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Introduction
A large proportion of the world and European populations has some evidence of
thyroid dysfunction. For example, the prevalence of goiter in areas of severe iodine
deficiency can be as high as 80%. In Germany, an area of relative iodine deficiency,
thyroid nodules or goiter were found in 33% of working adults aged 18–65 years.
Another problem is thyroid cancer. In the last decades, thyroid cancer incidence has
continuously and sharply increased all over the world. Moreover, thyroid cancer
mortality, in spite of earlier diagnosis and better treatment, has not decreased but is
rather increasing. The reasons for this increase are not well understood, but some
environmental carcinogens in the industrialized lifestyle may have specifically affected
the thyroid. Among potential carcinogens, the increased iodine and some other
chemical element intake is one of the most likely risk factors. Excessive accumulation
or an imbalance of the chemical elements may disturb the cell functions and may
result in cellular degeneration, death or, on the contrary, intensive uncontrolled
proliferation, and malignancy. Questions on the role of chemical elements in etiology
and pathogenesis of thyroid cancer are far from being answered. First of all, it is
necessary to establish the normal level and age-related changes of chemical element
contents in thyroidal parenchyma, and relationships of chemical elements in intact
gland.

Aims of the study
This study aimed to perform a nondestructive method to evaluate the Br, Ca, Cl,
K, Mg, Mn, and Na mass fraction in thyroidal parenchyma and present data on agedependence and relationships of these element contents in intact thyroid of females.
To that end, we determined Br, Ca, Cl, K, Mg, Mn, and Na mass fraction in intact
thyroid glands using an instrumental neutron activation analysis with high resolution
spectrometry of short-lived radionuclides..
All studies were approved by the Ethical Committees of the Medical Radiological
Research Centre, Obninsk.

Materials
Samples of the human thyroid were obtained from randomly selected autopsy
specimens of 33 females (European-Caucasian) aged 3.5 to 87 years. All the
deceased were citizens of Obninsk and had undergone routine autopsy at the
Forensic Medicine Department of City Hospital, Obninsk. Age ranges for subjects
were divided into two age groups, with group 1, 3.5-40 years (30.9±3.1 years,
M±SEM, n=11) and group 2, 41–87 years (66.3±2.7 years, M±SEM, n=22). These
groups were selected to reflect the condition of thyroid tissue in the children,
teenagers, young adults and first period of adult life (group 1) and in the second
period of adult life as well as in old age (group 2). The available clinical data were
reviewed for each subject. None of the subjects had a history of an intersex condition,
endocrine disorder, or other chronic disease that could affect the normal development
of the thyroid. None of the subjects were receiving medications or used any
supplements known to affect thyroid chemical element contents. The typical causes
of sudden death of most of these subjects included trauma or suicide and also acute
illness (cardiac insufficiency, stroke, embolism of pulmonary artery, alcohol
poisoning).
All right lobes of thyroid glands were divided into two portions using a titanium
scalpel. One tissue portion was reviewed by an anatomical pathologist while the other
was used for the chemical element content determination. A histological examination
was used to control the age norm conformity as well as the unavailability of
microadenomatosis and latent cancer.

Methods
All samples were freeze-dried and homogenized. The pounded sample weighing
about 100 mg was used for measurement by INAA-SLR. The samples for INAA-SLR
were sealed separately in thin polyethylene films washed beforehand with acetone
and rectified alcohol. The sealed samples were placed in labeled polyethylene
ampoules.
The content of Br, Ca, Cl, I, K, Mg, Mn, and Na were determined by INAA-SLR
using a horizontal channel equipped with the pneumatic rabbit system of the WWR-c
research nuclear reactor. The neutron flux in the channel was 1.7 × 1013n cm−2 s−1.
Ampoules with thyroid tissue samples, biological synthetic standards, intralaboratorymade standards, and certified reference material (CRM) IAEA H-4 (animal muscle)
were put into polyethylene rabbits and then irradiated separately for 180 s. Copper
foils were used to assess neutron flux.
The measurement of each sample was made twice, 1 and 120 min after irradiation.
The duration of the first and second measurements was 10 and 20 min, respectively. A
coaxial 98-cm3 Ge (Li) detector and a spectrometric unit (NUC 8100), including a PCcoupled multichannel analyzer, were used for measurements. The spectrometric unit
provided 2.9-keV resolution at the 60Co 1,332-keV line. Details of used nuclear
reactions, radionuclides, and gamma-energies were presented in our earlier
publications concerning the INAA chemical element contents in human scalp hair.

Results and Discussion
Good agreement of the Br, Ca, Cl, I, K, Mg, Mn, and Na contents analyzed by
INAA-SLR with the certified data of CRM IAEA H-4 (Table 1) indicates an
acceptable accuracy of the results obtained in the study of chemical elements of
the thyroid presented in Tables 2–5.

Table 2 represents certain statistical parameters (arithmetic mean, standard
deviation, standard error of mean, minimal and maximal values, median,
percentiles with 0.025 and 0.975 levels) of the Br, Ca, Cl, I, K, Mg, Mn, and Na
mass fractions in intact (normal) thyroid of females.

The obtained means for Br, Ca, Cl, I, K, Mg, Mn, and Na mass fraction, as shown in
Table 3, agree well with the medians of mean values cited by other researches for
the human thyroid, including samples received from persons who died from different
non-thyroid diseases [25-36]. A number of values for mass fractions were not
expressed on a dry mass basis by the authors of the cited references. However, we
calculated these values using published data for water (75%) and ash (4.16% on dry
mass basis) contents in thyroid of adults.

To estimate the effect of age on the chemical element contents we examined
two age groups, described above (Table 4). Moreover, a correlation between
age and elemental mass fraction was calculated (Table 5).

A strongly pronounced tendency of age-related increase in Br and Ca mass fraction was
observed in thyroid when two age groups were compared (Table 4). In second group of
females with mean age 66.3 years the mean Br and Ca mass fraction in thyroids was
almost 2 times higher than in thyroids of the first age group (mean age 30.9 years).

However, the correlation between age and elemental mass fractions found a
significant direct dependence for Ca and inverse for Cl (Table 5). Why was the
direct correlation between age and Br mass fraction not found?

A significant direct correlation between the Br-K, Br-Mn, Cl-Mg, Cl-Na, I-Na, KMg, and Mn-Na mass fractions as well as an inverse correlation between Ca-Cl
and Na-Mn mass fractions was seen in female thyroid. No correlation was
demonstrated between any other chemical elements (Table 5). If some
correlations between the elements were predictable (e.g., Na-Cl), the
interpretation of other observed relationships would require further study.

The Br is one of the most abundant and ubiquitous of the recognized trace
elements in the biosphere. Inorganic bromide is the ionic form of bromine which
exerts therapeutic as well as toxic effects. An enhanced intake of bromide could
interfere with the metabolism of iodine at the whole-body level. In the thyroid gland
the biological behavior of bromide is more similar to the biological behavior of
iodide. Therefore, a goitrogenic effect of excessive bromide level in the thyroid of
old females may be assumed.
In addition to the elevated Br level, an age-related increase and excess in Ca mass
fractions in thyroid tissue may contribute to harmful effects on the gland. There are
good reasons for such speculations since many reviews and numerous papers
raise the concern about role of Ca in the prostate, breast, lung and other organ
malignant transformation. Calcium ions Ca2+ are central to both cell proliferation
and cell death. Changes in cytosolic Ca2+ trigger events critical for tumorigenesis,
such as cellular motility, proliferation and apoptosis. An increased growth rate of
cells is correlated with an increase in the intracellular calcium pool content.
Moreover, increases in cytosolic free Ca2+ represent a ubiquitous signalling
mechanism that controls a variety of cellular processes, including not only
proliferation, but also cell metabolism and gene transcription. Indeed, an increased
level of Ca content in the thyroid tissue of old females reflects an increase in the
intracellular calcium pool. Thus, an increase of Ca content in tissue and organs
with age is a key feature in etiology of many benign and malignant tumors,
including thyroid goiter and cancer.

Conclusions
The instrumental neutron activation analysis with high resolution
spectrometry of short-lived radionuclides is a useful analytical tool for the nondestructive determination of chemical element content in the thyroid tissue
samples. This method allows determine means for Br, Ca, Cl, I, K, Mg, Mn,
and Na (8 chemical elements).
Our data reveal that there is a strongly pronounced tendency of increase in
Br and Ca mass fraction as well as of decrease in Cl mass fraction in the
normal thyroid of female during a lifespan. Therefore, a goitrogenic and
tumorogenic effect of excessive Br and Ca level in the thyroid of old females
may be assumed.
All the deceased were citizens of Obninsk. Obninsk is the small
nonindustrial city not far from Moscow in unpolluted area. None of those who
died a sudden death had suffered from any systematic or chronic disorders
before. The normal state of thyroid was confirmed by morphological study.
Thus, our data for Br, Ca, Cl, I, K, Mg, Mn, and Na mass fractions in intact
thyroid may serve as indicative normal values for females of urban population
of the Russian Central European region.

