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Investigation of the influence
of magnesium ions on the
morphofunctional state of the
thyroid gland of adult rats
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Abstract. Purpose — to investigate the effect of magnesium chloride on the morphometric parameters of
the thyroid gland functional state of the adult rats. Materials and methods. The study was conducted on
24 male Wistar rats at the age of 15 months. Experimental rats orally received magnesium chloride daily at a
dose of 50 mg/kg body weight. Duration of experiment was 21 days. From thyroid tissue preparations were
made according to standard histological methods. Gland morphometry was performed on digital images
using a computer program «Image J». Results. The data indicate that the 21 daily administration of magnesium
chloride adult rats increases the area and height of the follicular epithelium, increased follicular-colloidal
index, number thyrocytes in the follicle, resorption vacuoles in the colloid, increase the number interfollicular
islets, decrease the relative area of connective tissue in the gland. Conclusions. The influence of magnesium
chloride (at a dose of 50 mg/kg) increases the signs of the thyroid gland synthetic activity. This may be of
practical interest in the use of magnesium-containing compounds in persons with thyroid dysfunction.
Keywords: magnesium, thyroid gland, morphometric parameters.

Thyroid disease (TD) is an important medical
and social problem all over the world, due to the
high prevalence of the pathology that affects the
most able-bodied population and children [1].
The spectrum of etiological factors that lead to a
thyroid dysfunction can be attributed to: genetic
factors, autoimmune diseases, infectious diseases,
pernicious habits, radiation damage, etc. [2]. A
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special place among the thyroid pathology is an
imbalance of macro- and microelements in the
body. Deficiency or excess of such elements as
iodine, selenium, magnesium, lithium, calcium,
cobalt, copper, iron, etc. affect the thyroid,
breaking the synthesis and increasing the body’s
need for thyroid hormones [3].

Magnesium is one of the 12 structural elements
that make up 99% of the elemental content of
the human body. It is the main intracellular
ion involved in carbohydrate, protein and lipid
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metabolism, regulates the storage and release
of energy in ATP. Magnesium is involved in
the functions control of many organs and
systems: the nervous, endocrine, cardiovascular,
musculoskeletal, digestive tract, and others [4].
Magnesium deficiency in human body is a
common phenomenon, which may lead to: a
decrease in its content in food, gastrointestinal
tract pathology, TD (hyperthyroidism), excessive
physical activity, stress, alcohol abuse, etc. [5].

Literary data about magnesium ions influence
on the thyroid gland are small and ambiguous.
This may be due to the use of various sources
of magnesium in experiments, differences in
the dosage of magnesium compounds, use in
experiments of animals of different species and
age, seasonality and duration of experiments, etc.
[6-8]. It is known from literature that magnesium
deficiency leads to a decrease in thyroid
function (hypothyroidism) due to parathyroid
gland synergistic function, which regulates the
absorption of magnesium. Magnesium stimulates
the thyroid gland to produce thyroxine, as well
as it is directly involved in the transformation of
thyroxin into triiodothyronine. Magnesium also
has a direct role in the absorption of iodine by the
thyroid [9].

The purpose of the work is to investigate
the effect of magnesium chloride on the
morphofunctional state of the thyroid gland in
adult rats.

Materials and methods

The study was conducted in the spring period
(March) of the year on 24 Wistar male rats at the
age of 15 months old. The source of magnesium
ions was magnesium chloride (MgCl, - 6H,0
Germany) that rats received daily orally at a
dose 50 mg/kg body weight. The animals, both
the control and the experimental group, were in
unified conditions with a standard diet. Duration
of experiment was 21 days. The rats were
decapitated under a slight, ethereal anesthetic.
Studies were performed according to the national
«General ethical principles of experiments on
animals» (Ukraine, 2001) that are conformed with
the regulations of the «European Convention
for the Protection of vertebrate animals used
for experimental and other scientific purposes»
(Strasbourg, 1985).

Histological medical preparations were made
from the thyroid tissue according to the standard
method: fixed in a Buena liquid, dehydrated in
alcohols of increasing concentration (70-96 °C),
and dioxanes. The received samples were poured
into paraffin. Paraffin sections, 5-6 mcm thick,
were made on a sliding microtome, painted
with Bemer hematoxylin and eosin. Two- and
three-color methods were used for Van Gyason
and Masson for connective tissue elements
visualization [10]. Using a digital camera,
microdrugs were photographed on a microscope
called <«Nicon» (Japan). Morphometry was
carried out wusing the computer program
«Image J» [11].

The cross-sectional area of the follicles, colloids
and follicular epithelium; effective, external and
internal diameters of the follicles; height of the
follicular epithelium was measured on the thyroid
gland histological sections. An average number
of thyrocytes in the follicles was calculated.
The follicular-colloidal index and colloid
accumulation index were determined. Using the
method of imposing point morphometric nets, the
relative area of the connective tissue, parenchyma
of the gland (%) and the index of sclerotization
were measured. Layers width of interparticle,
interlobular and interfollicular connective tissue
were measured [12-14].

Statistical processing was carried out with
statistics variation methods using the computer
program Statistica 6.0. The normal distribution
of digital arrays was checked with the Pearson
criterion. With normality of distribution,
to estimate the dissimilarity factor in the
reliability of the differences between control
and experimental groups, Student t-criterion
was used. Differences were considered reliable at
p<0.05.

Results and discussion

It was found that thyroid gland of ratsreceiving
magnesium chloride has an unchanged structure
with preservation of its main structural elements.
The structure of the thyroid parenchyma is
divided into central and peripheral zones. Yes,
animals’ thyroid gland contains follicles of oval
and elongated shape of different sizes. Follicles of
small and medium size are localized in the central
part of the gland, and large in size — in the
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periphery. In the intact animals’ thyroid colloid
in follicles stains uniform pink color, moderate
or dense consistency with resorptive vacuoles.
Follicles colloid of experimental animals has
moderate density, less foamy with numerous
resorptive vacuoles, indicating the release of
hormones (Fig.).

In animals that received magnesium chloride,
the relative area of thyroid gland parenchyma
tended to increase (by 5%) compared to control.
The cross-sectional area of the follicles and
colloids in the experimental rats’ thyroid gland
remained at the control level, while the area of the
follicular epithelium increased in 11% (Table 1).

Theexternal,internal and effective diameters of
the follicles in the thyroid of rats, after magnesium
chloride administration, had no significant
deviations from the control parameters. The
thyrocytes’ average number in the follicle of the

*

Fig. Microphotography of the thyroid gland of the intact
animal (A) and the rat receiving magnesium chloride (B).
Stained by the Van Gyason method. x200.
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Table 1. Morphometric indicators of the thyroid gland condition
of control and experimental rats (M+m, n=12)

Indicators Control Experimental
Relative area of parenchyma, % 77.8+1.69 81.5+1.62
Area, mcm? 3576+107 3700+108
of follicle 1605£96 1517+£85
of colloid 1971480 2183184

62.9+2.28 68.0£1.93
40.5+2.14 42.8+1.39

of follicular epithelium
Diameter of follicle, mcm

external 74.1+£250 80.6+2.17
internal 11.2+0.11 12.6+0.21 *
effective 20.4+0.36 23.9+0.83 *

1.23£0.04 1.44+0.03 *
1.81+£0.17 1.70+0.37 *

Height of thyrocytes, mcm

Number of thyrocytes in the follicle,
units

Follicular-colloidal index, units
Colloid accumulation index, units

Note: here and in tabl. 2 * — significant difference with control (p<0.05).

experimental rats was more than 17% (p<0.05)
compared to the control. Thyrocytes of cubic and
prismatic form are a significantly higher than
13% of the control (Table 1). The shape of the
thyrocytes depends on the functional state of the
thyroid. With normal function, they have a cubic
form, with hypofunction they become flat, and
with hyperfunction they acquire the prismatic
form. Thyrocytes of the prismatic form actively
resorb thyroglobulin, discharge active hormones
and secrete them in the bloodstream [12].

The follicular-colloidal index (the ratio of
cross-sectional area of the follicular epithelium
to colloid area) in the experimental rats was
significantly higher by 17% compared to the
control. Then, as the accumulation index of the
colloid (the ratio of the internal diameter of
the follicle to the double height of the follicular
epithelium), on the contrary is tended to decrease
by 6% compared with the control (Table 1). The
growth of the follicular- colloidal index and
the decrease of the colloid accumulation index
indicate an increase in the secretion of thyroid
hormones in the bloodstream [13].

In experimental rats there was a tendency
to increase the number of interfollicular islets,
which can be considered as a sign of thyroid
regeneration processes activation. Interfollicular
islets contain small differentiated cells, which can
be a source for the new follicles formation [12].

The structure of the thyroid skeleton
connective tissue includes a capsule and stroma.
In the latter one, it is distinguished interparticle,
interlobular and interfollicular and paravasal
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connective tissue (CT). Interparticle CT
surrounds the lobe of thyroid from the exterior.
Interlobular CT divides thyroid parenchyma into
lobes. It consists of thin bundles of collagen fibers,
interlacing in different directions. Interfollicular
CT consists of reticular and collagen fibers,
which intertwine in the follicular membranes,
linking the follicles among themselves. Paravasal
CT surrounds the blood vessels of the thyroid.
It is represented mainly by elastin fibers and to
a lesser extent, by collagen ones. In addition to
thyroid parenchyma cells, in the interfollicular
connective tissue layers, CT cells are present,
namely: lymphocytes, plasma cells and tissue
basophils [15].

It was found that in animals, after magnesium
chloride administration, the relative area of stoma
in the thyroid gland was lower by 17% (p<0.05)
compared to the control group. This led to a
significant increase in the index of sclerotization
(relative ratio of the thyroid parenchyma to
the relative stroma area) by 26%, which may
indicate a relative decrease in the CT mass in the
thyroid. It was shown that in the experimental
animals’ thyroid gland, the number of CT
elements, depending on the localization, varied in
different ways. Thus, in the thyroid gland of the
experimental rats, the width of the interparticle
CT remained at the control level, interlobular is
increased by 24% (p<0.05), and interfollicular,
on the contrary, decreased by 12% (p<0.05)
compared with the control parameters (Table 2).
That is, the width of the CT that breaks the lobe
in the middle of the thyroid gland increases, and
the number of ST elements placed between the
follicles themselves, is reduced, which improves
the interfollicular metabolism.

The study of magnesium compounds influence
on the thyroid condition was carried out by
other researchers. It was found that the effect
of magnesium sulfate in various doses (0.5; 1

Table 2. Morphometric indicators of connective tissue condition
in the thyroid gland of control and experimental rats (M+m, n=12)

Indicators Control Experimental
Relative stroma area, % 22.2+0.89 18.5+0.36 *
Sclerotization index, units ~ 3.50+0.21 4.414+0.09 *
Layers width of

connective tissue, mcm

interparticle 24.5+1.36 23.9+1.27
interlobular 9.10+1.09 11:3£036.*
interfollicular 1.77+£0.03 1.56+0.08 *

and 1.5 g/kg) on Wistar rat lines stimulated
thyroid-like peroxidase and Na*-K*-ATPases
for 60 days, modified type I iodinthyronin,
increased thyroxin content in the serum, led
to hypertrophy of the follicular epithelium,
that is, caused hyperthyroidism [7]. In another
work, the deficiency and excess of magnesium
on C-thyroid cells were investigated. It was
shown that magnesium deficiency led to
C-cells hypertrophy and hyperplasia, ribosomes
hyperplasia and endoplasmic net in them. All
this was accompanied by a reduced activity of
cholinesterase, an increase in the synthesis and
secretion of calcitonin. With a magnesium excess,
thyroid C-cells did not increase in size, however,
the cholinesterase activity, dopamine synthesis
and storage are increased [8].

Conclusions

21-day magnesium chloride administration
(at a dose of 50 mg/kg) in adult rats increases
the functional activity of the thyroid gland.
This is indicated by an increase in the area and
height of the follicular epithelium, an increase
in the follicular-colloidal index, the number of
thyrocytesinthefollicle, the presence of numerous
resorptive vacuoles in the follicles colloid, an
increase in the number of interfollicular islets,
and a decrease in the relative area of stroma in
the thyroid gland. These data may have not only a
theoretical value, but also some practical interest
in the magnesium compounds use in persons
with impaired function (hypothyroidism) of the
thyroid gland.
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[LoCTiAMEHHA BNIUBY iOHIB MarHito Ha Mopdo-
(hYHKUIOHANbHMIA CTaH WWTONOAIOHOT 3an03M
AOpOCANX LLypIB

P.B. lHko

IHcTuTyT disionorii im. O.0. boromonbua HAH Ykpaitu

Pesiome. Meta pob6oTu — [OCNianNTK BNAUB MarHito xaopuay Ha
MOPGOMETPUYHI NOKA3HMKM QYHKUIOHANbHOMO CTaHy WUTONOAIOHOT
3ano3v gopocnux wypis. MaTepianu Ta metoau. loChifKeHHA Npo-
BefeHO Ha 24 wypax-camuax niHii Wistar sikom 15 micauis. JocnigHi
Wypy LWOAHA NepopanbHO OTPWMMYBANW MarHito xnopug y [osi
50 mr/kr macu Tina. TpuBanicTb eKcnepumMeHTy cTaHoswna 21 foby.
3 TKaHWHW WMTONOAIBHOT 331031 BUrOTOBAAAM MCTONONiYHI Npenapa-
TV 33 CTaHAAPTHO MeToaMKo. MopdomeTpito 331031 3aicHI0Banm
Ha UMdPOoBKMX 300paxxeHHsAX 33 AONMOMOrOI0 KOMM' 0TePHOI Nporpa-
mn Image J. Pesynbratu. OTpumaHi faHi csiguath, wo 21-pobo-
Be BBeLEHHA MarHilo xnopuay AOPOCIUM Lypam MpU3BOAWUTL O
30inbleHHA nnowi Ta BUCOTW GONiKyNAPHOro eniTeniio, 3poCcTaHHA
DONiIKYNAPHO-KONOIAHOIO IHAEKCY, KiNIbKOCTi TUpeoumTia y dponikyni,
pe30pOUinHKX BaKyonei y KONOifi, UncenbHoCTi iHTepdonikynapHmX
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OCTPIBL|iB, 3MEHLIEHHS BiJHOCHOI N/OLWi CTPOMYM B 3an03i. BucHoB-
KuW. BeeaeHHsa marHito xnopugy (y go3i 50 Mr/Kr) NOCUIOE O3HaKM
CUHTETUYHOI aKTUBHOCTI WMTONOAIBHOT 3an103u. Lle Moxe MaTu npak-
TUYHE 3HAYEeHHA LWOJO BUKOPUCTAaHHA MarHiEBMICHWUX CNOMYK B OCi6
i3 nopyweHHAM GyHKUIT WwrTonogibHoT 3an03u.

Knwouosi cnosa: Mariii, wmtonogioHa 3ano3a, MOpGoOMeTpuyHi
MOKa3HUKMN.

liccneposanmne BNMAHWA MOHOB MarHuA Ha mopdo-
(hyHKUNOHANbHOR COCTOAHNE LWMTOBUAHOI Henesbl
B3POCAbIX KPbIC

P.B. lHko

WHCTUTYT dusmonormm um. A.A. boromonbua HAH YkpauHbi

Pesiome. Lienb — 1ccrneoBath BAVAHME MarHua Xnopuaa Ha Mop-
domeTpuueckre mnokaszatenu ¢OyHKUMOHANbHOTO COCTOAHMUA WWTO-
BUIHOM Xene3bl B3poC/bix Kpbic. MaTepuanbl u metogbl. Viccne-
[IOBaHVe NpoBefeHo Ha 24 Kpbicax-camuax nmHuy Wistar 8 Bo3pacTte
15 mecaues. MofonbITHbIE KPbICh €XKEAHEBHO MepopasnbHO Mosyyany
marHusa xnopug B fo3e 50 Mr/kr maccel Tena. MpoaonxuTenbHOCTb
JKCnepumeHTa cocTaBnana 21 CyTKW. M3 TKaHW LWMTOBUAHON Xene-
3bl VM3rOTaBAMBANM MUCTONOTMYECKME MperapaThl MO CTaHAAPTHOM
meTtouke. MopdoMeTpuio Xenesbl OCyLEeCTBAANM Ha LMPPOBbIX
1306paXKEeHNAX C MOMOLLbIO KOMIMbIOTEPHOWM nporpammbl Image J. ‘
Pe3ynbratbl. [lonyueHHble [aHHble CBUAETENbCTBYIOT, YTO 21-Cy-
TOYHOE BBE[EHME MarHWA XNopuaa B3POC/bIM KpbiCam MpUBOAUT
K YBESIMYEHMIO MIOLWAAN W BbICOTbI GONMKYNAPHOTO 3NUTENs, po-
CTy GONNUKYNAPHO-KONNOWAHOTO VHAEKC], KONMYECTBA TMPEOLIMTOB
B GonnunKynax, pe3opOLMOHHbIX BaKyonew B KONNOUAE, YBENUYEHNMIO
YUCNEHHOCTU UHTEPDONIMKYNAPHBIX OCTPOBKOB, YMEHbLIEHMIO OT-
HOCWTENbHOW NJOWaAn CTPOMbl B xene3e. BoiBogbl. BeeaeHve mar-
HUA xnopuaa (8 1o3e 50 Mr/Kr) yCunuBaeT Npu3Hakn CUHTETUYECKON
AKTVUBHOCTY LWWTOBUAHON Xenesbl. JTO MOXKET UMETb NPaKTUYeCKuil
MHTEPEC OTHOCUTENBHO MCMONb30BAHWA MarHWMCOePKaLLVX COen-
HEHWI Y WL C HapyLleHVeM QYHKLMM WUTOBUOHOM Xenesbl.
KnioueBble cnoBa: MarHuii, LWMTOBMAHAA Xene3a, MophomeTpuye-
CKve nokasaTenu.




