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So far, the possible influence of single nucleotide variants (SNV) of the cholecystokinin (CCK) gene on the likelihood of developing obesity  
and metabolic disorders in children has not been demonstrated.
The aim of the study SNV associations of the CCK gene to predict the probability of obesity and personalize the development trajectory  
of various metabolic disorders associated with obesity in children.
Materials and methods. 252 obese children aged 6–18 years were examined. The main group (n=152) was represented by children 
with metabolically unhealthy obesity (MUO). The control group (n=100) consolidated of children with metabolically healthy obesity (MHO). 
Whole genome sequencing (CeGat, Germany) was performed in 31 children of the main and 21 children of the control group. Serum levels 
of interleukin-1� were measured using a chemiluminescent immunoassay (CLIA) method, interleukin-6 — by enzyme-linked immunosorbent 
assay (ELISA), Synevo, Ukraine.
Results. The G allele of SNV rs754635 of the CCK gene was significantly more frequent among children with both MHO (t=10.93; p<0.05) 
and MUO (t=12.96; p<0.05) compared to healthy individuals. The G allele of SNV rs754635 of the CCK gene was associated with basal 
hyperglycemia (r=0.44) and impaired carbohydrate tolerance (r=0.33) in the MHO phenotype and with the atherogenicity index of the lipid 
spectrum (r=0.40) and was inversely correlated with the level of high-density lipoproteins (HDL) (r=-0.58) in children with MUO phenotype, 
p<0.05.
Conclusions. The G allele SNV rs754635 of the CCK gene is associated with obesity and the development of metabolic disorders. 
The research was carried out in accordance with the principles of the Declaration of Helsinki. The research protocol was approved by the Local 
Ethics Committee of the institution mentioned in the work. Informed consent of parents or their guardians was obtained for conducting research.
No conflict of interests was declared by the author.
Keywords: cholecystokinin, analysis of single nucleotide gene variants, children, metabolically unhealthy obesity, metabolically healthy 
obesity.
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Introduction

Obesity in children is a disease, the 
development of which depends on  
a variety of exogenous and endogenous 

factors. An increase in appetite, which leads to an 
excess intake of calories in the human body, is due  

to the predominance of orexigenic over anorexigenic 
factors [37]. Cholecystokinin (cholecystokinin — 
���������������������������������������������������
signal molecule that suppresses appetite activity 
!"#$������%������������������&��'����*+�;�<��=>�&��?�
[19] in 1928 in extracts of the jejunum as «highly 
@B��������������E�F��?�>��@B���������������G�HIJ�;�
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inducing gallbladder contraction. Cholecystokinin 
is a member of a family of regulatory peptides 
with a conserved C-terminal amino acid sequence 
L��PQ��P'�@PI��� !RT$�� L��� CCK gene is located 
on the short arm of chromosome 3 (3p22.1) [6]. 
The primary translation product of the CCK gene 
is preprochocystokinin, the molecule of which 
consists of 115 amino acid residues. After the signal 
peptide is truncated from preprocholecystokinin, 
procholecystokinin is formed. As a result  
of protranslational transformations, CCK peptides 
of various lengths are formed from prochocystokinin: 
in endocrine cells — CCK-58, CCK-33, CCK-22, 
CCK-8 CCK-5; in neurons — CCK-8 and 
CCK-5. Thus, cholecystokinin is represented  
by several molecular forms, which are united by the 
presence of a C-terminal heptapeptide sequence. 
The predominant form of CCK in the human body 
is CCK-33 [42]. CCK peptides are predominantly 
���������&����@��*���B��������������>>���Y������Z�>>�
intestinal mucosa and brain neurons. Also, CCK 
is expressed in the cells of some endocrine glands 
(corticotrophs and melanotrophs of the pituitary 
gland, C-cells of the thyroid gland, adrenal brain 
cells, pancreatic cells), in peripheral nerves; cortical 
and medullary cells of the kidneys, cardiomyocytes 
and immunocytes [11,40].

The main stimulus for CCK production is food, 
especially food rich in proteins (L-amino acids) 
and fats. CCK peptides realize their biological 
action through the activation of cholecystokinin 
'^"� ����@����� F���'_;� ���"_�� �Y� �`������
neurons of the vagus nerve of the intestine; and B/2 
(CCK B/2 receptor — CCKBR, CCK2R) neurons  
of the central nervous system. CCK peptides, by 
����+����?� ���"_� �`������ ��B����� �Y� ���� +�?B��
nerve of the intestine, transmit satiety signals to the 
hypothalamus, which leads to appetite suppression. 
Thus, CCK, acting as a satiety signal, activates  
the anorexigenic signaling pathway, preventing  
the development of obesity [6,39]. 

Activation of CCK1R also stimulates gallbladder 
contraction, pancreatic exocrine secretion, 
and insulin secretion from pancreatic �-cells of 
the islets of Langerhans; inhibits the secretion  
of gastric juice and suppresses gastric emptying. 
By activating CCK2R in the central nervous 
system, CCK peptides modulate the activity 
of the dopamine system, slow down the release 
of gamma-aminobutyric acid, increase the rate 
of neuronal excitation, predetermining various 
behavioral functions, including satiety, anxiety 
and phobia levels [30,33,35,42]. CCK peptides also 

stimulate the secretion of calcitonin, glucagon, and  
in the kidneys can act as natriuretic peptides 
!RT$�� ���� @�@������ ��+�� ��`������ @������}�
���� ���������>�� �`���� ���B���� &�� ���P~� ���
approximately 10 times greater than that induced 
by CCK-33 [5].

Q������������ �Y� ���� �P���Z���>� ��@��@�@�����
���B����� ���B��� ���� ������� �Y� ���� @�@������ 
Y�������@����;�%������Z@�������������������Y�������
binding and, as a result, prevents the development 
�Y� &��>�?���>� �`������ _��B���� ����+���� �Y� 
CCK-induced excitation contributes to the 
development of obesity [5].

*�� ���� &���� ����&>������ ����� ���?>�� �B�>�������
+��������F���?>���B�>�������+�������G�J�����Y�����
CCKAR receptor gene are associated with the risk of 
��+�>�@��?��&������!�"$��H�%�+��;���@����&>���`����
of CCK�?����J����������>���>�������Y���+�>�@��?�
obesity and metabolic disorders in children has not 
yet been demonstrated.

The aim� �Y� ���� ��������� G� ��� ��B��� J���
������������� �Y� ���� �J�� ?���� ��� @������� 
the probability of obesity and personalize  
the development trajectory of various metabolic 
disorders associated with obesity in children.

Materials and methods of the research
Study design: observational, analytical, 

longitudinal, cohort study [27].
'�� ���� ���>������� <��������>�?�� ��@���Z����

�Y� ���� ��ZZB��>� ���P@����� <����@����� ����@���
������>�����>�H��@���>������E��Y� �������@��������
Council, 252 children of the Caucasian group 
aged 6-18 years with a diagnosis of obesity were 
���Z������L��+���Y���������?�����;������>������������
of obesity recommended in clinical practice 
%��� B���}� =����� �Y� ���� Q�������� �Y� H��>��� �Y�
�������� ���� �#R� �Y� ���TR��TT�� �I������>� Y��� ����
@��+������ �Y� Z�����>� ����� ��� �&���� ���>����E� ���� 
=����� �Y� ���� Q�������� �Y� H��>��� �Y� �������� 
���� "���� �Y� �R�T���T��� '&�B�� ���� �@@��+�>�
�Y� J��������� Z�����>� ����������� �=&������ 
������>����E�

The main group (n=152) was represented by 
children with metabolically unhealthy obesity 
(MUO), the control group (n=100) was formed 
from patients with metabolically healthy obesity 
FQH=���

Criteria for inclusion in the main group: the 
presence of abdominal obesity [3] and two  
of the following criteria (hyperglycemia and/or 
hyperinsulinemia; dyslipidemia; systolic blood 
@����B��� FJ�I�� ���� ������>��� &>���� @����B���



Ч и т а й т е  н а с  н а  с а й т і :  h t t p : / / m e d e x p e r t . c o m . u a

ÎÐÈÃ²ÍÀËÜÍ² ÄÎÑË²ÄÆÅÍÍß

ISSN 2663-7553   ��������	
���
���� Україна  5(133)/2023 19

F��I�� �&�+�� ���� �Tth percentile for a given age, 
gender and height [14]. 

Anthropometric data were measured by  
a nurse in the admission department, the child was 
���B����%��������%����B���������H��?���FZ��%���
Z���B����B���?�H��?����������?���>�J�����Z����® 
to the nearest 0.01 m. Weight (kg) was measured 
using Tefal Bodysignal body composition 
analyzer (France). Waist circumference (WC), 
��@� ����BZY������� FH��� %��� Z���B���� B���?� 
a standardized anthropometric tape, measuring the 
circumference at the midpoint between the top of 
the iliac crest and the lower part of the lateral rib 
��?�����������������T�T"�Z�������Q����*�����F�Q*��
%������+�����������������������Q*�F�Q*�J�J��&��
Z����� �Y� ���� �B������ ���>�� H��>��� =�?����������
F�H=��?��%�����Y��������!�R$�

J�I� ���� ��I� %���� Z���B���� B���?� �� ��?���>�
����>>�Z������ ��+���;� ����Z�@� I������� F�<�
H��>��������

Inclusion criteria: children with polygenic 
�&������F�Q*����th percentiles) 6–18 years old. 

Exclusion criteria: monogenic and secondary 
forms of obesity; hereditary syndromes 
accompanied by obesity; diseases, the treatment of 
%��������B���������B����Y�Z�����������������`��������
metabolism of carbohydrates and lipids; pregnancy.

Immunochemical examination. The studies 
%���� �������� �B�� ��� �� ��������� J���+�� >�&��������
(Dnipro, Ukraine). The material for the study was 
venous blood.

To study carbohydrate metabolism disorders, 
the level of basal glycemia and insulinemia  
was determined by immunochemical testing with 
�>��������Z�>BZ��������� ���������� F<��*'���
Obese children were included in the main group 
with a glycemic level equal to or greater than  
5.6 mmol/L and/or they had an increase in 
insulinemia >90th percentile according to the 
@�������>���B�+�������ZZ������&������*�������������
and prevention of Dietary — and lifestyle-induced 
���>���<�Y�����*�����>�����������Y���J�F*�<�*�J��
��������BZ�Y�������<B��@����@�@B>��������������?�
to age and gender of the child [12,36].

To study lipid metabolism disorders, the level  
�Y� ��?�P�������� >�@�@�������� FH��P��;� >�%� 
density lipoproteins (LDL-C) and triglycerides 
FL��� %��� �����Z����� &�� ���� ����Z����P
colorimetric method using kits from  
_����� ���?�������� FJ%�����>����� ��� ���� ���>�����
Cobas 6000. Obese children were included  
��� ���� Z���� ?��B@� %���� H��P��"�T�� ZZ�>^��
or less than 10th percentile of the age norm or 

��� ��������� ��� �"��� ZZ�>^�� ��� Z���� ����� ���� 
90th percentile of the age norm [13].

Molecular and immunological examination. To 
��B��� ���� ��>�� �Y� @��P����ZZ������ Z������� ��� ����
��+�>�@Z���� �Y� Z���P����ZZ������ ��� �&������ ���
���>����;� ���� >�+�>�� �Y� *�P"�;� *�P�� ��� &>���� ���BZ�
%���������Z���������������������J���+��>�&��������
F���@��;�����������*����>�B���P"� was investigated 
by immunochemical method with chemiluminescent 
���������� F��*'��� '��>����� ���� ����� �����Z}�
*ZZB>���� FJ��Z���� '��;� ���Z����� L��� ��Y�������
+�>B��%������������������>�+�>��Y�*�P"� 0–5 pg/ml. 
*����>�B���P�� %��� �����Z����� &�� ����Z�P>������
�ZZB�����&����������F<�*J'��B���?�����&����TTT^
Cobas 8000 kit provided by Roche Diagnostics 
FJ%�����>������L�����Y�������+�>B��%��������������
����>�+�>��Y�*�P��"�#���T�@?^Z>�

Molecular genetic testing. To study the 
contribution of ����J���+���������������Y��Z������
of MUO, a molecular genetic examination  
was carried out using the method of new generation 
%��>�� ?���Z�� ���B�����?� F��J�� ��������?� 
to the recommendations of The American College 
�Y� Q�����>� ��������� ���� ����Z���� F'�Q��� !�$�
in 52 patients (31 children from the main group 
and 21 controls) with venous blood sampling in a 
��������� ������ >�&�������� FLB&��?��;� ���Z�����
B���?� ���� *>>BZ���� �JI���� ��������� ���+����
provider platform.

'+���?�� �Z�B��� �Y� ��'� F�?�� ��� ��Z@>��� G 
T�~�#�� ��&����� I��@�������}�  B������� B���� 
#T��?����&�����I��@�����������}�L%����HBZ��������
<��Z�� @>B�� ���� FL%���� ������������� J��B�����?�
@���Z�����}���+�J����TTT¡��¢"TT�&@�� ��+�>B����Y�
���B�����?;� �T�+�>B�}����T�£�

Bioinformatics analysis. Bioinformatic analysis — 
demultiplexing of the sequencing reads was 
@��Y��Z���%����*>>BZ����&�>�Y�����F+����������T���
'��@�����%�������ZZ���%����J��%��;�+�������T�����
!"~$�� ��'PJ��}� L��ZZ��� ��%� ������ %���� �>�?����
to the human reference genome (hg19-cegat) 
using the Burrows–Wheeler Aligner, BWA —  
mem version 0.7.17-cegat [17,25,26,28]. ABRA, 
+������� ��"~� ���� ������@�H��Z������� +�"�R��T�
were used for local restructuring of readings in 
target regions to improve more accurate detection 
of indels in the genome during mutagenesis [8,32].

_�Y����������B������&�������Y��Z������������>�
������� Y��� ���������>�?�� *�Y��Z������ _�YJ���
database [41].

Statistical analysis. J���������>� ���>����� 
of the obtained results was carried out using  
�� @����?�� �Y� �@@>�������� @��?��Z�� J���������� ��"�
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F��� '�'_�T�<R"#~���'�� %���� ��>@� �� @������>�
��Z@B���� &����� ��� ��� *���>� @��������� I����BZ� R� 
Depending on the test result, parametric and 
nonparametric statistical methods were used. 
Correlation analysis was used to analyze 100 
indicators of clinical, laboratory-instrumental and 
molecular genetic examinations in 252 children. 
To assess the relationship between quantitative 
traits, correlation analysis was used according to the 
I������� Z�����;� ���� &��%���� �B�>�����+�� ������;� ��
non-parametric ranking method was used according 
���J@���Z��������>�����F����=�>����������>������%����
taken into account connections (p<0.05).

Ethical approval. I������@�����@��+�����%�������
informed consent, and research protocols and 
procedures were approved according to the ethical 
�����������Y�����H�>���������>���������T"������&��
���� HBZ��� _�������� <������ ��ZZ������ F������>�
�@@��+�>� �JQ�^<�^"�^""T���� L�Z�� �Y� �����
collection: January 2020 — February 2023. 

Informed consent:� *�Y��Z��� �������� %���
obtained from all individual participants included 
in the study.

Results of the research
As a result of complete genome sequencing in 

���>�����%�����&�����;�%��������������>������J���
of the CCK� ?���;� ���#R��#� F*�J"P��¦���� L����
J��� ��� >������� ��� ���� ������� "^����� �� &������ �Y�
the CCK gene, which may lead to a change in the 
splicing mechanism [22].

L���Z�>��B>���?�������������������������Y�J���
rs754635 of the CCK gene is presented in Table 1.

Associations of SNV rs754635 CCK gene with 
obesity phenotypes in children. The frequency 
�Y� ���B������� �Y� J��� ���#R��#� �Y� ���� CCK gene 
��� ���>����� %���� ��`������ �&������ @������@��� ���
presented in Table 2.

According to the data obtained, obese children 
��+������?�������>����?����Y���B������Y��������>>�>��
compared to individuals with physiological body 
weight.

*�� ���>����� %���� ���� QH=� @������@�;� 
���� Y���B����� �Y� ���� ZB������ �� �>>�>�� Y��� J���
rs754635 of the CCK�?����%�����?�������>����?����
(t=12.96; p<0.05), as in children with the MUO 
phenotype (t=10.93; p<0.05), than the frequency 
of this polymorphism among healthy persons.

According to the analysis, the frequency of 
�������>>�>��Y���J������#R��#��Y�����CCK gene in 
children with the studied obesity phenotypes was 
��������������>>����?��������F�§"���;�@¨T�T#��

Associations of CCK gene SNV rs754635  
����� ���	

	���
� 	������
�� According to 
the results of correlation analysis, the level  
�Y� @���B������ �Y� @��P����ZZ������ ���������� ���
�&�������>���������������@�����������J������#R��#�
genotype of the CCK gene.

Associations of SNV rs754635 of the CCK 
gene with disorders of carbohydrate metabolism. 
Correlation analysis showed the presence of a 
��>��������@� &��%���� J��� ���#R��#� �Y� ���� CCK 
gene and indicators of carbohydrate metabolism 
��� @�������� %���� ���� �&������ QH=� @������@��� *��
%��� Y�B��� ����� ���� @�������� �Y� ���� �� �>>�>�� %���
moderately associated with fasting hyperglycemia 

Table 1
Characteristics of SNV types of the CCK gene

Table 2
The frequency of occurrence of major and minor variants of SNV rs754635 

of the CCK gene in children with different obesity phenotypes

SNV,
ID Position GnomAD

_maxPOP Ref Alt Consequence Base
Change +-// RawScore

Clinical
�012089;2�<

(ClinVar)
rs754635 42305131 NFE C G 5_prime_UTR_intronic c*.-9G>C 3.98 0.08 No data
����	
� �"*�¥¦§�>¨©�©� @� +Q%� ª?%«&%"'R� /!�+?!�&+!*"� *ª� ¬¬­� �&+>+!*"�\� F®¯� ?%�?%�%"+� F*"�®!""!�Q� ¯&?*�%>"�� °%ª� @� ?%ª%?%"'%� >$$%$%�� ¥$+� @� >$+%?">+!:%�
allele; Consequence — functional consequence of the variation in relation to the transcript. The nucleotide change and position relative to the coding sequence 
*ª�+Q%�>±%'+%/�+?>"�'?!�+�!"���JB�"*�%"'$>+&?%²�'\��¦B�©*�!+!*"�°%ª%?%"'%�³>�%�´#+��¥$+%?">+!:%�³>�%\�¯¨>��$%²�'\``�¥µ¶��'\·�@�!"+%?�?%+>+!*"�ª*?�¦F¥�'*/!"#�
�%«&%"'%K�¸�~¹\�¶Q!��'*$&�"�!��%��+R�!ª�+Q%�:>?!>"+�!��!"+%?#%"!'��¬¥¦¦�@�'*��!"%/�>""*+>+!*"�/%�%"/%"+�/%�$%+!*"\

Notes:�·�@��?!+!'>$�:>$&%�*ª�B+&/%"+^��+�+%�+��*/!º%/��R�»%$'Q�µ~\����>+�¼Q!'Q�+Q%�/!±%?%"'%��!"�+Q%�'*��>?%/�#?*&���>?%��!#"!º'>"+�����\�{��+1�@�B+&/%"+^��+%�+�*ª�
�!#"!º'>"'%��R�>$$%$%�����*/!º%/��R�»%$'Q�!"�+Q%�'*��>?!�*"�#?*&�������>"/�Q%>$+QR�!"/!:!/&>$���+2�@�B+&/%"+^��+%�+�*ª��!#"!º'>"'%��R�>$$%$%�����*/!º%/��R�»%$'Q�
in the comparison groups MUO and healthy individuals; t3�@�B+&/%"+^��+%�+�*ª��!#"!º'>"'%��R�>$$%$%�����*/!º%/��R�»%$'Q�!"�+Q%�����>"/�����'*��>?!�*"�#?*&��\

SNV

The frequency  
of occurrence of 
major and minor 

options in healthy 
individuals (%) [22]

The frequency of occurrence  
of major and minor variants  
in patients with obesity (%)

The value of Student’s t-test  
in Welch’s  

HJL089;Q0J2

Allele C Allele 
G

MHO MUO t1 t2 t3

Allele C Allele G Allele C Allele G Allele G
rs754635 76.9 23.1 10 90 16 84 12.96* 10.93* 1.27
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(r=0.44) and impaired carbohydrate tolerance 
(r=0.33).

Associations of SNV rs754635 of the CCK gene 
with lipid metabolism disorders. We have found 
����� ������J������#R��#��>>�>���Y� ����CCK gene 
������>�����%��������QH=�@������@�������+����>��
��>����� ��� ���� >�+�>� �Y� H��P�� ��� &>���� ���BZ� 
(r=-0.58) and directly proportional to the 
atherogenic index of the lipid spectrum (r=0.40) in 
children with the MUO phenotype.

Discussion
According to the results of complete genome 

sequencing, obese children, regardless of the obesity 
phenotype, have a high frequency of occurrence  
�Y� J��� ���#R��#� �Y� ���� CCK gene. Mariaelisa  
���`� ��� �>�� !"�$� Y�B��� ��� ������������ �Y� J���
rs754635 of the CCK� ?���� %���� �Q*� ��� ��B>����
According to the results of complete genome 
sequencing, obese children, regardless of the obesity 
phenotype, have a high frequency of occurrence of 
J������#R��#��Y� ����CCK�?�����Q�����>������� �̀
����>��!"�$�Y�B�������������������Y�J������#R��#��Y�
the CCK�?����%�����Q*������B>���

=Y�����������������Y���������@��������%����QH=�
have higher serum levels of CCK and insulin 
than those with the MUO phenotype [29].  
*�� �>>� >���>�����;� ���� >���� �Y� ����������� �Y� ���P
associated signaling pathways is associated with 
the development of metabolic disorders. We 
��+�� ���%�� Y��� ���� ����� ��Z�� ���� ������������ �Y�
J��� ���#R��#� �Y� ���� CCK gene with metabolic 
disorders in obese children. Thus, carriers of the 
���>>�>��J������#R��#��Y�����CCK gene with the 
QH=�@������@��������������������&����Z��������
tendency to fasting hyperglycemia and impaired 
���&��������� ��>�������� *�� ��� ���%�� ����� ���
increase in the production of the biologically active 
form of CCK-8 in the duodenum reduces the level  
of glucose secretion, regardless of the level of 
insulin, the reduction of CCK-induced excitation 
�B�� ��� ���� ���������� ��� ���>������������
resistance may contribute to the occurrence  
�Y� ��@��?>���Z��� !R;�$�� *�����B������ �Y� ���� ���
experimental animals reduces the level of glycemia, 
stimulates proliferation and prevents apoptosis  
of �-cells of the islets of Langerhans of the pancreas 
[20,23,24].

Also, we have shown that in carriers of the  
���>>�>��J������#R��#��Y�����CCK gene with the 
QH=�@������@�;���������������������������������
�Y� H��P�� ��� �&���+��;� ���� %���� ���� Q�=�
phenotype, a higher level of atherogenicity  

of the blood serum lipid spectrum is characteristic. 
Aditya J Desai et al. [11] demonstrated that 
a decrease in the activity of CCK-associated 
signaling pathways correlates with elevated serum 
triglyceride levels in individuals with normal 
&���� %��?��� ���� >�%� ��������������� �Y� H��P��
in patients with obesity and diabetes mellitus. 
L����B�������B??����������������`����������B�������
decrease in CCK1R sensitivity due to an increase 
in the level of cholesterol in the cell membrane in 
obese patients. On the other hand, it has been shown 
that CCK in experimental animals contributes 
to hypercholesterolemia, hypertriglyceridemia as 
a result of increased lipid reabsorption from the 
intestinal lumen. The authors believe that CCK 
stimulates the secretion of bile from the gallbladder 
into the small intestine and the secretion of 
lipases by the pancreas. Bile salts, by forming 
amphipathic micelles, emulsify fats, allowing 
pancreatic lipases to gain access to cholesterol 
������ Z�>��B>���� H����>����� �Y� ���>������>� �������
by lipases leads to the formation of free cholesterol 
and fatty acids, which are absorbed by enterocytes 
and transported to the peripheral bloodstream 
[44,45]. Also, CCK stimulates the CD36 fatty 
acid translocase, promoting fatty acid uptake by 
duodenal enterocytes [10]. CCK gene knockout 
(CCK-KO) mice show decreased activity of  
Apo B48 chylomicron secretion, lipid transport to 
the lymphatic system, and triglyceride uptake in 
response to intraduodenal lipid administration [21]. 
The contradiction of the results of the study of the 
�`�����Y������������>�@����@����BZ��Y�@���@����>�
&>���� ���@��&�&>���B����� ������`������ �����?����Y�
�����`�����Y���������������&���@������Y�>�@����Y��Z�
the intestinal lumen and the process of absorption 
�Y�>�@����&�����@��������Y����@��������B���*��������%��
that when entering the bloodstream, chylomicron 
triglycerides are hydrolyzed to free fatty acids by 
the action of lipoprotein lipase. Most of the released 
fatty acids and all monoacylglycerols are directly 
transported to the adipose tissue cells. Adrián 
I>���� ��� �>�� !�~$� ���%��� ����� ���P~� ���B���� ����
level of angiopoietin-like protein-4 (angiopoietin-
>���� @������PR� G� '��LI�PR�;� ��@������� ����
��@�������� �Y� '��IL�PR� ��� %����� ���@���� ����B��
and simultaneously increases the activity of 
lipoprotein lipase, which promotes the release of 
fatty acids and their absorption by target cells, in 
@�����B>��� ���@�������� *�� �B�� �@�����;� ��������� �Y�
�������>>�>���Y�J������#R��#�@��&�&>����+����>����
of biological activity of CCK peptides, which can 
prevent both lipid reabsorption from the intestinal 
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