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Abstract This study investigates the protective effect of
N-stearoylethanolamine (NSE), a bioactive N-acylethanol-
amine , on the lipid profile distribution in the pancreas of
obesity-induced insulin resistant (IR) rats fed with pro-
longed high fat diet (58 % of fat for 6 months). The
phospholipid composition was determined using 2D thin-
layer chromatography. The level of individual phospho-
lipids was estimated by measuring inorganic phosphorus
content. The fatty acid (FA) composition and cholesterol
level were investigated by gas-liquid chromatography.
Compared to controls, plasma levels of triglycerides and
insulin were significantly increased in IR rats. The pancreas
lipid composition indicated a significant reduction of the
free cholesterol level and some phospholipids such as
phosphatidylcholine (PtdCho), phosphatidylethanolamine
(PtdEtn), phosphatidylinositol (PtdIns), phosphatidylserine
(PtdSer) compared to controls. Moreover, the FA compo-
sition of pancreas showed a significant redistribution of
the main FA (18:1n-9, 18:2n-6, 18:3n-6 and 20:4n-6)
levels between phospholipid, free FA, triglyceride fractions
under IR conditions that was accompanied by a change
in the estimated activities of A9-, A6-, A5-desaturase.
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Administration of N-stearoylethanolamine (NSE, 50 mg/kg
daily per os for 2 weeks) IR rats triggered an increase in
the content of free cholesterol, PtdCho and normalization
of PtdEtn, PtdSer level. Furthermore, the NSE modulated
the activity of desaturases, thus influenced FA composition
and restored the FA ratios in the lipid fractions. These
NSE-induced changes were associated with a normaliza-
tion of plasma triglyceride content, considerable decrease
of insulin and index HOMA-IR level in rats under IR
conditions.
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Abbreviations

CerPCho Sphingomyelin

DUFA Diunsaturated fatty acid
FA Fatty acid

HFD High fat diet

HOMA-IR Homeostasis model assessment of insulin
resistance index

IR Insulin resistance

LysoPtdCho Lysophosphatidylcholine
LysoPtdEtn  Lysophosphatidylethanolamine
MUFA Monounsaturated fatty acid
NAE N-Acylethanolamine

PL Phospholipid

PtdCho Phosphatidylcholine
PtdEtn Phosphatidylethanolamine
PtdIns Phosphatidylinositol
PtdSer Phosphatidylserine
Ptd,Gro Diphosphatidylglycerol
PUFA Polyunsaturated fatty acid
NSE N-Stearoylethanolamine
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SFA Saturated fatty acid
TAG Triacylglycerol
USFA Unsaturated fatty acid
Introduction

Overweight and alimentary obesity are the major problems
of modern society with more than half a billion people
suffering from these conditions [1]. Alimentary obesity is
closely associated with the impairment of carbohydrate and
lipid metabolism, causing dyslipidemia, insulin resistance
(IR) and type II diabetes. The progression of obesity and
glucose intolerance eventually leads to accumulation of
saturated fatty acids (FA) and triacylglycerols (TAG) in
pancreas tissue, and triggers the development of pancreas
pathologies. Furthermore, in clinical studies it was shown
that high levels of TAG in pancreatic tissue were converted
into toxic intermediates that cause B-cell apoptosis [2]. As
a result, increased B-cell failure together with the insulin
resistance has been suggested to lead to the development of
diabetes [2-4].

Considering the importance of diabetes, it is of a current
interest to develop novel treatment modalities that could
improve the lipid imbalance of insulin sensitive tissues in
obese subjects, and prevent the development of diabetic
complications. Recent studies indicate that monounsatu-
rated N-acylethanolamine (NAE), N-oleylethanolamine
(OEA) and saturated N-palmitoylethanolamine (PEA)
regulate energy homeostasis by interacting with the nuclear
(primarily PPAR«) and orphan G-protein coupled receptors
(GPR55, GPR119) [3, 4]. Recent studies indicate that N-
stearoylethanolamine (NSE) is able to regulate lipid
metabolism via integrating into lipid rafts and activating
PPARa [5]. Importantly, in a recent investigation it was
suggested that activation of GPR119 results in stimulation
of B-cell replication and increase of islets mass, contrib-
uting to B-cell regeneration and improvement of diabetes
[6]. Furthermore increased expression of PPARy and
PPARa has been shown to induce significant insulin sen-
sitizing, anti-dyslipidemic, antioxidant, anti-inflammatory,
and B-cell salvaging activities in type II diabetic rats (high
fat diet model with low dose STZ) [7].

In line with earlier findings, the membrane-stabilizing
and anti-inflammatory action of NSE was shown on dif-
ferent tissues (liver, heart, skin, testes) in a wide range of
pathological conditions in animal models [8, 9]. The main
effect of NSE has been suggested to be the improvement of
fatty acid imbalance and normalization of phospholipid
(PL) levels [10, 11]. In addition, in our previous work we
showed that NSE restores liver phospholipid (PL) content
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and this effect is associated with the reduced plasma insulin
level and the improvement of insulin sensitivity in rats with
obesity-induced IR [12]. However effects of NSE on pan-
creatic lipid composition are currently unknown. The aim
of this study is to investigate the effect of NSE on the free
cholesterol level, the individual PL content and the redis-
tribution of the main FA in pancreas tissue from rats with
high fat diet-induced IR.

Materials and Methods
Animal Model

The study was carried out on male Sprague—Dawley rats
(200-220 g). All procedures were conducted in accordance
with the rules of the Commission on Bioethics of Institute
of Biochemistry, National Academy of Sciences and with
the “General ethical principles on experiments with ani-
mals” 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 attained by feeding a prolonged
high-fat diet (HFD) (58 % fat:23 % proteins:10 % carbo-
hydrates for 6 months) as described earlier [13]. The
amount of lipids in the diet was increased by addition of
lard to the pellet diet, which contained a high level of
palmitic (24 % of total FA) and stearic (28 % of total
acids) acids. Cholesterol content of lard was not at a high
level (0.57 mg/g of lard). The HFD-FA composition was at
a ratio of 55 % saturated (SFA) to 45 % unsaturated FA
(USFA). Control rats during the experiment were on nor-
mal pellet diet (4 % fat:23 % proteins:65 % carbohydrates)
with SFA/USFA ratio 38 %/62 %, respectively. Through-
out the experiments, the rats were gaining weight gradu-
ally. On the 24th week, the average weight of HFD rats was
410-430 g (due to visceral fat) in comparison with control
rats of 330-350 g.

Six months after HFD period, we conducted the oral
glucose tolerance test [14]. 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 =9) and IR 4+ NSE (n = 10). Control rats were further
subdivided into control (n = 10) and NSE (n = 7) groups.
Animals in NSE and IR + NSE groups were orally
received the water suspension of NSE for 2 weeks at the
dose of 50 mg body weight kg~ '.

This particular dose of NSE has been chosen as an
optimal reacting dose for the biological effect investiga-
tions. Schmid HH et al. [15] earlier reported the exact
concentration of NSE during the experiment of dog coro-
nary artery occlusion. Previously in the experiment with
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Fig. 1 Plasma fasting insulin level (nmol/L) and index of insulin
resistance HOMA-IR (a.u.) in control and IR rats. Values represented
mean £ SEM. *p < 0.05, compared to control rats; #p < 0.05,
compared to the IR group

radiolabeled PEA, structural homologue of NSE, we found
that 0.95 % of the per os administrated N-[(9,10-3H)-pal-
mitoyl]-ethanolamine was accumulated in brain, suggest-
ing its penetration through gastrointestinal tract and blood—
brain barrier [16]. In vivo experiments showed that phar-
macological treatments with saturated N-acylethanola-
mines such as NSE able to increase local concentrations of
these compounds [17].

The establishment of IR was confirmed based on the
results of fasting plasma insulin levels (measured by
ELISA kit, DRG, Germany) and HOMA-IR value [calcu-
lated by fasting insulin (nmol/L) x fasting glucose (mmol/
L)/22.5]. The results of these experiments were previously
published [14] and presented in the Fig. 1. At the end of the
experiments, the rats were decapitated under Nembutal
anesthesia (50 mg/kg bodyweight). The pancreas was
immediately removed and frozen at —80 °C until further
analysis.

Plasma Triglyceride Content Determination

The total plasma TAG level was determined using a
commercially available multi-enzyme kit and standard
calibration procedures (Felicit diagnostic, Ukraine).

Phospholipid and Fatty Acid Profile Determination

The pancreas was homogenized in physiological saline
solution. Total lipids were extracted from 10 % homoge-
nate and purified by the methods of Bligh and Dyer [18].
The content of total pancreatic PL expressed by the level of

inorganic phosphate [P(i)] in the lipid extracts were
assayed using the molybdenum blue staining method [19]
and determined spectrophotometrically as their phospho-
molybdenum blue complex in the 815-nm wavelength
region.

The individual PL content was determined by lipid
extract separation with 2D thin-layer chromatography.
Solvent system for the first dimension were chloroform
(65):methanol (30):ammonia (6), benzene (10) (v/v), and
the second dimension were with chloroform (5):methanol
(1):acetic acid (1):water (0.5):acetone (2) (v/v) [20, 21].
The level of individual PL was estimated by colorimetric
measurement of P(i) in each separated PL spot, using the
Vaskovskiy and Kostetskiy method [1919].

The FA composition of pancreas was investigated from
three different lipid fractions (PL, free FA and TAG) that
were separated from lipid extract by thin-layer chroma-
tography using a solvent system of hexane/diethyl ether/
acetic acid (85:15:1, v/v). After the separation, samples of
all fractions were methylated [22]. Fatty acids methyl
esters (FAME) were analyzed by gas-liquid chromatogra-
phy. A Carlo Erba gas chromatograph (model HRGC 5300
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 FAME. The
temperature was programmed from 140 to 250 °C at 2 °C/
min. The FAME were identified by comparing each peak’s
retention time with FA methyl ester standards (Sigma
Serva, Germany). The relative amount was quantified by
integrating the area under the specific peak and dividing the
results by the total area for all FA.

Cholesterol Content Determination

After separation of lipid extract by thin-layer chromatog-
raphy (hexane/diethyl ether/acetic acid (85:15:1, v/v), the
cholesterol fraction was taken and 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 concentration of cholesterol was
calculated in each sample by the difference between peak
areas of the sample and the peak of the purified cholesterol
standard.

Estimation of Desaturase Indices

It is known that the FA desaturase activity may be esti-
mated, using relative product-to-precursor indices. In this
study, the following ratios were used: oleinic/stearic acids
for A9-desaturase, linolenic/linoleic acids for A6-desatur-
ase, arachidonic/linolenic acids for AS5-desaturase [23].
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Recent studies presented percentages of FA for estimation
of desaturases [24]. Moreover, McLauren Dorrance et al.
[23] reported that the weight FA quantification was not
significantly different from the percentage quantification.

Statistical Analysis

The data, presented as mean values £ standard errors of
the means (SEM) from different studied groups were
compared by one-way analysis of variance (ANOVA)
followed by the Tukey post test. The statistical of signifi-
cance was determined at the level of p < 0.05.

Results
Plasma Triglyceride Levels

The results indicate that the TAG levels in rats with IR
increased significantly to 68 % higher than control values
(Fig. 2). On the other hand, the plasma level of TAG from
IR rats that received water suspension of NSE was 63 %
lower than those of IR-group of rats (Fig. 2).

Pancreas Phospholipid Composition

Investigations of PL content indicated that the total PL
level of IR-group was lower (334.21 £ 33.14; p < 0.001)
than that of controls (456.52 4+ 24.99). Moreover, the
individual PL composition was significantly affected by the
development of obesity-induced IR (Fig. 3). In particular,
IR-group showed a significant reduction in contents of

1,00 1

0,90 1

B *

0,80 A *

0,60 -

0,50 -

mmol/L

0,40 1

0,20 1

0,10 1

0,00 T T T

Controls NSE IR IR+NSE

Fig. 2 Plasma triglyceride level (mmol/L) in control and IR rats.
Data shown mean £ SEM. Values in control (n = 10), NSE (n = 7),
IR n=9), IR+ NSE (n=10) were compared. *p < 0.001,
compared to the control rats; #p < 0.001, compared to the IR group
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phosphatidylcholine (PtdCho) 34 %, phosphatidylethanol-
amine (PtdEtn) nearly 39 %, phosphatidylinositol (PtdIns)
72 %, phosphatidylserine (PtdSer) 54 % compared to
control animals (Fig. 3a, c¢). The investigation of the pan-
creatic sphingomyelin (CerPCho), diphosphatidylglycerol
(Ptd,Gro), lysophosphatidylcholine (LysoPtdCho) and
lysophosphatidylethanolamine (LysoPtdEtn) level showed
no significant changes in IR group of rats compared to
controls (Fig. 3b, d).

The treatment of NSE had no considerable effect on
total PL level (353.32 & 13.82), however, its administra-
tion caused a statistically significant increase in the content
of the main PL (PtdCho, PtdEtn, PtdSer) in pancreas of rats
exposed to HFD (Fig. 3a, c).

Pancreas Cholesterol Content

The determination of the free cholesterol content in the rat
pancreas showed a considerable decrease in the IR group,
which was significantly lower than those of controls
(Fig. 4). The administration of NSE did not cause a sta-
tistically significant change in the cholesterol content in
NSE-control group. However, NSE caused a significant
increase in free pancreatic cholesterol level in the obesity-
induced IR group (Fig. 4).

The Fatty Acid Profile of Pancreas

The results of experiments indicated that the main pan-
creatic FA composition (Table 1) showed a considerable
redistribution of the FA level between lipid fractions in the
IR group of rats. The PL fraction contained less saturated
fatty acids (SFA), primarily 16:0 and 18:0, polyunsaturated
acid (PUFA) 20:4n-6 and more monounsaturated acid
(MUFA) 18:1n-9 in the IR group compared to controls.
The free FA (FFA) fraction and the TAG fraction in the IR
group contained more 18:0, 18:3n-6 and less 16:0, 16:1n-9,
and diunsaturated fatty acids (DUFA) mainly 18:2n-6,
whereas no considerable changes were detected in the
18:1n-9 TAG level. The decreased level of 20:4n-6 TAG
and a tendency of 20:4n-6 FFA to decrease was found in
the pancreas of the IR rats compared to the controls. The
NSE treatment of rats with obesity-induced IR resulted in
increased content of 16:0 FFA, 16:0 TAG, 20:4n-6 PL,
decreased levels of 18:3n-6 FFA, 18:3n-6 TAG and a
tendency of 18:0 to reduce compared to IR group. The
level of 18:1n-9 was even higher in all lipid fractions of
IR + NSE group compared to IR group.

Indices of Fatty Acid Desaturation

Using the ratios defined earlier, we estimated the main
desaturase activity indices in different lipid fractions
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Fig. 3 Pancreatic phospholipid composition (pg Pi/mg lipids) in
control and HFD rats. a Phosphatidylcholine (PtdCho), phosphati-
dylethanolamine (PtdEtn) level. b Lysophosphatidylcholine (Lys-
oPtdCho), lysophosphatidylethanolamine  (LysoPtdEtn) level.
¢ Phosphatidylinositol (PtdIns), phosphatidylserine (PtdSer) level.
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Fig. 4 Pancreatic free cholesterol content (pg/g tissue) in control and
HFD rats. Values represented mean + SEM. Values in control
(n =10), NSE (n =7), IR (n =9), and IR+NSE group (n = 10)
were compared. *p < 0.05, compared to the control rats; #p < 0.05,
compared to the IR group
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d Diphosphotidilglycerol (Ptd2Gro), sphingomyelin (CerPCho) level.
Columns represented mean + SEM. Values in control (n = 10),
NSE (n =7), IR (n =9), and IR + NSE (n = 10) were compared.
*p < 0.05, compared to the control rats; #p < 0.05, compared to the IR

group

(Table 2). The estimated index of A5-desaturase in the pan-
creas lipid fraction from IR rats was significantly lower than
those in controls (Table 2), whereas A6-desaturase activity
index was increased in the FFA and TAG lipid fractions and
had a tendency to increase in PL. In the FFA and TAG
fractions of IR group, the A9-desaturase index (Stearoyl-
CoA-desaturase-1) was approximately half of the controls.
However, in the PL fraction, A9-desaturase index showed a
three-fold increase in the IR group compared to controls.

The NSE administration to rats in IR group caused a
decrease in the A6-desaturase index of the TAG fraction
and led to normalization in the FFA fraction compared to
the IR group. The PL, TAG A5-desaturase index remained
unaltered by NSE treatment, meanwhile in the FFA frac-
tion, the A5-desaturation index was significantly increased
after the NSE administration. In pancreases of NSE
administered rats, the A9-desaturase index showed a ten-
dency to increase in all investigated fractions in compari-
son to the IR group.
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Table 1 The distribution of main fatty acids (% of total fatty acid level) between lipid fractions in rat pancreas

Lipid fraction Fatty acid Experimental group
Control NSE IR IR + NSE
16:0 PL 454 + 1.1 450+ 1.6 354 £+ 1.2% 354 + 1.3*
FFA 46.7 + 14 41.1 + 2.3* 33.6 £ 1.4* 38.6 &+ 1.3%"
TG 375 £ 1.1 354+ 14 28.8 + 1.0* 333 + 1.8%
16:1n-9 PL 28+ 0.2 23 +0.2* 1.1 £ 0.0* 1.3 £ 0.2*
FFA 6.5+ 04 6.7+ 0.6 33+ 0.4* 2.8 +0.2*
TG 7.7 £ 0.6 73+038 4.3 + 0.5*% 4.8 + 0.8*
18:0 PL 232 £ 0.8 234 £ 09 20.0 + 1.1* 19.0 £ 1.1*
FFA 124 £ 1.1 144 £ 1.1 27.1 £ 0.8* 253 + 1.7*
TG 94 £+ 0.7 10.1 £ 14 259 + 0.8* 21.5 £ 2.5%
18:1n-9 PL 11.5 £ 0.7 114 £ 05 26.8 + 1.9* 309 £+ 2.5%
FFA 20.4 +£ 0.3 22.8 + 1.0* 26.1 + 0.8* 27.2 + 1.0*
TG 27.1 £ 09 27.6 £ 0.9 26.6 £ 1.1 275+ 1.4
18:2n-6 PL 52+£05 49 +£038 6.8 + 0.3* 6.5+ 0.2*
FFA 72 +£0.5 75+ 0.6 4.3 £ 04* 33 £ 0.2*
TG 10.5 £ 0.9 114 £ 14 7.7 £ 0.6* 74 £ 1.0*%
18:3n-6 PL 0.01 %+ 0.004 0.02 £ 0.006 0.04 + 0.01 0.03 + 0.01
FFA 0.04 + 0.008 0.05 + 0.02 0.08 + 0.01* 0.03 + 0.004*
TG 0.07 + 0.02 0.06 £+ 0.02 0.13 £+ 0.02* 0.05 = 0.01*
20:3n-6 PL 0£0 0£0 0£0 0.65 + 0.01
FFA 0.35 £+ 0.003 0£0 0£0 0£0
TG 0£0 0+0 0+0 0.2 £ 0.002
20:4n-6 PL 0.32 £+ 0.06 0.25 £ 0.09 0.03 £+ 0.02* 0.2 + 0.06"
FFA 0.24 £+ 0.02 0.34 £ 0.03* 0.22 £ 0.02 0.28 + 0.05
TG 0.54 + 0.09 0.57 £ 0.14 0.29 £ 0.05* 0.21 + 0.05*
Total SAFA PL 78.7 £ 1.1 793 £ 1.5 63.7 £ 2.2% 59.8 £ 2.7*
FFA 63.4 +£ 0.8 59.6 + 2.1 67.4 + 3.1 61.6 £ 24
TG 51.3+£09 500 £ 1.2 59.4 £ 0.4* 55.7 + 1.3+
Total USFA PL 213 £ 1.1 206 £ 1.5 363 £ 2.1* 40.3 £ 2.7*
FFA 359 £ 0.6 404 £2.1° 357+ 04 36.0 £ 0.7
TG 48.6 £ 0.9 500 £ 1.2 40.9 £ 0.5* 43.5 £+ 1.4*
MUFA PL 157 £ 0.8 155+ 0.7 29.4 £ 2.0* 335 £ 2.7*
FFA 29.1 £ 0.5 31.7 £ 14 31.1 £ 0.4* 31.7 £ 1.0*
TG 374 £ 0.6 379 £ 0.5 32.8 £ 0.6 358+ 1.5
DUFA PL 52405 48 +0.8 6.7 £ 0.3* 6.4 £+ 0.2*
FFA 72 +£0.5 83+ 09 4.3 £ 0.5% 33 £ 0.2%
TG 105 £ 0.9 114+ 14 7.6 + 0.6* 74 £ 1.0%
PUFA PL 0.33 £+ 0.06 0.38 + 0.09 0.08 £+ 0.03* 0.22 & 0.05"
FFA 0.26 + 0.03 0.4 + 0.04* 0.3 £ 0.03 0.3 + 0.1
TG 0.61 + 0.09 0.65 + 0.13 0.45 + 0.05 0.34 + 0.07*

PL phospholipid, FFA free fatty acid, TG triacylglycerol

* p < 0.05, compared to the control rats
# p < 0.05, compared to the IR group

Discussion

The present study shows that HFD overload induces a
decrease in the total PL and free cholesterol content in rat

&\ Springer ANOCS &

pancreas that correlated with an increased pool of TAG. As
it was reported earlier, these factors lead to an accumula-
tion of TAG and causes development of pancreas steatosis

[2].
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Table 2 Pancreatic estimated Desaturase Control NSE IR IR + NSE
A9-, A6-, A5- desaturase
activity indexes for different Phospholipids
g%g_ffr:ﬁ;’t‘f of control and AS5-Desaturase (20:4/18:3 ratio) ~ 20.7 =& 3.7 13.1 £ 9.9 0.2 £ 0.08* 314 +312
A6-Desaturase (18:3/18:2 ratio) 0.003 £ 0.001  0.005 £ 0.001 0.006 £+ 0.001  0.005 + 0.001
A9-Desaturase (18:1/18:0 ratio) 0.5 + 0.04 0.5 + 0.04 14 £ 0.1* 1.8 £ 0.3*
Free fatty acids
A5-Desaturase (20:4/18:3 ratio) 6.6 £ 0.9 8.3 £ 3.8 2.9 + 0.3* 113 £+ 1.4+*
A6-Desaturase (18:3/18:2 ratio) 0.006 + 0.001 0.006 + 0.002 0.019 £ 0.002* 0.008 + 0.001%
A9-Desaturase (18:1/18:0 ratio) 1.7 £ 0.1 1.6 £ 0.1 0.9 + 0.08* 1.2 £ 0.1*
Triacylglycerols
*p < 0.05, compared to the A5-Desaturase (20:4/18:3 ratio) 14.0 £ 3.8 15.321 £ 6.1 4.1 £ 1.5* 3.4 4+ 1.4%
‘;0““01 rats A6-Desaturase (18:3/18:2 ratio) 0.006 + 0.001  0.006 + 0.002 0.015 & 0.002% 0.013 + 0.002*
gré’u; 0.05, compared to the IR A9-Desaturase (18:1/18:0 ratio) 3.0 & 0.2 3.0+ 03 1.0 £ 0.09% 1.9 £ 0.4+
The results of PL measurements suggest that the channels causes hyperpolarization and a subsequent

reduction of PtdCho, PtdEtn (important in organization of
the lipid bilayer) and PtdSer, PtdIns (important in signal
transduction), may be an underlying cause for membrane
damage and cell dysfunction observed in diabetic condi-
tions. Decreased PtdCho and PtdEtn content did not cor-
relate with the change in their lysoforms level, suggesting
that these changes were not associated with the phospho-
lipase A, alteration. Thus, reduction in PL levels may be
mainly associated with the impairment of de novo PL
synthesis in obesity-induced IR. In our earlier studies, it
was found that, in agreement with present findings,
decrease in hepatic anionic PL (PtdSer, PtdIns) correlates
highly with the increased level of plasma insulin and
HOMA-IR value in IR conditions [12]. It is well known
that cellular PL are primarily involved in membrane lipid
bilayer organization, creating certain membrane properties
such as fluidity, curvature and permeability. Therefore,
lipid bilayer composition is an important target for regu-
lation of signaling by membrane proteins such as insulin
receptor [25, 26]. The major components of surrounding
lipid microenvironment of transmembrane proteins are
cholesterol, CerPCho and SFA (primarily 16:0) which are
able to pack closely and constitute highly ordered area with
a lesser degree of fluidity compare to the surrounding
membrane [27]. In our experiment, we found a decrease in
cholesterol, 16:0 levels and individual PL composition in
pancreas of rats with IR suggesting that the membrane lipid
bilayer structure was impaired in this group which may
affect insulin signaling.

It is important to note that plasma insulin can regulate its
own secretion via insulin receptors in B-cells of the pan-
creas. The results of studies reporting both a positive and
negative effect of insulin on its own secretion are currently
unclear [28]. However, recent studies on normal mouse and
human B-cells suggested that insulin via phosphatidylino-
sitol-4,5-bisphosphate 3-kinase induced opening of Katp

decrease in insulin secretion [29].

The NSE administration normalizes the plasma TAG pool
and restores the lipid bilayer structure by increasing the main
PL content, cholesterol and 16:0 levels in the pancreas of rats
with HFD-induced IR. This effect of NSE is accompanied by
an improvement in insulin signaling (reduced HOMA-IR
value) and a reduced plasma insulin content.

Meanwhile, in rats without IR that were treated by NSE
we found an opposite effect on the TAG level and PL
composition. The mechanisms responsible for these chan-
ges are still poorly understood; however, most investiga-
tions of NSE’s activity did not show significant changes in
biochemical parameters from intact animals. In agreement
with previous studies NSE compensate metabolic distur-
bances mainly under stress-related pathological conditions,
including diabetes, thus showing its adaptogenic property
[30]. Therefore, we specifically investigated the biological
effect of NSE under pathological lipid profile impairment
and its possible use in the pharmacotherapy of diabetes
complications connected to dyslipidemia.

Another important factor that affects physical properties
of membrane PL and TAG is the degree of FA unsatura-
tion. Membrane-bound acyl-CoA desaturases are the key
enzymes that take part in de novo synthesis of USFA.
Three desaturases, A5, A6 and A9, are present in humans
[31]. In our study, the analysis of FA content in IR rat
pancreas showed a significant redistribution of the main FA
between lipid fractions and changes in the estimated
activity of acyl-CoA desaturases. Particularly, the
decreased level of 16:0—the precursor for 18:0 synthesis
was found. The level of 18:0 was also decreased compared
to control rats suggesting its consumption for 18:1n-9
formation under IR condition. This was confirmed by
increased activity of A9-desaturase in PL fraction as a
compensatory mechanism for B-cell death. Earlier it was
shown that pancreas cells are highly sensitive to SFA
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(16:0; 18:0) induced lipotoxicity [32]. In addition,
enhanced 18:1n-9/18:0 ratio namely in PL compartment
suggest the distribution of A9-desaturase product (18:1n-9)
in membrane PL composition, thus increasing the total
level of unsaturated PL. High level of USFA in PL fraction
together with decreased cholesterol and total PL content is
likely to trigger an increase in plasma membrane fluidity
and curvature that may alter signal transduction mecha-
nisms [33, 34]. In the pancreas of IR rats treated with NSE,
the level of 18:1n-9 did not change significantly which may
be connected to the 18:0 lipotoxicity and the short time of
NSE administration. However, NSE increased PtdCho and
cholesterol content that may correct membrane fluidity and
restore the function of the insulin receptor which is con-
firmed by the reduced hyperinsulinemia.

Furthermore, under obesity-induced IR the PUFA n-6
content was significantly affected, in particular the index of
the first desaturase—A®6 that converts 18:2n-6 to 18:3n-6,
the substrate for 20:4n-6 was increased in all lipid fractions
compared to control subjects. Meanwhile the level of
20:4n-6 PL was considerably decreased, suggesting its
involvement in eicosanoid formation. The 20:4n-6 in
membrane PL is a precursor in the biosynthesis of pros-
taglandins, hydroxyeicosatetraenoic acids and leukotrienes,
which play a role in the initiation and regulation of
inflammation [35]. Additionally, increased conversion of
20:4n-6 PL to 12-hydroxyeicosatetraenoic acid by 12-ly-
poxigenase in the pancreas of rats impair B-cell function,
cell viability and influence insulin secretion, cytotoxicity
and kinase activation [36]. It is known that 20:4n-6 PL can
act as a target for reactive oxygen species, forming lipid
peroxides and thus damaging PL bilayers. This finding is
accordingly in support of our earlier study, where the level
of lipid peroxidation products was significantly high and
the activity of antioxidant enzymes was reduced in the liver
of IR rats [14]. Another mechanism of 20:4n-6 reduction is
an increased level of 18:1n-9 that acts as an inhibitor of A5-
and A6-desaturase and elongase-5. This inverse relation-
ship between percentages of 18:1n-9 and 20:4n-6 in human
serum PL was recently presented [37]. However, in our
study we found a higher level of 18:1n-9 alongside with
increased 20:4n-6 content in the PL fraction of IR rats
treated by NSE. This finding may confirm the hypothesis
concerning the increased peroxidation of 20:4n-6 PL and
its transformation into eicosanoids under IR conditions.

The administration of NSE to rats with an IR, influenced
the n-6 PUFA synthesis pathway by normalizing the 20:4n-
6 in PL and increasing the A5-desaturase index in the PL
and FFA fractions. This effect of NSE indicates the
reduction of pro-oxidative processes that may be associated
with its antioxidant properties. In a rat model of hypoxic
hypoxia, the inhibitory effect of NSE on non-enzymatic
lipid peroxidation was detected, thus showing its
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membrane protective action [38]. In agreement with these
findings, earlier studies supported the idea of a reduction in
lipid peroxidation processes under NSE administration in
different rat models [11, 14].

Conclusion

Our results confirm that a high intake of saturated fats for
long time periods induces the development of dyslipidemia
and steatosis in rat pancreas and this process may be an
underlying factor in the pathogenesis of type II diabetes. It
appears that the enhanced level of circulated TAG and their
accumulation in pancreas tissue influence de novo syn-
thesis of PL and FA in diet-induced IR. The reduction of
the main PL and free cholesterol can lead to impairment of
insulin sensitivity and enhanced secretion of insulin.
Importantly, the NSE administration decreased the plasma
pool of TAG, increased some pancreas PL and free cho-
lesterol content that could contribute to the restoration of
the lipid environment surrounding insulin receptors. Fur-
thermore, NSE improved the altered FA composition of
pancreas lipid fractions and modulated the main Acyl-Co-
A desaturases in rats with IR. Finally, the decrease in
plasma insulin content by NSE was associated with the
restoration of lipid composition and increased insulin
sensitivity in pancreas of rats with HFD-induced IR.
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