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CARBONYLATION LEVEL IN RATS WITH ALIMENTARY
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The effect of N-stearoylethanolamine (NSE) on liver free fatty acid composition, cholesterol content
and carbonylated protein level in rats with obesity-induced insulin resistance (IR) was studied in the work.
The experimental insulin resistance was induced by prolonged high fat diet (58% of energy derived from fat)
for 6 months combined with one injection of low-dose (15 mg/kg) of streptozotocin. The lipid assay showed a
rise in liver free cholesterol content and a significant reduction in cholesterol esters level. Analyzing liver fatty
acid composition, a decrease in polyunsaturated of fatty acid (PUFA) level and an increase in monounsatu-
rated fatty acid (MUFA) content was found. Fatty acid imbalance with high content of MUFA was associated
with elevated level of protein carbonylation. The NSE administration (50 mg/kg of body weight) for 2 weeks
decreased free cholesterol content, increased cholesterol esters level and reduced free oleic fatty acid content
in the liver of rats with IR. The effect of NSE on lipid imbalance led to a decrease in protein carbonylation
level that may result in improvement of transmembrane protein function under obesity-induced insulin resist-
ance state.

Key words: N-stearoylethanolamine, cholesterol content, free fatty acid composition, protein carbonyla-
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owadays obesity has achieved a status of a

‘ \ ‘ pandemic disease, which is associated with
a variety of metabolic disorders, such as
dyslipidemia, insulin resistance, oxidative stress and
inflammation. These are the main factors that cause
the development of type 2 diabetes. Chronic high
fat diet hypernutrition, rich in saturated fatty acids,
stimulate intracellular pathways, leading to oxida-
tive stress through multiple biochemical mecha-
nisms, such as superoxide generation from NADPH
oxidases, oxidative phosphorylation, glyceraldehyde
autoxidation, activation of polyol and hexosamine
pathways [1]. Fat accumulation increases NADPH
oxidases’ activity, thus triggering the development of
oxidative stress in adipocytes that lead to increased
reactive oxygen species (ROS) production [2]. Re-
cently, it was shown that the high fat diet-induced
obesity also correlates with mitochondrial dysfunc-
tion and increased oxidative stress in the liver [3].
The generated ROS directly interact with proteins
or may react with carbohydrates and lipids thus,
producing the reactive carbonyl species, which can
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subsequently interact with proteins [4]. Irreversible
protein carbonylation results not only in enzyme in-
activation but also in initiation of several signaling
pathways, launching a cascade of NF-kB activation
that leads to the development of IR [5]. An increase
in protein oxidation is associated with dyslipidemia
[6]. The systemic and cellular dyslipidemia is pos-
tulated to play a critical role in the development of
diet-induced insulin resistance [7].

Recently discovered compounds N-acylethanol-
amines (NAE) belong to endocannabinoid system
and play an important role in adaptation process,
modulating neuroendocrine and behavioral re-
sponses to stress, pro-/antioxidant balance and lipid
metabolism in different tissues under different pa-
thologies. Until now, all research was focused on the
investigation of unsaturated NAEs, primarily anand-
amid (N-arachidonoylethanolamine). Nevertheless,
it was shown that one of the biggest disadvantages
of anandamid application was its addiction. The bio-
logical effects of saturated N-stearoylethanolamine
(NSE) are not widely studied; however, it is known
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that saturated NAE are at relatively high levels un-
der pathological conditions compared to other NAEs
that may be due to their leading role in corrective
processes. Earlier our research group has shown the
membrane stabilizing and protective effect of NSE,
affecting saturated/unsaturated fatty acids ratio and
cholesterol content [8, 9]. In addition, in previous
work the anti-oxidative effect of NSE via the de-
crease of lipid peroxidation products and activation
of antioxidant enzymes in the rat liver with high fat
diet (HFD)-induced insulin resistance was found
[10].

Taking into account the role of dyslipidemia in
enhancing protein peroxidation level and its relation
to the insulin signaling impairment, the aim of our
research was to study the influence of NSE on the
lipid profile (cholesterol contents, fatty acid compo-
sition) and the level of protein peroxidation products
in the liver of rats with HFD-induced IR.

Materials and Methods

Animal model. The experiment was conducted
with Sprague-Dawley male rats (200-220 g), and
performed in accordance with the institution’s guide
for the care and use of laboratory animals. The ani-
mals were housed in standard cages with free access
to food and water.

The experimental IR was induced in rats by
prolonged HFD (58% fat : 23% proteins : 10% carbo-
hydrates) for 6 months combined with one low-dose
injection of streptozotocin (15 mg/kg of body weight)
at the end of the experiment to cause initial B-cell
dysfunction, that was described in our previous work
[10]. The amount of lipids was increased by adding
some lard with a high level of palmitic (24% of total
fatty acids) and stearic (28% of total acids) acids to
the normal diet. Interesting to submit that cholesterol
content of lard was not at a high level (0.57 mg/g
of lard). The assay of HFD fatty acid composition
showed the ratio of saturated/unsaturated fatty acid
55/45 (%) respectively. Control rats during the ex-
periment were on normal pellet diet (4% fat : 23%
proteins : 65% carbohydrates) with saturated/unsatu-
rated fatty acid ratio — 38/62 (%). Throughout HFD
the rats were gradually gaining the weight and on
the 24 week of the experiment the average weight
was 400-420 g in comparison with control rats of
330-350 g.

Two weeks after the streptozotocin (STZ) injec-
tion, the oral glucose tolerance test was conducted
[10]. According to the results, the rats with impaired

120

glucose tolerance (the level of blood glucose within
150 min after the oral glucose administration was
higher than 5 mM) were selected and divided into
2 groups: “IR” (n = 9) and “IR+NSE” (n = 10). The
water suspension of NSE was orally administrated
at a dose of 50 mg'kg" of body weight for 2 weeks
to the rats from “IR+NSE” group. The control rats
were divided into the group of “Control” and the
group of “NSE” rats; the water suspension of NSE
was orally administrated (50 mgkg! of body weight)
for 2 weeks to the animals from “NSE” group. This
particular NSE dose has been chosen as the optimal
reacting dose for biological effect investigations.
Schmid H. H. et al. discovered earlier the exact
concentration of NSE during the experiment of dog
coronary artery occlusion [11].

The confirmation of the IR existence was based
on the results of glucose and insulin plasma content
assays that are provided below in Fig. 1.

At the end of the experimental period, the rats
were decapitated under Nembutal anesthesia. The
liver was immediately taken and frozen at — 80 °C
until analysis.

The liver tissue was homogenized in physiologi-
cal saline solution, 0.5 ml of 10% homogenate was
taken for protein oxidation products investigation
and the rest of it was taken for lipid content assay.

Protein carbonylation. The liver levels of oxi-
dized proteins were measured using 2,4-dinitrophe-
nylhydrazine (DNPH) [12, 13]. A sample (1-1.5 mg
protein/ml) was divided into two 1-ml portions, a
“Test” and a “Blank”. The samples were precipitated
with 10% trichloroacetic acid (final concentration).
The samples were treated with an equal volume of
0.2% DNPH in 2 M HCI. To the Blank portions 2 M
HCI alone was added. The samples were incubated
at room temperature in the dark for 1 h, vortexing
every 10 min, after that they were centrifuged for
15-20 min at 3000 g. The sediments were subse-
quently washed 3 times with ethanol-ethyl acetate
(1:1, by vol.). The pellets were carefully drained and
dissolved in 3 ml of 8 M carbamide, and then the
samples were incubated for 5 min at 100 °C. Insolu-
ble debris was removed by centrifugation at 6000 g
at 4 °C. The reactive carbonyl content was calculated
from its peak absorption of 365 nm using a molar
absorption coefficient 21.0 mM'cm™. The concen-
tration of total protein was measured by Bradford
method [14].

Cholesterol and fatty acid profile determina-
tion. Total lipids of the liver were extracted and pu-
rified using the Bligh and Dyer methods [15]. Lipid
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Fig. 1. Insulin content (nmol/l) and glucose level (mmol/l) in plasma in control and HFD rats. Values repre-
sented mean £ SEM. Values in “Control” (n = 6), “NSE” (n=6), “IR” (n = 9), “IR+NSE” (n = 10) were com-
parable. *P < 0.05, compared to the rats of “Control” group, *P < 0.05, compared to the “IR” group

fractions were separated by thin-layer chromatogra-
phy using a solvent system of hexane/diethyl ether/
acetic acid (85:15:1, by vol.) cholesterol and stearic
acid as standards. Fatty acid methyl esters were pre-
pared by the modified method of Correau and Duba-
co [16] and analyzed by gas-liquid chromatography.
A Carlo Erba HRGC 5300 gas chromatograph (Italy)
with flame ionization detector equipped with a glass
packed column (length — 3.5 m, internal diameter —
3 mm), completed with 10% SP-2300 phase (Silar
5CP) on “Chromosorb W/HP” was used to separate
fatty acid methyl esters (FAMESs). The temperature
was programmed from 140 to 250 °C at 2 °C/min
with a final hold. The FAMEs were identified by
comparison of their retention times with those of
individual purified standards (Sigma, USA; Serva,
Germany). The level of individual fatty acids was
quantified as a percentage of the total content.

The cholesterol fraction was taken and eluted
by 3 ml of diethyl ether. After 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”, and
the instrument was operated at 250 °C. The concen-
tration of cholesterol was calculated in each sample
by difference between obtained peak areas of the
sample and the purified cholesterol standard.

Estimated A9-, A6-, A5-desaturase activities.
The fatty acid desaturase (D) activities were esti-
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mated, using product-to-precursor indexes: A9-D as
oleinic/stearic acids, A6-D as linolenic/linoleic acids,
A5-D as arachidonic/linolenic, arachidonic/eicosa-
trienoic acids ratio [17].

Statistical analysis. The data, presented as
mean values + standard errors of the means (SEM),
were compared using the Student’s unpaired -test.
The differences were considered significant at
P <0.05.

Results and Discussion

The cholesterol determination showed signifi-
cant increase in free liver cholesterol content (Fig. 2)
from rats with alimentary obesity-induced IR com-
pared with control group, whereas the cholesterol es-
ters level was substantially reduced. The correlation
between the increased liver free cholesterol level and
the development of steatohepatitis was demonstrated
earlier by Van Rooyen et al. in obese and mice with
IR (HF-fed Foz/foz and wild type (WT)). Further-
more, high plasma insulin circulation can lead to
prolonged, intense nonphysiological expression of
the hepatic free cholesterol uptake transporter, low-
density lipoprotein receptor and down-regulated
cholesterol biotransformation in the liver [18]. The
decreased level of cholesterol esters content may be
associated with deficiency of lecithin:cholesterol acyl
transferase (LCAT), a key enzyme that catalyzes the
free cholesterol esterification. Taking into account
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that in our experiment, we did not overload rats with
dietary cholesterol, the high accumulation of free
cholesterol content and low level of esterified chole-
sterol may be associated with impaired mechanisms
of its turnover. The NSE administration contributed
to a decrease in free cholesterol content, simultane-
ously increasing cholesterol esters level in the liver
of the rats with IR (Fig. 2) that showed the induc-
tion of esterification processes. As it was written
earlier LCAT is the main enzyme, which catalyzes
esterification of free cholesterol, thus we suggested
the possibility of its up-regulation under NSE action.
The LCAT plays a critical role in high-density li-
poprotein (HDL) metabolism, markedly increasing
HDL cholesterol content and lowering proatherogen-
ic apoB-containing lipoproteins level [19].Thus, we
suggest that compensatory effect of NSE on chole-
sterol ratio could be one of the possible protective
mechanisms on liver tissue under HFD-induced IR.

The investigation of free fatty acid (FA) content
in the liver of rats with obesity-induced IR demon-
strated no differences in the total saturated and un-
saturated fatty acid (accordingly SAFA and USFA)
contents. However, the assay of the USFA composi-
tion in the liver of rats with IR (Fig. 3) showed a
statistically significant increase in monounsaturated
fatty acid (MUFA) level over that in the control
group. This change was due to considerable increase
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in 18:1w9 level (Table 1) that may be associated with
the increase in A9-desaturase estimated activity
(Table 2). It is widely known that stearoyl-CoA-de-
saturase-1 (SCD-1) plays an important role in medi-
ating the development of obesity and insulin resis-
tance. In several studies it was found that a decrease
in liver SCD-1 activity resulted on the one hand in
the enhancing of protein kinase B phosphorylation,
decrease in the expression of glucose-6-phosphatase,
phosphoenolpyruvate carboxykinase [20]. On the
other hand SCD-1 deficiency related to activation
of lipid oxidation in addition to reduced triglyceride
synthesis and storage [21]. Thus, down-regulation of
SCD-1 can prevent the progression of adiposity and
diet-induced hepatic insulin resistance in rats and
mice. Recent studies have shown the positive effect
of oral NSE administration on down-regulation of
hepatic SCD-1 expression (male balb/c mice) [22].
The NSE administration to group of rats with IR re-
sulted in a tendency to reduce hepatic A9-desaturase
estimated activity (Table 2) and a statistically signifi-
cant decrease in 18:1w9 level under NSE action (Tab-
le 1). The decrease in 18:1w9 content contributed to
the reduction of general hepatic MUFA level from
“IR+NSE” group compared with “IR” (Fig. 3).

In our study, we have found no considerable
change in the dienoic fatty acid (DUFA) content in
all experimental groups. However, the total con-
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Fig. 2. Liver cholesterol and cholesterol esters content (ug/g tissue) in control and HFD rats. Values repre-
sented mean £ SEM. Values in “Controly (n = 6), “NSE” (n=6), “IR” (n = 9), “IR+NSE” (n = 10) were compa-
rable. *P< (.05, compared to the rats of “Control” group; *P < 0.05, compared to the “IR” group; ®P < 0.05,

compared to the “NSE” group
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tent of polyunsaturated fatty acids (PUFA) in rats
with IR was reduced, primarily 20:4w6 (Table 1)
with a simultaneous decrease in estimated activity
of AS5-desaturase (Table 2). This was possibly due
to 20:4w6 redistribution of the content between li-
pid fractions in the lipid imbalance case. Namely, in
our previous study we showed the enhanced content
of PUFA (20:4wo6) in liver phospholipids from rats
with IR that suggested involvement of PUFA in de
novo phospholipid synthesis [23]. Earlier in clinical
studies it was shown that free 20:4w6 was decreased
significantly in patients with liver disease [24]. Low
levels of 20:4w6 can, therefore, be associated with
extensive liver impairment. In addition, recent data
showed the depletion of long PUFA in fatty livers
that inversely related to hepatic SCD-1 activity index
and liver fat content [25]. This was consistent with
the ability of PUFA to suppress expression of sterol
regulatory element - binding protein (SREBPIc),
SCD-1 and activate genes involved in hepatic fatty
acid oxidation.

The effect of NSE on the increase in 20:4w6
content could be the consequence of its compensa-
tory influence on lipid imbalance. Earlier we have
shown that NSE administration to rats with IR de-
creased the 20:4w6 acid level in phospholipid com-
position over “IR” group [23]. Thus, the increased
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content of free 20:4w6 acid in the liver was due to
its redistribution between lipid fractions under NSE
action, normalizing the PUFA ratio. Another path-
way of NSE action is thought to down-regulate the
SCD-1 estimated activity that is to highly correlate
with free PUFA content.

It is widely known that alongside with intra-
cellular lipid imbalance, obesity-induced high FFA
influx leads to increased generation of ROS, thus
triggering the development of oxidative stress [26].
In this study, we have shown the depletion of PUFA
that was associated with the liver oxidative stress
[27]. Moreover, recently it was investigated that
MUFAs were the targets for membrane lipid oxida-
tion and their relevance in aldehyde generation [28].
Therefore, one of the main reasons of the high pro-
tein oxidation level (Fig. 4) in rats’ liver was the in-
creased content of MUFA under obesity-induced IR.

The presence of carbonyl groups in proteins
may be considered as important markers of oxida-
tive stress under the metabolic syndrome. Proteins
are the principal target of ROS because they are pre-
sent in high concentrations in biological systems and
remove 50-75% of the generated ROS [29]. Oxida-
tive damage of proteins is induced directly by ROS
and indirectly by lipid peroxides that are initiated by
oxidation of unsaturated lipid chains. It is interesting
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Fig. 3. Liver free unsaturated fatty acid content (% of total fatty acid level) in control and HFD rats. Values
represented mean = SEM. Values in “Control” (n = 6), “NSE” (n = 6), “IR” (n = 9), “IR+NSE”" (n = 10) were
comparable. *P < 0.05, compared to the rats of “Control” group, *P < 0.05, compared to the “IR” group;

@p < 0.05, compared to the “NSE” group
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Table 1 Free fatty acid composition (% of total fatty acid level) in the rat liver

) Experimental groups
Fatty acid

Control NSE | IR IR+NSE
10:0 0.162 + 0.038 0.190 = 0.035 0.056 £ 0.007*@  0.019 + 0.003*@*
11:0 0.077 £ 0.018 0.109 £ 0.024 0.045 +0.017 0.015 + 0.006*@
12:0 0.154 + 0.035 0.197 £ 0.032 0.059 + 0.009*@  0.026 + 0.008*@-*
12:1 0.170 + 0.038 0.247 +0.052 0075+ 0.011*@  0.091 = 0.06
13:0 0.258 + 0.062 0.246 + 0.065 0.113 +0.034 0.038 + 0.005*@#
14:1w5 0.270 + 0.066 0.115 +0.001 0.059 +0.018* 0.084 + 0.025*
16:0 30.994 £ 1.918 28.510 + 3.759 30.255 £ 1.319  29.686 + 1.312
16:1w9 1.854 +0.383 0.883 +0.139* 1.318 £ 0.100¢  1.363 + 0.266
16:2 0.104 = 0.014 0.125 +0.013 0.077 £0.012¢  0.097 +£0.014
17:0 0.440 + 0.049 0.600 + 0.074 0.559 £+ 0.035 0.636 + 0.074*
17:1w9 0.843 £ 0.417 0.741 £ 0.14 0.253 £ 0.021¢  0.367 + 0.052¢
18:0 9.055+£2.26 10.914 + 1.174 9.138 + 0.621 9.317 £ 1.353
18:1w9 23712 £ 0912 21.288 +2.274 34.967 + 0.876%@  29.962 + 1.302*@*#
18:2w6 16.248 + 0.696 10.402 + 2.086* 16.004 + 1.399¢ 15411 + 1.747
18:3w6 0.116 + 0.014 0.093 £ 0.018 0.269 + 0.054*@  0.191 £ 0.05
20:0 0.286 + 0.049 0.357 +£0.018 0.150 £ 0.015%@  0.262 + 0.026%*
20:1wl1 0.921 +0.066 0.573 £ 0.12* 1.493 +0.267@ 1.211 £ 0.145@
20:4w6 8.484 +1.584 7.709 + 0.077 1.882 £ 0.078*@  3.219 + 0.477+@#
21:0 0.484 £ 0.207 0.172 £ 0.024 0.464 +0.118@ 0.402 £ 0.097@
22:0 1.024 £ 0.382 0.756 + 0.008 0.143 £ 0.039*@  0.186 + 0.022¢
22:2w6 0.131 + 0.001 0.183 + 0.002* 0.109 + 0.019¢ 0.132 +0.03
22:3 0.261 +0.024 0.230 £ 0.037 0.266 £ 0.063 0.222 +0.074
C24:0 0.305 + 0.096 0.451 +0.104 0.169 + 0.028@ 0.075 + 0.013*@*
Total SAFA 42912 + 1.281 40.935 +2.046 43.406 £ 0.838  40.540 + 1.101
Total USFA 54.642 +0.82 58.027 + 1.911 56.323 +0.823 58.986 + 1.13*
SAFA/USFA 0.79 £ 0.042 0.811 +0.109 0.759 +0.029 0.846 +0.111

Values represented mean &= SEM. * P < 0.05 compared to the rats of “Control” group; * P < 0.05 compared to the “IR”

group; @ P < 0.05 compared to the “NSE” group

to submit that irreversible protein carbonylation
initiates a down-regulation of key mitochondrial-
encoded proteins and transcription factors regula-
ting mitochondrial biogenesis, thus leading to the
development of insulin resistance [30]. Previously,
in mice muscles an elevated level of TBA-reactive
products and an increase of trans-4-hydroxy-2-none-
nal (4-NHE)-modified IRS-1 was observed [31].
These changes of protein structure may lead to the
decrease in tyrosin phosphorylation, PI3K activa-
tion, thus triggering the impairment of insulin signa-
ling transduction.
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The NSE administration caused the statisti-
cally significant reduction in the level of oxidative
modification products of hepatic protein in rats with
IR (Fig. 4). This may be the confirmation of insu-
lin signaling improvement in the liver and, there-
fore, normalization of glucose tolerance and insulin
sensitivity in rats under HFD-induced IR. The effect
of NSE on protein carbonylation may be associated
with its anti-inflammatory action, which was shown
in our previous study by restoring pro-/anti-oxida-
tive balance in the liver of rats with IR [10].
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Table 2. Hepatic estimated A9-, A6-, AS-desaturase activities of rats

Free fatty acids ‘ Control NSE ‘ IR IR+NSE
A6-desaturase
(18:3/18:2 ratio) 0.007 £ 0.001 0.008 +0.002 0.012 £ 0.002* 0.009 + 0.002
A5-desaturase
(18:3/20:4 ratio) 62.552 +19.979 101.792 + 1.018 16.272 £ 4.369*%@ 46.389 £ 31.739
A5-desaturase
(20:3/20:4 ratio) 58.895 +0.589 216.514 £ 2.165* 21.227 £ 6.57%@ 26.621 £ 9.173*%@

A9-desaturase

(18:1/18:0 ratio) 2.892 +£0.412

2.156 £ 0.432

3761 +0.411¢ 2.692 + 0.575

Data are mean + SEM. * P < 0.05 compared to the rats of “Control” group; @ P < 0.05 compared to the “NSE” group

Therefore, our results indicated that NSE ad-
ministration to the rats with obesity-induced IR con-
tributed to the decrease in free cholesterol content
and significant increase in cholesterol esters level.
Under NSE action, the 20:4 acid level was increased
and 18:1 acid level was decreased that may be asso-
ciated with the influence of NSE on the desaturases
activity. A significant reduction in protein carbonyla-
tion was observed as a result of compensatory effect
of NSE on the lipid imbalance. Thus, a decrease of
NSE effect on protein damage in the rat liver under
obesity-induced IR may lead to the improvement of
transmembrane protein function.
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Fig. 4. Hepatic carbonylated proteins level (nmol
2,4-dinitrophenylhydrazine/mg protein) in control
and HFD rats. Values represented mean = SEM.
Values in “Control” (n = 6), “NSE” (n = 6), “IR”
m =9), “IRtNSE” (n = 10) were comparable.
* P <0.05, compared to the rats of “Control” group;
#* P < 0.05, compared to the “IR” group, ® P < 0.03,
compared to the “NSE” group
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BILJIUB N-CTEAPOIJIETAHOJIAMIHY
HA BMICT XOJIECTEPOJTY,
KAPBOHIJIBOBAHUX

MPOTEIHIB TA CKJAJ[ JKUPHUX
KHNCJIOT Y HNEYIHINI HTYPIB 3
IHCYJIIHOPE3UCTEHTHICTIO,
CIIPUMMHEHOIO AJIIMEHTAPHUM
O KUPIHHAM

O. B. Ononuenxo, I B. Kocskosa,
O. @. Mezeow, B. M. Knimawescokuii,
H M. I'yna

IactutyT 6ioximii im. O. B. [Tamnagina
HAH VYkpainu, Kuis;
e-mail: onop.89.av@mail.ru

B  pobGori Oyno  JOCHIIKEHO  BIUIUB
N-crTeapoineTanonaminy Ha  CKJaJ  BUIBHHUX
KUPHUX KHUCIIOT, BMICT XOJECTEpOIy Ta pPIiBEHb
KapOOHIIbOBaHMX MPOTETHIB y MEUiHIII Iy PiB 3 EKC-
MEPUMEHTANIBHOIO  iHCYTiHOpe3ucTenTHicTio (IP).
Pozsutok IP crnpuunHOBaNM MIISAXOM JOBIOTpU-
BaJIOrO JKMPOBOTO HAaBaHTAKEHHS (BMICT IiMiJiB
58% Bix 3araipHOTO paiioHy) B KomOiHamii 3 oa-
HOPa30BOI0 iH’eKIli€l0 cTpenTo3oTonuny (15 wmr/
KT MacH Tina). Pe3ynbraTul NiMmigHOTO aHami3y Mo-
Ka3ajJu 3pOCTaHHS BMICTy BIJIBHOTO Ta iCTOTHE
3HIDKEHHSI  eCTepu(iKOBAHOTO  XOJECTEpOIy B
MeYiHLi IyPiB 32 OKUPIHHS. BUSBICHO 3HUKECHHS
PiBHSI TIOJIHEHACHUYCHHUX YXUPHUX KHUCIIOT, 3HAYHE
301IBIICHHS] MOHOHEHACHYEHUX >KUPHHUX KHUCIOT.
TakoX TOKa3aHO 3POCTaHHS BMICTY TPOTETHOBHX
KapOOH1JIiB BHACIIIIOK TIUCOAIAHCY JIITITHOTO CKJIa-
Iy TICYiHKH B YMOBaX aJiMEHTApHOI'O OKUPIHHSL.
Beenennss NSE (50 mr/kr macu Tija) mpoTsTOM
JIBOX THIKHIB CIIPUSLIO 3HH)KEHHIO BMICTY BUIBHOTO
XOJIECTEepOITy, 3POCTAaHHIO HOro ecTepudikoBaHOI
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(dpaxiii Ta 3MEHIICHHIO BMICTY OJICTHOBOI KHC-
oty B neviHni mypiB 3 IP. BusiBneno 3HukeHHS
BMICTY MPOJIYKTiB OKHCHOI MOJU]IKaLii MpoTeiHiB
y nedinii mrypie 3a aii NSE, mo mMoxe maru mo-
3UTUBHUU BIUIMB Ha (YHKIIOHAJIbHY aKTHBHICTbH
TpaHcMeMOpaHHUX mpoTeiHiB 3a [P, immykoBanoi
OXXUPIHHSM.

KnouoBi ciaoBa: N-cTeapoineraHoiaMiH,
XOJIECTEPOJI, CKJaJ BIIBHUX JKUPHHUX KHCIIOT,
KapOOHIJTIOBaHHS MPOTEIHIB, NEUiHKA, OXXKUPIHHS,
eKCIIepUMEeHTaIbHA 1HCYTIHOPE3UCTEHTHICTb.

BJINAHUE
N-CTEAPOUJIDTAHOJIAMUHA

HA COAEPKAHUE XOJIECTEPOJIA,
KAPBOHUJINPOBAHHBIX
INPOTEUHOB U COCTAB KUPHbIX
KHNCJIOT B IEYEHU KPBIC

C UHCYJIMHOPE3UCTEHTHOCTBIO,
BbI3BAHHOI AJIUMEHTAPHBIM

O KUPEHUEM

A. B. Ononuenxko, I B. Kocakosa,
E. @. Mezeows, B. M. Knumawesckuii,
H M. I'yraa

WucTuTyT Onoxumun um. A. B. [Tannaguna
HAH VYxpannsi, Kues;
e-mail: onop.89.av@mail.ru

B pabote HCCIICIOBAHO BIIMISTHHC
N-cTeapoundTaHOIaMHHA Ha COCTaB CBOOOJTHBIX
KUPHBIX KUCIIOT, COAIEpKaHUE XOJeCTepruHa U ypo-
BEHb KapOOHUJIMPOBAHHBIX NPOTEHMHOB B TICUCHU
KpPBIC C JKCIIEPUMEHTAJIbHON WHCYJIWHOPE3UCTEHT-
HocThio (UP). P BBI3BIBaNIM y KpBIC MyTEM JJIH-
TEJIHHOM KUPOBOIl HATPY3KH (CofepKaHUe JIUITHI0B
58% oOT pammoHa) B KOMOWHAIINU C OJHOKPATHOU
MHBEKIMEH cTpenTo3oronuHa (15 Mr/kr maccel
Tena). Pe3ynpTaThl IMMUAHOTO aHaIHW3a MOKas3aiu
YBEJIIMUCHHE YPOBHSI CBOOOIHOIO XOJieCTepoia H
3HAYUTENBHOE CHMIKEHHE HSTEepUPHUIIMPOBAHHOTO
XOJIECTepoJia B TIEUCHU KphIC ¢ okupennem. OOHa-
PY’KEHO CHH)KEHHE YPOBHS TOJIMHEHACBHIIEHHBIX
1 YBEJIWYEHHUE COJIepKaHUs MOHOHEHACHIIICHHBIX
KUPHBIX KHUCJIOT. Tak)e TOKa3aHO YBEJIMYEHHUE
KOJIMYECTBAa TNPOTEHMHOBBIX KapOOHMIJIOB B Tieye-
HU KpBIC KakK CIIeJICTBHE JIMMMIHOTO aucOanaHca
B YCJIOBUSIX Pa3BUTHS aIMMEHTApPHOTO OKHPEHUSI.
Beenenune N-creaponnstanonamuna (S0 MI/kr mac-
CBI TeJIa B TEUEHUU JIBYX HEJEJIb) CIOCOOCTBOBAIIO
CHUKEHMIO COJIepKaHUsl CBOOOHOTO X0JecTepora,
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YBEJIIMUCHHIO €r0 3TepU(YUIMPOBAHHON (QpaKINK U
CHIKEHUIO YPOBHSI OJIEMHOBOM KHUCJIOTHI B IIEYEHU
kpbic ¢ 1P. [lokazaHo CHUKEHHE COAEPHKAHUS MIPO-
JYKTOB OKHCIUTENbHON MoAM(UKALNK TPOTEHHOB
B ne4yeHu Kpelc npu naedctBun NSE, uTo mMoxeT
OKa3bIBATh MOJOKHUTEIBHOE BIMSHUE HA (DYyHKIHO-
HAJIBHYIO aKTUBHOCTh TPAHCMEMOPaHHBIX MPOTEH-
HOB 11pu VP, NHAYIITUPOBAHHOU 0:KUPEHUEM.

Knaougesrie ciaoBa: N-creapou-
ATAHOJIAMHUH, XOJECTEPOJ, COCTaB CBOOOTHBIX
JKHPHBIX KHCIIOT, KapOOHUJIMPOBAHHUE MTPOTESHHOB,
MeYeHb, OKHPEHHUE, DKCIIEPUMEHTAIbHAS WHCYIHU-
HOPE3UCTECHTHOCTb.
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