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Aim - to clarify the morphological features of the structure and topography of adipose tissue in the forearm region of human fetuses at 5-8 months
of gestation in order to clarify normal developmental parameters and identify possible variants or abnormalities.

Material and methods. A microscopic study was performed on the material of the antebrachial region of 21 human fetuses measuring 136.0-310.0 mm
parietal-coccygeal length (PCL), with subsequent statistical data processing.

Results. In the studied 5-month-old human fetuses, no objects that could be identified as adipocytes were found in the upper, middle, and lower
thirds of the antebrachial region. The absence of fatty formations was also observed at the level of the lower third of the forearm in 6-month-old fe-
tuses. In the upper third of the antebrachial region of 6-month-old fetuses, the percentage of multilocular adipocytes is 91.8+0.87%, at the level of the
middle third — 72.3+0.85%. In 7-month-old fetuses, multilocular adipocytes in the upper third of the antebrachial region account for 47.8+0.84%, in the
middle third — 49.0+0.83%, and in the lower third of the antebrachial region — 61.9+0.86%. In the upper third of the antebrachial region of 8-month-old
fetuses, multilocular adipocytes are 39.0+0.85%, in the middle third — 24.4+0.84%, and in the lower third of the antebrachial region — 34.6+0.84%.
Conclusions. The adipose tissue of the forearm area is represented by uni- and multilocular cells. In 6-month-old fetuses at the level of the upper
and middle thirds of the antebrachial region, as well as in 7-month-old fetuses at the level of the lower third of the antebrachial region, multilocular
cells quantitatively prevailed, at the level of the upper and middle thirds of the antebrachial region of 7-month-old fetuses and in all thirds of the an-
tebrachial region of 8-month-old fetuses — unilocular cells. The largest number of adipocytes was found in 8-month-old fetuses. Between 6 and
7 months of gestation, a leap in the development of adipose tissue is noted.

The study was conducted in accordance with the principles of the Declaration of Helsinki. The study protocol was approved by the Local Ethics
Committee for all participants.

The authors declare no conflict of interest.
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MopdbonoriuHi oco6nmBocTi NiQLWKiPHOT KNITKOBUHM AiINAHKW Nepeannivys y naogy nioguHun
T.B. MaHbkiB, O.A. KoBasb, I1.M. CkopeJiko, I.C. asugerko, T.B. Xmapa
BYKOBVHCBKIWI e pXKaBHUIA MEANYHNIA yHIBEPCUTET, M. YepHIiBL, YKpaita

Merta: BCTaHOBUTU MOPMONOTIYHI OCOONMBOCTI OyA0BM Ta TONOrPadii XMPOBOI TKaHUHK B AINAHUI NTEPEANNIYYA NI0AIB NMOANHN Ha TePMiHI 5—8 Micauis
recrauil 4n1g yTOYHEHHS HOPMa bHNX NOKa3HUKIB 1l PO3BUTKY, BUABNEHHS MOX/IVBUX BaPIiaHTIB UM BiAXIEHb.

Marepian Ta metogu. MikpocKoniuHe AOCNIKEHHA BUKOHAHO Ha MaTepiani AindHok nepeannivyd 21 nnoga noanHy poamipom 136,0-310,0 mm
TIM AHO-KYNPUKOBOT A0BXWHY (TK /) 3 NOAENBLWOIO CTAaTUCTUHHOK OOPOOKOIO AaHVIX.

PesynbTatn. Y 10CHIDKEHVX 5-MICAUHVX MOACBKMX MI0AAX Y BEPXHIV, CePeaHil Ta HVXKHIX TpeTVHax nepeannivya He Oy/10 BUABNEHO 00 eKTIB, AKi
MOXHa IAeHTUdIKYBaTH 9K aAnnounTy. BIACYTHICT XMPOBUX YTBOPEHb TaKOX MPOCTEXYBANacCh Ha PIBHI HUXHLOI TPETUHM NePEeanivyd y 6-MICAUHNX
NNOAIB. Y BEPXHIN TRETUHI Nepeanivya 6-MICAUHNX MNI0AIB BIACOTOK OaratokaMepHMX aannounTiB CTaHoBUTb 91,840,87%, Ha piBHI cepeiHbOl
TPeTnHN — 72,34£0,85%. Y 7-MiCAYHMX NNOAIB Y AINAHLI BEPXHBOI TPETUHN Nepeanivyga 6aratokamepHi aannoumTi ctaHoBnAate 47,8+0,84%, Ha piBHi
cepeHbol TpeTuHN — 49,0+0,83%, Ha PIBHI HWXHBOT TPeTVHK Nepeannivya 61,9+0,86%. Y BepxHIili TpeTuHi nepeaniivyg 8-MiCA4HNX N104i8
GaratokamepHi agmnount AopisHIoTE 39,0+0,85%, y cepeaHin TpeTuHi — 24,4+0,84%, y HKHIA TDeTUHI nepeaniivyga — 34,6+0,84%.

BucHoBKkW. XXK1poBa TkaH1Ha AiNAHKY Nepeaniivya npeacraBneHa 04Ho- Ta 6aratokamepHUMY KITUHaMm, Y B-MIiCAYHNX NAOAIB Ha PIBHI BEPXHBO!
Ta cepeHbOl TPeTNH NepeanIivya, a TakoX Y /-MICAYHNX MIOAIB Ha PIBHI HUXHBOT TDETUHM NepeAnIivya KiNbKiCHO nepeBaxa/n 6aratokaMmepHi
KNITUHK, Ha PIBHI BEPXHBOI Ta CepeaHbOl TPETVH Nepeaniivyg /-MiCA4YHNX N104IB Ta Y BCIX TPETHaxX nepeannivya 8-MiCA4YHNX NI0AIB — OAHOKAMEPHI.
Hanbinsla KinbKiCTe aannounTiB BCTAHOBAEHA Y 8-MICAYHIX NAOAIB. MK 6 1 7 MICALAMM recTalil NPOCTEXYETECH PI3KE NPUCKOPEHHSA PO3BUTKY
>KMPOBOT TKAHWHN.

JloCNiIKeHHdA BUKOHaHO BIAMOBIAHO A0 NPUHUMNIB [eNbCIHCBKOT Aeknapauil. [pOTOKON AOCTIAXKEHHA MOrOMKEHO NOKATbHUM ETNYHMM KOMITETOM
0N BCIX YYaCHNKIB.

ABTOPU 3a9BNSI0Tb MPO BIACYTHICTL KOHMAIKTY iIHTEpeCiB.

KntouoBi cnoBa: GaratokamepHa KniTiHa, 0aHOKaMepHa KNITUHaE, XMPoBa TKaHvHa, AiNgHKa nepeannivyg, niia.

Introduction It should be noted that preterm infants face issues

he study of adipogenesis is highly relevant in

modern conditions due to two global chal-

lenges: the obesity epidemic and the growing
number of premature births. Obesity, associated with
an increased risk of cardiovascular diseases, diabetes,
and metabolic syndrome, necessitates new approaches
to understanding metabolic mechanisms [10,13].
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with thermoregulation due to the underdevelop-
ment of adipose tissue, particularly brown fat, which
plays a key role in heat production [5,17].
Prematurity has remained the leading cause of
neonatal mortality worldwide over the last decade
and is now also the primary factor in the mortality of
children under five years of age. Annually, about
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15 million premature infants are born worldwide,
accounting for approximately 11% of all births.
Moreover, the frequency of preterm births is increas-
ing in most countries [9].

Adipose tissue is composed of white and brown fat
cells with distinct functions. White fat cells store
energy in the form of triglycerides and perform an
endocrine role by producing hormones that regulate
metabolism. In contrast, brown fat cells specialize in
thermogenesis due to the UCP1 protein in mito-
chondria, which generates heat through fat oxida-
tion. In newborns, brown fat is critical for maintain-
ing body temperature, but its development in
preterm infants may be insufficient, increasing the
risk of hypothermia.

In the context of adipose tissue development,
beige fat cells, which represent an intermediate form,
also play a significant role [1,3,7,14]. These cells
form within white adipose tissue in response to spe-
cific stimuli, such as cold or physical activity, and can
function similarly to brown fat cells, promoting ther-
mogenesis. Beige cells help the body adapt to tem-
perature changes. However, their development in
preterm infants may be impaired, further exacerbat-
ing the risks of hypothermia and metabolic compli-
cations [18].

Disturbances in the development of adipose tissue
can lead to the formation of benign tumors, such as
lipomas (tumors arising from white adipose tissue)
and hibernomas (rare tumors derived from brown
adipose tissue). Lipomas are generally harmless, al-
though they may cause aesthetic or physical discom-
fort [2,11]. Hibernomas, while rare, attract more
attention due to diagnostic challenges and potential
functional activity [15].

The study of the developmental mechanisms of
white and brown adipose tissues holds significant
potential for addressing two key challenges in mod-
ern medicine: combating obesity and providing op-
timal support for premature newborns [12]. Under-
standing these processes opens avenues for
developing new therapeutic approaches, such as
stimulating brown adipose tissue to enhance heat
production or correcting energy imbalances in cri-
tical conditions [6,19].

The aim of this work was to clarify the morpho-
logical features of the structure and topography of
adipose tissue in the forearm region of human fetus-
es at 5—8 months of gestation in order to clarify nor-
mal developmental parameters and identify possible
variants or abnormalities.
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Materials and methods of the study

The study was conducted on the antebrachial re-
gion of 21 human fetuses with parietal-coccygeal
lengths (PCL) ranging from 136.0 to 310.0 mm, all
of which were without visible anatomical defects or
congenital anomalies of the upper extremities. The
research was carried out within the framework of
cooperation between the Chernivtsi Regional Patho-
logical Bureau and the Bukovinian State Medical
University.

Microscopic analysis was performed using hema-
toxylin and eosin staining of histological sections,
along with histochemical protein studies using the
bromophenol blue method (as described by Mikel
Calvo). This method, typically used to determine
the ratio of amino and carboxyl groups in proteins,
proved effective for identifying types of fat cells
(unilocular and multilocular). It allowed for precise
visualization of cell membranes and intracellular
structures forming lipid droplets.

Standard procedures were employed to ensure the
study’s accuracy: section preparation, fixation, basic
hematoxylin and eosin staining for general analysis,
and specialized bromophenol blue staining to detail
protein components. This approach enabled the ac-
quisition of high-contrast images necessary for de-
tailed examination of the structure of fat cells and
their protein membranes [4].

Quantitative analysis was conducted using digital
images of histological sections processed with the
Image] 1.53t software (2022). Based on this data,
the percentage of multilocular cells was determined,
followed by statistical processing. For comparing
quantitative data between groups, the Mann—Whit-
ney U test and t-test were used, providing an assess-
ment of statistically significant differences [16]. Sta-
tistical analysis of the results was performed using
the PAST software (PAleontological STatistics, Ver-
sion 4.9, 2022). The average percentage of multilo-
cular cells was calculated, along with the statistical
error and confidence intervals at a significance level
of p=0.05 [8].

The study was conducted in compliance with bio-
ethical requirements and the main provisions of the
Council of Europe’s Convention on Human Rights
and Biomedicine (dated 04.04.1997), the World
Medical Association Declaration of Helsinki —
Ethical Principles for Medical Research Involving
Human Subjects (1964—2013), the Order of the Mini-
stry of Health of Ukraine No. 690 dated 23.09.2009,
and the methodological recommendations of the
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Fig. 1. Structures of the upper third of the antebrachial region
in a fetus with a PCL of 160.0 mm: 1 — dermis; 2 — hair follicles.
Histological section stained with bromophenol blue using the
Mikel Calvo method. Plan achromat 4x objective. Without an
eyepiece

1

Fig. 3. Structures of the middle third of the
antebrachial region in a fetus with a PCL of
205.0 mm: 1 — unilocular adipocytes; 2 —
multilocular adipocytes; 3 — loose connective
tissue; 4 — hair follicle. Histological section
stained with bromophenol blue using the Mikel
Calvo method. Plan achromat 4x objective.
Without an eyepiece

Ministry of Health of Ukraine, «Procedure for the
Removal of Biological Objects from Deceased Per-
sons Whose Bodies Are Subject to Forensic Exa-
mination and Pathological Anatomical Research, for
Scientific Purposes» (2018). The Commission on
Biomedical Ethics of the Bukovinian State Medical
University (Protocol No. 5 dated 16.12.2024) found
no violations of moral or legal standards during the
conduct of the medical scientific research.
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Fig. 2. Structures of the upper third of the antebrachial region in a
fetus with a PCL of 195.0 mm: 1 — unilocular adipocytes;
2 — multilocular adipocytes; 3 — loose connective tissue.
Histological section stained with bromophenol blue using the Mikel
Calvo method. Plan achromat 4x objective. Without an eyepiece

Fig. 4. Structures of the middle third of the antebrachial region in a fetus
with a PCL of 245.0 mm: 1 — unilocular adipocytes; 2 — multilocular
adipocytes; 3 — loose connective tissue; 4 — blood vessel. Histological
section stained with hematoxylin and eosin. Plan achromat 4x objective.
Without an eyepiece

Results of the study and discussion

During the histological examination of the upper,
middle, and lower thirds of the antebrachial region of
human fetuses aged 5-8 months, specific structural and
spatial features of adipose tissue drew our attention.

In the examined human fetuses with a PCL of
136.0—185.0 mm, no identifiable adipocytes were
observed in the upper, middle, or lower thirds of the
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antebrachial region. Among the well-developed der-
mis, occasional hair follicles were noted (Fig. 1).

In 6-month-old fetuses, fat cells are observed in
the upper third of the antebrachial region, forming
isolated, small, flat plaques arranged in a single row
(Fig. 2). Multilocular adipocytes significantly pre-
dominate, accounting for 91.8+0.87% (confidence
interval 90.1-93.4%, p=0.05). Other adipocytes
were identified as unilocular. Notably, the initial
clusters of fat cells appear near blood vessels.

In the middle third of the antebrachial region, the
number of plaques increases, their contours become
indistinct, and the plaques acquire irregular shapes;
occasionally, plaques arranged in two rows are observed
(Fig. 3). The ratio of fat cell types in the middle third
changes slightly, with multilocular cells comprising
72.3+0.85% (confidence interval 70.6—-73.9%, p=0.05).

In this age group, adipocytes are not detected in
the lower third of the antebrachial region.

In fetuses with a PCL of 231.0-270.0 mm, inten-
sive development of adipose tissue is observed. In
this age group, unilocular adipocytes predominate in
plaques located in 2—3 rows in the upper and middle
thirds of the antebrachial region.

In the upper third, the plaques are clearly demar-
cated and do not merge with each other, with multi-
locular cells comprising 47.8+0.84% (confidence
interval 46.1-49.4%, p=0.05).

In the middle third, round-shaped plaques ar-
ranged in several rows and different orientations are
observed, with the largest number of plaques located
around blood vessels (Fig. 4). The percentage of
multilocular cells in this region is 49.0+0.83% (con-
fidence interval 47.3—-50.6%, p=0.05).

Notably, plaques dominated by unilocular adipo-
cytes are located deeper than those dominated by
multilocular adipocytes (Fig. 5).

In the lower third of the antebrachial region, flat
plaques arranged in 1-2 rows predominate, with
multilocular adipocytes making up 61.9+£0.86%
(confidence interval 60.2—63.5%, p=0.05). Unilocu-
lar adipocytes are located deeper, while multilocular
adipocytes are more superficial.

In fetuses with a PCL of 271.0-310.0 mm, inten-
sive adipose tissue development is observed. Fat
cells increase in size, and plaques become tightly
adjacent, forming continuous structures with thin
connective tissue fibers visible between them
(Fig. 6). Unilocular cells significantly predominate.
The tendency for plaques to form around blood ves-
sels persists (Fig. 7).
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Fig. 5. Structures of the middle third of the antebrachial region
in a fetus with a PCL of 220.0 mm: 1 — unilocular adipocytes;
2 — multilocular adipocytes; 3 — loose connective tissue; 4 —
hair follicle. Histological section stained with bromphenol blue
according to the Mikel Calvo method. Plan achromat 4x
objective. Without an eyepiece
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Fig. 6. Structures of the middle third of the antebrachial region
in a fetus with a PCL of 275.0 mm: 1 — unilocular adipocytes;
2 — multilocular adipocytes; 3 — loose connective tissue.
Histological section stained with bromphenol blue according
to the Mikel Calvo method. Plan achromat 4x objective. Without
an eyepiece

In fetuses of this age, the percentage of multilo-
cular cells in the upper third of the forearm is
39.0+£0.85% (confidence interval 37.3-40.6%,
p=0.05), in the middle third is 24.4%0.84% (confi-
dence interval 22.7-26.0%, p=0.05), and in the low-
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Fig. 7. Structures of the middle third of the antebrachial region
in a fetus with a PCL of 290.0 mm: 1 — unilocular adipocytes;
2 — multilocular adipocytes; 3 — loose connective tissue; 4 —
blood vessel. Histological section stained with hematoxylin and
eosin. Plan achromat 4x objective. Without an eyepiece

er third of the forearm is 34.6+£0.84% (confidence
interval 32.9-36.2%, p=0.05).

The adipose tissue of the forearm in the studied
human fetuses aged 5—-8 months is represented by
unilocular cells with a large lipid droplet and a nu-
cleus displaced to the periphery, which we identified
as white adipose tissue, as well as smaller multilocu-
lar cells with several lipid vacuoles, which were iden-
tified as brown adipose tissue.

The results of our study demonstrate that the for-
mation of adipose tissue in the human forearm during
5—8 months of gestation is accompanied by pro-
nounced morphological changes, particularly an in-
crease in the proportion of multilocular adipocytes.
These findings support the current understanding of
adipose tissue as a highly dynamic metabolic organ
that begins to develop as early as the embryonic pe-
riod [1]. Our observations regarding the gradual de-
crease in the percentage of multilocular adipocytes in
later gestational stages are consistent with the con-
clusions of A.M. Cypess (2022) [3], who emphasizes
the variability of adipocyte types and their functional
roles in adipose tissue development.

The morphological characteristics of subcutaneous
adipose tissue described in our previous work [12]
also confirm our current findings and demonstrate
the sequential development of subcutaneous adipose
tissue in human fetuses. This indicates the consisten-
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