/Il 13.19£1.97 14.29+0.54* 40.23+0.73 45.92+0.95*
CD25+, <0.5%10° cells/ 15.27+£2.83 17.14+0.59* 50.02+17.59 55.56+1.65*
CD71+, <0.4x10° cells/l 11.97+£2.32 12.99+0.51* 42.86+3.13 54.88+0.90%*

Note: n is the number of people surveyed, ***p<0.001, **p<0.01, *p<0.05.

Quantitativevalues between groups were
comparedusing tthe Student's t-test. The
differences were considered statistically
significant at the significance level of the
t-test p< 0.05-0.001.

Results and discussion. A high level
of registration of elevated concentrations
of dopamine, IL-10, and TNF-a in periph-
eral venous blood has been established
both in practically healthy people and in
individuals with colon cancer (Table 1).
High levels of cortisol can negatively af-
fect the stateof the human immune sys-
tem. Cortisol controls cell proliferation
and antiproliferative activity against can-
cer cells, which is of interest. Thyroxine
is the most influential thyroid hormone of
the thyroid gland, regulating metabolism
and energy. Increasing its concentration
in the blood affects many functions in
the body. Elevated levels of IL-1b may
reflect the activity of the tumor microen-
vironment and the development of immu-
nosuppression. IL-4 affects the growth
and development of the tumor, and an
increase in its production accelerates the
development of pathological processes.
High levels of IL-6 are associated with
many diseases, including cancer, which
are associated with disorders of the im-
mune system. IL-6 can be produced by
malignant cells of tumor formations, and
when the production of this cytokine is
activated, transcriptional mechanisms
are triggered and active division of can-
cer cells occurs. IL-10 is a natural im-
munosuppressant, the main anti-inflam-
matory cytokine. Its special function is to

prevent an excessive inflammatory reac-
tion, because even with this reaction, not
a physiological, but a pathological effect
is observed. And, as a result, excessive
inflammation damages healthy cells and
tissues of the body. IL-13 plays an im-
portant role in cancer pathology, because
its receptors are overexpressed and af-
fect cell proliferation. It is also an auto-
crine cytokine growth factor of malignant
cells. The tumor necrosis factor activates
the receptors that recognize the malig-
nant cell and prevents its further devel-
opment. TNF-a, along with cytokines,
enhances the inflammatory process in
order to protect against foreign antigens
[8]. Dysregulation of TNF-a is associated
with many diseases, including ccancer.
As can be seen from the data in Table
1, patients with malignant neoplasms of
the large intestine, compared with prac-
tically healthy individuals, as well as with
physiological limits, are significantly more
likely to detect elevated levels of dopa-
mine, cortisol and cytokines (IL-10 and
TNF-a). It is known that 75-90% of blood
dopamine is mainlysecreted in the intes-
tine [10, 12]. The development of a ma-
lignant neoplasm in the gastrointestinal
tract is accompanied by an increase in
the blood concentration of TNF-a with a
parallel decrease in the migration of im-
munocompetent cells to the affected area
[3]. In the gastrointestinal tract, dopamine
provides vasodilation, increased blood
flow in the mesenteric vessels against
the background of reduced peristalsis [6].
Since dopamine is produced by cells

of the diffuse endocrine system, it can be
assumed that an increase in dopamine
concentrations in the blood occurs by in-
creasing its secretion by APUD cells, al-
though no one excludes the possibility of
dopamine secretion by endotheliocytes.
The relationship between elevated levels
of dopamine and TNF-a in the blood may
be mediated by the effect of the source of
distress on cortisol secretion.

An increase in the concentration of
dopamine in peripheral venous blood
occurs due to dopamine sulfate. Once in
the peripheral blood, dopamine in high
concentrations naturally affects hemo-
dynamics. There is reason to believe
that dopamine inhibits the development
and activity of a wide variety of reactions
through direct effects on the membrane
and mainly through the regulation of the
autonomous system. It was of interest
to study the content of dopamine in the
blood of patients with diseases of the in-
testinal tract, since it is known that blood
dopamine is mainly represented by an
amine synthesized in the intestinal tract.
After a meal, the content of dopamine in
the blood of mesenteric vessels increas-
es by 50 times, and even prolonged fast-
ing reduces its concentration very slight-
ly. In addition, significant concentrations
of dopamine secrete APUD cells of the
kidneys and adrenal glands, reduce the
resistance of renin and aldosterone.

YctaHoBneHbl Elevated dopamine
concentrations were found, KoHUeHTpa-
umm , and blood concentrations of corti-
sol and thyroxine B kpoBu were also sig-



nificantly increased. Thus, the obtained
data confirm the revealed regularity of
dopamine involvement in interoceptive
visceral signaling about the presence of
elevated cortisol and thyroxine concen-
trations. Given that dopamine secreted
in the central nervous system does not
enter the blood, it can be assumed that
an increase in dopamine content is one
of the stages in the implementation of
interoceptive signaling to the brain about
these changes.

The frequency of registration of re-
duced concentrations of neutrophilic
granulocytes, active phagocytes, natural
killercells, T-lymphocytes, and lympho-
cyte phenotypes with transferrin and IL-2
receptors in the blood was determined
depending on the level of dopamine in
practically healthy people and cancer
patients. The studied parameters were
compared with physiological limits (Table
2). Otmevanocb There was an increase
in the frequency of registration of phago-
cytic activity deficiency, circulating ma-
turebix T-lymphocytes, T-helpers, natural
killers, and lymphocyte phenotypes with
transferrin and IL-2 receptors, and an in-
creased level of dopamine in the blood
in practically healthy people. Inacute pa-
thology, there was a high frequency of
neutrophil deficiency, phagocytic activi-
ty, NK, T helper cells, mature forms of T
cells, lymphocyte phenotypes with trans-
ferrin and IL-2 receptors, as well as an
increased level of dopamine.

The decrease in the concentration of
circulating immunocompetent cells at ele-
vated levels of dopamine in the blood can
be explained by the peculiarities of the ef-
fect of dopamine on hemodynamics. The
action of dopamine injected into the vein
occurs quickly and ends in 5-10 minutes.
Administration of dopamine by intrave-
nous drip in low concentrations leads to
an improvement in coronary blood supply
by dilating the coronary vessels, increas-
ing the volume of systolic blood output of
the heart, reducing the resistance of pe-
ripheral vessels, and sharply dilating the
vessels of the mesentery [7].

It is possible that the decrease in the
concentration of immunocompetent cells
in the venous blood from the ulnar vein is
caused by the redistribution of cells in the
vessels of the gastrointestinal tract from
the circulating to the marginal pool.

Thus, an increase in the concentra-
tion of dopamine in peripheral venous
blood in patientswith intestinal diseases
was found. A very high level of deficien-
cy in the activity of effector cells, namely
phagocytes, natural killers, mature forms
of T-lymphocytes and activated lympho-

cytes with transferrin and IL-2 receptors,
was revealed. It is of interest for further
scientific research to study changes in
the level of dopamine depending on gen-
der and age in residents of the northern
territories of the Russian Federation,
since the probability of its change from
age and gender characteristics of blood
parameters depending on the state of
health is not excluded.

Conclusion. So, when examin-
ing practically healthy residents of the
northern territories of the Russian Fed-
eration, the frequency of elevated do-
pamine concentrations is 7.14+0.38%,
in patients with elevated dopamine con-
centrations in the blood are recorded 7
times more often (569.21+1.7%). Elevat-
ed concentrations of cortisol, thyroxine,
IL-10, and TNF-a were found in healthy
subjects. There was a slight increase in
other pro-inflammatory and anti-inflam-
matory cytokines. This pattern is more
pronounced when examining patients.
Elevated dopamine concentrations in-
the peripheral blood cause a decrease
in the level of activated, differentiated
T-lymphocytes and natural killers, which
is most pronounced in cancer pathology.
A decrease in the concentration of immu-
nocompetent cells at elevated dopamine
concentrations is possible as a result of
their redistribution from the circulating to
the marginal pool.

The work was carried out within the
framework of the program of basic scien-
tific research on the topic of the Laborato-
ry of Ecological Immunology of the Insti-
tute of Physiology of Natural Adaptations
of the Federal State Budgetary Institution
of the Ural Branch of the Russian Acad-
emy of Sciences, State registration No.
122011300377-5.
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