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The 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 
�
�(�����������)�*���+
-���*��/����*��0�!1��&�

It should be noted that preterm infants face issues 
with thermoregulation due to the underdevelop	
ment of adipose tissue, particularly brown fat, which 
�-�2������2��
-�����/������
�(���
��0�1�
&�

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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Moreover, the frequency of preterm births is increas	
��)����*
����
(�������0$&�

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 
�/��*
)��������(���
��/���#H����
��������*��
	
chondria, which generates heat through fat oxida	
tion. In newborns, brown fat is critical for maintain	
ing body temperature, but its development in 
������*���D�����*�2�+�����(J�����1����������)��/��
risk of hypothermia.

In the context of adipose tissue development, 
beige fat cells, which represent an intermediate form, 
�-�
��-�2�����)��D�������
-��0�1�1
1��&��K/������--��
form within white adipose tissue in response to spe	
��L�����*(-�1��(�/�����
-��
���/2����-�����N��21���������
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	
����
���0��&�

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	
D
���0�1��&��Y�+���
*��1�E/�-������1���������*
���
attention due to diagnostic challenges and potential 
D(����
��-�����N��2�0��&�

The study of the developmental mechanisms of 
E/��������+�
E������
�������(���/
-�����)��L�����
potential for addressing two key challenges in mod	
ern medicine: combating obesity and providing op	
��*�-��(��
���D
�����*��(�����E+
����0��&�������	
standing these processes opens avenues for 
developing new therapeutic approaches, such as 
stimulating brown adipose tissue to enhance heat 
��
�(���
��
���
�������)�����)2��*+�-������������	
����-��
�����
���0�1�$&�

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	
�������Z��*
��/��
D�)������
�����
������
��-���D2��
�	
mal developmental parameters and identify possible 
variants or abnormalities.

���
�
���������
�����������
������
The study was conducted on the antebrachial re	

)�
��
D����/(*���D��(����E��/��������-	�
��2)��-�
-��)�/���H#[�����)��)�D�
*�����!��
���!�!�**1��--�
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, 
��
N����`����N��D
��������D2��)��2����
D�D�����--��
(unilocular and multilocular). It allowed for precise 
visualization of cell membranes and intracellular 
structures forming lipid droplets.

Standard procedures were employed to ensure the 
��(�2j�����(���2%������
�����������
�1�LF���
�1�+�����
hematoxylin and eosin staining for general analysis, 
and specialized bromophenol blue staining to detail 
protein components. This approach enabled the ac	
{(�����
��
D�/�)/	�
��������*�)�����������2�D
����	
tailed examination of the structure of fat cells and 
�/������
�����*�*+������0�&�

Quantitative analysis was conducted using digital 
images of histological sections processed with the 
�*�)�}��������
D�E������!�����~�����
���/�������1�
the percentage of multilocular cells was determined, 
followed by statistical processing. For comparing 
{(��������N�������+��E����)�
(��1��/������Z�/��	
��2�������������	�����E����(���1���
N����)����������	
*����
D�����������--2���)��L�������`��������0��&�����	
tistical analysis of the results was performed using 
the PAST software (PAleontological STatistics, Ver	
��
����$1��!�����K/���N���)����������)��
D�*(-��-
	
cular cells was calculated, along with the statistical 
���
�������
�L�����������N�-���������)��L������-�N�-�

D���!�!��0�&�

The study was conducted in compliance with bio	
ethical requirements and the main provisions of the 
Council of Europe’s Convention on Human Rights 
����~�
*���������������!��!���$$
�1��/���
�-��
������-����
�����
��"��-�����
��
D�Y�-������Z�
 Ethical Principles for Medical Research Involving 
Y(*����(+��������$��Z�!���1��/��������
D��/������	
���2�
D�Y��-�/�
D����������
���$!����������!$��!!$1�
and the methodological recommendations of the 
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Ministry of Health of Ukraine, «Procedure for the 
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-
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���~
����������(+������
��
��������F�	
mination and Pathological Anatomical Research, for 
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Biomedical Ethics of the Bukovinian State Medical 
���N�����2��H�
�
�
-��
�����������������!����D
(���
no violations of moral or legal standards during the 
�
��(���
D��/��*�����-��������L���������/�

�
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������������
�	���
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During the histological examination of the upper, 
middle, and lower thirds of the antebrachial region of 
/(*���D��(�����)����Z��*
��/�1������L�����(��(��-�����
spatial features of adipose tissue drew our attention.

In the examined human fetuses with a PCL of 
����!Z����!�**1��
�������L�+-������
�2����E����
observed in the upper, middle, or lower thirds of the 
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����	*
��/	
-��D��(���1�D�����--������
+���N������
the upper third of the antebrachial region, forming 
��
-����1��*�--1������-�{(��������)�����������)-���
E�
���)�������(-��-
�(-�������
�2������)��L����-2����	
�
*�����1����
(����)�D
��$����!��
G���
�L������
�����N�-�$!��Z$���G1���!�!������/�������
�2����
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 
���)������K/������
�
D�D�����--��2��������/��*���-���/����
changes slightly, with multilocular cells comprising 

����!���G���
�L�����������N�-�
!��Z
��$G1���!�!���

In this age group, adipocytes are not detected in 
the lower third of the antebrachial region.
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sive development of adipose tissue is observed. In 
this age group, unilocular adipocytes predominate in 
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thirds of the antebrachial region.
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Notably, plaques dominated by unilocular adipo	
cytes are located deeper than those dominated by 
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cells increase in size, and plaques become tightly 
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cular cells in the upper third of the forearm is 
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The adipose tissue of the forearm in the studied 
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unilocular cells with a large lipid droplet and a nu	
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as white adipose tissue, as well as smaller multilocu	
lar cells with several lipid vacuoles, which were iden	
��L������+�
E������
�������(��

The results of our study demonstrate that the for	
mation of adipose tissue in the human forearm during 
�Z��*
��/��
D�)������
��������
*�������+2���
	
nounced morphological changes, particularly an in	
crease in the proportion of multilocular adipocytes. 
K/����L����)���(��
����/���(������(�����������)�
D�
adipose tissue as a highly dynamic metabolic organ 
that begins to develop as early as the embryonic pe	
��
��0�&���(��
+���N���
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crease in the percentage of multilocular adipocytes in 
later gestational stages are consistent with the con	
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the variability of adipocyte types and their functio nal 
roles in adipose tissue development.

The morphological characteristics of subcutaneous 
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the sequential development of subcutaneous adipose 
tissue in human fetuses. This indicates the consisten	

cy of the anatomical and morphological features of 
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 other aspects of adipose tissue, such as cellular re	
generation and functional diversity (white, brown, 
and beige adipose tissue), which were not the focus 
of our current research. Considering this, future 
studies may further expand our understanding of 
embryonic adipose tissue development by exploring 
its cellular biology and metabolic functions.
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in the upper, middle, and lower thirds of the forearm 
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unevenness in the quantitative and qualitative com	
position of adipocytes.
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resented by both unilocular and multilocular cells. In 
�	*
��/	
-��D��(���1�*(-��-
�(-�����--������
*�������
in the upper and middle thirds of the forearm, as well 
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old fetuses and in all thirds of the forearm in 
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The absence of adipocytes was also observed in the 
-
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old fetuses. Intensive adipose tissue development oc	
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th months of gestation.
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blood vessels, and this trend is also observed when 
forming adipocyte layers in older fetuses.
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adipocyte clusters form one or several rows of 
plaques of varying shapes and spatial orientations, 
�-���-2�����������D�
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���
connective tissue.

Thus, our study supports the concept of adipose 
tissue as a dynamic organ starting from the embry	
onic period and expands the understanding of its 
morphofunctional development in humans.
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