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Abstract

6 OPEN ACCESS

Concentrations of Bromine, Calcium, Copper, lodine, Iron, Magnesium, manganese,
Phosphorus, Selenium, Sulfur, and Cinc in thyroid samples were simultaneously determined by
using a modification of the US Food and Drug Administration method for iodine determination.
A total of forty-six pieces of total thyroidectomy from different non-tumoral disorders (Goiter
-diffuse or nodular-, and autoimmune thyroid diseases -Graves' disease or Hashimoto
thyroiditis) were analyzed. Among them, fifteen had incidental microscopic carcinomal.
Analyses were performed by Inductively Coupled Plasma Mass Spectrometry and Inductively
Coupled Plasma Optical Emission Spectrometry after TMAH tissue solubilization and matrix
modification by addition of a chelating agent, a surfactant, and a matrix modifier. Accuracy
and precision of the method were high, according to the analysis on the certified reference
materials SRM-1549, ERM-BB422, ERM-CE278k and NRCC-DORM-3 . Descriptive, unpaired t-test,
statistical, and univariate correlation analyses were performed on results using GraphPad
Prism. No statistical differences in element contents were found when considering groups by
sex, Goiter type, or kind of autoimmune disorder. Element concentrations in thyroid tissues
were significantly different between goiter versus autoimmune disease samples. In particular,
goiter samples showed higher contents of lodine, Selenium, Zinc, Calcium, and Sulfur, and
lower contents of Phosphorus and Manganese. A very highly significant direct correlation was
obtained for Mg-P in non-cancerigenous goiter samples, hon-cancerigenous autoimmune
thyroid diseases, and thyroid cancer log-transformed groups (r = 0.83-0.96, p < 0.001). Non-
cancerigenous goiter samples showed a significant direct positive correlation for I-Se (r=0.74).
Cancerigenous tissues showed, on average, lower Zn and Mg contents than benign tissues
(XO.71 and x0.85, respectively). Results reflect different elements’ imbalances (I, Se, Zn, Ca, P, Mn,
and S) related to thyroid dysfunctions -mostly due to autoimmune diseases.

Graphical abstract
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Introduction

The thyroid gland is an endocrine gland located around
the trachea. This gland has important roles in regulating
numerous metabolic processes because it produces three
hormones: thyroxine (T4) and triiodothyronine (T3) -
produced by follicular cells-, and calcitonin -produced by C
cells. A series of reactions drives the synthesis and production
of thyroid hormones, requiring exogenous lodine, and also
other elements such as Iron, zinc, or Selenium. The feedback
mechanism of the pituitary gland and the hypothalamus
regulates thyroid function. The alteration of any of these
steps produces a dysfunction of the thyroid gland. This may
be associated with low, high, or normal hormone production
(hypothyroidism,  hyperthyroidism, or euthyroidism,
respectively), and/or a change in the morphology of the gland,
with an increase in size to compensate for the functional
defect. Goiter is the clinical name for such an increase in size.
There are two main histopathologic types of goiter according
to its morphology: diffuse (Diffuse nodular hyperplasia, DG),
and nodular (NG). Regarding its function, it is differentiated
between non-toxic goiter (diffuse or nodular) and toxic
(nodular). Non-toxic goiter is associated with a normal
Thyroid-Stimulating Hormone (TSH) level, and it is mainly
due to a deficient lodine intake, although it is also related
to etiological factors such as genetic susceptibility, female
gender, age, and tobacco smoking [1-4]. Toxic nodular goiter
is associated with symptoms of hyperthyroidism, suppressed
TSH, or both, and it is due to overproduction of the thyroid
hormones.

Autoimmune thyroid diseases (AITDs) constitute another
important benign group of thyroid diseases besides goiter.
Their physiological and pathological mechanisms are
immunological: circulating antibodies are created against
thyroid cellular antigens. The most common autoimmune
diseases are Hashimoto disease (chronic lymphocytic
thyroiditis-CLT) and Graves’ disease [5]. Graves' disease,
also known as toxic diffuse goiter, constitutes the major
cause of hyperthyroidism (overactive thyroid gland-OTG),
while Hashimoto’s thyroiditis causes hypothyroidism. Both
are characterized by lymphocytic infiltration within the
thyroid parenchyma. In the case of Hashimoto’s thyroiditis,
an increase in gland size may appear at the beginning, but
thyroid atrophy is more common. Rarely, thyroid malignancy
occurs in goiters and AIDT, with this being more common in
the latter [3]. There is a multifactorial etiology for these AITDs
with a complex interaction of immune mechanisms, other
endogenous factors such as sex or age, and environmental
factors such as environmental pollution, smoking, stress, or
Iodine and selenium consumption, in genetically susceptible
individuals (certain HLA haplotypes) [5-8]. There is also a rare
form of chronic thyroiditis of unknown etiology associated
with global or partial fibrosis of the thyroid gland known as
Riedel’s disease (RD).
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The endocrine glands influence trace element metabolism,
and trace elements are known to influence endocrine function.
Normal thyroid status is dependent on the presence of many
trace elements for both the biosynthesis and metabolism of
thyroid hormones (THs). lodine and Selenium are essential
elements that play akey role in the thyroid gland [9]. [odine isa
structural component of THs, whereas Selenium is an integral
component of several major metabolic pathways of cellular
antioxidant defense and cellular redox control, in particular,
those involved in the protection of the thyroid gland [10-13].
In fact, the highest Se contents per mass unit are detected in
the brain and some endocrine organs, specifically, the thyroid
gland [11,12]. Deficiency of these two elements is related
to major health problems, such as hypothyroidism, goiter,
or endemic cretinism [14-20]. Environmental conditions
and agricultural practices condition the intake of these
micronutrients, varying their food contents within geographic
locations [21-22].

In addition to Selenium, the essential elements Copper,
Zinc (as superoxide dismutase), and Iron (as catalase) are
critical components of antioxidant enzymes. These mineral
micronutrients interfere with thyroid function; thus, their
consumption is recommended for hypothyroid patients in
order to maintain a normal thyroid hormone function [23-26].

Zincisanessential trace elementfornormallevels of thyroid
hormones such as triiodothyronine (T3), tetraiodothyronine
(T4), and thyroid-stimulating hormone (TSH). Its deficiency
leads to a decrease in T3 levels, while its excess can contribute
to hyperthyroidism because this element acts as a stimulator
of the thyroid gland [27]. A Zn deficiency has been linked to
alterations in the immune response [28]. In addition, Zn and
Se deficiencies have been associated with thyroid cancer [29].

Other elements have been studied regarding a direct or
indirect affection to the thyroid function or on metabolic
disorders related to endocrinopathies, including essential
elements such as Phosphorus, Magnesium, Potassium, Sulfur,
and Manganese; toxic elements such as Cadmium, Lead, or
Arsenic; or potentially toxic elements, such as Chromium [30-
36].

The analysis of Iodine excludes the use of an oxidizing
acid for digesting biological samples -which is a usual
procedure in multielemental studies [37-38]-, otherwise,
Iodine would be oxidized to elemental Iodine, which would
be lost by volatilization [39]. An alkali solubilization by using
tetramethylammonium hydroxide (TMAH) constitutes a
good choice for rapidly dissolving biological samples (liquid
samples such as blood or milk, soft tissues -mainly organ or
skin samples-, and hard tissues such as hair or nails) prior to
ICP-MS analysis of lodine, among other elements of interest
[39-46]. Although acidity is usually needed to obtain a good
metal recovery, this can be overcome in an alkaline medium by
adding a strong complexing agent that forms stable complexes
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[47-49], such as ethylenediaminetetraacetic acid (EDTA). In
order to get an efficient formation of complexes with EDTA, a
pH value higher than 10 is needed [42,50]. Furthermore, it has
to be considered that after a TMAH extraction, samples will be
partially digested, and then, the residual carbon in their matrix
might affect the ionization of lodine and other elements,
causing a bias for concentration measurements [51]. This
residual carbon strongly affects -positively or negatively- the
emission signal of atomic lines, but the emission signal of ionic
lines is mostly unaffected. Thus, ionic lines are usually selected
in ICP-OES analysis to maximize detection capabilities due
to their higher sensitivity than atomic ones. Nevertheless,
atomic lines are most sensitive for certain elements such as
Cuy, I, P, S, Se and Zn [52]. Regarding these elements, carbon
matrix effects on the emission final of their atomic lines are
positive for I, P and Se (signal enhancement), negative (signal
suppression) for S, and negligible for Cuand Zn [52]. Regarding
ICP-MS analysis, it is well known that the addition of Carbon-
based compounds causes a signal enhancement of elements
with ionization potential in the range of 9-11 eV-such as P, Zn
or Se-, of low mass elements-such as Mg and Ca-, and transition
metal elements-such as Mn, Fe and Cu-, whereas for elements
with ultra-high first ionization potential-such as S and Br-
such addition caused a limited signal enhancement effect [53].
Particularly for lodine, residual carbon increases its ionization.
Due to all this, different researchers added compounds such
as isopropanol when analyzing lodine among other elements
in food or biological samples [49,51]. Furthermore, some
protocols include the addition of a surfactant, such as Triton
X-100, for membrane protein solubilization and dispersion
[48,49].

Taking into account the uniqueness and the small sizes
of the thyroid biopsies, a method is needed that allows
analyzing the greatest number of elements, including Iodine,
in these tissues, instead of using different methods for sample
processing depending on the element of interest. Thus, the
US Food and Drug Administration (FDA) method for lodine
determination in food samples [51,54] was considered and
adapted for the simultaneous determination of the essential
elements Br, Ca, Cu, Fe, [, Mg, Mn, P, S, Se, and Zn in small-sized
biopsies by ICP-MS and ICP-OES. Samples were solubilized by
using tetramethylammonium hydroxide (TMAH). A mixture
of ethylenediaminetetraacetic acid (EDTA), isopropanol, and
Triton X-100 was added afterwards. Finally, extracts were
analyzed by ICP-MS and ICP-OES. Results were statistically
analyzed in order to study element trends and correlations.

Materials and methods

Reagents and instrumentation

A TMAH solution 25% in water (Acros Organics),
Isopropanol (HPLC-grade Prolabo),and Na,EDTA 99% (Sigma)
were used in this study to prepare standards and samples. A
TMAH stock solution was prepared by diluting 1/10 (v/v) the
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TMAH (25%) in Milli-Q water. The standard stock solution
ICP Multi Element Standard Certipur® VI was purchased from
Merck (Darmstadt, Germany). Monoelemental solutions of
target elements and internal standard elements were obtained
from VWR. lodine (KI) standard solution (1000 mg L%)
and Bromide (100 mg L' mixed anion) standard solution
were supplied by CPAchem. All solutions were prepared using
deionized water (18.3 MQ) from a Milli-Q purification system
(Millipore, Molsheim, France).

Samples and reference material

Biological samples - a fragment from a total thyroidectomy
each- were supplied by the Pathological Anatomy Service of the
Alvaro Cunqueiro Hospital of the University Hospital Complex
of Vigo (Vigo, Galicia, NW of Spain). They consisted of forty
six samples from patients diagnosed with benign diseases.
Patients’ ages ranged from 25 to 87 years old, with 80% being
females. Diagnostic characteristics are summarized in Table 1.
Samples were classified according to the kind of thyroid
dysfunction as goiter -diffuse or nodular- or AITD - Graves
or Hashimoto. Among all these samples, fifteen presented
incidental microscopic malignant tissue (thyroid cancer-TC).

Analytical method validation was performed by analyzing
the following certified reference materials (n = 5): The
Standard Reference Material (SRM) 1549 -non-fat Milk
Powder- produced by the National Institute of Standards
and Technology (NIST), with certified values for all target
elements except Br (with indicative value). In addition, the
European Reference Materials ERM-BB422 -fish muscle- and
ERM-CR278k -mussel tissue- from the Institute for Reference
Materials and Measurements (IRMM); and the NRCC-DORM-3
—fish protein- from the National Research Council of Canada
were also considered (with certified values for Cu, Zn, Se, and
[ or Fe) for ICP-MS analysis. Milk and/or seafood reference
materials have usually been selected in studies on biological/
food materials (especially in solid samples) after TMAH
extraction not only for lodine determination [39,41,46,51, 55]
but also for trace element analysis [43,47,49,56]. This is due to
the fact that seafood or milk constitute complex matrices: fish
main components (dry basis) are lipids and proteins, while
carbohydrate content is very low [57]; mussel composition

Table 1: Characteristics analyzed in the thyroidectomy samples.

Number of Biopsies

Age 58+15 yr (25-87 yr)
Gender
Male 9(2TC)
Female 37 (13 TC)

Thyroid dysfunctions

Goiter (G) 33(71.7 %)

Diffuse Goiter (DG) 10 (3 TC)
Nodular Goiter (NG) 23 (8TC)
Autoimmune diseases (AITD) 13 (28.3 %)
Hyperthyroidism-OTG (Graves) 8(1TC)
Hypothyroidism-CLT (Hashimoto) 5(3TC)

TC: Thyroid Cancer
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shows a higher protein and carbohydrate content [58]; and
skimmed milk main constituents (dry basis) are carbohydrates
and proteins, with very low lipid content [59].

Sample pretreatment

All target samples were cryogenically stored at -80°C.
They were freeze-dried before analysis. Their total dry weight
varied from 50 to 200 mg.

Sample preparation

Thyroid samples were weighed in 15 mL polypropylene
Falcon™ tubes and then solubilized by adding 1 mL of the
prepared TMAH stock solution (25% v/v) per 50 mg of sample.
All tubes were closed gas-tight and vigorously manually
shaken, vortexed, placed in an ultrasonic bath at 752C for
thirty minutes, and then placed in a water bath at 80°C
overnight. Final solutions were clear and colored. Following
solubilization, all samples were diluted 1:1 with a 0.25% m/v
EDTA solution in ultrapure water, vortexed to homogenize
the solution, and then stored. After storage, some precipitates
could be observed in the same samples some precipitates but
they easily redissolved by hand shaking.

SRM subsamples (2 g) were solubilized with TMAH, and
then isopropanol and EDTA were added (procedure similar
to human samples). The final solution had 3% isopropanol
and 0.05% EDTA. Inner standards were added similarly to
the target samples. Aliquots of the obtained extracts were
analyzed by ICP-MS and ICP-OES.

In the case of ICP-MS analysis, aliquots of 1 mL from target
sample extracts were gravimetrically diluted (1/2.5) by
adding an internal standard solution of Germanium (20 pg L)
and Tellurium (100 ug L) prepared in 6% (v/v) isopropanol
in ultrapure water and 0.1% Triton. An additional 100-fold
or even a higher dilution was performed on the samples in
order to obtain lodine concentrations within the analytical
calibration curve range.

In the case of ICP-OES analysis, aliquots of 1 mL from
target sample extracts were gravimetrically diluted (1/2.5) by
addinganinternal standard solution of Germanium (50 mg 1),
Indium (50 mg L1), and Scandium (2 mg L) prepared in 6%
(v/v) isopropanol in ultrapure water, and 0.1% Triton.

Elemental determination

Based on the instrumental analytical advantages, precision,
sensitivity, and the expected range of concentrations for the
elements of interest, Bromine, Copper, lodine, Manganese,
and Selenium were determined by ICP-MS; Calcium, Iron,
Magnesium, Phosphorus, and Sulfur, by ICP-OES; and Zinc, by
both techniques.Zincwas used to check outliers: those samples
presenting an anomalous deviation (ratio <0.9) between
both techniques would be measured again. Nevertheless, no
outliers were found.

Six-point calibration curves -blank included- were
prepared by serial dilution in 1% TMAH and 0.1 % EDTA
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elemental working stock solutions. Elemental concentrations
were determined using external standardization and linear
regression through the blank. Internal standards were
gravimetrically mixed 1/2.5 with the blanks, standards,
and samples. A 2 min rinse between samples with a 3%
isopropanol, 1% TMAH, 0.1% EDTA, and 0.01% Triton
X-100 solution ensured that elemental signals were down to
background levels after analyzing a sample with 100 ng g™! of
lIodine. Such rinsing also avoids sudden changes in the matrix
that could alter the conditions of the plasma. The high lodine
content in thyroid tissue makes it necessary to separate its
measurement from the other trace elements.

ICP-MS: Analysis by ICP-MS was performed in a Thermo
X7 Series Quadrupole Mass Spectrometer equipped with a
collision/reaction cell, a 0.4 mL concentric quartz nebulizer,
a Peltier-cooled (22C) silica impact bead spray chamber,
and a standard silica torch. A standard nickel sampler and
skimmer cones were used. The equipment was operated in
collision/reaction mode using Helium/Hydrogen combined
with kinetic energy discrimination in order to overcome
spectral interferences caused by polyatomic, doubly charged,
or isobaric ions. Thus, a solution of 50 pug L* of Selenium
and 10 pg L' of Germanium prepared in 1% TMAH and 3%
isopropanol v/v was used to check the background equivalent
concentration (BEC) and signal stability on the isotopes 78Se*
and 72Ge* (m/q). Instrumental conditions are summarized in
Table 2. Calibration curves for target sample analyses were
prepared from monoelemental stock solutions.

Internal standardization was used to correct for instrument
instability, signal drift and/or the existence of non-spectral
interferences (suppression or enhancement of the signal
caused by the matrix). "?Ge was used as internal standard.
Reference materials were used to test the recovery percentage
of the procedure for each considered element (*Mn, %Cu, *°Zn,
and "®Se, °Br and '?I).

ICP-0ES: Analysis by ICP-OES was performed in a Thermo
Scientific™ iCAP™ PRO XP ICP-OES Duo model, with radial
and axial configuration. This instrument consists of a Charge
Injection Device (CID) detector and an Echelle spectrometer, a
peristaltic pump, a 0.4 mL concentric quartz nebulizer, a silica
cyclonicspray chamber, and a standard silica torch. Instrument
operating conditions were according to the manufacturer’s
“organic mode” settings. Internal standardization was also
used (Ge, In, and Sc). The reference material SRM1549 (non-
fat milk SRM1549) was used to test the recovery percentage
of the procedure for each considered element (Mg, P, S, Ca, Fe
and Zn). Instrumental conditions are summarized in Table 3.

Table 2: Instrumental settings for ICP-MS.

Element Mn Cu Zn Se Br I
m/z 55+ 65* 66" 78" 79* 127+
Internal standard 2Ge* 2Ge* 2Ge* 2Ge* 2Ge* 125Tg*
Slope ‘ cps/(ngL) | ~8000 | =3000 @ ~2000 =~1100 @ =400 | ~10000
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Table 3: Instrumental settings for ICP-OES.

Element Mg (a) P(a) S(@) Ca (i) Fe (i) Zn (i)
Wa‘(’s':l‘)lgth 285213 | 185942 182.034 317.933 238204 @ 206.200
Plasma view Radial Axial Axial Radial Axial Axial

Internal Sc361.384 Ge 209.426 23(;n606 Sc361.384In 230.606 Ge 209.426

Standard Q) () 0] U] (1)

slope . P/ ~800 100 | =100 = %500 | %6000 | = 4000
(mg L)

Figures of merit/analytical performance

The method’s accuracy, precision and linearity were
examined. To verify the accuracy of the method, the certified
materials (SRM 1549) were analyzed in quintuplicate (n=5)
at a minimum, on at least two different days. Additionally,
spiked samples with Selenium (for ICP-MS analyses) and
Iron (for ICP-OES analyses) were also analyzed. An additional
100-fold or even a higher dilution was performed on the
samples in order to obtain lodine concentrations within the
analytical calibration curve range. It’s also advisable to change
the peristaltic tubing and clean the instrument components.
The precision of the method for ICP-MS, expressed as
relative standard deviation (RSD), was evaluated in terms of
repeatability on the SRM1549.

Limits of detection (LD) and quantification (LQ) were
determined following the 30 and 100 criteria, respectively,
using the standard deviation (o) of 10 blank measurements.
LD was calculated as 3SDb/m, while LQ was calculated
as 10SD,/m, where “m” corresponds to the slope of the
calibration curve. Calibration curves were built from five
replicate measurements.

Sample data treatment: Statistical analysis

Statistical data analysis was performed with GraphPad
Prism 8.1. The Shapiro-Wilk test was applied to verify if
data were normally distributed. Then, raw data were log-
transformed. The study includes: 1) descriptive statistical
data: average, median and range values for all variables (it was
also calculated the ratio (A) between the mean values of two
groups, and the similarity between them: the lower the p-value
the higher the difference in the element content); 2) unpaired
t-test on logarithmically transformed data to find significant
differences between groups considering two tailed @ = 0.05;
and 3) univariate correlation analysis (Pearson’s r correlation
matrix) on log-transformed data. Statistical analyses were
performed considering a selection of the following groups: 1)
all samples (n=47); 2) males (M); 3) females (F); 4) Goiter (G)
samples; 5) AIDT samples; 6) diffuse goiter (DG) samples; 7)
nodular goiter (NG) samples; 8) OTG samples; 9) CLT samples;
10) thyroid cancer (TC) samples; 11) non-cancerigenous (NC)
samples; 12) NC-G; 13) NC-AIDT; 14) TC-AIDT; 15) TC-G; 16)
NC-DG; 17) NC-NG; 18) NC-OTG; and 19) NC-CLT.

https://doi.org/10.29328/journal.jccm.1001229

Results and discussion
Figures of merit

Figures of merit and both instrumental and procedural LD
and LQ values for dry tissue samples are shown in Tables 4 and
5. Regression coefficients of calibration curves were higher
than 0.9995. Recoveries for certified elements ranged from
90 to 99% for ICP-MS analysis for reference material SRM-
1549 (Table 4). Recoveries for certified elements in the other
reference materials considered ranged from 83 to 85% for
Mn, from 91 to 101% for Cu, from 85 to 98% for Zn, and from
99 to 102% for Se for ICP-MS analysis. Recoveries for certified
elements ranged from 93 to 105 % for ICP-OES analysis for
reference material SRM-1549 (Table 5). This highlights a high
method accuracy. RSDs from five independent solubilizations
ranged from 2.7% to 7.1% for all elements by ICP-MS, while
they ranged from 0.9 to 3.7% for all elements by ICP-OES.

Results are in concordance with different studies where
environmental samples and SRM were analyzed after alkaline
extraction and promotion of metal complex formation with
EDTA. Such investigations showed good recoveries in SRM for
metals such as Br, Ca, Cu, Fe, I, Mg, Mn, P, Se or Zn [47,49,50].

Thyroid biopsies

Element concentrations in thyroid samples showed that
the most abundant element, considering average values in
this kind of tissue, is S, followed by P, Ca, and I. Iron, Mg, and
Zn appeared as traces, while Cu, Br, Se, and Mn were detected
in even smaller concentrations (Table 6).

Table 4: Figures of merit for ICP-MS analysis.

ICP-MS
Element: Selected m/q*  5Mn 55Cu s6Zn 78Se Br 1271
Linearity r? >0.9995 >0.9995 | >0.9995 | >0.9995 >0.9995 >0.9995
Calibration Range| pgL?! 2-50 5-100 | 10-500 2-50 10-200 | 5-100
Recovery (SRM)* | % (n=5)| 91.9 = 90.2 953 985 | 107* | 96.8
RSD (SRM) | % (n=5) 6.8 43 36 7.1 43 2.7
LD? ug L? 0.2 0.5 2.4 0.2 2.6 0.6
LQ® pg Lt 0.4 15 5.4 0.6 8.5 1.3
MLD* mgkg! | 0.02 = 005 = 024 0.02 0.26 | 0.06
MLQ! mgkg! | 0.04 0.15 0.54 0.06 0.85 0.13

2 instrument LD in aqueous solutions; ®: instrument LQ in aqueous solutions; ¢: method
LD in solid samples; : method LQ in solid samples. * SRM-1546; **From information value

Table 5: Figures of merit for ICP-OES analysis.

ICP-OES
Element Mg (I) P (I) s Ca(ll)  Fe(ll) Zn(ID)
Linearity r? >0.9995 | >0.9995 | >0.9995 | >0.9995 | >0.9995 | >0.9995
Cagg;agte“’“ mgl! | 550 | 5200 | 5200 | 5-100 | 02-5 | 0.2-5
Rg;;;‘;y % @n=5)| 1042 | 1001 = 1013 976 931 | 105.1
RSD (SRM) | % (n=5) | 1.0 1.1 0.9 1.0 3.7 16
LD? mgL* 0.02 0.12 0.4 0.03 0.01 0.02
LQ® mgL* 0.05 0.20 0.5 0.05 0.03 0.06
LD¢ mg Kg? 0.2 12 40 3.0 0.9 2.2
LQ¢ mg Kg! 0.5 20 50 5.0 2.6 6.4
2instrument LD in aqueous solutions; ®: instrument LQ in aqueous solutions; ¢ method
LD in solid samples; ¢: method LQ in solid samples. *SRM-1546
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Table 6: Average age, element contents and range (ug g') for all samples and different considered groups (G: goiter; DG: diffuse goiter; NG: diffuse goiter; AIDT: Autoinmune thyroid
disease; OTG: overactive thyroid gland; CLT: chronic lymphocytic thyroiditis; NC: non-cangerigenous; TC: thyroid cancer; F: females; M: males).
Age 58+15 62+13 60+16 62+12 49+17 4113 60+17 58+17 59+12 58+16 58+13
(yr) (25-87) (40-85) (40-85) (40-82) (25-87) (25-57) (45-87) (25-87) (40-81) (25-87) (32-74)
Br 4.2+2.0 4.3+1.9 4.8+2.6 4.1+1.6 4.0+2.2 4.0+£2.6 4.1+£1.5 4.3+2.2 42+ 14 4.4+2.1 3.7+1.3
(1.3-10.0) (1.3-10.0) (2.0-10.0) (1.3-7.9) (1.5-9.3) (1.8-93) (1.5-4.9) (1.3-10.0) (1.5-7.3) (1.4-10.0) (1.3-5.5)
Ca 1504+1020 17261087 1662+897 1754+1178 940+521 835+415 1108+674 1519+1090 1472+894 1445+1036 1745+972
(424-4687) (444-4687) | (456-3111) (444-4687) (424-2095) (437-1718) (424-2095) (437-4687) (424-3262) (424-4687) (723-4000)
cu 4.8+2.1 4.9+2.3 5.4+3.2 4.7+1.8 4.3+1.3 4.2+0.7 4.6+2.0 4.7+1.8 5.0+2.7 4.9+2.2 4.3+1.7
(1.5-11.1) (1.7-11.1) (2.0-10.6) (1.7-11.1) (1.5-6.5) (3.1-5.0) (1.5-6.5) (1.7-10.6) (1.5-11.1) (1.5-11.1) (1.7-6.5)
Fe 308+200 300+183 325225 290170 327+241 293+244 382+253 295+227 336132 309+189 306253
(54-840) (54-801) (54-700) (63-801) (58-840) (58-840) (148-815) (54-840) (148-700) (54-840) (58-801)
I 1511+1399 19171451 | 191241434 @ 1919+1434 4794343 556+371 3554284 1417+1367 170541491 156241432 12981311
(105-5435) (105-5435) | (312-5435) (105-4877) (134-1341) (134-1341) (137-850) (134-5435) (105-4326) (105-5435) (134-3849)
M 229+68 226+68 213473 232+66 236+72 228+82 248+60 241+75 204+45 227465 237483
g (122-428) (139-428) (144-373) (139-428) (122-382) (122-382) (156-295) (122-428) (144-295) (122-382) (144-428)
Mn 1.1+0.6 1.0+0.5 1.0+0.8 1.0+0.3 1.4+0.6 1.5+0.6 1.3+0.7 1.1+0.6 1.1+0.7 1.1+0.6 1.1+x0.4
(0.2-2.7) (0.2-2.7) (0.2-2.7) (0.2-1.4) (0.3-2.5) (0.5-2.5) (0.3-2.1) (0.2-2.7) (0.3-2.5) (0.2-2.7) (0.4-1.7)
P 5617+£1960 5239+1775 | 535442210 & 5189+1605 6578+2149 6289+2367 7039+1901 5682+2063 5485+1790 575241992 5063+1823
(2781-11190) | (2781-9917) | (3359-9917) = (2781-8133) | (3128-11190) | (3128-11190) = (4578-9697) | (2781-11190) @ (3359-9697) | (2852-11190) | (2781-7901)
S 1224843474 | 1290443687 | 1253545306 | 130652858 | 10582+2195 | 9948+1973 | 1159742357 | 12045+3257 | 12668+3973 | 1239943753 | 11628+1992
(5252-24227) | (5252-24227) | (5252-4227) (7321-18794) | (6825-14579)  (6825-13363) | (8632-14579) | (5252-18794) | (8632-24227) | (5252-24227) | (9709-14819)
Se 1.8+1.2 2.1+1.3 2115 2.1+13 1.0£0.5 0.9+0.3 1.2+0.6 1.7+1.3 2.0x1.1 1.8+1.3 1.5+0.9
(0.4-5.4) (0.4-5.4) (0.6-4.9) (0.4-5.4) (0.5-2.2) (0.5-1.4) (0.5-2.2) (0.4-5.4) (0.5-3.8) (0.5-5.4) (0.4-3.1)
7n 124462 134465 128+67 136+66 98+46 99+54 96+37 137468 97435 119462 143462
(47-282) (56-282) (68-270) (56-282) (47-221) (59-221) (47-133) (59-282) (47-176) (47-282) (84-231)

Results of an unpaired parametric test on element data
consideringaveragevaluesareshowninTable 7.Similarresults
for this test were obtained when considering median instead
of average element concentrations. Goiter samples showed
higher contents of I (x4.0), Se (x2.0), Ca (x1.8), Zn (x1.4), and
S (x1.2), and lower contents of Mn (x0.68) and P (x0.80) than
AIDT samples. These differences were statistically significant.
This was also observed, except for P, when non-cancerigenous-
goiter non-cancerigenous-AIDT samples
considered (ratios very similar to the former comparison).
Regarding Goiter samples, DG and NG tissues showed element
contents of the same order (statistically significant differences
were not detected), and NC-DG and NC-NG too. In the case of
AIDT samples, OTG and CLT tissues showed similar element
contents for all elements (statistically significant differences
were not detected), and NC-OTC and NC-CLT too. Regarding
thyroid cancer samples versus non-cancerigenous samples,
statistically significantly lower contents of Zn (x0.71) and Mg
(x0.85) were detected in malignant samples. This was also
observed when cancerigenous versus non-cancerigenous-
goiter samples were considered. No significant differences
were detected for element concentrations between malignant
and benign samples in the AIDT-group (TC-AIDT vs NC-AIDT).
Neither statistically significant differences were detected
when differentiating by gender (Table 7).

versus were

Element concentrations reported in the literature for
thyroid tissue display a large variability (Tables 8 and 9).
Many of these variations can be attributed to different factors
such as diet, environment, age, hormonal status, and thyroid
disorders. Element levels found in the present study are
similar to those described in other investigations (Tables 8

https://doi.org/10.29328/journal.jccm.1001229

and 9). A higher bromine content in thyroid samples from
Russian patients was related to the use of Br compounds as
sedatives [60-62].

Univariate correlation analyses are summarized in Table
10. Significant inverse correlations were not detected. A very
highly significant direct correlation was detected for Mg-P in
all considered groups (NC-G, NC-AIDT and TC; r = 0.82-0.96).
This could relate to the fact that Mg acts as a metallo-coenzyme
in more than 300 phosphate transfer reactions.

Participates in all reactions involving the formation and
utilization of ATP [63]. Several significant direct correlations
for different pairs of elements were detected mainly for the
NC-G group (Table 10), possibly because it was not highly
affected by the body element balance in patients with non-
cancerigenous goiter. The significant direct correlation found
for Cu-Mn in NC-G samples could be related to the fact that
these are elements involved in protecting the body against
oxidative stress. In addition, certain element imbalances have
been described for patients diagnosed with AIDT or with
tumors that could be the reason for the lack of correlations
obtained for most of the considered pairs of elements
(Table 10).

A significant direct correlation was observed for I-Se
for NC-G samples (r = 0.740, n = 22). Such a correlation
was not detected for NC-AIDT samples (r = 0.282, n = 9). It
has been indicated by several researchers that an excessive
lodine intake and a Selenium deficiency may influence
thyroid autoimmunity, with an optimum balance between
I and Se needed for maintaining a normal thyroid function.
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Table 7: Ratio value (A) for each considered group considered in the unpaired t-test and its corresponding p-value.

Gender Malignancy Goiter A Goiter vs AIDT
Element . 5 N b 5 g 5 b 5
I L S “aor | ote
A 1.18 0.98 1.05 0.81 1.15 1.21 0.98 0.86 1.07 0.99 1.02
B p 0.37 091 0.78 0.55 0.39 0.41 0.96 0.75 0.68 0.95 0.93
Ca A 0.83 0.97 1.03 0.87 0.95 0.86 0.75 0.58 1.84** 1.78** 2.07**
p 0.43 0.88 0.92 0.71 0.82 0.66 0.38 0.20 <0.01 0.02 <0.01
A 1.12 1.00 1.12 091 1.15 1.26 0.92 0.80 1.15 1.08 1.14
cu p 0.50 0.64 0.52 0.62 0.53 0.34 0.70 0.22 0.23 0.62 0.27
A 1.01 1.14 1.29 0.83 1.12 0.96 0.77 0.51 0.92 0.79 0.96
fe p 0.97 0.45 0.26 0.70 0.63 091 0.54 0.26 0.69 0.44 0.91
. A 1.20 1.20 1.22 0.75 1.00 0.95 1.57 1.06 4.00** 3,44 3.40™
p 0.62 0.52 0.47 0.56 0.99 0.89 0.32 0.93 <0.01 <0.01 <0.01
Mg A 0.96 0.85* 0.82** 0.93 0.92 0.96 0.92 0.92 0.96 1.00 1.02
p 0.70 0.09 0.03 0.70 0.47 0.76 0.65 0.76 0.68 1.0 0.90
A 1.03 0.98 0.95 1.07 1.07 1.01 1.14 0.88 0.68** 0.70* 0.73
Mn p 0.88 0.93 0.82 0.80 0.82 0.97 0.63 0.67 0.02 0.06 0.13
. A 1.14 0.97 0.93 1.05 1.03 1.03 0.89 0.99 0.80** 0.83 0.83
p 0.35 0.75 0.60 0.81 0.81 0.85 0.56 0.98 0.04 0.18 0.24
s A 1.07 1.05 1.03 111 0.96 0.87 0.86 0.93 1.22%* 1.25%* 1.27*
p 0.56 0.57 0.80 0.40 0.77 0.28 0.20 0.65 0.04 0.04 0.06
Se A 1.19 1.20 1.16 1.20 0.99 0.82 0.77 0.83 2.03** 2.06** 2.16**
p 0.52 0.44 0.53 0.50 0.97 0.58 0.33 0.50 <0.01 <0.01 <0.01
n A 0.83 0.71** 0.67** 0.84 0.94 0.90 1.03 0.87 1.37* 1.47* 1.37*
p 0.30 0.01 0.01 0.59 0.76 0.64 0.92 0.74 0.07 0.08 0.09
*Statistically significant p-values (p<0.1)
**Statistically significant p-values (p<0.05)
F: female samples; M: male samples; TC: thyroid cancer samples; NC: non-cancerigenous samples; DG: diffuse goiter samples; NG: nodular goiter samples; OTG: overactive thyroid
gland samples; CLT: chronic lymphocytic thyroiditis samples; AIDT: autoimmune thyroid diseases samples

Table 8: Element contents (pg g) in goiter (G) and autoimmune thyroid diseases (AIDT) tissues (NG: nodular goiter; CNG: colloid nodular goiter; MNG: multinodular goiter; OTG: overactive
thyroid gland; CLT: chronic lymphocytic thyroiditis; F: females).
Br Ca Cu Fe I Mg Mn P S Se YA Country | Reference
G
n=33 4219 | 1685+1096 4.9+2.3 300+183 1884+1442 | 224+68 1.0£0.5 | 5195+1767 1269043840 | 2.0+1.3 132465 Spain | This work
(61+13 yr)
NG
n=65 - - 3.3520.93 | 201.59+23.45 - - 0.40+0.22 - - - 41.83+7.19 | Poland [89]
(Average 35 yr)
NG
el - - 2.82+0.62 - - - - - - 1.49+0.34 | 38.3%2.2 | Poland [29]
MNG 0.26 0.088 0.08 5.60
- - - - - - - Serbi 81
n=130 (0.10-1.61) (0.02-0.34) (0.02-042) (1.18-22.6) SerPia | [81]
CNG
n=46 36.3+31.3 | 1393+855 | 8.517.15 324+309 11444943 | 351+148 | 1.78+1.13 - - 3.0942.59 | 119#53.1 | Russia | [62,65]
(48+12 yr)
CNG? .
h=16 42.2+23.3 | 1455999 - - 1587+1087 | 345+158 | 1.35+0.68 - - - - Russia [90]
CNGP .
n=13 19.4+7.1 | 11524610 - - 762+600 | 328+134 @ 2.40+1.70 - - - - Russia [90]
AIDT
n=12 85435 694421 5.05+0.21 222+181 6621604 | 5144232 | 2.33+1.72 - - 1.82£0.45 | 91.4+28.9 | Russia [65]
(3949 yr)
AIDT-OTG
n=8 4.0+2.6 835415 4.2+0.7 293+244 556+371 | 228+82 1.5+0.6 | 628942367  9948+1973 0.9+£0.3 99+54 Spain | This work
(41+13 yr)
AIDT-0TG
018 - - 2.42+0.32 - - - - - - 1.4740.38 | 41.7¢3.8 | Poland [29]
AIDT-CLT
n=5 41+15 | 1108+674 4.6x2.0 382+253 355+284 | 248+60 1.3+0.7 | 7039+1901  11597+2357 | 1.2+0.6 96+37 Spain | This work
(60+17 yr)
AIDT-CLT 0.42* 0.19* 0.10* 5.59*% Serbia [81]
n=31 (0.15-1.27) (0.06-0.48) (0.04-0.22) | (1.95-17.6)
* macrofollicular
b microfollicular
*: Median values
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Table 9: Element contents (ug g™) in thyroid cancer (TC) and normal thyroid (NT) tissues (F: females; M; males).

Country Reference

TC
n=15 4.2+1.4 | 14724894 | 5.0£2.7 336x132 170541491 204+45 | 1.120.7 | 5485+1790 12668+3973 2.0+1.1 9+35 Spain This work
(59+12yr)
TC
n=41 139+203 3013+2966 14.5+9.4 255+168 71.8462.0 |478+194  2.01+1.34 10493+3238 9448+1605 - 96.9+£80.0 Russia [60,61]
(46£15yr)
TC
n=21
TC?
n=10 - - 3.96* 25.5% - - 0.17* - - - 9.60* Serbia [74]
(Me:53 yr)
TCP
n=16 - - 3.25% 32.6% - - 0.18* - - - 11.1* Serbia [74]
(Me:23 yr)

TC 0.36* 0.14* 0.07* 5.65+
n=85 - - (0.09- - - - (0.03- - - (0.01- a 6.3-6 41) Serbia [81]
1.66) 0.60) 0.22) R

- - 2.65+0.31 - - - - - - 0.88+0.11 23.1£3.6 Poland [29]

TC
n=45 - - 1.4+0.5 79+40 - 79+21 | 0.42+0.25 - - 0.51+0.21 2911 Kuwait [83]
(33+8yr)
TC
n=4
NT
n=50
(Average
25yr)
NT
n=17 - - ~2% ~100* - - ~0.4* - - - ~42% Serbia [74]
(21-77 yr)
NT
n=131

17#8 | 14332384 10£7 61+45 9781 - - - - - 4617 Japan [71]

- - 5.24+0.51 | 241.44+21.96 - - 0.68+0.10 - - - 101.30+£10.90 | Poland [89]

0.34* 0.12* 0.15* < gg*
recogidos - - (0.11- - - - (0.03- - - (0.03- (1.32-11.4) Serbia [81]
allado del 2.02) 0.40) 0.50)

tumor

NT
n=105 14.9+11.0| 1682999 | 4.08+1.22 223+95 1841£1027 296+134 | 1.28+0.56 | 4290+1578 @ 8259+2002 - - Russia [60]
(44+21yr)
NT
n=105 14.9+11.0 | 1711+£1022| 4.23+1.52 22393 1841+1027 285+139 | 1.35+0.54 - - 2.32+1.29  105.1+40.1 Russia [62]
(44+21yr)
NT
n=45
(33+8yr)
Tejido al
lado del
tumor
NT
n=4
NT
n=72 13.7+7.8 | 1703+1048 - - - 306+143 | 1.31+0.49 - - - - Russia [85]
M (2-80 yr)
NT
n=71 10.8+10 - 4.25+1.48 221+102 - - - - - - 122441 Russia [86]
M (2-80 yr)
NT
n=73 - - - 222496 1486+902 - - - - 2.36x1.34 103+43 Russia [88]
M (2-80 yr)
NT
n=36 8.79+9.2 - 3.93x1.6 222+108 - - - - - - 112+42 Russia [86]
M (<35 yr)
NT
n=44 12.5+8.6 | 1484+597 - - 1601+968 309+126 | 1.46+0.60 - - - - Russia [85]
M (540 yr)
NT
n=35 12.6+11.8 - 4.58+1.66 221+106 - - - - - - 13541 Russia [86]
M (>35yr)
NT
n=28 15.4+9.0 2003+1471 - - 2048+1005 | 301+206 | 1.11+0.42 - - - - Russia [85]
M (>40 yr)

- - 1.2+£0.4 84+38 - 76+20 | 0.31x0.15 - - 0.49£0.24 | 32.0£10.8 Kuwait [83]

17£7 933£324 9£2 248£29 1900+572 - - - - - 6720 Japan [71]
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NT
n=33
F (4-87 yr)

22.4+16.2|/1630+1071 | 3.40+1.41 22598

1956+1199 230+105 | 1.32+0.84

[38]

38602175 | 6579+2662 83.2+41.2 Russia

NT
n=33
F (4-87 yr)

232112 1751£1169

2.22+#1.19| 85.7+38.0 Russia [87]

NT
n=11
F (<40 yr)

13.3#8.3 | 1052+216

1876+1148 212+129 | 1.43£0.43

Russia [85]

NT
n=11
F (<40yr)

13.3#8.3 | 945+302 | 2.94+1.49 17483

1876+1148 234+136 | 1.21£0.46

32472793 | 6049+3695 56.8+35.2 Russia [38]

NT
n=22
F (>40yr)

26.84£20.2 1 2042+1412 4.17+2.20 264117

200241351 225+164 | 1.45+2.11

455243809 | 7426%3269 102.6x42.2 Russia [38]

ab: different size tumours: a)<20 mm, b) 20-40mm
*: Median values

Table 10: Univariate correlation summarized results considering average log-
transformed data for the different groups considered. It is only showed Pearson’s
correlation coefficients (r) for significant correlations (p<0.001). Note the different
number of samples for each group.

Average ratio-log NC-AIDT®

data (n=9)

Se-1 0.740 n.s. n.s.
Se-Br n.s. n.s. n.s.
Br-Cu 0.685 n.s. n.s.
Br-P 0.612 n.s. n.s.
Cu-Mn 0.802 n.s. n.s.
Cu-P 0.664 n.s. n.s.
Zn-Mg 0.733 n.s. n.s.
Zn-P 0.880 n.s. n.s.
Ca-Mg 0.688 n.s. n.s.
Mg-P 0.851 0.959 0.815

n.s: non-significant
Correlation is significant when Pearson’s correlation coefficient (r) is higher than
0.652%,0.898° or 0.760° depending on the degrees of freedom (two tailed test)

An excessive lodine intake has been related to autoimmune
thyroiditis, and it has been suggested that this can induce
Hashimoto’s thyroiditis [64]. In patients diagnosed with AIDT,
and most particularly in those with Graves’ disease (0TG), a
Se deficiency has been detected [8,36,65-67]. This is clearly
reflected in the obtained data, where OTG (n = 8) samples
showed, on average, lower Se contents than Goiter samples
(0.9£0.3 in front of 2.1+ 1.3 pg g, respectively). Furthermore,
great losses of lodine have been detected in AIDT thyroid
tissues and slightly reduced levels in G thyroid tissues [65].
Thus, the lodine to selenium imbalance in patients diagnosed
with AIDT is reflected by the lack of correlation obtained in the
AIDT-group of samples for [-Se (Table 10). The pair I-Se is also
not correlated for malignant samples, probably for a similar
reason (imbalance). In particular, different studies have
highlighted a Se deficiency in thyroid cancer patients [17,29,
68], while others have suggested that an lodine deficiency is a
risk factor for thyroid cancer [69] as well as an lodine excess
[70]. Some works indicated a very low I content [60,61,71] in
TC tissue.

Average Zn levels were also significantly different when
comparing AIDT samples to G samples, being lower in the
former, as observed by other researchers [65]. This could be
because low Zn contents are associated with hypothyroidism

https://doi.org/10.29328/journal.jccm.1001229

[72]. In addition, Zn contents were significantly different
between malignant and benign samples, with lower average
levels in TC samples. This is in concordance with several
studies where it is described that patients with thyroid cancer
have significantly low levels of this essential micronutrient in
the thyroid tissue [29,73-74].

Average Ca and P levels were significantly different
between AIDT samples and G samples. AIDT samples showed
the lowest Ca and the highest P concentrations, related
to the fact that in thyroid dysfunction cases, the minerals’
metabolism is altered. These results are in concordance with
studies on Ca and P levels in serum samples from patients
with hypothyroidism, where hypocalcemia was detected, and
high P and Mg levels were detected [75-78]. Hypocalcemia
increases renal phosphate reabsorption. In addition, it has
been described that a negative balance in the mineral ion
homeostatic system for Ca, Mg, or P may occur with diseases
such as hyperthyroidism and primary hyperparathyroidism
[79]. The high Ca content detected in G samples could be
related to the fact that Ca could be goitrogenic when in excess
in the diet [23], and also to the fact that thyroid calcification
is frequent in thyroid nodules [80]. Calcium, P and Mg
homeostasis have been frequently disturbed when thyroid
dysfunctions exist. Furthermore, there are studies that
indicated an increase in the Ca and P contents in malignant
thyroid samples [60,61,71].

In the case of Mn, AIDT samples showed, on average,
significantly higher contents than G samples. Similar findings
were reported in other studies when considering CLT and G
samples [81]. In addition, serum Mn levels were found to be
increased in hypothyroidism patients [72]. No differences in
Mn content were detected for benign and malignant samples
in the present study. Nevertheless, there are studies were it is
indicated that Mn content was increased [82], decreased [74],
or similar [60-62] to that of benign samples.

Regarding Mg, a significantly lower average concentration
was detected in malignant versus benign goiter samples. Some
works pointed out lower Mg contents in serum samples from
patients diagnosed with TC [83], while in other works, higher
Mg contents were detected in TC tissues [60-61].
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In the case of S, AIDT samples showed significantly
lower contents than G samples. This could be related to the
fact that serum levels of H,S (a molecule that promotes the
synthesis and secretion of thyroid hormones) are reduced in
hypothyroid patients [84].

Regarding Br, Cuand Fe contents, no statistically significant
differences were detected among the average contents of the
considered groups (Table 7). Bromine is concentrated by
the thyroid and interferes with the thyroid I uptake [23]. Its
biological behavior is similar to that of lodine in the thyroid
gland because both elements have similar chemical properties.
Thus, an enhanced intake of Br could interfere with the
metabolism of Iodine at the whole-body level. Zaichik [65]
found elevated Br contents in goiter, AIDT-CLT, and Riedel’s
diseasesamplesincomparisonwithnormalthyroidtissues,with
the Br contentin G samples higher thanin AIDT-CLT or Riedel’s
disease samples. Furthermore, higher Br levels were indicated
in cancerous tissues [60,73] too. In the present study, average
Br contents in AIDT-CLT samples and AIDT-OTG samples
(4.1+1.5 and 4.0+2.6 pg g, respectively) were not statistically
different from those of goiter samples (4.3+1.9 pg g?).
Different studies have indicated a decreased content of Fe in
thyroid carcinoma tissues [60,74,82] and an increased level
of Cu [60,73,74,82], while others have shown similar contents
of Cu and Fe for benign and malignant thyroid nodular tissues
[61,62]. In the present study, no differences were detected for
Cu or Fe contents among benign and malignant samples.

It should also be considered that a dependence on both
age and gender in the content of many chemical elements
in thyroid gland tissues. According to gender, it has been
described that higher Br and lower Ca and Mg contents in
thyroids from females than in those from males, but a Ca
deficiency was only detected in young females (< 40 yr) when
age groups were considered [85]. It has also been pointed out
that a pronounced age-related trend for the increase in Zn
contents both for healthy males [86] and females [87]. It has
also been suggested that such an age-related increase for Br,
Fe, and Se contents in thyroids from females [38, 87] and for I
and Se in thyroids from males [88] too. Such imbalance could
be associated with subclinical hypothyroidism (that is, mildly
low thyroid function) according to Zaichik and Zaichik [85].
Thus, these researchers have indicated that some disturbance
in intrathyroid trace element contents may be assumed with
increasing age [85,86].

Conclusion

An accurate and robust method based on the use of TMAH
sample dissolution combined with matrix modifiers has been
applied for multielemental analysis on small-sized biological
samples (50-200 mg). The method showed a high precision:
RSD lower than 10% by ICP-MS, and lower than 5% by ICP-
OES.

https://doi.org/10.29328/journal.jccm.1001229

Goiter samples showed statistically significantly higher
contents of I, Se, Zn, Ca, and S, and lower contents of Mn and
P than autoimmune disease thyroid samples. This is probably
due to the different pathophysiological mechanisms related
to such diseases. Malignant samples showed lower Zn and
Mg contents. Element content correlations obtained suggest
that the body element balance of non-cancerigenous goiter
patients could not be highly affected, in comparison to that
of patients diagnosed with autoimmune disease thyroid
disorders or tumors.
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