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ABSTRACT

Polyunsaturated Fatty acids have multiple effects in peripheral tissues and pancreatic beta cell
function. The n-3 Polyunsaturated Fatty acids prevent and reverse high-fat-diet induced adipose
tissue inflammation and insulin resistance. Insulin secretion is stimulated by glucose, amino acids,
and glucagon- like peptide-1 in tissue containing high levels of n-3 Polyunsaturated Fatty acids than
lower level of n-3 Polyunsaturated Fatty acids. Also, n-3 Polyunsaturated Fatty acids led to
decreased production of prostaglandin, which in turn contributed to the elevation of insulin
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secretion. N-3 polyunsaturated fatty acids prevent cytokine-induced cell death in pancreatic islets.
Supplementation of n-3 Polyunsaturated Fatty acids for human subjects prevent beta cell
destruction and insulin resistance. It also enhances insulin secretion, reduction in lipid profiles and
glucose concentration particularly in type Il diabetes patients. Therefore there should be a focus on
the treatment mechanism of insulin related obesity and diabetes by n-3 polyunsaturated fatty acids.

Introduction

Fatty acids consist of a hydrocarbon chain (CH2) or with
an acid or carboxyl group (COOH) at one end and a
methyl group at the other. They are classified as satu-
rated or unsaturated, depending on the number of
hydrogen atoms present. The group of polyunsaturated
fatty acids (PUFAs) termed as omega-3 (w3 or n-3) dis-
tinguished by having the first double bond positioned on
the third carbon atom from the methyl or N-terminal
end of fatty acid chain [1]. The major varieties of PUFAs
are n-3 such as Docosahexaenoic Acid (DHA), eicosa-
pentaenoic acid (EPA) and n-6 PUFAs such as arachi-
donic acid (AA). N-3 PUFAs are synthesized from the
modification of saturated fatty acid precursors by differ-
ent desaturases and elongation enzymes. Mammals have
neither the desaturase necessary to synthesize the precur-
sors of other PUFAs, linoleic acid (LA, n-6), and «-lino-
leic acid (ALA, n-3), nor the n-3 FAs desaturase to
convert n-6 PUFAs to n-3 PUFAs [2].

The normal role of insulin is increasing muscle cellu-
lar glucose uptake, glycogen synthesis, and cessation of
hepatic glucose production [3]. An important factor
associated with the pathogenesis of insulin resistance
and pancreatic beta cell dysfunction is the glucolipotox-
icity, which generates redox imbalance and oxidative
stress. Palmitic acid induces production of reactive

oxygen species (ROS) and nitric oxide (NO) and impairs
insulin secretion [4]. Pancreatic islets are considered as
highly susceptible to oxidative stress presenting low
activities [5].

Methods

This review was done using prospective and retrospective
studies, cohort studies, systematic reviews, experimental
studies and case-control studies that were done previ-
ously. Google, HINARI [www.who.int/hinari/], Medline
(Pubmed), Google scholar, and Science Direct were used
as search engines.

Therefore the main objective of this review is to
update the current trend on “the role of n-3 PUFAs in
the pancreatic B-cells and insulin action”. There have
been many recent publications indicating Preventive and
reverse effects of n-3 PUFAs on insulin resistance and
sensitivity on human and animal studies.

Mechanism of p- cells dysfunction and n-3 PUFAs
stimulation effect on islet survival and function

Beta cells are a specific cell types in the pancreatic islets
of Langerhans, making up about 50%- 65% of the cells
[6]. Pancreatic 8 cells produce insulin at an appropriate
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rate to maintain blood glucose within a relatively narrow
range [7]. Exposure to various factors may alter its
structure and affect the normal faction of the cells.

Several mechanisms have been proposed that could
contribute to the dysfunction of the - cells. Pighin et al.
have demonstrated that the increased fat storage and
decreased Pyruvate Dehydrogenase complex (PDHc)
activity within the B- cells are possible mechanisms for
mediating. The altered insulin secretion. It undergo with
the stimulus effect of different secretagogues (e.g., glu-
cose, palmitate, l-arginine) from dyslipemic insulin-resis-
tant rats, fed a long-term sucrose-rich diet [8,9]. The
inhibition of PDHc limits the conversion of pyruvate
from glycolysis to acetyl- CoA and diminishes the oxida-
tive glucose metabolism, which is a signal for insulin
secretion and synthesis [8,9]. This finding is consistent
with the reversion of these alterations after the adminis-
tration of n-3 PUFAs. This completely normalized both
fat storage and the PDHc activity within the g- cells as
well as the insulin secretion patterns stimulated by glu-
cose. This improved the hormone secretion under the
stimulus of either palmitate or l-arginine [10].

On the other hand an experimental evidence on ani-
mal studies, by Su D et al. and Dong et al. showed that
cytokine treatment for 48 hours led to a sharply elevated
level of cell death in the wild-type islets (58 vs. 9% in the
non-treated). However, the islets derived from the mfat-
1 transgenic mice (contain n-3 PUFAs) strongly resisted
cytokine-induced cell death (13 vs. 8% in the non-treated
islets). The result showed that n-3 PUFAs play important
roles in the production of Ang-1 whichhas significant
beneficial effect on islet survival and function [11,12]. A
recent study done by Bi et al. proved that, therapeutic
intervention in mice through nutritional supplementa-
tion or lentivirus-mediated expression of w-3 fatty acid
desaturase, mfat-1, insulin levels, prevented lymphocyte
infiltration into regenerated islets, and sharply elevated
the expression of the pancreatic § cell markers [13].

Another recent experimental study done on humans,
on the overall effect of the FFAs on the profile of B-cells
function. Treatment with the FFA mixture to obese
adolescents with metabolic syndrome profile reduced
the capacity to capture peroxynitrite compared to that of
the control. Hence it supports for encouragement of the
increase of w-3-rich food consumption in order to
reduce the likelihood of deterioration of B-cells [14].

Effects of n-3 PUFAs on insulin secretion

Insulin is an important hormone required for normal
metabolism. In healthy subjects, insulin release is exqui-
sitely exact to meet the metabolic demand. Specifically,
B-cells sense changes in plasma glucose concentration

and response by releasing corresponding amounts of
insulin [15].

Currently, most evidence that support promoting
effect of n-3 PUFAs on insulin secretion, has been
obtained from in vitro or ex vivo studies. The Fat-1
transgenic mouse is a unique model for research into n-3
PUFAs, which is genetically modified to express the Cae-
norhabditis elegans Fat-1 gene. Fat-1 encodes n-3 fatty
acid desaturase, which converts n-6 PUFA to n-3 PUFA
[16].

Experimental evidence on animal model studies, done
by Dong et al. showed that the transgenic islets contained
much higher levels of n-3 PUFAs than the wild type;
insulin secretion was significantly elevated in the trans-
genic islets. When challenged with tumor necrosis fac-
tor-a (TNF-«), interleukin-18 (IL-18), and y-interferon
(IEN-y), the transgenic islets completely resisted cyto-
kine-induced cell death [17]. Another Intervention done
on non-obese diabetes (NOD) mice with w-3 of an EPA/
DHA-enriched diet showed significantly lower blood
glucose concentrations. The improved glucose tolerance
in the EPA/DHA-fed mice was primarily attributed to
the elevated glucose-induced insulin secretion [13].
Cejudo et al. conduct an experimental research on
human subjects that supported the findings of the above
studies. According to the finding n-3 PUFA Supplemen-
tation for type II diabetes patients has an overall
improvement in the lipid profile with a significant
decrease in triacylglycerol’s which was correlated with
enhancement of insulin secretion by N-3 PUFA. Insulin
had greater improvement when it was combined with
metformin that may warrant further investigation [18].

On the other side, Lalia et al. came up with contrast
finding in insulin resistant humans. Dietary EPA+DHA
supplementation didn’t improve peripheral glucose dis-
posal, insulin secretion, or skeletal muscle mitochondrial
function in insulin-resistant nondiabetic humans. Even-
thogh there was a modest improvement in hepatic-insu-
lin sensitivity with EPA+DHA, but this was not
associated with any improvements in clinically meaning-
ful outcomes [19].

The expression of n-3 PUFAs (mfat-1) led to
decreased production of PGE2, which in turn contrib-
uted to the elevation of insulin secretion. Furthermore
that cytokine-induced activation of NF-kB and extracel-
lular signal related kinase '/, (ERK1/2) was significantly
attenuated and the expression of pancreatic duodenal
hemeobox-1 (PDX-1), glucokinase, and insulin- 1 was
increased as a result of n-3 PUFAs production. These
data depict the enhanced insulin-secreting action of the
B-cells that were pre-exposed to a high n-3 PUFAs envi-
ronment (as a result of mfat-1 expression) even long
before birth. Also acute elevation of n-3 PUFAs via mfat-



1 activity in the B-cells would also enhance insulin secre-
tion [11]. Dangardt et al, showed that w-3 PUFA supple-
mentation was correlated with insulin action. After a
relatively short intervention period with w-3 PUFA sup-
plementation, the fatty acid composition of skeletal mus-
cle phospholipids and muscle triacylglycerol’s improved
in both obese boys and girls. This effect may correlate
with insulin secretion and sensitivity which enhanced
lipid metabolism and results reduction of lipid [20].

On another study w-3 PUFA supplementation caused
a significant improvement in the intervention group
compared with the placebo. It resulted for the decrement
of non-esterified free fatty acid concentrations which fur-
ther improved insulin sensitivity in type 2 diabetic
patients [21]. On the contrary a study by Spencer et al.
examined the effects of fish oil (which are enriched with
w-3 PUFAs), on adipose tissue macrophages in obese
humans with metabolic syndrome. Although there were
no changes in insulin sensitivity, adipose tissue macro-
phages were decreased and adipose capillaries increased
in the FO-treated subjects, along with a decrease in adi-
pose [22].

Effects of n-3 PUFAs on insulin sensitivity

The n-3 PUFAs decreases the skeletal muscle triglyceride
content and improves insulin action on glucose utilization
and prevents the development of whole-body insulin resis-
tance [23, 24]. Luo et al. demonstrated that insulin action
was positively correlated with the fatty acid instauration
index in membrane phospholipids of rat adipocytes [25].
Moreover, n-3 PUFAs prevented the decrease of insulin-
stimulated glucose transport and the oxidation and incor-
poration into total lipids. Improved in vitro insulin-stimu-
lated glucose incorporation into total lipids and glucose
oxidation into CO2 were also observed in adipocytes of
neonatal diabetic rats fed a sucrose-rich diet to which 30%
dietary n-3 PUFAs had been added [26].

Peyron-Caso et al. observed insulin stimulated glucose
transport in adipocytes, associated with an increase of
glucose transporter 4 (Glut 4) protein and mRNA levels
in rats fed a sucrose-rich diet supplemented with n-3
PUFAs [27]. In another recent study by Albert et al.
demonstrated that higher n-3 PUFA supplementation
were associated with improved insulin sensitivity. Insulin
sensitivity was 43% higher in those who took high w-3
than in low w-3 men. This was associated with a more
favorable metabolic profile in middle-aged overweight
men [28].

However an experimental study conducted on animal
model by Sebokova et al. showed that a raised dietary
intake of n-3 PUFAs in hereditary hypertriglyceridemia
rats didn’t alter the number of Glut 4 protein levels in
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muscle [29]. But similar study by Mori et al. in fatty rats,
(a model of spontaneous type 2 DM with obesity), dem-
onstrated that the long-term administration of n-3
PUFAs for 17 to 18 weeks enhances insulin secretion.
When n-3 PUFAs replaced the vegetable oil present in
the rats’ diet, it prevented the onset of dyslipidemia,
insulin insensitivity in main target tissues (liver, skeletal
muscle, adipose tissue) and whole-body insulin resis-
tance in high sucrose or fructose-fed rodents [30].

Mechanism involving the action of n-3 PUFAs
through GPR 120 and GPR40 on insulin

A great advance in the field was achieved in 2009 when
Oh and co-workers described a completely new anti-
inflammatory mechanism involving the action of n-3
PUFAs through GPR120. Upon ligand binding, GPR120
recruits B-arrestin-2, leading to the internalization of the
receptor/regulatory protein complex. The internalized
B-arrestin-2 binds to TAB1 and inhibits its binding to
TAK1, which results in the inhibition of its activity.
TAKI is a point of convergence for TNF-o and TLR4
signal transduction, and its inhibition impairs the pro-
gression of the signal toward JNK and IKK activation,
which results in the inhibition of inflammation [31]. N-3
PUFAs also directly affect B -cell function via alterations
in lipid raft function, or by binding to PPARs, GPR40
and GPR120.

A recent study, reported the beneficial metabolic
effects of a small molecule that acts as a specific agonist
for GPR120 [32]. Obese mice treated with this molecule
exhibit improved glucose tolerance and decreased
hepatic steatosis accompanied by a reduction of the met-
abolic inflammation phenotype. This indicates, GPR120
is an attractive potential target for the treatment of obe-
sity-associated metabolic disorders [31]. Oh et al. also
proved that w-3 FAs supplementation for mice cause
GPR120-mediated anti-inflammatory and insulin sensi-
tizing effects in vivo. Taken together, GPR120 emerges as
an important control point in the integration of anti-
inflammatory and insulin sensitizing responses, which
may prove useful in the future development of new ther-
apeutic approaches for the treatment of insulin resistant
diseases [33].

Another recent study by Dragano et al. reported that
TUG1197 the GPR120 agonist, predominantly reducing
hypothalamic inflammation. TUG905, the GPR40 ago-
nist, predominantly reducing body mass and increasing
the expression of the anorexigenic precursor. The use of
a compound that acts simultaneously on GPR120 and
GPR40, GW9508, results in the best metabolic outcomes,
reducing body mass, improving glucose tolerance and
reducing hypothalamic inflammation [34].
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Different studies have also shown the beneficial meta-
bolic effects of GPR40 activation by n-3 PUFAs [35,36].
This receptor is highly expressed in pancreatic S-cells
and, upon activation by PUFAs, which increases glu-
cose-induced insulin secretion [35].

Mechanisms of n-3 PUFA for prevention of insulin
resistance

Insulin resistance (IR) is an early metabolic abnormality
in the course of obesity, metabolic Syndrome, and type 2
diabetes. Although the molecular mechanism is not fully
understood, at the cellular level the strength of insulin
signaling from its receptor to its final action is attenu-
ated. In conditions of insulin resistance, these actions are
impaired leading to a vicious cycle of fasting or post-
prandial hyperglycemia, elevated free fatty acids, hyper-
insulinemia, and pancreatic 8 -cell dysfunction [37].
There are different mechanisms by which insulin resis-
tance may present. N-3 PUFA may reduce insulin resis-
tance through a number of different mechanisms. Dose-
dependent effect on increasing the expression of genes
related to hepatic lipid oxidation and decreasing the
expression of genes related to hepatic de novo lipogenesis
(SREBP-1¢c, ChREBP). This indicates enhancement of
insulin action in the liver and a protective effect of n-3
PUFA in the course of development of insulin resistance.

There are findings that support the beneficial effect of
n-3 PUFA in insulin resistance. Ramel et al. conducted
an experiment on human young overweight or obese
individuals. These groups were enhanced to consume
fish oil during an 8 week energy restricted diet. After
exposure it exerted positive effects on fasting insulin and
on a measure of insulin resistance. The present random-
ized dietary intervention trial supports previous epidemi-
ological evidence, and demonstrates the importance of
Long chain (LC) n-3 PUFA consumption for improve-
ment of insulin resistance and possibly for the preven-
tion of type 2 diabetes [38].

It is now accepted that increased inflammation is one
of the major factors that leads to the development of
insulin resistance. Toll like receptors (TLR) on the cell
surface when stimulated by bacterial cell wall lipopoly-
saccharides activate the NF-kB pathway for the produc-
tion of inflammatory cytokines. N-3 PUFA inhibit TLR-
2 and TLR-4 [39]. Among the n-3 PUFA, DHA is the
most potent inhibitor of this pathway. EPA reduces the
production of inflammatory eicosanoids from arachi-
donic acid by competing for the cyclooxygenase and lip-
ooxygenase enzymes.Both DHA and EPA decrease the
release of arachidonic acid by inhibiting phospholipase-2
[40]. Oxygenated metabolites of EPA and DHA formed
by COX-2 in the presence of aspirin are called resolvins

E and D, respectively; both these series of resolvins
oppose the effects of inflammatory prostaglandins [41].

The circulating levels of a number of hormones (adi-
ponectin, leptin, resistin, Vaspin and visfatin) and adipo-
cytokines produced by the adipose tissue also contribute
to the development of insulin resistance. Leptin and adi-
ponectin both exert insulin-sensitizing effects. A number
of studies examined the effects of n-3 PUFA on the
secretion of these two hormones. Addition of EPA to
cultured rat adipocytes increased both the expression
and secretion of leptin [42]. Derosa et al. did an experi-
ment of the association of insulin resistance with adipo-
nectin, visfatin, and vaspin on human subjects. After
treatment with LC n-3 PUFA, it resulted in a greater
improvement of lipid profile and adiponectin compared
to placebo in a baseline condition, and an improvement
of all insulin resistance parameters after an oral fat load.
And there was a decrement in the mean values of visfatin
and vaspin even though there was no significant varia-
tions [43].

N-3 PUFA regulate the expression of a number of
genes involved in carbohydrate and lipid metabolism by
modulating the activity or expression of a number of
transcription factors. Peroxisome proliferator activated
receptors (PPAR), sterol regulatory element binding pro-
tein-1c (SREBP-1c), hepatic nuclear factors (HNF), reti-
noid X receptors (RXR) and liver X receptor (LXR)
regulated by n-3 PUFA [44]. Thus, n-3 PUFA increase
glucose clearance, and fatty acid oxidation, and inhibit
fatty acid synthesis. In addition to the mechanisms dis-
cussed earlier n-3 PUFA decrease insulin resistance
through effects of decrease in circulating triglycerides
and small dense LDL particles, membrane fluidity, signal
transduction, and others.

Future perspective on n-3 PUFAs as preventive
mechanism for insulin resistance

Supplementation of n-3 PUFAs

The need for sustainable, alternative n-3 -PUFA sources
has stimulated research in several fields. Cellular and
molecular methodologies exist that allow the introduc-
tion or increased expression of genes for the enzymatic
machinery involved in desaturation and elongation of
shorter chain fatty acids into LC-PUFA. The potential of
plants and animals to biosynthesize these nutrients
through genetic manipulation, with the aim to increase
the amount of desired fatty acids in their lipid profiles, is
currently under investigation with the production of
transgenic oilseed crops and animals [45,46]. While
important advances have been made on the production
of oils from transgenic plants. The commercial use of



genetically manipulated products of food is the focus of
much scientific and social debate.

On the other hand, functional foods enriched with #n-3
PUFA from either fish or microbial origin, are generally
perceived as interesting by consumers [47]. As their
belief on the effectiveness of these products to deliver
important health benefits has increased in recent years
[48]. Hence, the n-3 LC-PUFA supplemented food sec-
tor-including cereals, beverages, cheeses, yogurts, eggs,
milk, margarines, spreads and dressings has been one of
the fastest growing food categories in Europe and North
America [48].

At present, alternatively to fish oils, some n-3 LC-
PUFA-rich single cell oils, mostly of micro algal origin, are
used in marketed fortified foods. Recently, the health risks
and side effects posed by n-3 LC-PUFA consumption from
various sources were reviewed [49]. Fish oil supplementa-
tion was investigated using several delivery methods (cap-
sules, fish-containing meals, fortified foods, or parenteral
administration). Results from two studies advised caution
when supplying high dietary #-3 LC-PUFA levels in both
type 2 diabetes mellitus patients and individuals with
impaired glucose tolerance, due to risks of increased glyce-
mia. Algal oils appeared to be well tolerated and no major
negative effects have been reported [50].

Challenges of n-3 PUFAs to use for the health
perspective

The production of very high purity n-3 PUFAs repre-
sented a considerable challenge. This may due to the
complexity of the lipids in the biomass, the nature of the
biomass, and the degree to which the n-3 PUFA needed
to be purified. Also, the whole suite of technologies with
regard to processing costs, product yield and product
quality are another challenges to use it [47].

Conclusions

Polyunsaturated FAs (n-3 PUFAs) increased intracellular
insulin content, antioxidant enzymatic defense capacity
and decreased pro-oxidant generating activities. Those
are associated with maintenance of pancreatic beta cell
redox state in response to n-3 PUFA in most animal and
human studies. Continuous n-3 PUFAs supplementation
can enhance insulin secretion and confers strong resis-
tance to cytokine-induced p-cell destruction. Results
from a number of studies on human and animal studies
suggest that n-3 PUFA can prevent and reverse insulin
resistance and increase its sensitivity. However, there is
some controversy results from the studies, therefore
there should be large scale experimental studies to ensure
the overall effect of n-3 PUFA on human subjects and to
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develop guidelines on the mechanism of n-3 PUFA sup-
plementation. Particularly n-3 PUFA Supplementation
in some studies for type II diabetes patients show an
improvement in the lipid profile and glucose concentra-
tion which may seek to look forward.

What is already know on this topic

Different authors had published the result of n-3 PUFAs
on insulin, so based on their finding

e results from a number of studies suggest that n-3
PUFA can prevent and reverse insulin resistance

Stable cellular production of n-3 PUFAs can enhance
insulin secretion.

What this study adds

e N-3 PUFAs affects transcription factors will
undoubtedly contribute to human health and
disease

e Recent studies that focus on human subjects come
up with positive results in

- Prevention and treatment of type II diabetes

- Reduction in insulin resistance and increase in
insulin secretion & action

- Prevent in beta cell destruction

- May open a forum n-3 PUFA that targets obe-
sity & diabetes

e Functional foods enriched with #-3 PUFA from
either fish or microbial origin, are targets for insulin
therapy in recent years
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