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Abstract

Introduction: Advancing age is known to influence the formation of adenomatous goiter and thyroid cancer. An excess or
deficiency of specific TEs contents in thyroid can play an important role in goitro- and carcinogenesis of this gland.
Objective: This study aimed to assess the variation with age of fifty trace element (TE) contents in normal female thyroid.
Methods: Samples of the human thyroid were obtained from randomly selected autopsy specimens of 33 females (European-
Caucasian) aged 3.5 to 87 years after a sudden death mainly from trauma. The mass fractions of TEs in normal female thyroids
were investigated using neutron activation analysis and inductively coupled plasma mass spectrometry. Tissue samples were
divided into two portions. One was used for morphological study while the other was intended for TEs analysis.

Results: This work revealed that there is a statistically significant increase in Co, Cs, Fe, La, Pb, Rb, Sb, Se, Sn, T], and Zn mass
fraction in the normal thyroid of female during a lifespan. Contents of such carcinogenic or potentially carcinogenic TEs as Co,
La, Pb, Sb, Sn, and Tl in thyroid of seniors are 5-10 times higher than those in thyroid of girls or young women.

Conclusions: From results of our study, a goitrogenic and carcinogenic effect of elevated Co, Cs, Fe, La, Pb, Rb, Sb, Se, Sn, T],
and Zn levels in the thyroid of elderly females is shown to be a very likely consequence.

Keywords: Female Thyroid; Age Related changes in Thyroid; Trace Elements; Neutron Activation Analysis; Inductively

Coupled Plasma Mass Spectrometry
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Introduction

The prevalence of benign and malignant nodules is
increased in the elderly, reaching a frequency of nearly 50%
by the age of 65 [1-4]. Both prevalence and aggressiveness
of thyroid malignancy increase with age [1]. Women are
affected by thyroid benign and malignant nodules two to five
times more often than men [1,3-5]. Aging is characterized
by the accumulation of molecular damage in DNA, proteins
and lipids, and also by an increase in intracellular reactive
oxygen species (ROS) [6,7]. Oxidative damage to cellular
macromolecules which induce age-related diseases,
including cancer, can also arise through overproduction of
ROS and faulty antioxidant and/or DNA repair mechanisms
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[8]. Overproduction of ROS is associated with many factors,
including overload of certain trace elements (TE), or
deficiency of other TE with antioxidant properties [9-15].
The imbalance in the composition of TE in cells, tissues
and organs may cause different types of pathology. The
importance of appropriate levels of many TE is indisputable,
due to their beneficial roles when present in specific
concentration ranges, while on the other hand they can cause
harmful effects with excessively high or low concentrations
[12].

In our previous studies Zaichick V [16-24] the high mass

fraction of iodine and some other TE were observed in the
intact human thyroid gland when compared with their levels
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in non-thyroid soft tissues of the human body. However, the
age-dependence of TE mass fraction in thyroid of adults and,
particularly, in elderly females still remain unanswered. One
valuable way to elucidate the situation is to compare the
mass fractions of TE in young adults (the control group) with
those in older adult and geriatric thyroids. The other way is
to calculate a correlation between age and TE content in the
thyroid. Findings of the excess or deficiency of TE contents in
thyroid may indicate their roles in the higher prevalence of
thyroid benign and malignant nodules in the elderly.

Reliable data on TE mass fractions in normal geriatric
thyroids is apparently extremely limited. There are a few
studies reporting TE content in human thyroids, using
various chemical techniques and instrumental methods.
However majority of the analytical methods currently used
and validated for the determination of TE in thyroid are
based on techniques requiring sample digestion. The most
frequently used digestion procedures are the traditional
dry ashing and high-pressure wet digestion that cause
destruction of organic matter of the sample. Sample digestion
is a critical step in elemental analysis and due to the risk of
contamination and analytes loss, a digestion step contributes
to the systematic uncontrolled analysis errors [25-27].
Moreover, only a few of the previous studies employed
quality control using certified/standard reference materials
(CRM/SRM) for determination of the TE mass fractions.
In previously published papers there is no data on the age
effects on TE content of normal female thyroids.

Therefore, nondestructive technique such as
instrumental neutron activation analysis with high
resolution spectrometry of long-lived radionuclides (INAA-
LLR) combined with subsequent, destructive inductively
coupled plasma mass spectrometry (ICP-MS) provides a
good method for multi TE determination in samples of
thyroid parenchyma. This combination of methods provides
a possibility to ensure data quality assurance using a
comparison of results obtained for some TE by both methods.

The primary purpose of the study was to determine
reliable values for TE mass fractions in the normal (intact)
thyroid of subjects ranging from children to elderly females
using INAA-LLR and ICP-MS. The second aim was to compare
the TE mass fractions determined in thyroid gland of age
group 2 (adults and elderly persons aged 40 to 87 years),
with those of group 1 (from 3.5 to 40 years). The final aim
was to find the correlations between age and TE contents.

Materials and Methods

Samples of the human thyroid were obtained from
randomly selected autopsy specimens of 33 females
(European-Caucasian) aged 3.5 to 87 years within 48 hours
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after a sudden death. All the deceased were citizens of
Obninsk and had undergone routine autopsy at the Forensic
Medicine Department of City Hospital, Obninsk. Obninsk is
a small city of a non-industrial region 105 km south-west
from Moscow. 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 both the
second period of adult life and also in the 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 trace element contents. None of the subjects
had a professional contact with trace elements, radionuclides
and radiation. The typical causes of sudden death of most of
these subjects included trauma or suicide and also untreated
acute illness (cardiac insufficiency, stroke, pulmonary artery
embolism and alcohol poisoning).

All studies were approved by the Ethical Committees
of MRRC. All the procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its
later amendments, or with comparable ethical standards.

All right lobes of thyroid glands were divided into two
portions using a titanium scalpel [28]. One tissue portion
was reviewed by an anatomical pathologist while the other
was used for the TE content determination. A histological
examination was used to control the age norm conformity
as well as the absence of any microadenomatosis and latent
cancer.

After the samples for TE analysis were weighed, they
were transferred to an environment at temperature -20°C
and stored until the day of transportation to the Medical
Radiological Research Center, Obninsk, where all samples
were freeze-dried and homogenized [29]. The samples, each
weighing about 50 mg, were used for TE measurement by
INAA-LLR. Biological synthetic standards (BSS) were used as
standards [30]. In addition to BSS, aliquots of commercially
available pure compounds were also used. A vertical channel
of nuclear reactor with a neutron flux of 1.3x1013 nxcm-
2xs-1 was applied to determine the content of Ag, Co, Cr, Fe,
Hg, Rb, Sb, Sc, Se, and Zn in thyroid samples by INAA-LLR.

After determination TE by INAA-LLR the thyroid

samples were used for ICP-MS. Before ICP-MS analysis the
samples were decomposed in autoclaves. After autoclaving
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sample aliquots were used to determine the content of Ag,
Al, As, Au, B, Be, Bi, Cd, Ce, Co, Cr, Cs, Dy, Er, Eu, Ga, Gd, Hg,
Ho, Ir, La, Li, Lu, Mn, Mo, Nb, Nd, Ni, Pb, Pd, Pr, Pt, Rb, Sb,
Se, Sm, Sn, Tb, Te, Th, Ti, Tl, Tm, U, Y, Yb, Zn, and Zr by ICP-
MS using an ICP-MS Thermo-Fisher “X-7” Spectrometer
(Thermo Electron, USA). The TE concentrations in aqueous
solutions were determined by the quantitative method using
multi elemental calibration solutions ICP-MS-68A and ICP-
AM-6-A produced by High-Purity Standards (Charleston, SC
29423, USA). Indium was used as an internal standard in all
measurements. Information detailing with the NAA-LLR and
ICP-MS methods used and other details of the analysis was
presented in our previous publication [31-37].

For quality control, ten subsamples of the certified
reference materials (CRM) IAEA H-4 Animal Muscle from the
International Atomic Energy Agency (IAEA), and also five sub-
samples INCT-SBF-4 Soya Bean Flour, INCT-TL-1 Tea Leaves
and INCT-MPH-2 Mixed Polish Herbs from the Institute
of Nuclear Chemistry and Technology (INCT, Warszawa,
Poland) were analyzed simultaneously with the investigated
thyroid tissue samples. All samples of CRMs were treated in
the same way as the thyroid tissue samples. Detailed results
of this quality assurance program were presented in earlier
publications [31-37].

A dedicated computer program for INAA-LLR mode

optimization was used [38]. All thyroid samples were
prepared in duplicate, and mean values of TE contents
were used in final calculation. Using Microsoft Office Excel,
a summary of the statistics, including, arithmetic mean, and
standard deviation, standard error of mean, minimum and
maximum values, median, percentiles with 0.025 and 0.975
levels was calculated for TE contents. The difference in the
results between the two age groups was evaluated by the
parametric Student’s t-test and non-parametric Wilcoxon-
Mann-Whitney U-test. For the construction of the “age vs
TE mass fraction” diagrams (including trend lines with age)
and the estimation of the Pearson correlation coefficient
between age and TE mass fraction the Microsoft Office
Excel programs were also used. To identify the trend of the
age dependency of TE contents, we applied approximation
methods using exponential, linear, polynomial, logarithmic
and power function. The maximum of corresponding values
of R2 parameter, reflecting the accuracy of approximation,
was used for the selection of function.

Results

The comparison of our results for the Ag, Co, Cr, Fe, Hg,
Rb, Sb, Se, and Zn mass fractions (mg/kg, dry mass basis) in
the normal thyroid of female obtained by both NAA-LLR and
ICP-MS methods is shown in Table 1.

Element NAA-LLR M1 ICP-MS M2 A, %
Ag 0.0140+0.0020 0.0129+0.0041 7.9
Co 0.0505+0.0064 0.0479+0.0069 5.1
Cr 0.573+0.049 0.496+0.057 13.4
Fe 232+22 21719 6.5
Hg 0.0389+0055 0.0471+0.0087 -21.1
Rb 6.16+0.48 6.38+£0.53 -3.6
Sb 0.116+0.012 0.098+0.014 15.5
Se 2.22+0.23 2.16+0.23 0.5
Zn 85.7+£7.4 83.2+8.1 2.9

Table 1: Comparison of the mean values (M+SEM) of the chemical element mass fractions (mg/kg, on dry-mass basis) in the
normal thyroid of females obtained by both NAA-LLR and ICP-MS methods.
M - arithmetic mean, SEM - standard error of mean, A=[(M, - M,)/M,] -100%.

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 Ag, Al, As, Au, B, Be, Bi, Cd, Ce,
Co, Cr, Cs, Dy, Er, Eu, Fe, Ga, Gd, Hg, Ho, Ir, La, Li, Lu, Mn, Mo,
Nb, Nd, Ni, Pb, Pd, Pr, Pt, Rb, Sb, Sc, Se, Sm, Sn, Tb, Te, Th, Ti,
Tl, Tm, U, Y, Yb, Zn, and Zr mass fractions in intact (normal)
thyroid of females. The As, Au, Eu, Ho, Ir, Lu, Pd, Pt, Te, Th, Tm,
Yb, and Zr mass fractions were determined in a few samples.
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The possible upper limit of the mean (<M) for these TE was
calculated as the average mass fraction, using the value of
the detection limit (DL) instead of the individual value when
the latter was found to be below the DL The upper limits of
mass fraction of these TE were: As < 0.0045, Au < 0.0039, Eu
< 0.00041, Ho < 0.00036, Ir < 0.00027, Lu < 0.00018, Pd <
0.023, Pt < 0.0014, Te < 0.0050, Th < 0.0031, Tm < 0.00015,
Yb <0.00093, and Zr < 0.097.
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Element M SD SEM Min Max Median P 0.025 P 0.975
Ag 0.0132 0.0092 0.002 0.0016 0.0331 0.0121 0.00225 0.0321
Al 7.43 4.49 1.24 2.5 17.2 5.5 2.77 16.6
As <0.0045 - - <0.003 0.01 - - -

Au <0.0039 - - <0.002 0.0101 - - -

B 0.418 0.257 0.074 0.2 1 0.315 0.2 0.89
Be 0.00067 0.00089 0.0003 0.0001 0.0031 0.00035 0.0001 0.00261
Bi 0.018 0.03 0.0084 0.001 0.1 0.007 0.00106 0.0902
Cd 1.63 1.73 0.48 0.011 5.84 1.18 0.0443 5.21
Ce 0.00897 0.00785 0.0023 0.0014 0.0253 0.0059 0.00195 0.0251
Co 0.0493 0.0332 0.0066 0.016 0.14 0.038 0.0166 0.13
Cr 0.535 0.254 0.051 0.233 1.22 0.456 0.27 1.11
Cs 0.0185 0.0105 0.0029 0.0022 0.0368 0.0182 0.00289 0.036
Dy 0.00173 0.00328 0.001 0.0003 0.0121 0.00084 0.0003 0.00913
Er 0.0005 0.00057 0.0002 0.0001 0.0022 0.00032 0.00013 0.00181
Eu <0.00041 - - <0.0002 0.0019 - - -

Fe 225 98 20 52 435 199 64.2 391
Ga 0.0309 0.0209 0.006 0.01 0.081 0.0285 0.01 0.0725
Gd 0.00147 0.00174 0.0005 0.0004 0.0065 0.0009 0.0004 0.0056
Hg 0.04 0.0274 0.0057 0.007 0.1 0.031 0.0125 0.1
Ho <0.00036 - - <0.0001 0.0012 - - -

Ir <0.00027 - - <0.00004 0.0002 - - -

La 0.0055 0.00368 0.0011 0.001 0.0118 0.0045 0.00128 0.0117
Li 0.0153 0.0078 0.0024 0.0015 0.0251 0.0152 0.003 0.025
Lu <0.00018 - - <0.00001 0.0005 - - -
Mn 1.32 0.84 0.22 0.55 4.04 1.1 0.603 3.28
Mo 0.0755 0.0608 0.0169 0.0104 0.252 0.0567 0.015 0.217
Nb 0.641 0.722 0.2 0.013 2.21 0.336 0.013 2
Nd 0.0046 0.0042 0.0012 0.00054 0.0165 0.0035 0.00086 0.0139
Ni 0.385 0.192 0.056 0.2 0.89 0.31 0.211 0.81
Pb 0.2 0.11 0.032 0.023 0.45 0.185 0.0442 0.406
Pd <0.023 - - <0.014 0.051 - - -

Pr 0.00123 0.00102 0.0003 0.0002 0.0039 0.0009 0.00029 0.00345
Pt <0.0014 - - <0.0002 0.014 - - -

Rb 6.27 2.43 0.48 1.21 12.8 6.3 2.5 30.8
Sb 0.107 0.066 0.013 0.0115 0.248 0.09 0.0183 0.247
Sc 0.0086 0.0158 0.0046 0.0002 0.057 0.0034 0.00034 0.0453
Se 2.19 1.17 0.23 0.32 5.32 2.07 0.745 4.85
Sm 0.00057 0.00046 0.0001 0.0001 0.0014 0.00043 0.00012 0.0014
Sn 0.112 0.093 0.026 0.009 0.263 0.0621 0.0165 0.26
Tb 0.0002 0.00015 4E-05 0.00008 0.0006 0.00018 0.00009 0.00052
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Te <0.0050 - - <0.003 0.013 - - -

Th <0.0031 - - <0.002 0.008 - - -
Ti* 3.74 4.2 1.16 0.44 13.6 2.3 0.521 12.8
Tl 0.0007 0.00036 0.0001 0.0001 0.0013 0.00072 0.00016 0.00125
Tm <0.00015 - - <0.0001 0.0003 - - -

9) 0.0006 0.00069 0.0002 0.0001 0.0026 0.00033 0.00012 0.00219
Y 0.00304 0.00282 0.0008 0.001 0.011 0.0019 0.001 0.0093
Yb <0.00093 - - <0.0003 0.0057 - - -

Zn 84.5 38.9 7.6 7.3 166 83.5 23 156
Zr <0.097 - - <0.03 0.45 - - -

Table 2: Some statistical parameters of 51 trace element mass fraction (mg/kg, dry mass basis) in the normal thyroid of female.
M - arithmetic mean, SD - standard deviation, SEM - standard error of mean, Min — minimum value, Max - maximum value, P
0.025 - percentile with 0.025 level, P 0.975 - percentile with 0.975 level.

To estimate the effect of age on the Ag, Al, B, Be, Bi, Cd,
Ce, Co, Cr, Cs, Dy, Er, Fe, Ga, Gd, Hg, La, Li, Mn, Mo, Nb, Nd, Ni,

Pb, Pr, Rb, Sb, Sc, Se, Sm, Sn, Tb, Ti, T], U, Y, and Zn contents we
examined two age groups, described above Table 3.

Female Thyroid Tissue Ratio
Element AG1 3.5-40 years n=11 AG2 4;:;; years T-test p£ U-test p A[(\i(z; 1t0

Ag 0.0125+0.0032 0.0138+0.0027 0.757 >0.05 1.02
Al 5.95+0.97 9.8+2.7 0.233 >0.05 1.65
B 0.361+£0.070 0.533+0.177 0.419 >0.05 1.48
Be 0.00088+0.00046 0.00037+0.00013 0.333 >0.05 0.42
Bi 0.018+0.012 0.017+0.012 0.961 >0.05 0.94
Cd 1.34+£0.53 2.10+0.95 0.51 >0.05 1.57
Ce 0.0070+0.0030 0.0118+0.0034 0.323 >0.05 1.69
Co 0.0311+0.0046 0.0635+0.0099 0.0078 <0.01 2.04
Cr 0.495+0.066 0.566+0.076 0.483 >0.05 1.14
Cs 0.0160+0.0032 0.0225+0.0056 0.342 >0.05 1.41
Dy 0.0021+0.0014 0.00095+0.00014 0.44 >0.05 0.45
Er 0.00059+0.00025 0.00032+0.00005 0.31 >0.05 0.54
Fe 174+25 264+25 0.018 <0.01 1.52
Ga 0.0285+0.0086 0.0358+0.0069 0.524 >0.05 1.26
Gd 0.00141+0.00074 0.00156+0.00055 0.875 >0.05 1.11
Hg 0.0402+0.0078 0.0391+0.0084 0.923 >0.05 0.97
La 0.00423+0.00120 0.00728+0.00176 0.191 >0.05 1.72
Li 0.0131+0.0033 0.0178+0.0032 0.342 >0.05 1.36
Mn 1.21+0.14 1.54+0.45 0.622 >0.05 1.27
Mo 0.072+0.027 0.081+0.014 0.768 >0.05 1.13
Nb 0.349+0.155 1.11+0.40 0.131 >0.05 3.18
Nd 0.0046+0.0019 0.0046+0.0008 0.996 >0.05 1
Ni 0.357£0.051 0.424+0.120 0.626 >0.05 1.19
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Pb 0.140+0.026 0.284+0.047 0.034 <0.01 2.03
Pr 0.00118+0.00044 0.00132+0.00028 0.793 >0.05 1.12
Rb 4.93+0.64 7.26x0.57 0.013 <0.01 1.47
Sb 0.0762+0.00084 0.1296+0.0198 0.023 <0.01 1.7
Sc 0.0290+0.0281 0.0045+0.0043 0.543 >0.05 0.16
Se 1.80+0.24 2.47+0.35 0.128 >0.05 1.37
Sm 0.00039+0.00017 0.00083+0.00017 0.104 >0.05 2.13
Sn 0.076+0.023 0.168+0.048 0.139 >0.05 2.21
Tb 0.000213+0.000060 0.000183+0.000048 0.704 >0.05 0.86
Ti* 3.39+1.30 4.30+2.39 0.748 >0.05 1.27
Tl 0.00060+0.00016 0.00083+0.00010 0.25 >0.05 1.38
§) 0.00063+0.00029 0.00052+0.00020 0.757 >0.05 0.83
Y 0.0032+0.0012 0.0027+0.0006 0.713 >0.05 0.84
Zn 58.3+9.3 103.7+8.5 0.0016 <0.01 1.78

Table 3: Differences between mean values (M+SEM) of trace element mass fractions (mg/kg, dry mass basis) in the normal
female thyroid of two age groups (AG).
M - Arithmetic mean, SEM - standard error of mean, t-test - Student’s t-test, U-test - Wilcoxon-Mann-Whitney U-test, statistically
significant values are in bold.

In addition, the Pearson correlation coefficient between
age and TE mass fraction was calculated Table 4.

Elementr Ag0.15 | Al0.46 | B0.26 Be -0.25 | Bi0.26 | Cd 0.26 | Ce 0.44 | Co 0.56" | Cr 0.31 | Cs 0.50?
Elementr Dy 0.06 | Er0.07 | Fe0.26 Ga0.38 | Gd0.19 |Hg-0.08 | La0.59* | Li0.45 | Mn0.16 | Mo 0.39
Element r Nb0.32 | Nd0.29 | Ni0.05 | Pb0.74b | Pr0.34 | Rb0.60° | Sb 0.51° | Sc-0.39 | Se 0.50° | Sm 0.47
Elementr Sn0.55* | Tb0.18 | Ti0.23 T10.622 U014 | YO0.15 | Zn 0.65¢

Table 4: Correlations between age (years) and trace element mass fractions (mg/kg, dry mass basis) in the normal thyroid of
female (r - coefficient of correlation).
Statistically significant values: a p£0.05, b p£0.01, c p£0.001.

Figure 1 shows the individual data sets for the Co, Cs, Fe,
La, Pb, Rb, Sb, Se, Sn, Tl, and Zn mass fraction in all samples

dependency of these TE contents was best described by a
polynomial function, this approximation was reflected in

-

of thyroid, and also lines of trend with age. Since the age Figure 1.
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Figure 1: Data sets of individual Co, Cs, Fe, La, Pb, Rb, Sb, Se, Sn, T], and Zn mass fraction values in the normal thyroid of females
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Discussion

A good agreement of our results for the Ag, Al, As, Au, B,
Be, Bi, Cd, Ce, Co, Cr, Cs, Dy, Er, Eu, Fe, Ga, Gd, Hg, Ho, Ir; La, Li,
Lu, Mn, Mo, Nb, Nd, Ni, Pb, Pd, Pr, Pt, Rb, Sb, Sc, Se, Sm, Sn, Tb,
Te, Th, Ti, T, Tm, U, Y, Yb, Zn, and Zr mass fractions with the
certified values of CRM IAEA H-4 Animal Muscle, INCT-SBF-4
Soya Bean Flour, INCT-TL-1 Tea Leaves, and INCT-MPH-2
Mixed Polish Herbs [31-36], as well as the similarity of the
means of the the Ag, Co, Cr, Fe, Hg, Rb, Sb, Se, and Zn mass
fractions in the normal thyroid of male determined by both
NAA-LLR and ICP-MS methods (Table 1) demonstrates an
acceptable precision and accuracy of the results obtained in
the study and presented in Tables 2-4 and Figure 1.

A statistically significant age-related increase in Co, Fe,
Pb, Rb, Sb, and Zn mass fraction was observed in thyroids of
females when the two age groups were compared (Table 3).
In the second group of females with mean age 66.3 years the
mean of Co, Fe, Pb, Rb, Sb, and Zn mass fraction in thyroids
were 1.5-2 times higher than in thyroids of the first age group
(mean age 30.9 years) of females. A statistically significant
increase in Co, Pb, Rb, Sb, and Zn mass fraction with age
was confirmed by the Pearson’s coefficient of correlation
between age and mass fractions of these TE (Table 4).
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Moreover, a statistically significant increase in Cs, La, Se,
Sn, and TI content was shown by the Pearson’s coefficient
of correlation between age and mass fractions of these TE
(Table 4, Figure 1).

Thus, only positive (increase with age) correlations
were observed for TE contents in the normal female thyroid.
The increase of Cs and Fe was fast during the first four-five
decades, after which the changes in mass fractions of these
TE were rather limited. In contrast, contents of Co, La, Sb, and
Se remain fairly stable until the fifth decade, after which a
strong but variable accumulation takes place. The Pb, Rb, Sn,
Tl, and Zn mass fraction showed a progressive accumulation
during lifespan, herein, content of Pb, Sn, and Tl increases
approximately 10 times (Fig. 1). Co, La, and Sb mass fractions
are about quintuple from age 30 until age 70-80 (Fig. 1).
According to the authors’ currently available information, no
published data referring to age-related changes of Ag, Al, B,
Be, Bi, Cd, Ce, Co, Cr, Cs, Dy, Er, Fe, Ga, Gd, Hg, La, Li, Mn, Mo,
Nb, Nd, Ni, Pb, Pr, Rb, Sb, Sc, Se, Sm, Sn, Tb, Ti, TL, U, Y, and Zn
mass fractions in female thyroid is available.

An age-related increase and excess in TE mass fractions

in thyroid tissue may contribute to harmful effects on the
gland. There are good reasons for such speculations since

Copyright© Zaichick V.

Goiter and Cancer Risk of Female Thyroid. Bioequiv & Bioavailab Int ] 2022, 6(1): 000164.


https://medwinpublishers.com/BEBA/

Bioequivalence & Bioavailability International Journal

many reviews and numerous papers raise the concern about
toxicity and tumorigenesis of TE. Co is an essential TE since it
is the component of vitamin B12. However, on the one hand,
Co is genotoxic and carcinogenic, mainly caused by oxidative
DNA damage by reactive oxygen species, perhaps combined
with inhibition of DNA repair [39]. In humans blood cesium
concentrations were inversely associated with fT3 and T3
[40]. It means that impaired thyroid function is a common
effect of Cs exposure, for example, through drinking water.
However, Cs was not identified as carcinogenic, because
there are no studies regarding stable cesium and cancer.
Fe is an essential element for humans, but the beneficial
Fe concentration window is narrow. Many recent studies
have highlighted adverse effects of Fe overload. Indeed, Fe
overload may be involved in oxidative stress, dwindling
thyroid function, and increasing risk of goiter or cancer [41].
Rare earth elements, including La and lanthanides, are not
described as essential for humans, because no biochemical
function has been directly connected to it. At this stage of
our knowledge, no doubt that La and lanthanides overload
negatively impact human health [42]. Pb is highly cytotoxic.
It affects hormonal secretion and hormonal-induced cell
responses. The epidemiological evidence for an association
between Pb exposures and human cancer risk has been
strengthened by many studies Silbergeld EK [43]. Rb has
no known biological role. No negative environmental effects
have been reported. Rb is only slightly toxic on an acute
toxicologic basis and would pose an acute health hazard only
wheningested inlarge quantities [44]. Animal carcinogenicity
data were concluded sufficient for Sb. Possible mechanisms
of action includes potential to produce active oxygen species
and to interfere with DNA repair system [45]. The high level
of Se content found just in the thyroid gland of old females
cannot be regarded as pure chance. The seleno-protein
characterized as Se-dependent glutathione peroxidase (Se-
GSH-Px) is involved in protecting cells from peroxidative
damage. This enzyme may reduce tissue concentration of free
radicals and hydroperoxides. It is particular important for the
thyroid gland, because thyroidal functions involve oxidation
of iodide, which is incorporated into thyreoglobulin, the
precursor of the thyroid hormones. For oxidation of iodide
thyroidal cells produce a specific thyroid peroxidase using
of physiologically generated hydrogen-peroxide (H202) as a
cofactor [46]. It follows that the thyroid parenchyma must
be continuously exposed to a physiological generation of
H202 and in normal conditions must be a balance between
levels of Se (as Se-GSH-Px) and H202. Thus, it might be
assumed that the elevated level of Se in thyroid of old females
reflects an increase in concentration of free radicals and
hydroperoxides in gland parenchyma. Some studies suggest
that Sn is an essential TE for humans. However, organotin
compounds have been proven to be of toxicological relevance
and to initiate the multistage process of carcinogenesis
by influencing steroid hormonal metabolism [47]. Tl is a
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ubiquitous natural metal considered as the most toxic among
TE. Moreover, Tl is a suspected human carcinogen [48]. Zn is
active in more than 300 proteins and over 100 DNA-binding
proteins, including the tumor suppressor protein p53, a Zn-
binding transcription factor acting as a key regulator of cell
growth and survival upon various forms of cellular stress. p53
is mutated in half of human tumors and its activity is tightly
regulated by metals and redox mechanisms. On the one hand,
Zn ions are cofactors of the superoxide dismutase enzymes,
which prevent the onset and progression of tumors through
cell protection against substances that cause the formation of
free radicals and ROS. The role of Zn is to act as a membrane
stabilizer and to participate in antioxidative protection and
oxidative stress inhibition. Therefore, the elevated Zn level
in thyroid of elderly females may reflect an increase in
inflammation of female thyroid parenchyma at age about 60
years and above. On the other hand, excessive intracellular
Zn concentrations may be harmful to normal metabolism of
cells. By now much data has been obtained related both to
the direct and indirect action of intracellular Zn on the DNA
polymeric organization, replication and lesions, and to its
vital role for cell division [49]. Moreover, it is known that Zn
is an inhibitor of the Ca-dependent apoptotic endonuclease,
which takes part in the internucleosomal fragmentation of
DNA. Consequently there is a reduction of cell apoptosis.
Other actions of Zn have been also described [50]. All these
facts imply that age-related overload Zn content in female
thyroid is probably one of the factors in etiology of goiter and
carcinoma.

Thus, if we accept the levels of TE mass fractions in
thyroid glands of females in the age range up to 40 years as
a norm, we must conclude that after age 40 years the Co, Cs,
Fe, La, Pb, Rb, Sb, Se, Sn, T], and Zn contents are significantly
higher normal levels. Elevated levels in thyroid parenchyma
all these TE may contribute to harmful effects on the gland,
including goitrogenic and carcinogenic.

This study has several limitations. Firstly, the sample
size of our study was relatively small. Nonetheless, our data
showed the significant increase in Co, Cs, Fe, La, Pb, Rb, Sb, Se,
Sn, Tl, and Zn mass fraction in the normal thyroid of female
during a lifespan. This tendency was found by two ways of
statistical data manipulation. Age-dependence of Fe, Cs, La,
Se, Sn, and T1 was confirmed by only one from two ways of
statistical data manipulation used in the study. Therefore,
large studies are needed in the future to confirm the effect of
age on Fe, Cs, La, Se, Sn, and T1 contents in normal thyroid of
females and also to investigate age-related changes of inter-
correlations of these TE with others. Secondly, generalization
of our results may be limited to Russian women. Moreover,
TE contents in thyroid can depend on a place of residence
inside Russia. Thirdly, TE contents only in female thyroid
were investigated in our study, because women are affected
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by thyroid benign and malignant nodules two to five times
more often than men [1,3-5]. Therefore, additional study
is needed in the future on TE contents in male thyroid and
their role in etiology of thyroid goiter and cancer. In spite
of these limitations, this is the first study that evaluated
the relationship between age and fifty TE levels in normal
thyroid of females.

Conclusion

Goiter and thyroid cancer are multietiological
and multifactorial complex diseases. The complete
understanding of the role of inadequate levels of some TE in
thyroid parenchyma in the etiology of goiter and carcinoma
requires a global vision of their different mechanisms of
action, which is not yet possible with the present state
of knowledge. However, our data elucidate that there is a
statistically significant increase in in Co, Cs, Fe, La, Pb, Rb,
Sb, Se, Sn, T, and Zn mass fraction in the normal thyroid of
female during a lifespan. Contents of such carcinogenic or
potentially carcinogenic TE as Co, La, Pb, Sb, Sn, and Tl in
thyroid of seniors are 5-10 times higher than those in thyroid
of girls or young women. Thus, from results of our study, a
goitrogenic and carcinogenic effect of elevated Co, Cs, Fe, La,
Pb, Rb, Sb, Se, Sn, Tl, and Zn levels in the thyroid of elderly
females is shown to be a very likely consequence.
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