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Variable Beige Adipocyte Morphology in Obese Rats
by Different Times of Melatonin Administration

Variacion de la Morfologia del Adipocito Beige en Ratas Obesas
Segun los Diferentes Tiempos de Administracion de Melatonina
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SUMMARY: This study aimed to evaluate changes in beige adipocytes at different times of melatonin administration, in the
morning (ZTO01) or in the evening (ZT11), at 30 mg/kg daily by gavage for 7 weeks or continuously with drinking wateriim ¢fie ter
high-calorie diet-induced obesity (HCD). Melatonin received at ZT11 or with drinking water resulted in an increased dreanofitige
zone in the subcutaneous white adipose tissue (SWAT), even in rats with HCD (compared with Control or HCD, respectivagg. The b
adipocyte and lipid droplet area after melatonin use were reduced compared to those with HCD and Control, in all adnmrddeation
(group ZT01 showed smaller changes compared to ZT11 or with drinking water groups). The fibrosis level decreased anitlysignifican
differed in HCD ZT01, HCD ZT11, and HCD water compared to that in HCD; moreover, the lowest value determined in HCD water,
reached the control parameters. Furthermore, the IL-1b and IL-8 level was decreased in the HCD groups under melatonat treatment
ZT11 or with drinking water compared to thatin HCD. The obtained results suggest that melatonin promotes SWAT browniritdpin rats
diet-induced obesity and influences morphological signs of normal rats depending on the time of administration. Difféosa funct
activity of beige adipocytes was observed after melatonin was used depending on the time of administration, resultiraglirctieat p
and lipolysis (the relative mass of visceral fat was likewise diminished). More rapid browning was observed when melatanin trea
was performed at 1 h before lights-off (ZT11) or continuously via drinking water. Melatonin acted on beige adipocytesrafsobese
through changing some parameters such as the area of adipocytes and lipid drops, the number of lipid drops, the retatimengrea b
of SWAT, and the level of tissue fibrosis.
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INTRODUCTION

Melatonin is the hormone of the pineal gland, whickadipocytes: first, they are not a typical point in development;
has beneficial effects on the immune system, adipose tissard second, they are derived from Myf5-negative progenitors
and other tissues during metabolic diseaseéXal, 2017). (Wu et al, 2013). Beige adipocytes can differentiate from
However, melatonin can induce the appearance of beigesodermal stem cells, precursors of smooth muscles (along
adipocytes that are the potential target for obesity treatmenith white adipocytes) or by transdifferentiation from mature
through the dissipation of extra lipid for heat productiomvhite adipocytes (this process is called browning of white
(McMillan & White, 2015). These adipocytes appear in whitadipose tissue [WAT]) (Merliet al, 2016). The appearance
adipose tissue, but are similar to brown adipocytes of beige adipocytes can be stimulated in several ways:
morphology and function, as they contain manyctivation of the central nervous system by sympathetic
mitochondria, store lipids in the form of several dropletodulation signals in WAT; effect of immune cells; or by
inclusions (in contrast to white adipocytes, which depositetirect action on white adipocytes and their precursors (Harms
lipids in one large drop), express uncoupling protein & Seale, 2013). The sympathetic nervous system carries out
(UCP1) and provide heat production. However, beigiés modulation through the action of norepinephrine.
adipocytes also have distinctive features from browHowever, systemic introduction of norepinephrine as a
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therapeutic agent in the body has many side effects includieATERIAL AND METHOD
activation of the cardiovascular system. A promising
candidate for direct activation of beige adipocytes is
melatonin as its receptors have been found on whifmimals and experimental design.Experiments were
adipocytes (Dubocovich & Markowska, 2005). In additioncarried out on 80 albino non-linear male rats with an initial
long-term administration of melatonin in doses higher thamody mass of 1H10 g. Animals were kept under standard
the physiological level, has no significant side effects imivarium conditions with controlled temperature and with
humans (Grigg-Damberger & lanakieva, 2017). ad libitum access to food and water. Artificial illumination,
12/12 h was used; light was switched on at 7.00 (ZT00) and
In vitro studies have shown that beige adipocytes hagsvitched off at 19.00 (ZT12).
almost the same thermogenic potential as brown adipocytes
due to UCP1-expression (Ikedgal, 2018). Expression of All experiments on animals were performed in
UCP1 is important for obesity therapy, and because in thempliance with the international principles of the European
absence of UCP1l-mediated diet-induced thermogenednvention for the Protection of Vertebrate Animals used for
obesity is augmented even in the obesity-resistant 128Xperimental and Other Scientific Purposes (Strasbourg,
mouse strain (Luijteet al, 2019). 1986), Directive 2010/63/EU of the European Parliament and
of the Council of 22 September 2010 on the protection of
Convincing evidence from animal models indicateanimals used for scientific purposes, Article 26 of the Law of
that enhancement of the function of brown adipocytes, béikraine "On the Protection of Animals from Cruelty" (No.
ge adipocytes, or both of these types of cells may be effect®@47-1V, dated February 21, 2006), as well as all norms of
in the treatment of type 2 diabetes and obesity (Kaisanlahtoethics, biological safety, and the general ethical principles
& Glumoff, 2019). In addition, there is now a large varietyf experiments on animals adopted by the First National
of factors and pathways that can potentially be aimed @bngress of Ukraine on Bioethics (September, 2001).
increasing these therapeutic effects. Many thermogenic
inducers such as irisin, Bmp8b, orexin, natriuretic peptide, For the first week, all rats had ad libitum access to
and melatonin have been identified as having an effect standardized food “Purina rodent chow” and water. On the
the physiology of brown and beige fat (McMillan & White).8th day, animals were randomly divided into two groups
(24 animals in each groups). Rats of the first group were fed
Obesity development is characterized by low-gradeith a standard ration (3.81 kcal/g), whereas those of the
inflammation, immune cell migration in WAT, second group received a high-calorie diet (HCD) (5.35 kcal/
proinflammatory cytokine production, and fibrosis (Ellulug). The high-calorie chow included 60 % standard food
et al, 2017). Subcutaneous white adipose tissue (SWAEpmposition, 10 % pork fat, 10 % hen eggs, 9 % sucrose, 5
contributes via production of adipokines and cytokines & peanut, 5 % dry milk, and 1 % vegetable oil. To confirm
both inflammation and insulin resistance in metabolithe development of obesity the animals were weighed one
syndrome and hence is a co-conspirator with thtame a week until the average body gain reached a significant
macrophages contributing to both these processes (Jialatifference of at least 30 % between the two groups. After
Devaraj, 2018). Fibrosis of WAT is associated with adipocythat, each group was divided into four subgroups (6 animals
hypertrophy, hypoxia, and lack of angiogenesis (&aé, in each subgroup): 1) rats without treatment (Control and
2016). Moreover, beige adipocyte biogenesis is inverseCD group), 2) rats that continuously consumed melatonin
correlated with the development of adipose tissue fibrosis drinking water (M water and HCD water group), 3) rats
in SWAT (Hasegawat al, 2018). administered melatonin by gavage in the morning ZTO01 (1
h after light-on) (M ZT01 and HCD ZT01) and 4) rats
One of the topical issues in chronopharmacology &dministered melatonin by gavage in the evening ZT11 (1 h
the choice of an effective time of drug administration tbefore light-off) (M ZT11 and HCD ZT11) (Fig. 1).
increase useful effects and reduce side effects (McKenna
al., 2018). An additional interesting issue is the varying Melatonin (Alcon Biosciences, USA) was
sensitivity of organisms to melatonin over the course of tredministered each day at the dose of 30 mg/kg during 7
day, as manifested by the differences in specific membraneeks. For groups M water and HCD water, the necessary
and nuclear receptor expression in cells (Barteealk 1993). melatonin dose was diluted in 20-30 ml of drinking water
Therefore, the aim of this study was to evaluate the morphologgcording to the calculation of the daily mean value of
and functional status of beige adipocytes from subcutaneaiisnking water consumption volume per animal. Water
WAT at different times of melatonin administration under théottles were covered with aluminum foil to protect from light.
development of high-calorie digtduced obesity. For groups M ZT01, HCD ZT01, M ZT11, and HCD ZT11,
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lights-on lights-off Histochemigal a_nalysis_of_ tiss_ue

ZT00 ZT12 collagen content (fibrosis level) in inguinal

Control, HCD I white adipose tissue. Detection of collagen
fibers was carried out using histochemical Van

‘ 4 Gieson trichrome staining with addition of

IR ghis-cAt hematoxylin to visualize nuclei (Misheaal,
l 2015). For quantitative determination of tissue
: collagen content microphotographs were
. Melatonin administration : . . . .
Morning obtained using an objective with 4¥

M ZT01, HCD ZT01

o s iohteof magnification; for each subsequent
ights-on Ignts-o i i i
2700 7T12 mlcrophotqgraphy, fth_e field of view was mo-
M ZT11. HCD ZT11 | My ved to the right, retaining 20 % of the previous
» field until the entire cut was taken. To create
Evening elatonin administration ) o
s one large composite panoramic image, the
cross-linking software Adobe Photoshop CS6
lights-on lights-off (Adobe Systems, USA) was used. From each
Z100 Z112 image, the area of the red-stained region (red
M water, HCD water | _ ;
- collagen fibers) was calculated and
Continuously with drinking water  Melatonin administration expressed as a percentage of the total area

Fig. 1. Scheme of melatonin administration to experimental groups. (Spenceet al, 2011).

the melatonin dose (30 mg/kg) was diluted in 2.0 ml water Subsequent research was performed using a light
and was administrated by gavage in accordance with timcroscope Olympus BX41 (Japan). Microphotographs were
time of the day (ZTO1 or ZT11). Melatonin was dissolve@btained using the Olympus DP20 (Japan) digital camera
in a minimum volume of absolute ethanol and diluted iand the QuickPHOTO MICRO software (Promicra, Czech
drinking water with a final concentration of 0.066 % (w/v)Republic). The cross-sectional area of beige adipocytes,
ethanol. relative area of browning iWAT, the number of lipid droplets
per cell, and tissue fibrosis (the area occupied by collagen
Food and water consumption were measured daily at tfieers) were measured using ImageJ software (National
same time (09:00 to 10:00 h) and body weights welastitutes of Health, USA).
determined once a week. Body weight gain, relative daily
food (kcal/day/g body weight) and relative daily water Biochemical analysis of serum IL-1b and IL-8
consumption (ml/day/g body weight) was determined farytokine levels by enzyme-linked immunosorbent assay
each rat. (ELISA) were performed. ELISA was performed in
microplates with sorption capability according to the gene-
Macroscopic analysis.On the last day of the experiment,ral procedure for soluble proteins. The antigen, pre-diluted
animals were decapitated, and their blood was collected for0.1 M NaHCOS3 buffer, pH 9.6, to a concentration of 10
subsequent biochemical analysis; subcutaneous posterayg / ml, was incubated in 96-well plates &tCifor 12 h.
WAT (inguinal, gluteal, and dorsolumbal regions) andRemoval of the unbinding antigen was carried out by three-
visceral WAT (epididymal, retroperitoneal, perirenal fat pad$pld washing with a buffer for immobilization. Incubation
were dissected and immediately weighed. sSWAT was alsas carried out in PBS pH 7.4. Non-specific binding sites
photographed for determining the relative area of browningere blocked by incubating with 5 % skimmed milk powder
SWAT. for 60 minutes in a thermostat at 37, followed by three-
fold washing with PBS containing 0.1 % tween-20. Then,
Histological examination was performed toprimary IL-1b rabbit antibody (Santa Cruz Biotechnology)
characterize the morphology and functional status of beigé_-8 rabbit antibody (Abcam) was added and incubated at
adipocytes from sSWAT. Fragments of SWAT in the size of 37 °C for 1 h. At the end of the incubation, the microplate
¥ 1 cm were fixed in 4 % paraformaldehyde in 0.1 Mvells were washed and treated with appropriate anti-rabbit
phosphate buffer for 72 h, after which they were dehydratgoat antibodies (Santa Cruz Biotechnology), conjugated to
and embedded into paraffin according to a standatwbrseradish peroxidase and incubated &C3for 1 h. The
procedure. From the paraffin blockspb sections were wells were again washed three times with 0.1 % tween-20
prepared and were stained with hematoxylin and eosin. working buffer and incubated with the enzyme substrate for
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colorimetric analysis (1 mg/ml tetramethylbenzidine (TMBYone. In groups with obesity and melatonin introduction,
in 50 mM phosphate citrate buffer pH 5.0 from 0.013 %ve estimated inverse observations related to the two sites of
H.,0,, respectively) for 1 h at 3T. Optical absorbance was browning; in HCD ZT11 or HCD water, they manifested as
measured at 492 nm wavelength on a microplate readéark and precise zones (compared with HCD). Morphometric
mQuantTM (BioTek Instruments, Inc., USA). The cytokineexamination showed (Fig. 3) that in the HCD groups, the
quantity was expressed as conditional units in the calculatioglative area of browning iWAT was decreased compared to
to the total protein content in the serum. The cytokine leviiat in the control by 68 %. HCD ZTO1 displayed a
was expressed in percentages compared to the control vaignificant reduction by 60 % compared to the control
that was taken as 100 %. without a statistically significant difference. In group HCD
ZT11, the value for the relative area of browning IWAT
Statistical analysis of the obtained results washowed an intermediate level, significantly different from
conducted using Statistica 6.0 (StatSoft, USA) software. Thige control which was 20 % smaller, and in HCD higher by
normality of data distribution was determined by the Shapirabout 2.5-fold. In HCD water, the relative area of browning
Wilk criterion. To assess the validity of the revealed changa®yAT reached the control level and differed from HCD by
parametric (Student t-test for two-samples) and nombout 3-fold. Similar effects of melatonin for induction of
parametric (Mann-Whitney U-test for the independertrowning in iWAT were observed in Zucker diabetic fatty
groups) methods of variation statistics were used withrats, which are a genetically modified rat strain, after
posteriori Bonferroni test, the difference was consideradelatonin treatment (10 mg/kg every day) in drinking water
significant at p < 0.05. The obtained results are presented disnénez-Arandat al, 2013). However, the data about the
M = SEM (meart standard error of mean). impact of melatonin on iWAT in animals with diet-induced
obesity (alimentary) or without it are absent. The group with
standard diet and melatonin administration (excluding M
RESULTS AND DISCUSSION ZT01) also showed changes in the relative area of browning
IWAT: their value increased by 55 % and by 64 % in M
ZT11 and M water, respectively.
At the first stage, we conducted macroscopic analysis
of subcutaneous posterior white adipose tissue (Fig. 2). In Histological observation suggested that the selected
the control group, browning regions appeared in 2 siteszene of iIWAT contains beige adipocytes, as they have a
inguinal and gluteal. After melatonin administration in groupglistinguished morphology from white adipocytes (Fig. 4)
M ZTO01 or M ZT11, two browning zones remained anénd resemble brown adipocytes as polygonal cells with a
became visible, which were even darker than those in theund central-located nucleus, and many separate lipid
control, while in group M water, two browning areadroplets and mitochondria in the cytoplasm. White
expanded and connected into one dark-brown site. Duriadipocytes, unlike beige and brown adipocytes, have a
obesity development, the browning region was localizezharacteristic spherical cell shape with a flattened peripheral-
mainly in gluteal sites with a weak mark from the inguindiocated nucleus, because almost all the space of the
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Relative area of browning iWAT cytoplasm is occupied by one large lipid droplet. Under
40 * obesity development (HCD group) beige adipocytes
3 B3 have a negligible presence in iWAT and change their

morphology—Ilooking like white adipocytes with a few
lipid droplets, a peripheral-located nucleus, and a
S # bigger size of cells than that in beige adipocytes. After
#2 melatonin use in the group with HCD (HCD ZT01,

%
N
8

B Fig. 3. Results of morphometric analysis for the relative area
19 * of browning sSWAT. Data are presented as the BEM;

* - p < 0.05 compared with the control value,

#-p < 0.05 compared HCD with the groups HCD ZT01, HCD
Control  MZTO1  MZT11  Mwater  HCD  HCDZTO1 HCDZT11 HCD water ZT11, and HCD water.
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HCD ZT11, and HCD water), the frequency of beigd0 % and was equal to that in the groups M ZT01, M ZT11,
adipocytes was higher than that in HCD and thegnd M water, stimulated only by melatonin without diet-
demonstrated a classical brown adipocyte morphology, btgnsumption. Reduction of the lipid droplets areain M ZT01,
inthe HCD ZT01, HCD ZT11, and HCD water groups, thei ZT11, and M water was accompanied by a decrease in
showed different manifestation of shape details. Further, ine beige adipocytes area and an increase in the lipid droplets
M ZT01, M ZT11, and M water groups without obesity, theaumber compared to the control by 8 %, 17 %, 24 %, and by
frequency of beige adipocytes in the microscopic field &5 %, 67 %, respectively (in M water the lipid droplets
view was large than that in the control group. number was increased 2-fold). A similar change in the growth
of lipid droplets number in each cell was observed in HCD
This observation is confirmed by the morphometri@zT01, HCD ZT11, and HCD water compared to thatin HCD
analysis of cells and the lipid droplets area, as well as tamount by 67 %, 2.8-fold (have reached control level), and
number of lipid droplets in each cell (Fig. 5). During obesityd.5-fold (more than control by 17 %), respectively. This shift
the area of beige adipocytes increases by 54 % and the anelbeige adipocyte morphology after melatonin use can be
of lipid droplets increases by 2.3-fold, whereas the numbassociated with an increased functional activity of
of lipid droplets decreases by 3-fold compared with that ithermogenesis, mitochondrial biogenesis, and lipolysis, as
the control group. These changes suggest reduction shiown in vivo (Liuet al, 2019) and in vitro (Katet al,
thermogenic function and use of lipids mainly for depositior2015) in previous studies.
as also occurs in brown adipose tissue under diet-induced
obesity when obese mice showed more unilocular adipocytes  Histochemical examination of SWAT tissue collagen
compared to the more multilocular adipocytes present gontent (Fig. 6). In the control group, collagen fibers were
mice on a normal diet due to the increase in free fatty aaibstly located in the interlobular septum, whereas in the
levels (Alcalaet al, 2017). Melatonin is induced in theHCD group, they were additionally observed around
groups with HCD (HCD ZTO01, HCD ZT11, HCD water) hypertrophied white adipocytes, which provides the rigidity
compared to that in the HCD group resulting in a significamf adipose tissue parenchyma during obesity. After melatonin
decline of beige adipocytes and in the lipid droplets arease in the HCD ZT01, HCD ZT11, and HCD water groups,
even to the control values: the area of beige adipocytesan evident reduction in collagen fiber deposition was
the group HCD water and the area of lipid droplets in th@bserved in the septum, as well as around adipocytes. In M
HCD ZT11 group. Moreover, in HCD water the area of lipidvater, M ZT01, and M ZT11 groups, no significant changes
droplets was decreased compared to that in the controlihythe deposition of collagen fibers were noted. In the HCD

Cross-section area of beige adipocyte

80 *
*
# o, "
60
#

o * *
E 40
2

o Cross-sectional area of lipid droplets in beige

adipocytes
° Control M ZTO01 MZTI1 M water HCD HCD ZT01 HCD ZT11 HCD water 7 *

pm2

Control M ZTO1  MZT11 M water HCD  HCD ZT01 HCD ZT11 HCD water

“ Fig. 5. Results of morphometric analysis for beige

= w * adipocytes from rats’ iWAT: cross-section area, number
5 " *# of lipid droplets and cross-sectional area of lipid
z droplets. Data are presented as the BEM;

g . o * - p< 0.05 compared with control value,

# -p < 0.05 compared HCD with the groups HCD
ZT01, HCD ZT11, and HCD water.

Control  M2ZT01T  MZTI1 M water HCD  HCD ZT01 HCD ZT11 HCD water
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deposition of collagen fibers was
reduced: compared to HCD in
HCD water the level of fibrosis

was less than 3 times, in HCD
ZT11 it was -2.4 times, and in
HCD ZTO01, it was -2 times.

Melatonin administration to rats
with a standard diet did not affect
the development of sSWAT

fibrosis and the increased
amount of collagen fibers.

Control

Biochemical study of the
plasma proinflammatory cytokine
levels demonstrated increased
levels of IL-1b and IL-8 by 22 %
and 34 %, respectively in the
HCD group compared to the con-
trol (Fig. 7). Morning melatonin
administration did not influence
the levels of IL-1b and IL-8 in rats
with obesity (HCD ZT01 group)
compared to those in the HCD
group, and they increased by 14
% and 19 % compared to the con-
trol. In the groups HCD ZT11 and
HCD water, decreases in the level
of IL-1b at 19 % and 28 %, and
in IL-8 at 26 % and 35 %, were
respectively observed compared
to the HCD group. InM ZT01, M
ZT11, and M water, melatonin
administration did not change the
IL-1b and IL-8 levels. IL-1b is
reported to attenuate b3-
adrenoreceptor-induced beige
adipocyte formation via oxidative
stress and mitochondrial
dysfunction (Oklaet al, 2018).
Thus, reduction of IL-1b due to
melatonin is an additional
stimulation mechanism for bei-
ge adipocytes appearance.

o ' o N o ) General data about
Fig. 6. Microphotographs of histochemical staining to detect collagen content of Wéﬁjht change (Table I). Weight

gain rates during the last 6 weeks
of the experiment demonstrate a

significant difference between
group, the relative area of collagen fibers (Fig. 7) watke control and HCD group, with a 2-times increase in HCD,

increased by 3.5-fold compared to the control group, whickhereas after melatonin administration, it was intermediate
can be predicted as tissue fibrosis development. In the grad@D ZT01 and did not differ from the Control / HCD groups.
with melatonin treatment and HCD, the synthesis andowever, with administration of melatonin in the evening,
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Tissue collagen content in inguinal WAT (fibrosis) The relative mass of sWAT in HCD was
* i increased by 44 % compared to that in the control. In
HCD ZT01, HCD ZT11, and HCD water groups, the
relative mass of sWAT did not significantly differ
from HCD/control group, but a tendency to decrease
was observed. Only inthe M ZTO1 group, a difference
was observed compared to the control by a 14 %
decrease.

Relative visceral fat weight in HCD increased
by 65 % compared to the control. HCD ZTO01 usually
showed an intermediate level: more than the control
by 18.5 %, and less than HCD by 28 %. HCD ZT11
i and HCD water showed similar results: they did not

m IL-1B Plasma cytokine level X ) L

o Os b differ from the control, but show a significant

« 1 difference compared to HCD by 38.5 %. We observed
AE a significant difference in the relative visceral fat
weight in M ZT01, M ZT11, and M water by 48 %,

® 7 47 % and 40 %, respectively. This can be associated
with activation of thermogenesis via brown and bei-
® ge adipocytes (Kalmukova & Dzerzh?nsky, 2018).

Area stained for collagen in relation to the microscope field,
Yo
=

CBRELC

Control M ZT01 Mzt M water HCD HCD ZT01 HCD ZT11 HCD water

Control  MZT01  MZTM  Mwater ~ HCD  HCDZTO1 HCDZT11 HCD water The obtained results suggest that melatonin

Fig. 7. Results of morphometric analysis for tissue collagen conteffOMotes SWAT browning in rats with diet-induced

in SWAT (fibrosis): area stained for collagen in relation to theobesity and influences beige_adipocyte morphology
microscope field, %; and biochemical data of serum IL-1b and” the SWAT (?f norma! rats.Adlfference was qbserved
IL-8 cytokines levels. Data are presented as tHeSEM; * - p < in the activation of beige adipocytes function in SWAT
0.05 compared with control value, # < 0.05 compared HCD when melatonin treatment was performed 1 h after

continuously via drinking water. However, according

) ) ~ to the general score analysis in the difference between
HCD ZT11 showed a decreased weight gain rate by 2 timggy|atonin administration modes (Table I1), the best efficacy

(compared with HCD) and reached the control value, simMjzas observed with continuous administration through
lar to the HCD water group (showed a decrease of 2.5 timggnking water, followed by evening administration at 1 h
compared to HCD). Animals that received a standard digkfore light-off, and finally, morning administration after 1
and melatonin (M ZT01, M ZT11, M water) did not show, |ight-on. Partially similar results were obtained in Sprague
changes in their weight gain rate in case of different mOdB%lwIey rats with HCD (Prunet-Marcasstsal, 2003), but

of administration. Similar results were observed aftgfe|atonin (30 mg/kg) was administrated at ZT04 and ZT11
melatonin treatment in drinking water (10 mg/kg) in hightor 3 weeks by gavage; melatonin administration at ZT04
fat fed Wistar rats (Rios-Luget al, 2010), where moming spowed no effect on some metabolic (glucose and
(between 6:00 and 7:00) intraperitoneal administration akgg|ycerides) and hormonal (insulin and leptin) parameters.
dose of 1 mg/kg in did not contribute to decreasing the WEIqt]bwever, in our study, morning melatonin treatment ZT01

gain rate (Kitagawat al, 2012). for 7 weeks showed a significant difference compared to
Table I. Baseline information about changing body weight parameters.
Par ameter Control M ZT01 M ZT11 M water HCD HCD ZT0L HCD ZT11 HCD water
Weight gainrate (%) 7.7+1.86  9.1+265 7 +257 85 +2.67 14 +1.81* 9.2+337 65+2% 55+191%
Relative mass of 134+0.05 1.15+0.05* 12+0.17 121+01 1.92 +0.36* 146 +0.23 15+0.1 142+0.25
SWAT ( %)
Relativevisceral fat  17.8+0.3  9.2+0.9* 94 +2.3* 10.7 +£0.7* 29.3+3.1* 21.1+14** 17.9+ 1.8* 18+ 2*
weight ( %)

Data are presented as thetNSEM; * - p < 0.05 compared with control value, p < 0.05 compared HCD with the groups HCD ZT01, HCD ZT11, and
HCD water.

744



KALMUKOVA, O.; YURCHENKO, A.; SAVCHUK, O. & DZERZHYNSKY, M.  Variable beige adipocyte morphology in obese rats by different times of melatonin administration.
Int. J. Morphol., 38(3¥37-746, 2020.

HCD ZT01 HCD ZT11 HCD water

Macrosoopic analysis 1 25(&) 3.5(&)

Morphometric analysis: 2 25(&) 35(@&) T_able Il. The gener_al score a_na_llysis_ in

areaof beige adipooytes difference _between time of administration

Morphométric analysis 2 35(8) 35() of njelatonln_. Score: 3 - reach control value,
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