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Abstract. Visceral obesity (VO) can cause many diseases in the body, including leading to thyroid pathology.
Therefore, the search and development of new effective methods for preventing of thyroid dysfunction in obesity
is a relevant research area. One of these methods can be the use of the pineal gland hormone — melatonin.
The aim was to study the effect of melatonin on the histomorphometric changes in the thyroid gland of rats with
VO and to evaluate the possibility of its use as a prophylactic agent for gland dysfunction in this pathology. Material
and methods. For the experiment, 30 male Wistar rats aged 3 months were selected. VO in animals was modeled by
maintaining them on a high-calorie diet (HCD). 3 groups of rats were formed: group | - control, group Il - animals that
were on the HCD for 12 weeks, and group Il - rats that were on the HCD for 8 weeks, and then for another 4 weeks, in
addition to this diet, orally received melatonin (Unipharm Inc., USA) at a dose of 5 mg/kg. Histological preparations
were made from the thyroid tissue. Histomorphometry was performed using the «imageJ» computer program. The
concentration of total lipids, triglycerides and cholesterol was determined in blood serum. Results. Rats received
HCD showed clear signs of VO: the weight of visceral fat and the concentration of lipid metabolism indicators
probably increased. Structural changes were found in the thyroid gland, which indicated its hypofunction. Follicles
were emptied of colloid and its accumulation was inhibited. Hyperplasia of the thyroid gland was observed, which
led to an increase in its size. Rats that received melatonin in addition to HCD had significantly less structural thyroid
dysfunction. In addition, melatonin contributed to reducing the degree of obesity development, namely, it reduced
the weight of visceral fat and returned lipid metabolism indicators to control values. Conclusion. Administration of
melatonin to rats has a protective effect on the thyroid gland against the harmful effects of obesity. This may be of
practical interest when using melatonin as a prophylactic agent for disorders of the structure and function of the
thyroid gland caused by VO.
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The global increase in obesity among the popu-
lation has become a serious problem in health care.
Obesity can cause many diseases in the body, in-
cluding leading to thyroid pathology [1]. Studies
have shown that there may be a connection between
obesity and thyroid activity [2]. It has been studied
that hypothyroidism can cause the development of
obesity. And obesity, in turn, can lead to a decrease
in gland activity and further weight gain [3].

Obese people often have thyroid dysfunction.
With obesity, the hypothalamic-pituitary-thyroid
axis is activated, which leads to an increase in the
level of thyroid-stimulating hormone. At the same
time, the synthesis of thyroid hormones is at a low
level [4]. In addition, obesity is often associated
with insulin resistance, which can affect thyroid
function, preventing the penetration of thyroid
hormones into cells and the manifestation of their
metabolic effects. In conclusion, obesity is the main
risk factor for the development of thyroid dysfunc-
tion [5]. Therefore, the search and development of
new effective methods for preventing thyroid func-
tion disorders in obesity is an actual direction of re-
search. One of these methods can be the use of the
pineal gland hormone — melatonin.

It is known from the literature data that exoge-
nous melatonin supplements reduce weight gain and
visceral fat deposition in many animal models associ-
ated with HCD feeding [6]. It has also been studied
that melatonin plays an important role in glycemic
homeostasis, mitochondrial activity, increases the
activity of brown adipose tissue, and has antioxidant
and anti-inflammatory properties [7]. While other
works did not reveal a significant effect of melatonin
on the development of obesity [8]. Therefore, addi-
tional studies are needed for further clinical confir-
mation of the melatonin effect in this pathology. The
dose, time and duration of melatonin administration
should be considered as a treatment option among
the factors that determine its effectiveness.

Among scientists, there is no single point of view
regarding the influence of melatonin on thyroid ac-
tivity. Some researchers note the suppressive eftect of
melatonin on the thyroid gland [9], others — a stimu-
lating eftect [10], and some others deny any involve-
ment of melatonin in the gland functioning [11]. Also,
there is still no consensus on the possible role of
melatonin as an adjunctive drug for the treatment
of structural disorders of the thyroid gland in VO,
although it shows great potential in this aspect.
For a better understanding the mechanisms of me-
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latonin's effect on the state of the thyroid gland in
obesity, further researches are needed in this direc-
tion.

The aim of this work was to study the effect of
melatonin on the histomorphometric changes in
the thyroid gland of rats with VO and to evaluate
the possibility of its use as a prophylactic agent for
gland dysfunction in this pathology.

Material and methods

Experiment was conducted on 30 male Wistar
rats aged 3 months. VO in animals was modeled
by maintaining them on a HCD. 3 groups of rats
were formed: group I — control, group II — animals
that were on HCD, and group III — rats that were
on HCD for 8 weeks, and then for another 4 weeks
orally received melatonin (Unipharm Inc., USA) at
a dose of 5 mg/kg in addition to HCD.

Each rat of the control group received 20 g of
standard feed daily (66 kcal), which contained:
6% fat, 23% protein, and 55% carbohydrates (recipe
K120-1 «Rezon-1», Ukraine). Animals of this group
had free access to water. Experimental rats of the II
and I1T groups received HCD with a total daily cal-
orie content of 116 kcal per animal. The composition
of such a diet, in addition to standard mixed feed, in-
cluded pork lard, white breadcrumbs and sunflower
seeds (fats — 45%, proteins — 9% and carbohydrates
— 31%). In addition, experimental rats received a
10% fructose solution after a day instead of water,
which increased the caloric content to 140 kcal and
accelerated the development of VO [12].

Rats were removed from the experiment by de-
capitation under isoflurane anesthesia. All manip-
ulations with rats were carried out in accordance
with the principles of the Helsinki Declaration of
1975 and its revision of 1983, as well as in accord-
ance with the «Rules for the performance of work
using experimental animals» approved by the Min-
istry of Health of Ukraine. All protocols were also
approved by the Committee on Biomedical Ethics
of Animal Care and Use of the Bogomoletz Insti-
tute of Physiology of the NAS of Ukraine (protocol
No. 5 dated 31.11.19).

For histomorphometric studies of the thyroid
gland, samples of its tissue were taken from the cen-
tral part, from which histological preparations were
made according to the standard method [13]. The
samples were fixed in Bouin's liquid, dehydrated
in alcohols of increasing concentration and embed-
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ded in paraffin. Paraffin sections 6 um thick were
made on a sled microtome (MS-2, Reichert, Aus-
tria). Staining of the obtained sections was carried
out according to Van Gieson. Using a digital cam-
era, micropreparations were photographed on an
«Eclipse E100» microscope (Nikon, Japan). Mor-
phometry on digital images of micropreparations
was performed using the «ImageJ» program.

The cross-sectional area of follicles, colloid and
follicular epithelium, external and internal diame-
ters of follicles, the height of the follicular epithe-
lium on histological sections of the thyroid gland
were measured. The average number of thyrocytes
in the follicles was calculated. The follicular-colloid
index (the ratio of the area of the follicular epithe-
lium to the area of the colloid), the stereological re-
sorption index (4/h, where h is the average chord
length of the line segments falling on the colloid)
and the colloid accumulation index (the ratio of the
average internal diameter to twice the height of the
epithelium) were determined. Using the method of
superimposing point morphometric grids, the rela-
tive area of the connective and parenchymal tissue
of the gland was determined and the stromal-pa-
renchymal index was calculated (the ratio of the
relative area of the connective tissue to the relative
area of the parenchyma of the gland). The width of
interlobar, interlobular and interfollicular connec-
tive tissue layers was measured [ 14, 15].

The concentration of total lipids, triglycerides,
and cholesterol was determined in the blood serum
of rats by a colorimetric-enzymatic method using
standard sets of reagents («Filisit-Diagnostikas,
Ukraine) on a biochemical analyzer («Sinnowas,
China). The obtained data were processed by the
methods of variational statistics using the software
Statistica 6.0 for Windows («StatSoft», USA) and
Excel 2010 («Microsoft», USA). The normality of
the distribution of digital arrays was checked using
the Shapiro-Wilk W-test. One-way analysis of var-
iance was used to compare the samples. Differences
at p<0.05 were considered significant.

Results and discussion

The presence of VO in rats was determined
by the weight of visceral fat and by indicators of
lipid metabolism in the blood serum. In the rats
that received HCD for 12 weeks (group II), clear
signs of VO were observed. This was evidenced by
a significant greater weight of visceral fat by 133%

(Fig. 1). Serum lipid parameters were also signifi-
cantly increased, namely total lipids — by 50%, tri-
glycerides — by 76%, and cholesterol — by 28% com-
pared to controls. Rats that received melatonin in
addition to HCD (group III) had less pronounced
signs of VO. Thus, their visceral fat weight was 45%
higher (p<0.05), and the indicators of lipid metabo-
lism, in general, did not differ from the control values.
That is, the administration of exogenous melatonin
suppresses the development of VO in rats. Other au-
thors also noted that administration of melatonin to
the HCD can reduce the concentration of triglycer-
ides and cholesterol in the blood of animals [16].
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Fig. 1. Weight of visceral fat (A) and thyroid gland (B).

Note: | - control rats, Il - rats receiving HCD and Il - rats receiving HCD and
melatonin; *p<0.05 compared to the group I, ** p<0.05 compared to the
group Il; one way ANOVA followed by Bonferroni post hoc test, n=10 rats/

group.

At the end of the experiment, the rats of the
group II showed an increase in the weight of the thy-
roid gland by 133% (p<0.05) compared to the con-
trol, which indicates its hyperplasia. One of the main
reasons for the development of thyroid hyperplasia
is insuflicient synthesis of hormones and a decrease
in their concentration in the blood. This leads to ac-
tive stimulation of the gland, cell proliferation with
subsequent increase in its weight and size [17]. Oth-
er authors also noted the increase in thyroid volume
during obesity, associating it with an increase in the
number of gland nodes [18]. In another study, after
a 6-month stay of rats on the HCD, an increase in
the size of the thyroid gland, an increase in the con-
centration of triglycerides in it, and a decrease in the
concentration of thyroxine in the blood serum were
found. In addition, the thyroid gland of these rats
decreased the concentration of proteins associated
with hormone synthesis [19]. Thyroid weight in an-
imals of the group III did not differ from the control

(Fig. 1).
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Fig. 2. Photomicrograph of a thyroid section of a control animal (A), after exposure to a HCD (B) and a rat that received a HCD and
melatonin (C). Van Gieson's stain x400.

Note. 1 —follicle; 2 — colloid; 3 — interlobular connective tissue; 4 — interfollicular connective tissue.

It was found that the thyroid gland of rats, which
were on the HCD, preserved the lobular structure.
The follicles were mostly small in size. Intensive pro-
cesses of colloid resorption and reduction of its area
were observed. This indicates inhibition of colloid
accumulation, depletion of the gland and its hypo-
function. Thyrocytes were mostly prismatic, rarely
cubic in shape. An increase in the number of inter-
follicular islands (aggregation of thyrocytes without
colloid) was detected. This may be related to com-
pensatory mechanisms of the gland (in connection

Table. Histomorphometric parameters of the thyroid gland (M+m, n=10)

with its insufficient hormonal secretion), which are
manifested by hyperplasia of thyrocytes (Fig. 2).

Histomorphometric analysis of the thyroid gland
in group II of rats revealed a significantly smaller
area of follicles, colloid, and follicular epithelium by
36, 57, and 24%, respectively, than in controls. The
external and internal diameters of follicles in these
rats were smaller by 23 and 39% (p<0.05), respec-
tively. The number of thyrocytes lining the follicle
wall was also 13% less than in the control (p<0.05)
(Table).

Parameters Control HCD HCD+Melatonin
The relative area of parenchyma, % 779418 76.2+1.3 76.3+£1.6
Area, um*:

follicle 259076 1650£41* 2389+55A
colloid 940+46 400+20* 701£26*A
follicular epithelium 1650+70 1250+49* 1688+36N
Follicle diameter, um:

external 52.2+1.0 40.1£1.0% 50.5+1.510
interior 30.7%1.3 18.7+£1.5% 26.3£1.0n
The height of thyrocytes, pm 10.8+0.3 10.7+0.8 121404
The number of thyrocytes in the follicle, pcs 21.5+0.7 18.8+0.5% 21.6+0.3
The relative area of stroma, % 221411 23.8+1.0 23.7+18
Stromal-parenchymal index 0.28+0.02 0.31+0.03 0.31+0.01
The width of the interlayers of the connective tissue, um:

interlobar 221+15 23.3+1.0 20.8+1.2
interlobular 8.1+£0.3 13.0£1.2% 8.3+£0.3A
interfollicular 1.45+0.09 1.52+0.07 1.38+0.06

Note. * — P<0.05 significant difference compared to the control, N — P<0.05 significant difference compared to the rats received HCD.
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Other authors found that the follicles in the thy-
roid gland of rats that were on the HCD were mostly
large in size with excessive accumulation of colloid.
The height of thyrocytes decreased, the cell cyto-
plasm was vacuolated and had a broken membrane
[20]. The discrepancy in the obtained data may be
related to different conditions of the experiments.

Rats that received melatonin in addition to HCD
had smaller thyroid structural changes compared
to animals in the group IL. In the thyroid gland of
these rats, the area of follicles, colloid, and follicular
epithelium was found to be 45, 75, and 35% larger,
respectively, than in animals of the group II. The ex-
ternal and internal diameter of the follicles in rats of
the group III were larger than those of the group 11
by 26 and 41% (p<0.05), respectively (Table, Fig. 2).

Follicular-colloid index, stereological resorp-
tion index and colloid accumulation index were in-
dicators that characterize the dynamics of colloid
accumulation and removal. It was found that the
follicular-colloid index and the stereological re-
sorption index were significantly higher by 78 and
65%, respectively, in the rats that were placed on the
HCD, compared to the control. The index of colloid
accumulation, on the contrary, was lower by 39%
(p<0.05). Changes in these parameters indicate the
emptying of follicles from colloid and inhibition of
its accumulation. In the thyroid gland of rats that
received melatonin in addition to HCD, these indi-
cators underwent less intense changes. Thus, the fol-
licular-colloid index and the stereological resorption
index were 23 and 29% lower (p<0.05), respectively,
and the colloid accumulation index, on the contra-
ry, was 23% (p<0.05) higher than in animals of the
group II (Fig. 3).

* 1.6

In the rats that were on the HCD, a tendency
towards an increase in the amount of connective
tissue in the gland was revealed. And the width of
interlobular connective tissue layers was significant
by 60% larger compared to the control. This is also
a sign of gland hypofunction. In the thyroid gland of
rats treated with melatonin, the width of the inter-
lobular connective tissue did not differ from that of
the control and was smaller than that of the group 11
by 36% (p<0.05). Other morphometric parameters
of the connective tissue were close to the control val-
ues (Table).

It is known from the literature data that exces-
sive obesity can lead to an increase in the interfolli-
cular fat depot or steatosis in the thyroid follicular
cells. Thus, steatosis and ultrastructural changes,
including stretching of the endoplasmic reticulum
and mitochondrial disorders in follicular cells of the
thyroid gland, were constantly observed in mice
with VO [21].

There are many works devoted to the influence
of melatonin on the state of the thyroid gland. How-
ever, the results obtained by different authors are
ambiguous and often opposite. In the majority of
studies based on numerous experiments with direct
administration of melatonin into the body, its sup-
pressive effect on the functional activity of the thy-
roid gland has been shown [9]. Some authors give
melatonin the role of a stimulating factor in the thy-
roid gland. Thus, Gevorgyan A.R. et al. found that
injections of melatonin (for 10 days) at a dose of 0.05
mg/kg and 0.5 mg/kg (to a greater extent) led to
the stimulation of thyroid hormone secretion in old
rats [10]. The antitumor properties of melatonin in
the thyroid gland were also revealed [22]. Other re-
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Fig. 3. Follicular-colloid index (A), stereological resorption index (B) and colloid accumulation index (C).

Note: | — control rats, Il - rats receiving HCD and Ill - rats receiving HCD and melatonin; *p<0.05 compared to the group I, ** p<0.05
compared to the group II; one way ANOVA followed by Bonferroni post hoc test, n=10 rats/group.
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searchers did not note the effect of melatonin in the
regulation of thyroid function [11].

Previously, we conducted experiments to investi-
gate the effect of melatonin on the state of the thy-
roid gland in rats fed a standard diet. According to
most of the obtained histomorphometric indicators,
it was established that the 28th daily administration
of melatonin (5 mg/kg) reduced the functional ac-
tivity and physiological regeneration of the thyroid
gland [15].

Therefore, the ambiguity of the literature data re-
garding the influence of obesity or melatonin on the
structure and function of the thyroid gland may be
related to: the use of different models of the thyroid
gland, the degree of obesity, different dosages and
duration of melatonin administration, age and sex of
animals, etc. In our opinion the effect of melatonin
on the structural state of the thyroid gland with VO
is generally poorly studied. Therefore, the study of
the role and mechanisms of melatonin's effect on the
thyroid gland in obesity and the possibility of using
it for preventive purposes in this pathology remains
a relevant area of research.

Conclusions

In rats that received HCD for 12 weeks, clear
signs of VO and histomorphometric changes in the
thyroid gland, which indicated its hypofunction
were observed.

Rats that received melatonin (5 mg/kg) in ad-
dition to HCD had significantly less thyroid struc-
tural disorders compared to animals that were only
on HCD. Thus, administration of melatonin to rats
has a protective effect on the thyroid gland against
the harmful effects of obesity. In addition, melatonin
contributes to reduce the degree of obesity, namely,
it reduces the weight of visceral fat and returns indi-
cators of lipid metabolism to control values.

The obtained data may be of practical interest
when using melatonin as a prophylactic agent for dis-
orders of the thyroid gland function caused by VO.
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MenaToHiH 3HUHYE CTPYKTYPHI poanaan wwmutonofibHoi
3031 B LLYPIB 3 iHAYKOBAHUM BiCLIEPaNbHIM OKNPIHHAM

P.B. lnko', T.I. LLlep6ariok?, L.I. JlitoBKa'

HcTuTyT disionorii im. O.0. Boromonbla HauioHanbHoT akagemii Hayk
YKpaiHu

2KMIBCbKMI HaLiOHANBHWUIA YHIBEPCUTET TEXHONOTIN Ta AV3aiHy

Pestome. BicLiepanbHe oxmpiHHA (BO) Moxe BUKMKaTK 6e3id 3aXxBopto-
BaHb B OpraHi3mi, 30kpema npu3BOAUTY A0 NaTonorii WuTonomgioHoT 3a-
nosu (LL3). Tomy, nowyk Ta po3pobka HOBUX edeKTVBHMX MeToais Npodi-
NAKTUKK nopyweHb QyHKUIT L3 npu OXUPIHHI € aKTyanbHUM HaNPAMKOM
pocnipkeHs. OaHUM i3 Takrx MeTogiB Moxe ByTI BUKOPUCTaHHA FOPMOHY
WMWKONOAIOHOT 3311031 — MenaToHiHy. MeTa — focnianTi BNave mMenato-
HiHy Ha ricToMopdomeTpryHi 3miHu L3 wwypis i3 BO Ta ouiHWTK MOXAK-
BiCTb Or0 BUKOPUCTAHHA AK NPOGINaKTUUHOrO 3acoby Npuy NopyLleHHAX
GYHKUIT 331031 Npw bt natonorii. MaTepian i meToaw. [1na ekcnepumen-
Ty Byno Bigibparo 30 wwypis camuis niHii Wistar y iui 3 mic. BO'y TBapuH Mo-
AenioBanu WAAXOM X YTPUMaHHA Ha BUCOKOKanopiliHoMy paLioHi (BKP).
Byno coopmosaro 3 rpyni Wwypis: rpyna | — koHTponb, rpyna |l — TBapuHy,
AKi 3Haxoannuca Ha BKP npotarom 12 TuxHis, i rpyna il — wypw, Aki 8 k-
HiB 3Haxoamnca Ha BKP, a noTim we 4 TvxHi, Ha JOAaTOK A0 UbOro pa-
LioHy, nepopanbHo otpumysanu menatoHid (Unipharm Inc., CLUA) y go3i
5 Mr/kr. 3 TkaHnHy L3 BuroTosnanw rictonoriuni npenapat. lictomopdo-
METPIto 3AIMCHI0BaNM 33 AOMOMOr0I0 KOMM'toTePHOT Nporpamu «Imagel». Y
CUPOBATL KPOBI BM3Hauanu KOHLEHTPALio 3aranbHuX Niniais, Tpurnile-
pUAIB Ta xonectepuHy. Pesynbratu. Y wypis, Aki bynu Ha BKP, cnoctepira-
11 ABHI 03HakK BO: BiporigHO 3poc/a Maca BiCLepanbHOro XMpy Ta KOH-
LeHTPaLlis NOKa3HMKIB niniaHoro 0bmiHy. Y L3 BuABMAN CTRYKTYPHI 3MiHK,
AKi CBILUMNM Npo 1i rinodyHKuito. Binbysanock cnycTouieHHa dponikynis Big
KONOifly Ta NPUrHIYeHHA Moro HakonuueHHA. CnocTtepirany rinepnnasito
L3, wo npw3soamna fo 36inbuieHHs i po3mipis. LLypu, ki Ha foaaTok 1o
BKP otprmMyBany MenaToHiH, Manu 3Ha4HO MeHLLi CTPYKTYPHI po3naaw LL3.
Kpim TOro, MenaToHiH CNpuAB 3MEHLLEHHIO CTYNeHA PO3BUTKY OXMPIHHA,
a Came 3HVKYBaB Macy BICLePanbHOro XMpy Ta NOBEPTaB NOKa3HUKK N1i-
MiAHOrO 0OMiHY 10 KOHTPOMbHYX 3HauYeHb. BUCHOBOK. BBeaeHHA Liypam
MENaTOHIHY Ma€ 3axucHuit epekT Ha L3 Big 3rybHOro BNAMBY OXKUPIHHA.
Lle MOXe CTaHOBUTY NPAKTUYHWIA IHTEPEC NPU BUKOPUCTaHHI MENATOHIHY

AK NPOdINAKTYHOrO 3aco0y MPU NOPYLUEHHAX CTPYKTYpK Ta GyHKLUT L3,
BMKMKaHWx BO.
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