
ISSN 2409-4943. Ukr. Biochem. J., 2018, Vol. 90, N 5

81

© 2018 Dziuba O. S. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

UDC 577.115:576.385.344+616.39:616-092.9+615.272.4

The effect of N-stearoylethanolamine
on adipocytes free cholesterol content

and phospholipid composition in rats
with obesity-induced insulin resistance

O. S. Dziuba, Ie. A. Hudz, H. V. Kosiakova, T. M. Horid’ko,
V. M. Klimashevsky, N. M. Hula

Palladin Institute of Biochemistry, National Academy of Sciences of Ukraine, Kyiv;
e-mail: oksana.dziuba86@gmail.com

Obesity induces molecular changes that promote associated disorders, such as insulin resistance (IR) 
and type 2 diabetes. Low insulin sensitivity occurs primarily due to defects in the pathway of insulin action in 
target tissues, and there is a hypothesis that IR may originate in adipose tissue and is followed by dyslipidem-
ia. In this study using methods of thin-layer and gas-liquid chromatography we investigated free cholesterol 
content and phospholipid composition of adipocytes of obesity-induced IR rats and its changes induced by 
the N-stearoylethanolamine (NSE) administration. The results we obtained demonstrated that free cholesterol 
content significantly increased in adipocytes of IR rats compared to control. The analysis of phospholipid 
composition indicated a reduction of phosphatidylcholine and the total content of phosphatidylinositol with 
phosphatidylserine, whereas the content of lysophosphatidylcholine, sphingomyelin and phosphatidyletha-
nolamine increased in IR group compared to control. As far as NSE administration caused a statistically 
significant decrease in free cholesterol level and had a considerable effect on normalization of individual 
phospholipids content of adipocytes, we can consider NSE as a prospective compound worthy more complex 
investigation of its action under the pathological conditions.

K e y w o r d s: N-stearoylethanolamine, cholesterol content, phospholipids, adipose tissue, obesity, experi-
mental insulin resistance.

I t is known that obesity is a complex metabolic 
disorder often associated with insulin resistance 
(IR) as well as type 2 diabetes [1]. Chronic hy-

pernutrition and high fat diet rich in saturated fatty 
acids leads to molecular changes in insulin sensitive 
tissues (liver, muscle and adipose tissue) and impair-
ment in insulin signaling [2].

Low insulin sensitivity occurs primarily due 
to defects in the pathway of insulin action in tar-
get tissues, and there is a hypothesis that IR may 
originate in adipose tissue and may be followed by 
dyslipidemia [3, 4]. Cholesterol is known as the main 
modulator of phospholipids content in cell mem-
branes [5, 6].

Recent studies indicate that N-acylethano-
lamines (NAEs) regulate energy homeostasis by 
interacting with the nuclear and orphan receptors. 

It was previously shown that saturated NAE – 
N‑stearoylethanolamine (NSE) is able to regulate 
the lipid content of biological membranes under the 
different pathological conditions [7]. The membrane-
stabilizing and anti-inflammatory action of NSE was 
shown on different tissues (the liver, pancreas, heart, 
skin, testes) in a wide range of pathological condi-
tions in animal models [8-10]. The main effect of 
NSE has been suggested to be the improvement of 
lipid imbalance, and the results of previous studies 
demonstrated that NSE influences positively the lipid 
composition of such insulin sensitive tissues as the 
liver and pancreas and this effect is also associated 
with the improvement of insulin sensitivity in rats 
with obesity-induced IR [11, 12].

That is why the aim of our study was to inves-
tigate the free cholesterol content and phospholipid 
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composition of adipocytes of obesity-induced insu-
lin resistant rats and these changes induced by the 
N‑stearoylethanolamine administration.

Materials and Methods

Animal model. The study was carried out on 
male outbred rats with average weight 170 ± 4 g. All 
experiments involving animals were carried out with 
an approval of the Animal Care and Use Committee 
of the Palladin Institute of Biochemistry of the NAS 
of Ukraine and in accordance with the General Ethi-
cal Principles on Experiments with Animals of the 
first National Congress on Bioethics (Kyiv, 2001). 

Rats were housed in standard cages with free 
access to food and water. Obesity-induced IR was 
obtained by feeding a prolonged high-fat diet (HFD) 
during 6 month [13]. The diet included pellets with 
addition of visceral lard. Component analysis of 
HFD [14] demonstrated that total content of fat, pro-
teins and carbohydrates was 58, 23 and 10%, respec-
tively. The fatty acids composition of HFD was at a 
ratio of 55% saturated (SFA) and 45% unsaturated 
(USFA) fatty acids. The animals from control group 
received standard pellet diet containing 4% of fat, 
23% of proteins and 65% of carbohydrates with the 
percentage of SFA and USFA 38 and 62%, respec-
tively. 

On the 24th week, the average weight of HFD 
rats was 383 ± 12 g compared to control rats of 
279 ± 7 g. The dynamic of rats’ body weight and glu-
cose level in blood are presented in Fig. 1 and Fig. 2. 

Six months after HFD period, we conducted 
the oral glucose tolerance test [15]. After 12-hour 
fasting period and measurement of the blood glu-
cose level, rats received water solution of glucose at 
a dosage of 1 g per 1 kg body weight. This animal 
model of obesity-induced IR was thoroughly inves-
tigated in earlier studies and it was confirmed by 
the homeostatic model assessment (HOMA) that IR 
strongly correlated with impairment of glucose toler-
ance [11]. In our study the rats with impaired glucose 
tolerance (the level of blood glucose within 150 min 
after the oral glucose administration was higher 
than 5 mmol/l) were selected and divided randomly 
into two groups: IR (n = 12) and IR+NSE (n = 15). 
Control rats were divided into Control (n = 9) and 
Control+NSE (n = 11) groups.  The results of the oral 
glucose tolerance test for control and IR animals are 
presented in the Fig. 3.

Animals in Control+NSE and IR+NSE groups 
received orally via intragastric probe the water sus-

Fig. 1. Body weight of rats. Values represented 
mean  ± SEM. Values in control (n = 20) and IR 
(n  =  27) groups were compared. *P < 0.05 com-
pared to the control group

Fig. 2. The level of glucose in blood. Values repre-
sented mean ± SEM. Values in control (n = 20) and 
IR (n = 27) groups were compared. *P < 0.05 com-
pared to the control group
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pension of NSE for 14 days at a dosage of 50 mg 
per 1 kg body weight. At the end of the experiment, 
the rats were decapitated under Nembutal anesthesia 
(50 mg/kg body weight) [16].

The abdominal fat was immediately removed 
for further adipocytes isolation.

Adipocytes  isolation. One gram of abdominal 
fat pad isolated from rats was digested by Type 1 
Collagenase solution in HEPES buffer (pH 7.4) ac-
cording to the modified Rodbell procedure [17, 18]; 
2 ml of Krebs-Ringer HEPES Buffer (pH 7.4) was 
added to 1 g of rat abdominal adipose tissue. Krebs-
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Ringer HEPES Buffer contains 5 mM D-Glucose, 
2% BSA, 135 mM NaCl, 2.2 mM CaCl2×2H2O, 
1.25 mM MgSO4×7H2O, 0.45 mM KH2PO4, 2.17 mM 
Na2HPO4, 10 mM HEPES. 

Adipose tissue in buffer was thoroughly 
minced by scissors (1-2 mm pieces). Buffered tissue 
fragments were digested with Type 1 Collagenase 
solution in the same buffer (1.25 mg/ml) at 37 °C 
with periodical gentle shaking for 1 h. After incu-
bation the tissue suspension was diluted in 1 ml of 
cold buffer and isolated adipocytes were separated 
from undigested tissue by the filtration through the 
400 µm nylon mesh and washed by 1 ml of buffer 
three times. The resulting cell suspension was cen-
trifuged at 1000 rpm for 10 min and floating adi-
pocytes were separated from the stromal vascular 
fraction. 

Lipids extraction from adipocytes. Total lipids 
from the adipocytes were extracted and purified ac-
cording to the Blight and Dyer methods [19] with mi-
nor modifications. Three milliliters of solvent system 
of chloroform/methanol (2:1, v/v) were added to 1 ml 
of adipocyte suspension, and after 30 seconds vor-
texing the mixture was centrifuged during 15 min at 
250 g. The lower chloroform layer was transferred to 
a flask. After that 2 ml of chloroform were added to 
residuary methanol fraction, vortexed during 30sec 
and centrifuged again in the same conditions for 

Fig. 3. Changes of glucose level in rats’ blood 
during glucose tolerance test. Values represented 
mean  ±  SEM. Values in сontrol (n = 20) and IR 
(n  =  27) groups were compared. *P < 0.05 com-
pared to the control group at the same time of ex-
periment; #p < 0.05 compared to the IR group at 
the 0 min of experiment; @p < 0.05 compared to the 
сontrol group at the 0 min of experiment
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Control IR total extraction of lipids. The removed chloroform 
layers after extraction and re-extraction were inte-
grated for further aspiration. After measuring the 
weight of dry lipid extracts, 500 µl of benzene were 
added to each sample.

Separation of lipid fractions. Lipid fractions 
separation was carried by thin-layer chromatography 
on a silica-gel-coated plates with 110 µm layer thick-
ness using a solvent system of hexane: diethyl ether: 
acetic acid with component ratio by volume 85:15:1.

Cholesterol content determination. After sepa-
ration of lipid extract by thin-layer chromatography, 
the cholesterol fraction was eluted by 3 ml of diethyl 
ether. Following evaporation of the solvent, the dry 
residue was assayed by gas–liquid chromatography 
on a glass column (0.5 m) packed with 1.5% OV-1 on 
80–100 mesh Chimalite at 250 °C. The concentra-
tion of cholesterol was calculated by the difference 
between peak areas of the samples and the peak of 
the purified cholesterol standard.

Phospholipid composition determination. Af-
ter separation of lipid extract by thin-layer chroma-
tography, the phospholipid fraction was transferred 
into solvent mixture containing 2 ml of chloroform, 
1 ml of methanol and 0.8 ml of distilled water. After 
vortexing during 1 min and centrifugation during 
2-3 min at 1000 g, the lower chloroform layer was 
transferred to a f lask, evaporated and solved in 
0.15 ml of benzene. Such a refined lipid extract was 
used for the analysis of individual phospholipids 
(PL) content.

The individual PL content was determined by 
refined lipid eхtract separation with 2D thin-layer 
chromatography on a silica-gel-coated plates with 
110 µm thick layer. 

Solvent system for the first dimension was 
chloroform (65): methanol (30): ammonia (6): ben-
zene (10) (v/v), and the second dimension was with 
chloroform (5): methanol (1): acetic acid (1): water 
(0.5): acetone (2) (v/v) [20, 21]. The amount of indi-
vidual PL was estimated by colorimetric measure-
ment of inorganic phosphate [P(i)] in each separated 
PL spot using the Vaskovskiy and Kostetskiy method 
[22] and determined spectrophotometrically as their 
phosphomolybdenum blue complex in the 815 nm 
wavelength region.

Statistical analysis. The data, presented as 
mean values ± standard errors of the means (SEM) 
from different studied groups were compared by the 
Student’s unpaired t-test for samples with normal 
distribution using software MS Office Excel. The 
statistics of significance was determined at P < 0.05.



84

ISSN 2409-4943. Ukr. Biochem. J., 2018, Vol. 90, N 5

Results and Discussion

Adipocyte free cholesterol content. Free cho-
lesterol content of rat adipocytes is presented on 
Fig. 4. The determination of the free cholesterol 
content in rat adipocytes showed a considerable in-
crease in IR group, which was significantly higher 
than those of controls (Fig. 4). The administration 
of NSE did not caused any significant changes in 
adipocytes free cholesterol content of rats from the 
group Control+NSE. However, NSE caused a statis-
tically significant decrease in free cholesterol content 
of white adipose tissue cells in a group of obesity-
induced IR rats (Fig. 4).

Cholesterol is recognized as the main modula-
tor of cell membranes phospholipid composition. It is 
also well known that the content of cholesterol may 
vary under different pathological conditions [23-25].

It is evident from the chart (Fig. 4) that the pro-
longed fat overload leads to a significant increase of 
free cholesterol level in rat adipocytes. It is known 
that all cholesterol present in the organism arises 
from two different sources: it can be either syn-
thesized de novo or obtained through food inges-
tion [26]. It is important to notice that the quantity 
of cholesterol produced by the organism itself is 
enough for body requirements and only small part of 
total cholesterol comes from ingested food [27]. The 
cholesterol level is maintained through regulation of 
the synthesis and absorption [28]. Dietary intake of 
large amount of saturated fat in the form of satu-
rated fatty acids leads to the increase of cholesterol 

Fig. 4. Free cholesterol content in adipocytes. Values 
represented mean ± SEM. Values in Control (n = 9), 
Control+NSE (n = 11), IR (n = 12), and IR+NSE 
group (n = 15) were compared. *p < 0.05 compared 
to the “Control” group; #p < 0.05 compared to the 
“IR” group
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synthesis and reduction of its removal from the cell 
membranes. Dietary surplus of saturated fatty acids 
breakdowns through β-oxidation to acetyl-CoA, 
which is involved in the cascade of cholesterol syn-
thesis [26, 28].

Taking into account that experimental animals 
were not overloaded with dietary cholesterol but fed 
with diet rich in saturated (palmitic and stearic) fatty 
acids, the high level of adipocytes free cholesterol 
may be associated with its hyperproduction from 
fatty acids as well as impaired mechanisms of its 
turnover through esterification. 

According to the results of dietary components 
analysis [14], standard pellets are rich in unsaturated 
fatty acids (oleic, linoleic, linolenic, eicosatrienoic) 
whereas visceral lard as a main component of HFD 
contains a majority of saturated (palmitic, stearic) 
and monounsaturated (oleic) fatty acids. However, 
the cholesterol content of visceral lard was not high 
(0.57 mg/g) [14]. Thus, we can assume that the in-
crease of free cholesterol content of HFD-rat adipo-
cytes was caused by the consumption of food rich 
in saturated fatty acids but not in cholesterol itself.

The data obtained showed that NSE adminis-
tration contributed significantly to the decrease in 
free cholesterol content of adipocytes of rats with 
obesity-induced IR. It is known that acylation is the 
main mechanism of cholesterol removing from the 
cell membranes and lecithin–cholesterol acyltrans-
ferase (LCAT) with acyl-CoA: cholesterol acyltrans-
ferase (ACAT) are the key enzymes catalyzed in this 
metabolic pathway.

The LCAT bonded to a lipoprotein cleaves the 
fatty acid from phosphatidylcholine in sn-2 position 
and transfers it onto the A-ring of cholesterol with 
further transesterification to the 3-β-hydroxyl group 
for cholesterol ester formation. Lysophosphatidyl-
choline is also formed as a by-product of the reac-
tion [29, 30]. In turn, ACAT uses free fatty acids 
pool for cholesterol esterification. However, LCAT 
is considered to have the main transport function. 

Probably the effect of NSE is to intensify the 
cholesterol withdrawal from the adipocyte mem-
brane. It was shown in previous studies, using the 
same animal model, that NSE administration caused 
the reduction of free cholesterol content and increase 
of its esterified form in the liver [26]. There are also 
the results of in vitro studies that saturated NAEs 
modulate LCAT activity [31].

Adipocyte phospholipid composition. The 
analysis of phospholipid composition of adipocytes 
indicated a reduction of phosphatidylcholine (PC) 
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and the total content of phosphatidylinositol with 
phosphatidylserine (PI+PS), whereas the content of 
lysophosphatidylcholine (LPC), sphingomyelin (SM) 
and phosphatidylethanolamine (PE) was increased in 
IR group compared to Control group (Fig. 5).

It is widely known that phospholipids and cho-
lesterol play an essential role in plasma cell mem-
branes functioning. These components provide 
fluidity, viscosity and elastic stiffness as well as 
regulate the membrane-bound enzymes activity and 
receptor functions, in particular, the transfer of insu-
lin signals in insulin-sensitive tissues [23, 24].

Recent studies indicated the correlation be-
tween cell membrane PL composition and markers 
of insulin resistance of insulin sensitive tissues [32]. 
In particular, it has been shown that the growth of 
SM content in membranes of insulin-sensitive cells 
inhibits a tyrosine kinase, which leads to insulin 
signaling impairment and contributes to insulin re-
sistance development [33]. There are also studies 
demonstrating that the content of SM in cell mem-
brane correlates directly with its stiffness and there 
are the data which suggest that SM could also be a 
contributor to the dysregulation of genes in obesity 
[34].

Interestingly, there was a significant increase 
in the SM level of IR obese rats’ adipocytes com-

pared to control. Although the increase in SM level 
in Control+NSE group was also observed, these 
changes were not significant. The statistically sig-
nificant reduction of SM content in adipocytes was 
also observed under NSE treatment. 

The results of our experiment demonstrated 
a decrease of PC content of adipocytes received 
from obese animals. The data obtained were pretty 
unexpected because PC is one of the main membrane 
components and it is known that normally the level 
of this phospholipid should increase as a response to 
growth of the content of cell membrane cholesterol.  
The review of current research works in the field 
of lipidology showed that there is a correlation 
between membranes phospholipid composition of 
insulin-sensitive tissues and obesity-induced insulin 
resistance [32].

The explanation of PC decrease in obese IR 
rat adipocytes could also lay in regulation of activi
ty of specific enzymes – phospholipases C and D. 
According to different authors [35-37], insulin stimu
lates the degradation of PC in cells from insulin-
sensitive tissues through the activation of phospho-
lipase C and phospholipase D. Due to the fact that 
in the condition of insulin resistance the amount of 
insulin synthesized by the pancreas compensatory 
increased, the activity of phospholipases C and D in 

Fig. 5. Phospholipid composition of adipocytes: SM – Sphingomyelin, PC – Phosphatidylcholine, LPC – 
Lysophosphatidylcholine, PE – Phosphatidylethanolamine, PI+PS – Phosphatidylinositol with Phosphatidyl-
serine. Values represented mean ± SEM. Values in Control (n = 9), Control+NSE (n = 11), IR (n = 12), and 
IR+NSE group (n = 15) were compared. *p < 0.05 compared to the Control group; #p < 0.05, compared to 
the IR group
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experimental animals probably also increased, which 
could lead to the intensification of PC transformation 
in adipocytes. It is also obviously, such a decrease 
of PC is due to the fact that PC is a substrate for the 
synthesis of lyso-form of PC (LPC). The adminis-
tration of NSE contributed to the normalization of 
the LPC content and significant growth of the PC 
content. It is known that phospholipid lyso-form syn-
thesis in cell membranes occurs mostly with phos-
pholipase A2 participation. There are also publica-
tions which described saturated NAEs as regulators 
of phospholipase A2 activity [38].

Consequently, the results obtained may be 
the evidence of NSE inhibition action on phospho-
lipase  A2 as well as phospholipase C and phos-
pholipase D. On the other hand, it is known that 
in mammalian cells CDP-choline, which is a pre-
cursor of PC, is synthesized under the action of 
CTP:phosphocholine cytidylyltransferase. NSE ad-
ministration could lead to activation of the enzyme 
which had affinity for membranes depleted of PC 
and it is the possible mechanism of PC synthesis 
stimulation [39].

Despite the fact that PE is a major lipid com-
ponent of membranes, its growth causes significant 
changes in the physical and chemical properties of 
the membrane and, as a result, reflected in the mem-
brane-bound enzymes activity. In particular, it has 
been described that an increase in PE content caused 
a decrease in the activity of protein kinase C (PKC) 
which is a key enzyme of the insulin signaling cas-
cade [40].

Therefore, the PE content in membranes of the 
insulin-dependent tissues correlates directly with 
insulin resistance. In addition, some studies have 
shown that PE may affect the activity of hormone-
sensitive lipase of adipose tissue, in particular, the 
growth of PE content can give rise to the enzyme 
activity [41]. Normalization of PE content in adipo-
cytes of obese rats under the NSE treatment may 
affect the enzyme activity and thus contribute to a 
decrease in IR development.  Taking into account 
the results of recent studies, that indicated the ability 
of NAEs to regulate lipid metabolism via interaction 
with the nuclear receptors PPAR [42-44], we suggest 
that NSE takes influence on PPAR which as the tran-
scription factors regulate the expression of synthesis 
of key enzymes of lipid de novo synthesis.

It is also well known that anionic phospholi
pids, which include PI and PS, play a specific role in 
determining the topology of membrane-bound pro-

teins. Thus, PKC is one of the most studied trans-
membrane enzymes, which interacts stoichiometri-
cally with PS in the C2 domain. The results of in 
vitro studies [45] demonstrated the dependence of 
PKC atypical forms activation on the PS content.

There is evidence that atypical PKC forms (ζ 
and ι/λ) involved in the activation of the glucose-4 
transporter translocation, in contrast to other iso-
forms of its enzyme, are regulated by PS content 
only [46]. It is well known that PI is a substrate in 
the formation of phosphoinositides, which are modu-
lators of the activity of tyrosine-dependent protein 
kinases [47].

Therefore, the significant probable decrease 
in PI and PS content in adipocytes of IR rats may 
indicate the insulin signaling disorders.  It is im-
portant to notice that similar changes in anionic 
phospholipids were detected in the liver of obesity-
induced IR rats [11]. At the same time, a normaliza-
tion of PI and PS content of adipocytes was observed 
after two-week administration of NSE. In previous 
studies it was demonstrated that NSE take a positive 
influence on blood glucose level, insulin level as well 
as results of oral glucose tolerance test [48].

Consequently, administration of NSE signifi-
cantly reduced the disorders in adipocyte indivi
dual phospholipid composition of rats with obesity-
induced IR. Such effects of NSE may be due to the 
modulatory effects on cholesterol level in membranes 
as well as the direct membranotropic action of the 
compound, which is associated with the stabilization 
of the lamellar phase in the locus it is embedded [49].

The results obtained show that prolonged 
HFD caused not only the increase of body weight 
but also led to impairment of glucose utilization 
mechanisms which is likely to develop as a result 
of lipid imbalance of insulin sensitive tissues. Such 
consequences were proved in our study dedicated to 
the investigation of changes in lipid composition of 
adipose tissue, particularly in content of free choles-
terol and phospholipids which are mainly contained 
in adipocyte membranes.

Such factors as the diet must be taken into 
account when insulin resistance and type 2 diabetes 
as well as other obesity-induced complications are 
considered. It is clear from our observation that 
hypernutrition and diet rich in saturated fatty acids 
cause lipid imbalance characterized by structural 
changes in adipocyte membranes. Thus, the growth 
of free cholesterol content seems to confirm this 
idea. On the other hand, changes in phospholipid 
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composition may be induced as a compensatory 
mechanism in response to the increase of cholesterol 
synthesis. 

In conclusion, as far as NSE administration 
caused a statistically significant decrease in free 
cholesterol level and had a considerable effect on 
normalization of individual phospholipids content 
of adipocytes, we can consider NSE as a prospective 
compound worth more complex investigation of its 
action mechanisms  in pathological condition.

Вплив 
N-стеароїлетаноламіну 
на вміст вільного 
холестеролу та 
індивідуальних фосфоліпідів 
в адипоцитах щурів з 
індукованою ожирінням 
інсулінорезистентністю
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Ожиріння часто призводить до інсуліно
резистентності (ІР) та розвитку цукрового 
діабету 2-го типу. Зниження чутливості до 
інсуліну розвивається внаслідок порушень в 
шляхах сигналювання інсуліну, й доведено, 
що інсулінорезистентність виникає і в жировій 
тканині, супроводжуючись дисліпідемією. 
В цій роботі методами тонкошарової та 
газорідинної хроматографії ми дослідили вплив 
N-стеароїлетаноламіну на вміст вільного хо-
лестеролу та індивідуальних фосфоліпідів в 
адипоцитах щурів з індукованою ожирінням 
інсулінорезистентністю. Одержані результати 
показали, що рівень вільного холестеролу значно 
підвищувався в адипоцитах ІР-щурів порівняно 
з контрольними. Аналіз фосфоліпідного складу 
засвідчив зменшення вмісту фосфатидилхоліну 
та сумарної кількості фосфатидилінозитолу й 
фосфатидилсерину в адипоцитах ІР-тварин, 
в той час як кількість лізофосфатидилхоліну, 
сфінгомієліну та фосфатидилетаноламіну 
збільшувалася в групі ІР-щурів порівняно з кон-
трольною. Застосування N-стеароїлетаноламіну 
спричинювало вірогідне зниження вільного 

холестеролу та мало позитивний ефект на 
нормалізацію фосфоліпідної композиції 
адипоцитів. Одержані дані є підставою розгля-
дати N-стеароїлетаноламін як сполуку, пер-
спективну для подальшого дослідження її дії за 
різних патологічних станів.

К л ю ч о в і  с л о в а: N-стеароїлетаноламін, 
холестерол, фосфоліпіди, жирова тканина, 
ожиріння, інсулінорезистентність.
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фосфолипидов в 
адипоцитах крыс с 
индуцированной ожирением 
инсулинорезистентностью

О. С. Дзюба, Е. А. Гудзь, Г. В. Косякова, 
Т. Н. Горидько, В. М. Климашевский, 
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Інститут биохимии им. А. В. Палладина 
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e-mail: oksana.dziuba86@gmail.com

Ожирение часто приводит к инсулиноре-
зистентности (ИР) и развитию сахарного диа-
бета 2-го типа. Снижение чувствительности к 
инсулину развивается в результате нарушений 
в путях сигналинга инсулина, и установле-
но, что инсулинорезистентность возникает и 
в жировой ткани, сопровождаясь дислипиде-
мией. В этой работе методами тонкослойной и 
газожидкостной хроматографии мы изучили 
влияние N-стеароилэтаноламина на содержа-
ние свободного холестерола и индивидуальных 
фосфолипидов в адипоцитах крыс с индуциро-
ванной ожирением инсулинорезистентностью. 
Полученные результаты показали, что уровень 
свободного холестерола значительно повы-
шался в адипоцитах ИР-крыс по сравнению с 
контрольными. Фосфолипидный анализ про-
демонстрировал снижение содержания фос-
фатидилхолина и суммарного количества 
фосфатидилинозитола и фосфатидилсерина в 
адипоцитах ИР-животных, в то время как коли-
чество лизофосфатидилхолина, сфингомиелина 
и фосфатидилэтаноламина возростало в группе 
ИР-крыс по сравнению с контрольной. Приме-
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нение N-стеароилэтаноламина вызывало досто-
верное снижение свободного холестерола и ока-
зывало позитивный эффект на нормализацию 
фосфолипидной композиции адипоцитов. Полу-
ченные данные являются основаним для рассмо-
трения N-стеароилэтаноламина как соединения, 
перспективного для дальнейших исследований 
его действия при различных патологиях.

К л ю ч е в ы е  с л о в а:  N-стеароилэтанол
амин, холестерол, фосфолипиды, жировая 
ткань, ожирение, инсулинорезистентность.
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