J.Bio.Innov10(6), pp: 1541-1552, 2021 |ISSN 2277-8330 (Electronic) Zaichick

https://doi.ora/10.46344/JBINO.2021.v10i06.07

DIFFERENCES IN TRACE ELEMENT CONTENTS OF MACRO AND MICRO FOLLICULAR COLLOID

GOITER
Prof. Dr. Vladimir Zaichick, PhD, DSc, CChem, FRSC

Radionuclide Diagnostics Department,Medical Radiological Research Cenfre Obninsk, Russia

E-mail: vzaichick@gmail.com

ABSTRACT

Etiology of colloid nodular goiter (CNG) is unclear. It is known that not only iodine (I) but
other trace elements (TE) are involved in goitrogenesis. The present study was performed
to clarify the preferential accumulation of some TE either in the colloid or in cells of the
thyroid gland. Ten trace elements Ag, Co, Cr, Fe, Hg, Rb, Sb, Sc, Se), and Zn in the thyroid
tissues with diagnosed CNG were prospectively evaluated in 16 patients with macro-
follicular CNG and 13 patients with micro-follicular CNG. Control group included thyroid
tissue samples from 105 healthy individuals. Measurements were performed using neutron
activation analysis. It was found that that in macro-follicular CNG the mass fraction of Ag,
Hg. and Zn is 12.0,.23.3, and 1.36 times, respectively, higher than in tissues-of the normal
thyroid. In micro-follicular CNG the mass fraction of Ag, Co, Hg, Rb, Sc, and Znis 18.2, 1.86,
20.5, 1.33, 1.91, and 1.48 times, respectively, higher than in tissues of the normal thyroid. It
was also shown that Co increasingly associated with thyroid cells.

Keywords: Thyroid; Macro- and micro follicular colloid nodular goiter of thyroid; Trace
elements; Instrumental neutron activation analysis.
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Introduction

Colloid nodular goiter (CNG) is the most
common disease of the thyroid, even in
non-endemic regions [1]. CNG is clinically
detected in about 4% of people older
than 30 years [1]. CNG is benign lesion;
however, during clinical examination, it
can mimic malignant tumors.
Furthermore, the origination of CNG can
indicate the beginning of malignant
transformation of the thyroid gland [2].

Up to now, an etiology of CNG is unclear
and probably it is multifactorial [3]. There
is opinion that CNG occurs when the
thyroid is unable to meet the metabolic
demands of the body with sufficient
hormone production. The thyroid gland
compensates by enlarging, which usually
overcomes mild deficiencies of thyroid
hormones. For over 20th century, there
was the dominant hypothesis that CNG is
the simple consequence of iodine ()
deficiency, because | is an essential part
of thyroid hormones. However, it was
found that CNG is a frequent disease
even in those counfries and regions
where the population is never exposed to
| shortage [4]. Moreover, it was shown
that | excess has severe consequences
on human health and associated with
the presence of thyroidal disfunctions
and autoimmunity, CNG and diffuse
goiter, benign and malignant tumors of
gland [5-8]. It was also demonstrated that
besides | deficiency and excess many
other dietary, environmental, and
occupational factors are associated with
the CNG incidence [?9-11]. Among them
a disturbance of evolutionary stable input
of many trace elements (TE) in human
body after industrial revolution plays a
significant role in efiology of thyroidal
disorders [12].
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Besides | involved in thyroid function,
other TE have also essential physiological

functions such as maintenance and
regulation of cell function, gene
regulation, activation or inhibition of

enzymatic reactions, and regulation of
membrane function [13]. Essential or toxic
(goitrogenic, mutagenic, carcinogenic)
properties of TE depend on tissue-specific
need or tolerance, respectively [13].
Excessive accumulation or an imbalance
of the TE may disturb the cell functions
and may result in cellular degeneration,
death, benign or malignant
transformation [13-15].

In our previous studies the complex of in
vivo and in vitro nuclear analytical and
related methods was developed and
used for the investigation of iodine and
other TE contents in the normal and
pathological thyroid [16-22]. lodine level
in the normal thyroid was investigated in
relation to age, gender and some non-
thyroidal diseases [23,24]. After that,
variations of TE content with age in the
thyroid of males and females were
stfudied and age- and gender-
dependence of some TE was observed
[25-41].  Furthermore, a  significant
difference between some TE contents in
normal and cancerous thyroid was
demonstrated [42-47].

Histologically, the CNG is cellular
hyperplasia of the thyroid acini. There are
two histological types of CNG: macro-
and micro-follicular. It is obvious that
these two types of CNG have different
volume ratios “colloid to cells”.

The present study was performed to
clarify the preferential accumulation of
some TE either in the colloid or in cells of
the thyroid gland. Having this in mind, our
aim was to assess the silver (Ag), cobalt
(Co), chromium (Cr), iron (Fe), mercury
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(Hg), rubidium (Rb), anfimony (Sb),
scandium (Sc), selenium (Se), and zinc
(Zn) contents in macro- and micro-
follicular CNG tissue using instrumental
neutron activation analysis with high
resolution spectrometry of long-lived
radionuclides (INAA-LLR). A further aim
was to compare the levels of these TE in
the macro- and micro-follicular CNG
separately with those in infact (normal)
gland of apparently healthy persons, as
well as to find differences between the
levels of these TE in the macro- and
micro-follicular CNG.

All studies were approved by the Ethical
Committees of the Medical Radiological
Research Centre (MRRC), Obninsk. All the
procedures performed in studies involving
human participants were in accordance

with  the ethical standards of the
instifutional and/or national research
committee and with the 1964 Helsinki

declaration and its later amendments, or
with comparable ethical standards.

Material and Methods

All patients suffered from CNG (n=29,
mean age M+SD was 47+14 years, range
30-64) were hospitalized in the Head and
Neck Department of the Medical
Radiological Research Centre. Thick-
needle puncture biopsy of suspicious
nodules of the thyroid was performed for
every patient, to permit morphological
study of thyroid tissue at these sites and to
estimate their TE contents. For all patients
the diagnosis has been confirmed by
clinical  and  morphological  results
obtained during studies of biopsy and
resected materials. Histological
conclusion for all thyroidal lesions was the
macro-follicular CNG (n=16) and micro-
follicular CNG (n=13).
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Normal thyroids for the control group
samples were removed at necropsy from
105 deceased (mean age 44+21 years,
range 2-87), who had died suddenly. The
majority of deaths were due to frauma. A
histological examination in the control
group was used fo control the age norm
conformity, as well as to confim the
absence of micro-nodules and latent
cancer.

All tissue samples were divided into two
portions using a titanium scalpel [48]. One
was used for morphological study while
the other was intended for TE analysis.
After the samples infended for TE analysis
were weighed, they were freeze-dried
and homogenized [49]. The pounded
sample weighing about 5-10 mg (for
biopsy) and 50 mg (for resected
materials) was used for trace element
measurement by INAA-LLR. The samples
for INAA-LLR were wrapped separately in
a high-purity aluminum foil washed with
rectified alcohol beforehand and placed
in a nitric acid-washed quartz ampoule.
To determine contents of the TE by

comparison with a known standard,
biological synthetic standards  (BSS)
prepared from phenol-formaldehyde

resins were used [50]. In addition to BSS,
aliquots of commercial, chemically pure
compounds were also used as standards.
Ten certified reference material IAEA H-4
(animal muscle) and IAEA HH-1 (human
hair) sub-samples weighing about 50 mg
were treated and analyzed in the same
conditions that thyroid samples to
estimate the precision and accuracy of
results.

A vertical channel of nuclear reactor was
applied to determine the content of Ag,
Co, Cr, Fe, Hg, Rb, Sb, Sc, Se, and Zn by
INAA-LLR. The quartz ampoule with
samples of thyroid, standards, and

2021 November Edition | www.jbino.com | Innovative Association

-.E



certified reference material was soldered,
positioned in a transport aluminum
container and exposed to a 24-hour
neutron irradiation in a vertical channel
of the WWR-c research nuclear reactor
(Branch of Karpov Institute, Obninsk) with
a neutron flux of 1.3-1018 n.cm=2s1. Ten
days after iradiation samples were
reweighed and repacked.

The samples were measured for period
from 10 to 30 days after irradiation. The
duration of measurements was from 20
min to 10 hours subject to pulse counting
rate. The gamma spectrometer included
the 100 cm3 Ge(Li) detector and on-line
computer-based MCA system. The
spectrometer provided a resolution of 1.9
keV on the ¢Co 1332 keV line. Details of
used nuclear reactions, radionuclides,
and gamma-energies were presented in
our earlier publications concerning the
INAA of TE contents in human prostate
and scalp hair [51,52].

A dedicated computer program for
INAA mode optimization was used [53].
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, 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 normal
thyroid and two groups of CNG
(separately macro- and micro-follicular),
as well as between two groups of CNG
was evaluated by the parametric
Student’'s f-test and non-parametric
Wilcoxon-Mann-Whitney U-test.

Results
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Table 1 depicts our data for Ag, Co, Cr,
Fe, Hg, Rb, Sb, Sc, Se, and Zn mass
fractions in ten sub-samples of IAEA H-4
(animal muscle) and IAEA HH-1 (human
hair) certified reference material and the
certified values of this material.

Table 2 presents certain  stafistical
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, Cu, Fe, Rb, Sr, Zn mass fraction in
normal thyroid (n=105), macro-follicular
CNG (n=16), and micro-follicular CNG
(n=13).

The comparison of Ag, Co, Cr, Fe, Hg, Rb,
Sb, Sc, Se, and Zn mass fraction in normall
thyroid with those in macro- and micro-
follicular CNG is shown in Table 3 and 4,
respectively.

The ratios of means and the difference
between mean values of Ag, Co, Cr, Fe,
Hg. Rb, Sb, Sc, Se, and Zn mass fractions
in macro- and micro-follicular CNG are
presented in Table 5.

Discussion

Precision and accuracy of results

Good agreement of the Ag, Co, Cr, Fe,
Hg., Rb, Sb, Sc, Se, and In contents
analyzed by INAA-LLR with the certified
data of CRM IAEA H-4 and IAEA HH-I
(Table 1) indicates an acceptable
accuracy of the results obtained in the
study of TE of the thyroid presented in
Tables 2-5.

The mean values and all selected
statistical parameters were calculated for
ten TE (Ag, Co, Cr, Fe, Hg, Rb, Sb, Sc, Se,
and Zn) mass fractions (Table 2). The mass
fraction of Ag, Co, Cr, Fe, Hg, Rb, Sb, Sc,
Se, and Zn were measured in all, or a
major portion of normal thyroid and CNG
samples.
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Effect of goitrous transformation on TE
contents

From Table 3, it is observed that in macro-
follicular CNG the mass fraction of Ag,
Hg, and Zn is 12.0, 23.3, and 1.36 fimes,
respectively, higher than in tissues of the
normal thyroid. From Table 4, it is
observed that in micro-follicular CNG the
mass fraction of Ag, Co, Hg, Rb, Sc, and
Inis 18.2, 1.86, 20.5, 1.33, 1.91, and 1.48
times, respectively, higher than in fissues
of the normal thyroid. Thus, if we accept
the TE contents in thyroid glands in the
control group as a norm, we have to
conclude that with a  goifrous
transformation the Ag, Co, Hg., Rb, Sc,
and Zn level in thyroid tissue can be
significantly changed.

Association between TE levels and
relative volume of colloid and cells
Comparison mass fraction of Ag, Co, Cr,
Fe, Hg, Rb, Sb, Sc, Se, and Zn in macro-
and micro-follicular CNG shown that level
of Co in micro-follicular goiter is 40%
higher than in macro-follicular goiter
(Table 5). Because the relative volume of
cells in the micro-follicular CNG is higher
than in the macro-follicular CNG, it is
possible to conclude that Co increasingly
associated with thyroid cells.

Comparison with published data

The published data on TE contents in the
CNG in comparison with normal levels are
very scanty and confradictory. For
example, Kovalev [54] found elevated
levels of Ag in the CNG, but
Gudzhedzhiani [55] did not. A significant
decrease of the ZIn content during
goitrous transformation was shown by
Btazewicz et al. [56], but in the recent
study this change was not confirmed [9].
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Information on the TE contents in macro-
or micro-follicular CNG, as well as about
the association between TE level and
relative volume of colloid and cells in
goitrous tissue was not found.

Limitations

This study has several limitations. Firstly,
analytical techniques employed in this
study measure only ten TE (Ag. Co, Cr, Fe,
Hg. Rb, Sb, Sc, Se, and Zn) mass fractions.
Future studies should be directed toward
using other analytical methods which wiill
extend the list of TE investigated in normal
and goitrous thyroid. Secondly, the
sample size of macro- or micro-follicular
CNG groups was relatively small and
prevented investigations of TE contents in
CNG group using differentials like gender,
stage of disease, and dietary habits of
healthy persons and patients with CNG.
Lastly, generalization of our results may be
limited to Russian population. Despite
these limitations, this study provides
evidence on goiter-specific tissue of Ag,
Co, Hg. Rb, Sc, and Zn level alteration,
demonstrates associations between Co
content and relative volume of cells in
CNG, and shows the necessity to
continue TE research of CNG of different
histology.

5. Conclusion

In this work, TE analysis was carried out in
the tissue samples of normal and goitrous
thyroid using INAA-LLR. It was shown that
INAA-LLR is an adequate analytical tool
for the non-destructive determination of
Ag, Co, Cr, Fe, Hg, Rb, Sb, Sc, Se, and Zn
content in the fissue samples of human
thyroid in norm and pathology, including
needle-biopsy cores. It was observed the
considerable changes in TE contents in
the goitrous transformed tissue of thyroid,
which depend on the histology of goiter.
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It was found that Co predominately

accumulates in thyroid cells.

Table 1. INAA-LLR data of trace element contents in certified reference material IAEA H-4 (animal
muscle) and IAEA HH-1 (human hair) compared to certified values ((mg/kg, dry mass basis)

Element IAEA H-4 This work IAEA HH-1 This work
animal muscle results human hair results
95% confidence interval MzSD 95% confidence interval M+SD
Ag - 0.033+0.008 0.19° 0.18+0.05
Co 0.0027° 0.0034+0.0008 5.97+0.422 5.4+1.1
Cr 0.06° 0.07140.010 0.27° <0.3
Fe 49.1+6.52 47.0+1.0 23.7+3.18 25.1+4.3
Hg 0.014° 0.015+0.004 1.70+0.09? 1.54+0.14
Rb 18.7+3.5? 23.7+3.7 0.94° 0.89+0.17
Sh 0.0056° 0.0061+0.0021 0.031° 0.033+0.009
Sc 0.0059° 0.0015+0.0009 - -
Se 0.28+0.08? 0.281+0.014 0.35+0.02? 0.37+0.08
Zn 86.3+11.52 91+2 174492 173+17

M — arithmetical mean, SD — standard deviation, a — certified values, b — information values.
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Table 2. Some statistical parameters of Ag, Co, Cr, Fe, Hg, Rb, Sh, Sc, Se, and Zn mass fraction (mg/kg,
dry mass basis) in normal thyroid and colloid nodular goiter of different histology (macro- and micro-

follicular)
Tissue Element Mean SD SEM Min Max Median P 0.025 P 0.975
Normal Ag 0.0151 0.0140 0.0016 0.0012 0.0800 0.0121 0.0017 0.0454
n=105 Co 0.0399 0.0271 0.0030 0.0046 0.140 0.0327 0.0134 0.124
Cr 0.539 0.272 0.032 0.130 1.30 0.477 0.158 1.08
Fe 225 100 11 51.0 512 217 67.4 456
Hg 0.0421 0.0358 0.0041 0.0065 0.180 0.0304 0.0091 0.150
Rb 7.37 4.10 0.44 1.11 29.4 6.49 2.60 16.7
Sb 0.111 0.072 0.008 0.0047 0.308 0.103 0.0117 0.280
Sc 0.0046 0.0038 0.0008 0.0002 0.0143 0.0042 0.00035 0.0131
Se 2.32 1.29 0.14 0439 5.80 2.01 0.775 5.65
Zn 97.8 42.3 45 8.10 221 91.7 34.8 186
Macro- Ag 0.181 0.242 0.070 0.0020 0.874 0.120 0.0022 0.735
n=16 Co 0.0530 0.0269 0.0072 0.0150 0.101 0.0477 0.0176 0.0974
Cr 0.612 0.345 0.092 0.135 1.22 0.537 0.174 1.17
Fe 437 411 103 69.0 1344 211 73.0 1235
Hg 0.983 0.850 0.227 0.0817 3.01 0.927 0.0876 2.59
Rb 7.98 3.77 0.94 1.00 15.9 7.40 2.05 14.7
Sh 0.081 0.072 0.019 0.0102 0.267 0.059 0.0113 0.245
Sc 0.0068 0.0115 0.0030 0.0002 0.0400 0.0043 0.0002 0.0328
Se 3.10 2.84 0.73 1.30 12.6 2.05 1.33 10.1
Zn 133 59 15 87.7 278 109 88.2 275
Micro-  Ag 0.275 0.276 0.087 0.0020 0.842 0.200 0.0140 0.811
n=13 Co 0.0743 0.0201 0.0067 0.0561 0.123 0.0701 0.0568 0.114
Cr 1.02 1.20 0.40 0.234 3.65 0.617 0.244 3.41
Fe 218 111 35 98.5 374 161 104 368
Hg 0.865 0.717 0.227 0.168 2.22 0.565 0.193 2.11
Rb 9.83 3.14 0.95 6.00 16.6 9.30 6.13 16.0
Sb 0.143  0.089 0.028 0.050 0.339 0.118 0.050 0.316
Sc 0.0088 0.0051 0.0020 0.0016 0.0175 0.0071 0.0024 0.0172
Se 2.59 0.77 0.25 1.50 3.90 2.67 1.52 3.80
Zn 145 43 12 82.0 235 137 86.0 223

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.

2021 November Edition | www.jbino.com | Innovative Association

S



J.Bio.Innov10(6), pp: 1541-1552, 2021 |ISSN 2277-8330 (Electronic)

Zaichick

Table 3. Differences between mean values (M+SEM) of Ag, Co, Cr, Fe, Hg, Rb, Sb, Sc, Se, and Zn mass
fraction (mg/kg, dry mass basis) in normal thyroid and macro-follicular colloid nodular goiter

Element Thyroid tissue Ratio
Normal Macro-follicular ~ Student’s t-test U-test Goiter
thyroid goiter p< p to Norm
n=105 n=16

Ag 0.0151+0.0016 0.181+0.070 0.037 <0.01 12.0

Co 0.0399+0.0030  0.0530+0.0072 0.109 >0.05 1.33

Cr 0.539+0.032 0.612+0.092 0.462 >0.05 1.14

Fe 225+11 437+103 0.057 >0.05 1.94

Hg 0.0421+0.0041 0.983+0.227 0.001 <0.01 23.3

Rb 7.37+0.44 7.98+0.94 0.568 >0.05 1.08

Sb 0.111+0.008 0.081+0.019 0.161 >0.05 0.73

Sc 0.0046+0.0008  0.0068+0.0030 0.542 >0.05 1.48

Se 2.32+0.14 3.10+0.73 0.313 >0.05 1.34

Zn 97.8+4.5 133+15 0.032 <0.01 1.36

M — arithmetic mean, SEM — standard error of mean, Statistically significant values are in bold.

Table 4. Differences between mean values (M+SEM) of Ag, Co, Cr, Fe, Hg, Rb, Sb, Sc, Se, and Zn mass
fraction (mg/kg, dry mass basis) in-normal thyroid and micro-follicular colloid nodular goiter

Element Thyroid tissue Ratio
Normal Micro-follicular  Student’s t-test U-test Goiter
thyroid goiter p< p to Norm
n=105 n=13

Ag 0.0151+0.0016 0.275+0.087 0.015 <0.01 18.2

Co 0.0399+0.0030  0.0743+0.0067 0.0006 <0.01 1.86

Cr 0.539+0.032 1.02+0.40 0.261 >0.05 1.89

Fe 225+11 218+35 0.849 >0.05 0.97

Hg 0.0421+0.0041 0.865+0.227 0.0055 <0.01 20.5

Rb 7.37+0.44 9.83+0.95 0.033 <0.01 1.33

Sh 0.111+0.008 0.143+0.028 0.298 >0.05 1.29

Sc 0.0046+0.0008  0.0088+0.0020 0.044 <0.05 1.91

Se 2.32+0.14 2.59+0.25 0.346 >0.05 1.08

Zn 97.8+4.5 145+12 0.0042 <0.01 1.48

M — arithmetic mean, SEM — standard error of mean, Statistically significant values are in bold.
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Table 5. Differences between mean values (M+SEM) of Ag, Co, Cr, Fe, Hg, Rb, Sb, Sc, Se, and Zn mass
fraction (mg/kg, dry mass basis) in macro-and micro-follicular colloid nodular goiter

Element Thyroid tissue Ratio
Macro-follicular ~ Micro-follicular ~ Student’s t-test U-test Macro-
goiter goiter p< p to Micro
n=16 n=13
Ag 0.181+0.070 0.275+0.087 0.409 >0.05 0.66
Co 0.0530+0.0072 0.0743+0.0067 0.042 <0.01 0.71
Cr 0.612+0.092 1.02+0.40 0.343 >0.05 0.60
Fe 437+103 218+35 0.058 >0.05 2.00
Hg 0.983+0.227 0.865+0.227 0.715 >0.05 1.14
Rb 7.98+0.94 9.83+0.95 0.179 >0.05 0.81
Sb 0.081+0.019 0.143+0.028 0.087 >0.05 0.57
Sc 0.0068+0.0030 0.0088+0.0020 0.614 >0.05 0.77
Se 3.10+0.73 2.59+0.25 0.522 >0.05 1.20
Zn 133+15 145+12 0.548 >0.05 0.92

. Stuchi

M — arithmetic mean, SEM — standard error of mean, Statistically significant values are in bold.
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