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the molecular level is the oxidative stress hypothesis [6]. Reactive 
Oxygen Species (ROS) are widely considered to be a causal factor not 
only in aging but in a number of pathological conditions, including 
carcinogenesis. Aging, considered as an impairment of body functions 
over time, caused by the accumulation of molecular damage in DNA, 
proteins and lipids, is also characterized by an increase in intracellular 
oxidative stress due to the progressive decrease of the intracellular 
ROS scavenging [7]. Oxidative damage to cellular macromolecules 
which induce cancer can also arise through overproduction of ROS 
and faulty antioxidant and/or DNA repair mechanisms [8]. Over 
production of ROS is associated with inflammation, radiation, and 
some other factors, including overload of some Chemical Elements 
(ChE), in both blood and certain tissues, or deficiency of other 
chemical elements with antioxidant properties [9-15]. Studies have 
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Abstract
The prevalence of thyroid dysfunction, including goiter and cancer, is higher in the elderly as compared to the younger population. An 

excess or deficiency of specific chemical element contents in thyroid parenchyma plays an important role ingoitro- and carcinogenesis of 
this gland. The variation with age of the mass fraction of twenty elements (Al, B, Ba, Br, Ca, Cl, Cu, Fe, I, K, Li, Mg, Mn, Na, P, S, Si, Sr, V, 
and Zn) in normal thyroids of 33 females (mean age 54.5 years, range 3.5-87) was investigated. Measurements were performed using a 
combination of non-destructive and destructive methods: instrumental neutron activation analysis and inductively coupled plasma atomic 
emission spectrometry, respectively. Tissue samples were divided into two portions. One was used for morphological study while the other 
was intended for chemical element analysis. This work revealed that there is a statistically significant increase in Al, Br, Ca, Cu, Fe, P, S and 
Zn mass fraction, as well as a decrease in the Cl mass fraction in the normal thyroids of females during a lifespan. Results of the study 
showed that for elderly females there is a goitrogenic and carcinogenic association with elevated levels of the thyroid parenchymal chemical 
elements as Al, Br, Ca, Cu, Fe, and Zn, which increase intra-thyroidal oxidative stress.
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Introduction
The endocrine organs, including the thyroid gland, undergo 

important functional changes during aging and a prevalence of 
thyroid dysfunction is higher in the elderly as compared to the younger 
population [1,2]. Advancing age is known to influence the formation 
of adenomatous goiter and thyroid cancer [3]. The prevalence of 
thyroid nodules is increased in the elderly, reaching a frequency of 
nearly 50% by the age of 65 [4]. Both prevalence and aggressiveness of 
thyroid cancer increase with age [2]. Women are affected by thyroid 
nodule and cancer two to five times more often than men [2-5].

Aging is a complex process involving biochemical and morphologic 
changes in single cells, in organs, and in the whole organism. One 
of the most generally accepted explanations of how aging occurs at 
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shown that the imbalance in the composition of ChE in appropriate 
regions may cause different types of pathology. The importance 
of appropriate levels of many ChE is indisputable, due to their 
beneficial roles when in specific concentration ranges, while on the 
other hand they can cause toxic effects with excessively high or low 
concentrations [12].

In our previous studies [16-24] the high mass fractions of I and some 
other ChE were observed in the intact human thyroid gland when 
compared with their levels in non-thyroid soft tissues of the human 
body. However, some questions about the age-dependence of ChE 
mass fractions in thyroids of adults and, particularly, in elderly females 
still remain unanswered. One valuable way to elucidate the situation is 
to compare the mass fractions of ChE in young adults (the control 
group) with those in older adults and geriatric thyroids. The other 
way is to calculate a correlation between age and ChE content in 
the thyroid. Findings of the excess or deficiency of ChE contents 
in thyroids of adult and elderly females, may give an indication of 
their role in the higher prevalence of thyroid dysfunction in the 
elderly.

Reliable data on ChE mass fractions in normal geriatric thyroids 
is apparently extremely limited. There are many studies regarding 
chemical element content in human thyroids, using various chemical 
techniques and instrumental methods [25-45]. However, the majority 
of these data are based on measurements of processed tissue and in 
many studies tissue samples are washed before analysis. In other cases, 
thyroid samples are treated with solvents (distilled water, ethanol 
etc) and then are dried at a high temperature for many hours. There 
is evidence that certain quantities of ChE are lost as a result of such 
treatments [46-48]. Moreover, only a few of the previous studies 
employed quality Control Using Certified/Standard Reference 
Materials (CRM/SRM) for determination of the ChE mass fractions. 
In previously published papers there is no data on the age effects on 
ChE content of normal human thyroids.

Therefore, nondestructive techniques such as instrumental neutron 
activation analysis with high resolution spectrometry of short-lived 
radionuclides (INAA-SLR) combined with subsequent, destructive 
inductively coupled plasma atomic emission spectrometry (ICP-AES) 
provides a good method for multi-element 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 elements by both methods.

There were three aims in this study. The primary purpose of the 
study was to determine reliable values for ChE mass fractions in the 
normal thyroids of subjects ranging from children to elderly females 
using INAA-SLR and ICP-AES. The second aim was to compare the 
ChE mass fractions determined in thyroid gland of age group 2 (adults 
and elderly persons aged 41 to 87 years), with those of group 1 (from 
3.5 to 40 years), and the final aim was to find the correlations between 
age and ChE contents.

All studies were approved by the Ethical Committee of the Medical 
Radiological Research Centre.

Materials and Methods
Samples

Samples of the human thyroid were obtained from randomly selected 
autopsy specimens of 33 females (European-Caucasian) aged 3.5 to 87 
years. All the deceased were citizens of Obninsk and had undergone 
routine autopsy at the Forensic Medicine Department of City Hospital, 
Obninsk. Age ranges for subjects were divided into two age groups, 

with group 1, 3.5-40 years (30.9 ± 3.1 years, M ± SEM, n=11) and 
group 2, 41-87 years (66.3 ± 2.7 years, M ± SEM, n=22). These groups 
were selected to reflect the condition of thyroid tissue in the children, 
teenagers, young adults and first period of adult life (group 1) and in 
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 ChE contents. The typical causes 
of sudden death of most of these subjects included trauma or suicide 
and also acute illness (cardiac insufficiency, stroke, pulmonary artery 
embolism and alcohol poisoning).

Sample preparation
All right lobes of thyroid glands were divided into two portions 

using a titanium scalpel [49]. One tissue portion was reviewed by an 
anatomical pathologist while the other was used for the ChE 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 intended for ChE 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 [50-52].

The samples, each weighing about 100 mg, were used for ChE 
measurement by INAA-SLR. The samples for INAA-SLR were sealed 
separately in thin polyethylene films washed before hand with acetone 
and rectified alcohol. The sealed samples were placed in labeled 
polyethylene ampoules. Biological Synthetic Standards (BSS) prepared 
from phenol-formaldehyde resins were used as standards [53]. In 
addition to BSS, aliquots of commercially available pure compounds 
were also used.

After NAA-SLR investigation the thyroid samples were taken out 
from the polyethylene ampoules and used for ICP-AES. The samples 
were decomposed in autoclaves. For this 1.5 mL of concentrated 
HNO3 (nitric acid at 65 %, maximum (max) of 0.0000005 % Hg; GR, 
ISO, Merck, Darmstadt, Germany) and 0.3 mL of H2O2 (pure for 
analysis) were added to each thyroid samples, which were placed in 
one-chamber autoclaves (Ancon-AT2, Ltd., Moscow, Russia) and then 
heated for 3 h at 160-200°C. After autoclaving, they were cooled to 
room temperature and solutions from the decomposed samples were 
diluted with deionized water (up to 20 mL) and transferred to 
plastic measuring bottles. Simultaneously, the same procedure was 
performed in autoclaves without tissue samples (containing only 
HNO3+ H2O2+ deionized water), and the resultant solutions were 
used as control samples.

Certified reference materials
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 CRM were treated in the same way as the thyroid tissue 
samples. Detailed results of this quality assurance program were 
presented in earlier publications [54-56].
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Instrumentation and methods
A horizontal channel equipped with the pneumatic rabbit system 

of the WWR-C research nuclear reactor was applied to determine 
the mass fractions of Br, Ca, K, Mg, Mn, and Na by INAA-SLR. The 
neutron flux in the channel was 1.7 × 1013 n cm-2 s-1. Ampoules with 
thyroid samples, biological synthetic standards [53], intralaboratory-
made standards, and CRM were put into polyethylene rabbits and then 
irradiated separately for 180s. Copper foils were used to assess neutron 
flux. The measurement for each sample was made twice, 1 and 120 min 
after irradiation. The durations of the first and second measurements 
were 10 and 20 min, respectively. The gamma spectrometer included 
the 100 cm3 Ge (Li) detector and on-line computer-based multichannel 
analyzer system. The spectrometer provided a resolution of 1.9 keV on 
the 60 Co 1332 keV line.

Sample aliquots were used to determine the Al, B, Ba, Ca, Cu, Fe, 
K, Li, Mg, Mn, Na, P, S, Si, Sr, V, and Zn mass fractions by ICP-AES 
using the Spectrometer ICAP-61 (Thermo Jarrell Ash, USA). The 
determination of the ChE content in aqueous solutions was made 
by the quantitative method using calibration solutions (High Purity 
Standards, USA) of 0.5 and 10 mg/L of each element. The calculations 
of the ChE content in the probe were carried out using software of a 
spectrometer (ThermoSPEC, version 4.1).

Information detailing with the NAA-SLR and ICP-AES methods 
used and other details of the analysis were presented in our previous 
publication [54-58].

Computer programs and statistics
A dedicated computer program for INAA mode optimization was 

used [59]. All thyroid samples were prepared in duplicate and mean 
values of ChE contents were used in final calculations. 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 ChE contents. The difference in the results 
between the two age groups was evaluated by the parametric 
Student’s t-test and the non-parametric Wilcoxon-Mann-Whitney 
U-test. For the construction of the “age vs ChE mass fraction” 
diagrams (including trendlines with age) and the estimation of 
the Pearson correlation coefficient between age and ChE mass 
fraction the Microsoft Office Excel programs were also used. To 
identify the trend of the age dependency of ChE contents, we 
applied approximation methods using exponential, linear, polynomial, 
logarithmic and power functions. The maximum of corresponding 
values of R2 parameter, reflecting the accuracy, was of approximation 
used for the selection of function.

Results
The comparison of our results for the Ca, K, Mg, Mn, and Na 

mass fractions (mg/kg, dry mass basis) in the normal thyroids of 
females obtained by both NAA-SLR and ICP-AES methods is shown 
in table 1.

Table 2 presents 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 Al, B, 
Ba, Br, Ca, Cl, Cu, Fe, I, K, Li, Mg, Mn, Na, P, S, Si, Sr, V, and Zn mass 
fractions in normal thyroids of females.

The comparison of our results with published data for the Al, B, Ba, 
Br, Ca, Cl, Cu, Fe, I, K, Li, Mg, Mn, Na, P, S, Si, Sr, V, and Zn contents 
in the human thyroid is shown in table 3.

To estimate the effect of age on the ChE contents we examined 
the two age groups, described above (Table 4). In addition, the 
Pearson correlation coefficient between age and ChE mass fractions 
was calculated (Table 5). Figure 1 shows the individual data sets for 
the individual Al, B, Ba, Ca, I, K, Li, Mn, and P mass fraction in all 
samples of thyroid, and also trend lines’ variation with age. Since the 
age dependency of these element contents was best described by a 
polynomial function, this approximation was reflected in figure 1.

Discussion
Precision and accuracy of results

A good agreement of our results for the Al, B, Ba, Br, Ca, Cl, Cu, 
Fe, I, K, Li, Mg, Mn, Na, P, S, Si, Sr, V, and Zn 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 [54-56] as well as the similarity of the means of the Ca, K, Mg, 
Mn, and Na mass fractions in the normal thyroids of females determined 
by both NAA-SLR and ICP-AES methods (Table 1) demonstrates an 
acceptable precision and accuracy of the results obtained in the study 
and presented in tables 2-6 and figure 1.

Comparison with published data
The means obtained for Al, B, Ba, Br, Ca, Cl, Cu, Fe, I, K, Mg, Mn, 

Na, P, S, Si, Sr, V, and Zn mass fraction, as shown in table 3, agree 
well with the medians of mean values reported by other researches 
for the human thyroid, including samples received from persons who 
died from different non-thyroid diseases [25-45]. The mean obtained 
for Li is two orders of magnitude lower than the median of previously 
reported data. Moreover, it is outside the range of previously reported 
means. The mean obtained for V is one order of magnitude higher the 
median of previously reported data, but it is inside the previously 
reported range of means. A number of values for ChE mass fractions 
were not expressed on a dry mass basis by the authors of the cited 
references. Hence we calculated these values using published data 
for water 75% and ash 4.16% on dry mass basis contents in thyroid 
of adults [60,61].

Effect of age on chemical element contents
A statistically significant age-related increase in Br, Ca, Cu, Fe, and 

Zn mass fraction was observed in thyroids of females when the two age 
groups were compared (Table 4). In the second group of females with 
mean age 66.3 years the mean of Br, Ca, Cu, Fe, and Zn mass fractions 
in thyroids were 102%, 116%, 42%, 52%, and 81%, respectively, higher 
than in thyroids of the first age group (mean age 30.9 years) of females. 
A statistically significant increase in Ca, Cu and Zn mass fraction with 
age was confirmed by the Pearson’s coefficient of correlation between 

Element NAA-SLR M1 ICP-AES M2 ∆, %

Ca 1662 ± 198 1598 ± 245 3.9

K 5395 ± 726 5815 ± 776 -7.8
Mg 212 ± 24 247 ± 35 -16.5
Mn 1.50 ± 0.22 1.14 ± 0.24 24.0
Na 6421 ± 320 6645 ± 290 -3.5

Table 1: Comparison of the mean values (M ± SEM) of the chemical 
element mass fractions (mg/kg, on dry-mass basis) in the normal thyroids 
of females obtained by both NAA-SLR and ICP-AES methods.

M-Arithmetic Mean, SEM-Standard Error of Mean, ∆ =[(M1 – M2)/
M1] *100%.
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Gender Element M SD SEM Min Max Median P 0.025 P 0.975

Females
n=33

Al 7.43 4.49 1.24 2.50 17.2 5.50 2.77 16.6
B 0.418 0.257 0.074 0.200 1.00 0.315 0.200 0.890

Ba 1.42 1.38 0.38 0.048 5.00 0.770 0.121 4.34
Br 22.4 16.2 3.23 5.00 66.9 16.3 5.00 59.2
Ca 1630 1071 219 461 4256 1132 539 3902
Cl 3317 1480 290 1200 6000 3375 1388 5906
Cu 3.40 1.41 0.35 0.500 5.90 3.35 1.10 5.79
Fe 225 98 20 52.0 435 199 64.0 391
I 1956 1199 219 114 5061 1562 309 4662
K 5605 3272 732 1914 13700 5058 2360 13230
Li 0.0153 0.0078 0.0024 0.0015 0.0251 0.0152 0.0030 0.0250

Mg 230 105 26 66.0 426 216 73.5 403
Mn 1.32 0.84 0.22 0.550 4.04 1.10 0.603 3.28
Na 6533 1744 324 3686 10450 6739 4088 9924
P 3860 2175 603 496 7368 3422 585 7337
S 6579 2662 738 644 9921 7097 1238 9868
Si 75.7 58.1 16.1 6.90 176 47.6 9.90 175
Sr 3.30 2.77 0.69 0.200 10.9 2.85 0.369 9.18
V 0.970 0.056 0.016 0.0200 0.250 0.100 0.0260 0.211
Zn 83.2 41.2 8.1 6.1 166 84.9 6.16 156

Table 2: Some statistical parameters of  Al, B, Ba, Br, Ca, Cl, Cu, Fe, I, K, Li, Mg, Mn, Na, P, S, Si, Sr, V, and Zn mass fractions (mg/kg, dry mass basis) in 
the normal thyroid of females.

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.

Element Published data [Reference] This work

Median of means (n)* Minimum of means M or M ± SD, (n)** Maximum of means M or M ± 
SD, (n)** Females M ± SD

Al 33.6 (12) 0.33 (-) [25] 420 (25) [26] 7.43 ± 4.49
sB 0.151 (2) 0.084 (3) [27] 0.46 (3) [27] 0.418 ± 0.257
Ba 0.67 (7) 0.0084 (83) [28] ≤ 5.0 (16) [29] 1.42 ± 1.38
Br 18.1 (11) 5.12 (44) [30] 284 ± 44 (14) [31] 22.4 ± 16.2
Ca 1600 (17) 840 ± 240  (10) [32] 3800 ± 320  (29) [32] 1630 ± 1071
Cl 6800 (5) 804 ± 80  (4) [33] 8000 (-) [34] 3317 ± 1480
Cu 6.1 (57) 1.42 (120)  [35] 220 ± 22 (10) [33] 3.40 ± 1.41
Fe 252 (21) 56 (120)  [35] 2444 ± 700 (14) [31] 225 ± 98
I 1888 (95) 159 ± 8 (23) [36] 5772 ± 2708  (50) [37] 1956 ± 1199
K 4400 (17) 46.4 ± 4.8 (4) [33] 6090 (17) [29] 5605 ± 3272
Li 6.3 (2) 0.092 (-) [38] 12.6 (180) [39] 0.0153 ± 0.0078

Mg 390 (16) 3.5 (-) [25] 840 ± 400 (14) [40] 230 ± 105
Mn 1.82 (36) 0.44 ± 11  (12) [41] 69.2 ± 7.2 (4) [33] 1.32 ± 0.84
Na 8000 (9) 438 (-) [42] 10000 ± 5000 (11) [40] 6533 ± 1744
P 3200 (10) 16 (7) [43] 7520 (60) [30] 3860 ± 2175
S 11000 (3) 4000 (-) [34] 11800 (44) [30] 6579 ± 2662
Si 16.0 (3) 0.97 (-) [25] 143 ± 6 (40) [44] 75.7 ± 58.1
Sr 0.73 (9) 0.55 ± 0.26 (21) [27] 46.8 ± 4.8(4) [33] 3.30 ± 2.77
V 0.042 (6) 0.012 (2) [45] 18 ± 2 (4) [33] 0.970 ± 0.056
Zn 118 (51) 32(120) [35] 820 ± 204 (14) [31] 83.2 ± 41.2

Table 3: Median, minimum and maximum value of means Al, B, Ba, Br, Ca, Cl, Cu, Fe, I, K, Li, Mg, Mn, Na, P, S, Si, Sr, V, and Zn contents in the normal 
human thyroids according to data from the literature in comparison with our results (mg/kg, dry mass basis).

M-Arithmetic Mean, SD-Standard Deviation, (n)*-Number of all References, (n)**-Number of Samples.
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Element Female thyroid tissue Ratio

AG1 3.5-40 years n=11 AG2 41-87 years n=22 t-test p£ U-test p AG2 to AG1

Al 5.95 ± 0.97 9.80 ± 2.67 0.234 >0.05 1.65

B 0.361 ± 0.070 0.533 ± 0.177 0.419 >0.05 1.48

Ba 0.819 ± 0.278 2.37 ± 0.75 0.106 >0.05 2.89

Br 13.3 ± 2.5 26.8 ± 4.3 0.0118 ≤ 10.0 2.02

Ca 945 ± 91 2042 ± 301 0.0029 ≤ 10.0 2.16

Cl 4109 ± 544 2965 ± 318 0.0947 50.0 ≤ 0.72

Cu 2.94 ± 0.45 4.17 ± 0.47 0.0804 ≤ 50.0 1.42

Fe 174 ± 25 264 ± 25 0.018 ≤ 10.0 1.52

I 1876 ± 346 2002 ± 288 0.782 >0.05 1.07

K 5545 ± 1145 5654 ± 995 0.944 >0.05 1.02

Li 0.0131 ± 0.0033 0.0178 ± 0.0033 0.342 >0.05 1.36

Mg 234 ± 41 225 ± 35 0.881 >0.05 0.96

Mn 1.21 ± 0.14 1.45 ± 0.45 0.622 >0.05 1.2

Na 6217 ± 549 6675 ± 405 0.51 >0.05 1.07

P 3427 ± 842 4552 ± 812 0.358 >0.05 1.33

S 6049 ± 1114 7426 ± 697 0.318 >0.05 1.23

Si 57.3 ± 20.5 105 ± 22 0.147 >0.05 1.83

Sr 3.62 ± 1.04 2.77 ± 0.68 0.507 >0.05 0.77

V 0.104 ± 0.023 0.086 ± 0.017 0.541 >0.05 0.83

Zn 56.8 ± 10.6 102.6 ± 9.0 0.0033 ≤ 10.0 1.81

Table 4: Differences between mean values (M ± SEM) of Al, B, Ba, Br, Ca, Cl, Cu, Fe, I, K, Li, Mg, Mn, Na, P, S, Si, Sr, and Zn mass fraction (mg/kg, dry 
mass basis) in the normal female thyroids 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.

Element r Al 0.46a B 0.26 Ba 0.45 Br 0.18 Ca 0.38a Cl -0.43a Cu 0.50a Fe 0.26 I 0.08 K 0.01

Element r Li 0.45 Mg -0.11 Mn 0.16 Na 0.2 P 0.61a S 0.68b Si 0.48 Sr 0.22 V 0.31 Zn 0.66c

Table 5: Correlations between age (years) and chemical element mass fractions (mg/kg, dry mass basis) in the normal thyroid of females (r-coefficient 
of correlation).

Statistically Significant Values: ap ≤ 0.05, bp ≤ 0.01, cp ≤ 0.001.

age and mass fractions of these elements (Table 5). Moreover, a 
statistically significant increase in Al, P, and S content accompanied by 
a decrease in Cl was shown by the Pearson’s coefficient of correlation 
between age and mass fractions of these elements (Table 5, Figure 1).

Thus, both positive (increase with age) and negative (decrease with 
age) changes were observed for ChE contents in the normal female 
thyroid. Al, Br, Ca, Cu, Fe, P, S, and Zn are accumulated during lifespan 
(Figure 1). The increase of Al, Br, Ca, Cu, Fe, P, S, and Zn contents was 
fast during the first five or six decades, after which the changes in mass 
fractions of these elements were rather limited. In contrast, the Cl mass 
fraction showed a progressive slow decrease with age in range from 3.5 
to 87 years (Figure 1). According to the authors’ currently available 
information, no published data referring to age-related changes of Al, 
B, Ba, Br, Ca, Cl, Cu, Fe, I, K, Li, Mg, Mn, Na, P, S, Si, Sr, V, and Zn mass 
fractions in female thyroid is available.

Role of chemical elements in malignant transformation of 
the thyroid

Aluminum: The trace element Al is not described as essential, 
because no biochemical function has been directly connected to it. At 
this stage of our knowledge, there is no doubt that Al overload impacts 
negatively on human health, including the thyroid function [62].

Bromine: Br is one of the most abundant and ubiquitous of the 
recognized trace elements in the biosphere. Inorganic bromide is the 
ionic form of bromine which exerts therapeutic as well as toxic effects. 
An enhanced intake of bromide could interfere with the metabolism 
of iodine at the whole-body level. In the thyroid gland the biological 
behavior of bromide is similar to the biological behavior of iodide [63]. 
Therefore, at least a goitrogenic effect of excessive bromide level in the 
thyroid of old females may be assumed.
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Figure 1: Data sets of individual Ag, Br, Ca, Cl, Cu, Fe, P, S, and Zn mass fraction values in the normal thyroids of females and their trend lines.
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Calcium: In addition to the elevated Br level, an age-related 
increase and excess in Ca mass fractions in thyroid tissue may 
contribute to harmful effects on the gland. There are good reasons for 
such speculations. Ca content increases with age in many organs of 
the human body [64-72]. Except for bone, this natural phenomenon 
is probably a common occurrence for all organs and soft tissues, and 
it has links with vascular calcification. Many reviews and numerous 
papers raise the concern about role of Ca in the prostate, breast, lung 
and other organ malignant transformation [64-74].

Calcium ions Ca2+ are central to both cell proliferation and cell 
death [66]. Changes in cytosolic Ca2+ trigger events critical for 
tumorigenesis, such as cellular motility, proliferation and apoptosis 
[68].An increased growth rate of cells is correlated with an increase 
in the intracellular calcium pool content [64,65]. Moreover, increases 
in cytosolic free Ca2+ represent a ubiquitous signaling mechanism 
that controls a variety of cellular processes, including not only 
proliferation, but also cell metabolism and gene transcription [67]. 
Indeed, an increased level of Ca content in the thyroid tissue of elderly 
females reflects an increase in the intracellular calcium pool. Thus, an 
increase of Ca content in tissue and organs with age is a key feature in 
the etiology of many benign and malignant tumors, including thyroid 
goiter and cancer.

Chlorine: Cl is a ubiquitous, extracellular electrolyte essential to 
more than one metabolic pathway. Cl exists in the form of chloride 
in the human body. It is present mostly as sodium chloride in the 
extra cellular fluid. Therefore, usually, in normal conditions there is 
a correlation between Na and Cl contents in tissues and fluids of the 
human body (Table 6). Why Cl content in normal female thyroids 
decreases with age and how it acts on the thyroid are still to be fully 
understood.

Copper: Cu, like Fe and Zn, is also a ubiquitous element in the 
human body which plays many roles at different levels. Various cupro 
enzymes (such as amine oxidase, ceruloplasmin, cytochrome-c oxidase, 
dopamine-monooxygenase, extracellular superoxide dismutase, lysyl 
oxidase, peptidylglycine amidating monoxygenase, Cu/Z nsuperoxide 
dismutase, and tyrosinase) mediate the effects of Cu deficiency or 
excess. Cu excess can have severe negative impacts. Cu generates 
oxygen radicals and many investigators have hypothesized that excess 
copper might cause cellular injury via an oxidative pathway, giving rise 
to enhanced lipid peroxidation, thiol oxidation, and, ultimately, DNA 
damage [75-77]. Thus, increasing Cu overload in thyroid parenchyma 
with age may be involved in oxidative stress, dwindling gland function, 
and increasing risk of goiter or cancer.

Iron: 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. Fe overload has been documented in 
genetic diseases (e.g. hemochromatosis and thalassemia), Excessive 
Fe over-supplementation (especially in the case of chronic renal 
failure), or increased Fe serum level due to cessation of menstruation 
in postmenopausal women can be deleterious. An age-related increase 
and excess in Fe mass fractions in thyroid tissue may contribute 
to harmful effects on the gland. There are good reasons for such 
speculations since many reviews and numerous papers raise the 
concern about toxicity and tumorigenesis of Fe. Indeed, Fe overload 
may be involved in oxidative stress, dwindling thyroid function, and 
increasing risk of goiter or cancer [78].

Phosphorus: P is necessary for several, various biological roles 
in the signal transduction of cells and energy exchange of human 
body. About 80%-90% of phosphorus is founded in teeth and 

bones in the form of hydroxyapatite. Elevated serum inorganic 
phosphorus is suspected to increase the risk of chronic kidney disease, 
cardiovascular disease through vascular calcification, myocardial 
fibrosis, and development of left ventricular hypertrophy [79]. In both 
males and premenopausal females, serum phosphorus levels decline 
progressively with age. In males, the decline continues over the entire 
age range of 21-85 years. In contrast, in females, serum phosphorus 
levels rapidly increased after the menopause. The increase in serum 
phosphorus levels in older women is independent of changes in 
serum parathyroid hormone levels, daily dietary phosphorus intake, 
and estimated glomerular filtration rate [80]. Calcium phosphates are 
one of the main constituents of mineral deposits in aortic wall [81]. 
Thus, the high P level in thyroid parenchyma of elderly females can be 
intimately linked with vascular calcification. How the elevated P level 
affects thyroid function and its role in goiter and carcinogenesis have 
to be studied in the future.

Sulfur: S is available to humans in their diets, derived mainly 
from proteins, and yet only 2 of the 20 amino acids normally present 
in proteins contains sulfur-methionine and cysteine. One of these 
amino acids, methionine, cannot be synthesized by our bodies and 
therefore has to be supplied by the diet. Proteins contain between 
3 and 6% of sulfur amino acids. Sulfur amino acids contribute 
substantially to the maintenance and integrity of the cellular systems 
by influencing the cellular redox state and the capacity to detoxify 
toxic compounds, free radicals and reactive oxygen species [82]. 
ROS are generated during normal cellular activity and may exist in 
excess in some pathophysiological conditions, such as inflammation. 
Therefore exploring fundamental aspects of sulfur metabolism such 
as the antioxidant effects of sulfur-containing amino acids may help 
elucidate the mechanism by which the S content in the female thyroid 
increases with age [83]. Thus, it might be assumed that the elevated S 
level in thyroids of elderly females reflects an increase in concentration 
of ROS in female thyroid parenchyma at an age of about 60 years and 
above.

Zinc: 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 zinc 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.

From the other hand, excessive intracellular Zn concentrations 
may be harmful to normal metabolism of cells [84]. 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 [85-87]. 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 [88]. 
Other actions of Zn have been described. They include its action as 
a potent anti-apoptotic agent [89-92]. 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.
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Thus, if we accept the levels of ChE mass fraction in thyroid glands 
of females in the age range up to 40 years as a norm for all ages, we 
must conclude that after age 40 years the Al, Br, Ca, Cu, Fe, P, S and 
Zn contents are significantly higher than normal levels. Elevated levels 
in thyroid parenchyma, for at least such elements as Al, Br, Ca, Cu, Fe, 
and Zn may contribute to harmful effects on the gland.

Conclusion
Our data elucidate that there is a statistically significant increase 

in Al, Br, Ca, Cu, Fe, P, S and Zn mass fractions, as well as a decrease 
in Cl mass fractions in the normal thyroids of females during a 
lifespan. Elevated levels for at least such elements as Al, Br, Ca, Cu, 
Fe, and Zn in the thyroids of elderly females increase intra-thyroidal 
oxidative stress and, as consequence, risk of goiter and malignant 
transformation. Goiter and thyroid cancer are multi etiological and 
multi factorial complex diseases. The complete understanding of 
the role of inadequate levels of some chemical elements 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, from results of 
our study, a goitrogenic and carcinogenic effect of elevated Al, Br, Ca, 
Cu, Fe, and Zn levels in the thyroids of elderly females is shown to be 
a very likely consequence.
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