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Abstract

In the present article, we set out a new high-tech method for determining the major metabolites of catecholamines and
serotonin in urine. We then discuss the effects of these substances and the value of their main metabolites in normal and various
pathological conditions, and show the efficiency of applying this technique in the laboratory diagnosis of several diseases.
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Introduction

Catecholamines are a group ofaromatic amines, including
adrenaline (epinephrine), noradrenaline (norepinephrine),
and dopamine, which are synthesized in the adrenal medulla,
the sympathetic nervous system, and the brain and act as
neurotransmitters and hormones. A significant increase in the
level of catecholamines is detected in tumor diseases such as
pheochromocytoma, neuroblastoma, and ganglioneuroma, as
well as in hypertension, cardiomyopathy, schizophrenia, and
manic-depressive disorders [1-4].

Adrenaline and noradrenaline are formed from
dopamine and act on the heart muscle, helping the body
cope with stress [5,6]. Identification of these compounds
is necessary in clinical practice mainly for diagnostic
pheochromocytoma (adrenal tissue tumor) and the differential
diagnosis of arterial hypertension [3,7]. According to different
reviews and statistics, pheochromocytomas account for
approximately 0.05% to 0.6% of patients with any degree of
sustained hypertension [8-10]. Pheochromocytomas are rare
catecholamine-secreting tumors that arise from chromaffin
tissue within the adrenal medulla and extra-adrenal sites.
These neuroendocrine tumors are characterized by an
increase in blood catecholamine concentration of 10 to 100
times with preferred secretion of norepinephrine. In essential
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hypertension, the levels of these compounds in the blood are
at the upper limit of normal or increased by 1.5 to 2 times [3].
Furthermore, there is a 10-fold increase in plasma epinephrine
during stress. However, catecholamines are rapidly eliminated
from the blood; therefore, for diagnostic purposes it is
advisable to examine the urine.

Investigation of catecholamine levels in the blood and
urinary excretion is important not only for the diagnosis of
the disease, but also to monitor the effectiveness of treatment;
thus, the re-increased excretion of catecholamines after radical
removal of the tumor may be indicative of its recurrence.
Separate determination of epinephrine and norepinephrine in
urine allows one to get an indication of the possible location
of the tumor: an increased excretion of epinephrine indicates
a tumor of the adrenal medulla, and an increased excretion
of norepinephrine indicates extra-adrenal tumor. According to
the results, the ratio of catecholamines and their metabolites in
urine makes it possible to determine the degree of the tumor’s
“maturation.” [7].

A reduced concentration of catecholamines in the
urine is marked with a decrease in the filtration capacity of
the kidneys, collagenoses, and acute leukemia (especially in
children) [11]. Determination of dopamine and the metabolites
of epinephrine and norepinephrine is particularly important to
confirm the diagnosis of neuroblastoma in children, the third
most common neoplasm in older children [12]. The increased
excretion of catecholamines and their major metabolites with
the urine (homovanillic (HVA) and vanillylmandelic (VMA)
acid) is used as a screening test [12]. Among all patients
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examined with an identified neuroblastoma at the early stages,
the survival rate was 97% in contrast to 45% in children who
were diagnosed clinically.

Serotonin is a monoamine neurotransmitter. Appro-
ximately 85% to 90% of the human body’s total serotonin is
located in the enterochromaffin cells in the gastrointestinal
tract, where it is used to regulate intestinal movements. The
remainder is synthesized in serotonergic neurons of the central
nervous system, where it has various functions. Serotonin
secreted from the enterochromaffin cells eventually finds its
way out of tissues into the blood. There, it is actively taken up
by blood platelets, which store it. When the platelets bind to a
clot, they release serotonin, where it serves as a vasoconstrictor
and helps to regulate hemostasis and blood clotting. Serotonin
is metabolized mainly to 5-hydroxyindolacetic acid (5-
HIAA), chiefly by the liver, and excreted by the kidneys.
In clinical practice, the determination of serotonin in the
blood is particularly informative in carcinoid tumors (a
type of neuroendocrine tumor) of the stomach, colon, and
lung, when its concentration is increased 5 to 10 times [13].
Determination of elevated levels of the serotonin metabolite
5-HIAA in the urine confirms the presence of a tumor. In typical
cases, the diagnosis of the carcinoid syndrome of flushing,
which is characterized by short rushes of blood to the face and
upper body, diarrhea, development of endocardial fibrosis, is
not difficult. But sometimes, in severe hypertension and non-
noticeable other symptoms, it is mistaken for a hypertensive
crisis. Such attacks are also observed in mastocytosis, as well
as in thyroid cancer in women [ 14].

Another promising application of a thin chromatographic
analysis of metabolites of catecholamines and serotonin is
the evaluation of the vegetative status in children. Because,
catecholamines, serotonin and their metabolites are sensitive
and specific biochemical markers for the diagnosis of various
diseases, including childhood, the development of new
methods for the analysis of these compounds is important for
fundamental medicine as well as for practical medicine.

Methods for determining the levels of metabolites of
catecholamines and serotonin in the urine should be very
sensitive and accurate, allowing one to identify and trace
the dynamics of changes in these values. Such methods of
their joint determination as HPLC and GC-MS meet these
requirements [15]. For this purpose, ELISA is not sufficiently
informative.

The objective of this research was to study the possibility
of applying the new algorithm to diagnose various diseases
by determining levels of metabolites of catecholamines
and serotonin in urine using new high-tech methods and
evaluating the effectiveness of the joint determination of these
compounds.

Methods

The study included 100 children aged from 2 to 16 years
who were hospitalized in clinical departments (nephrology,
genetics, and psycho-neurology) of the Research Clinical
Institute of Pediatrics. Written informed consent was obtained
from the child’s parents.

The study samples were daily urine of patients. After
collection of daily urine, about 100 ml from the total urine
volume were selected in a plastic container with indication of
diuresis. We used 6N of hydrochloric acid as the preservative.
Samples were frozen at -20° C for prolonged storage, because
term storage of samples in a refrigerator at +2-+8° C after
acidification cannot exceed 5 days. Selected biomaterial was
analyzed by gas and high performance liquid chromatography.
Gas chromatography was combined with mass spectrometric
detection (GC-MS). Sample preparation processes included
selective solvent extraction of catecholamines and serotonin
metabolites, and concentration of extractant and derivatization
at 80°C. Methyltestosterone was used as the internal standard.

Determination of metabolites of epinephrine,
norepinephrine, serotonin and dopamine (HVA, VMA, and
5-HIAA) was performed by a GC-MS system equipped with
an autoinjector AOC--20i (Russian State Medical University,
Department of Clinical Laboratory Diagnostics). For each
sample, we obtained a chromatogram, in which a concentration
of the metabolite in mg/day was determined via a computer
data processing system, CLASS-VPTM Chromatography
Data System, for gas chromatography-mass spectrometer. All
data were subjected to statistical analysis. A chromatogram of
urine obtained by GC-MS is shown in Figure 1.

High performance liquid chromatography (HPLC)

In the analysis, HVA, VMA, and 5-HIAA were used as
the standards. Iso-vanillylmandelic acid served as an internal
standard. All compounds were purchased from Sigma-Aldrich.
Standard solutions of test compounds at the concentrations of
100mg/1 were prepared by diluting hydrochloric acid at 10 to
3M and stored at 4°C. In this state, they were stable during
6 months. Working solutions were prepared from 10-fold
diluted standard solutions.

Analysis of the samples was performed by the
liquid chromatography tandem mass spectrometer Agilent
Technologies 6410 Triple Quad LC/MS with autosampler,
consisting of a double gradient pump Agilent 1200 series,
vacuum degasser, and the analytical column Zorbax Eclipse
XDB8-C18 (4.0h150 mm; particle size Sm) equipped with a
temperature controller.

The data obtained were analyzed using Mass
Hunter software for the analysis and identification of the
chromatographic peaks. Ultimately, the concentration of a
certain metabolite in the urine was calculated in mg/day.
Figure 2 shows the chromatogram of urine obtained by HPLC.

Results

The high-tech methods of GC-MS and HPLC-MS for
the joint determination of metabolites of catecholamines
and serotonin in the urine showed the effectiveness of these
methods as a diagnostic algorithm, which can be recommended
as methods of screening for early detection of a number of
neoplastic diseases in children. The methods described in
this article are highly sensitive, specific, rapid and not very
expensive, which allows them to be used in laboratory practice
of medical institutions.
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Fig. 1. The chromatogram of urine obtained by GC-MS
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Fig. 2. The chromatogram of urine obtained by HPLC

Chromatographic analysis of the catecholamine and of neuroblastoma in children was confirmed in 3 cases, when
serotonin metabolites was performed in 100 children with the levels of VMA and HVA in urine were above the age norm,
suspected various diseases. Based on analysis of the patients’ on average 3 times higher. Diagnosis of pheochromocytoma
urine, the reference values of catecholamines, serotonin and was confirmed in 5 children, and in 3 cases this disease was

their main metabolites were determined (Table 1). Diagnosis diagnosed at early stages in the subclinical phase.
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Table 1.

The reference values of catecholamines, serotonin and their major
metabolites obtained on the basis of urine analysis by HPLC-MS

Analytes Value, Value,
nmol/day pg/day
Norepinephrine <570 <97
[Epinephrine <150 <27
Dopamine <3,240 <500
VMA <33.0 <6.6
HVA <38.0 <6.9
S-HIAA 10.5-47.1 2.0-9.0
Discussion

Thanks to the joint research of the Laboratory of
General Pathology of RCIP and the Department of Clinical
Laboratory Diagnostics of RNRMU, the modern diagnostic
algorithm for simultaneous determination of metabolites of
catecholamines and serotonin (HVA, VMA, and 5-HIAA) in
the urine was designed by GC-MS. It should be noted that the
GC-MS method proved to be more convenient for the final
processing of results (chromatograms) of patients, because
in the software there is an option comparing the obtained
peaks with an embedded database of analytes by molecular
weight of the substances, which makes the GC-Ms method
more accurate and specific, and minimizes the analytical error
that can be obtained during the chromatographic separation
of substances by liquid chromatography. The results lead us
to make a choice in favor of GC-MS, as the most sensitive
method. The technique developed reduces analysis time and
allows one to analyze up to 100 samples per day. Thus, it
is possible to successfully use this method to screen for the
presence of neuroblastoma, pheochromocytoma, carcinoid
syndrome, and other diseases.

Conclusions

* A comparative study of the chromatographic
methods (HPLC, GC-MS) showed that GC-MS is the most
accurate method of determining the major metabolites of
catecholamines and serotonin.

* A new modern diagnostic algorithm for jointly
identifying the major metabolites of catecholamines and
serotonin in urine was developed on the base of GC-MS.

e The reference values of catecholamines, serotonin,
and their major metabolites in the urine were determined.

* The study showed that certain levels of the main
metabolites of catecholamines and serotonin (HVA, VMA,
and 5-HIAA) in the urine could possibly be used as diagnostic
markers in clinical and laboratory practice.
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