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Role of a combination of myrtle extract and fish oil
supplementation in improving endothelial dysfunction
in streptozotocin-induced diabetic rats
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Background/aim
Diabetes mellitus is one of the most important systemic diseases in the world and
considered as the leading cause of endothelial dysfunction. Our previous studies
have been clarified the antioxidant, anti-inflammatory, and antidiabetic effects of
myrtle extract and fish oil. This study aimed to explore the effect of supplementation
of a combination of myrtle extract and fish oil in improving the endothelial
dysfunction associated with diabetes.
Materials and methods
Sixty albino rats were classified into three groups (20 rats each): control group,
diabetic group, and treated diabetic group that received myrtle extract and fish oil.
Plasma 5-lipoxygenase (5-LOX), interleukin-1β, tumor necrosis factor α, lipoxin-A4,
asymmetric dimethylarginine, nitric oxide, glucose, insulin, insulin resistance, and
cell membrane fatty acids [arachidonic acid (ω-6), linoleic acid (ω-6), α-linolenic acid
(ω-3), and oleic acid (ω-9)] were estimated.
Results
Using a combination of myrtle extract and fish oil induced significant decrease in the
plasma level of 5-lipoxygenase, asymmetric dimethylarginine, arachidonic acid
(ω-6), linoleic acid (ω-60), and glucose, whereas induced significant increase in
lipoxin-A4, nitric oxide, and α-linolenic acid (ω-3).
Conclusion
A combination of myrtle extract and fish oil has a potential effect that exceed the
beneficial role of each of them in reducing endothelial dysfunction as well as
oxidative stress and inflammation associated with diabetes mellitus.
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Introduction
Vascular endothelium cells form a cover of thin layer all
over the internal surface of blood vessels and have an
essential function of hemostasis, vascular tone regulation,
and nonsystemic inflammatory action. Recently, it has
been proven thatmalfunctioning endotheliumhas a great
effect on the progress of cardiovascular complications and
atherosclerosis in diabetic patients [1].

The development of damaged tissue in diabetic patients
occursmainly owing to inflammation aswell as oxidative
stress. In insulin-resistant diabetic patients, high
proinflammatory cytokines levels have been recorded.
Secretion of proinflammatory cytokines such as 5-
lipoxygenase (5-LOX), interleukin-1β (1L-1β) and
tumor necrosis factor α (TNF-α) is triggered by free
radicals, which are induced by hyperglycemia [2].

Nitric oxide (NO) as an antiatherogenic agent has the
ability to inhibit the proliferation of the inflammatory
operation in atherosclerosis. Reduced bioavailability or
h | Published by Wolters Kl
synthesis of NO induces dysfunction of endothelial
cells, which are considered as an early marker for
atherosclerosis in cardiovascular disease [3].

Synthesis of NO via the activity of NO synthase from
l-arginine may be inhibited by endogenous l-arginine
analogs such as asymmetric dimethylarginine
(ADMA), an amino acid present in several kinds
of tissue and plasma. Recently, in a wide range of
type 1 diabetic patients, ADMA is regarded as
an independent risk factor for mortality and
cardiovascular diseases [4].

Free fatty acids (FFAs) are considered as risk factors of
cardiovascular diseases and are mainly related to the
incidents of metabolic syndromes, for example, type 2
uwer - Medknow DOI: 10.4103/jasmr.jasmr_26_17
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diabetes mellitus and obesity [5]. Recently, FFAs are
mainly responsible not only for incidence of insulin
resistance but also for promoting the inflammatory
events in several tissues that are targeted by insulin
hormone, such as skeletal muscle, liver, and endothelial
cells. So, high levels of FFAs in blood are regarded as
an essential linkage between inflammation, type 2
diabetes mellitus, insulin resistance, obesity, and
hypertension [6].

Fish oil contains the benefit of long-chain ω-3
polyunsaturated fatty acids (ω-3 PUFAs), for
example, docosahexaenoic acid and eicosapentaenoic
acid, which are essential for healthy human by
minimizing the harmful risk of neurological, brain,
gastrointestinal, and cardiovascular diseases and
other several states [7].

Medicinal herbs from the mediterranean basin such as
myrtle (Myrtus communisL.,Myrtaceae) are administrated
as a traditional medicine. Fruits and leaves of myrtle
have several benefits such as anticancer, antifungal,
antibacterial, antiviral, hepatoprotective, neuro-
protective, and antidiabetic properties, in addition to
anti-inflammatory effects and antioxidant activity
[8] owing to their high content of phenolic compounds
[9].

In our previous works, we studied the beneficial effect of
myrtle extract treatment against streptozotocin (STZ)-
induced experimental diabetes [10]; moreover, we
studied how far fish oil supplementation could affect
hyperglycemia through the reductionof arachidonic acid
in the cell membrane [11]. So, in this study, we focused
on the examination of potential protecting effect and
possible benefit of a combination betweenmyrtle extract
and fish oil against oxidative stress and inflammation
induced by diabetes to confirm our postulation about
the additive effect of myrtle extract and fish oil
supplementation.
Materials and methods
Drugs and reagents
All drugs and chemicals for ex-vivo experiments were
purchased from Sigma-Aldrich (St Louis, Missouri,
USA) and Biomedicals LLC (France). STZ and all
other used chemicals were purchased from Sigma-
Aldrich. Fatty acids standards [high-performance
liquid chromatography (HPLC) grade] were
purchased from Sigma-Aldrich. Myrtus leaves were
collected from Faculty of Agriculture, Fayoum
University, Egypt. Refined fish oil was purchased
from a local pharmacy in Cairo, Egypt.
Preparation of alcoholic extract of myrtle
The collected samples were air dried and grinded into a
powdered form; a known weight of air-dried powdered
leaves was extracted at room temperature (28±2°C)with
successive chloroform and methanol treatment. This
extraction process was repeated at least five times until
each organic solvent became colorless. The obtained
extracts were filtered over Whatman no. 1 filter paper,
and the combined extract (filtrate) was evaporated to
dryness by vacuum rotary evaporator at 45°C. The dried
chloroform andmethanol extracts (residues) were stored
in desiccators at 4°C until use [12].
Animals and ethical approval

Sixty albino rats (weighing 180–200 g) at the beginning
of the experiment were obtained from the animal house
of the National Research Centre and were used in this
study. The rats were individually housed in clean
polypropylene cages and maintained in a controlled
temperature room (22±2°C) under a 12 h light and a
12 h dark cycle, with free access to water and standard
rat food pellets. Animals were allowed 14 days
to acclimatize to the laboratory conditions before
the experiment. All procedures were conducted in
accordance with ethical guidelines and approved by
the Ethical Committee of National Research Centre.
Experimental design

Sixty albino rats were divided into three groups, with
20 rats in each group, and were classified as follows:
group I was the control group, group II was the diabetic
group, and group III was the myrtle and fish oil-treated
diabetic group, which received myrtle extract daily
orally in dose of 100mg/kg body weight [9] and fish
oil in a dose of 1.2ml/kg body weight/day orally [13]
during the experimental period (8 weeks).
Induction of diabetes

Diabetes was induced by intraperitoneal injection
of freshly prepared STZ (40mg/kg of body weight)
dissolved in 0.1mol/l sodium citrate buffer (pH 4.5)
according to the method of Hussein et al. [13]. The
animals were allowed to drink 5% glucose solution over
night to prevent initial STZ-induced hypoglycemic
mortality. Forty-eight hours after last STZ dose,
fasting blood glucose levels were monitored and
animals with glucose levels more than 200mg/dl
were considered diabetic and assigned for different
treatment regimens.
Collection of samples

After the experimental period, animals were kept
fasting for 12 h before blood sampling. Blood was
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withdrawn from the retro-orbital venous plexus of the
eye using capillary tubes and collected in (a) tubes
contain sodium fluoride for blood glucose estimation
and (b) heparinized tubes for other biochemical
parameters.

Blood was centrifuged at 3000 rpm for 10min using
cooling centrifuge. Plasma was separated and
immediately frozen. Packed red blood cells were used
for isolation and extraction of erythrocyte membrane
lipids.

The following parameters were estimated:
(1)
 Fasting blood glucose was determined immediately
using enzymatic colorimetric method, using kits of
Centronic Co. (Wartenberg, Germany), according
to method of Trinder [14].
(2)
 Plasma insulin level was estimated by enzyme-
linked immune sorbent assay according to
Yallow and Bawman [15] using BioSoure INS-
EASIA Co. (Nivelles, Belgium) Kit.
(3)
 Insulin resistance was calculated from the
following equation: Insulin resistance=fasting
glucose (mg/dl)×fasting insulin (μIU/ml)/405,
according to Mathews et al. [16].
(4)
 TNF-α, 5-LOX, IL-1β, lipoxin-A4 (LA-4), and
ADMA were determined according to Ferreira
et al. [17], Hardya et al. [18], Vallejo et al. [19],
Dobrian et al. [20], and Deanfield et al. [21],
respectively, by using enzyme-linked immune
sorbent assay for rat according to the
manufacturer’s protocols (R&D Systems, UK).
(5)
 NO measured as nitrite was determined by using
Griess reagent, according to the method of
Moshage et al. [22] where nitrite, stable end
product of NO radical, is mostly used as
indicator for the production of NO.
(6)
 Analysis of cell membrane fatty acids was done by
HPLC.
Table 1 Mean levels of blood glucose, plasma insulin, and
insulin resistance in the different studied groups

Control
group

Diabetic
group

Treated diabetic
group

Glucose
(mg/dl)

79.7±1.1 243.2±2.7a 180.3±1.6a,b

Insulin (μIU/ml) 11.7±0.4 8.5±0.2a 9.5±0.3a

Insulin 2.3±0.1 5.1±0.9a 4.2±0.1a
Cell membrane was homogenized in 2% acetic acid-
ethyl ether mixture (2 : 1 volume ratio). The solution
was then filtered and centrifuged at 500g. The organic
phase was evaporated to dryness. The extract was
dissolved in 200 μl acetonitrile [23].

Fish oil samples (three different samples from different
places) were extracted using 2% acetic acid-ethyl ether
mixture.
resistance
(mg/dl μIU/ml)

All values are expressed as mean±SEM. aSignificant difference
than control group at P<0.05. bSignificant difference than diabetic
group at P<0.05.
High-performance liquid chromatography condition
This method was carried out after modification of the
method described previously by Aveldano et al. [24]
HPLC column C18 (260×4.6, particle size 5 μl) was
used as the stationary phase, and the mobile phase was
acetonitrile/water mixture (70/30) v/v by isocratic
elution, with flow rate of 1ml/min and 200 nm
wavelength. Serial dilutions of standards were
injected, and their peak areas were determined. A
linear standard curve was constructed by plotting
peak areas versus the corresponding concentrations.
The concentration of samples was obtained from the
standard curve.
Statistical analysis
All data were expressed asmean±SE.Distribution of the
data was verified to be normal using tests of normality
(SPSS package, version 8, USA). Statistical significance
will be tested by one-way analysis of variance followedby
Bonferroni’s post-hoc analysis.P value less than0.05was
considered statistically significant.
Results
Table 1 showed significant increase in glucose and
insulin resistance with significant decrease in insulin
level in the diabetic group as compared with the
control; these results improved after treatment with
a mixture of myrtle and fish oil.

Table 2 recorded significant increase in 5-LOX, 1L-β,
TNF-α, LA-4, and ADMA in the diabetic group as
compared with the control; these results improved after
treatment with a cocktail of myrtle and fish oil. NO
showed significant decrease in the diabetic group, and
it significantly increased after treatment.

Table 3 showed significant increase in AA, LA, and
OA and a significant decrease in ALA in the diabetic
group compared with the control group; the treatment
improved these levels.
Discussion
The vascular damage that occurs in major diseases such
as atherosclerosis, hypertension, diabetes, and aging is



Table 2 Mean plasma levels of 5-lipoxygenase, interleukin-1β,
tumor necrosis factor α, lipoxin-A4, asymmetric
dimethylarginine, and nitric oxide in the different studied
groups

Control
group

Diabetic
group

Treated diabetic
group

5-LOX (U/l) 7.5±0.3 15.0±1.5a 11.4±1.12a,b

IL-1β (pg/ml) 27.6±1.02 44.24±4.6a 37.01±1.34a

TNF-α (ng/l) 22.5±1.1 198.0±20.0a 181.0±13.0a

LA-4 (pg/l) 66.05±4.5 130.0±12.0a 176.0±12.4a,b

ADMA
(μmol/l)

3.2±0.27 7.9.0±1.9a 4.3±0.57b

NO (μmol/l) 46.0±4.6 25.5±2.9a 34.2±2.9a,b

All values are expressed as mean±SEM. ADMA, asymmetric
dimethylarginine; IL-1β, interleukin-1β; LA-4, lipoxin-A4; 5-LOX,
5-lipoxygenase; NO, nitric oxide; TNF-α, tumor necrosis factor α.
aSignificant difference than control group at P<0.05. bSignificant
difference than diabetic group at P<0.05.

Table 3 Mean levels of erythrocyte membrane fatty acids in
the different studied groups

Control
group

Diabetic
group

Treated
diabetic group

AA (mg/ml RBCs) 0.05±0.001 0.11±0.02a 0.05±0.003b

LA (mg/ml RBCs) 0.66±0.08 0.95±0.04a 0.53±0.026a,b

ALA (mg/ml RBCs) 0.76±0.038 0.35±0.07a 0.67±0.07a,b

OA (mg/ml RBCs) 0.13±0.0014 0.17±0.005a 0.17±0.004a

All values are expressed as mean±SEM. AA, arachidonic acid;
ALA, α-linolenic acid; LA, linoleic acid; OA, oleic acid; RBC, red
blood cell. aSignificant difference than control group at P<0.05.
bSignificant difference than diabetic group at P<0.05.
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caused by endothelial dysfunction, which represents,
from the biological and clinical points of view, an
enormous challenge [25].

In the present study, it was found that the diabetic group
showed significant increase in glucose and insulin
resistance and significant decrease in insulin compared
with the control group (Table 1). These results were in
agreement with Krishna et al. [26] who stated that the
destruction of the β-islet cells of the pancreas by STZ is
the causative factor for the increase in the level of blood
glucose and the decrease in the level of insulin in the
serumof thediabetic group (theβ-cells being responsible
for the normal homeostasis of blood glucose by secreting
insulin hormone).

Wadood et al. [27] suggested that glucose was absorbed
and used by cells through glycolysis, pentose-
phosphate pathway, Kreb’s cycle, and glycogenesis,
by help of insulin. When diabetes is induced by
STZ, the β-cells lose their ability to produce insulin
leading to accumulation of excess glucose in the blood
and failure of glucose utilization and storage. The
reduction of insulin level and elevation of blood
glucose in diabetic group in this study confirmed
this suggestion.
Supplementation of myrtle extract helps to protect the
β-cells of the pancreas from being damaged by the free
radicals produced in diabetics and thus insulin level
increases and insulin resistance decreases leading to
reduced blood glucose level [10].

This study showed that5-LOX, IL-1β,TNF-α, andLA-
4 levels were significantly high in the diabetic group
compared with the control group, but these levels were
improved after treatment with myrtle extract and fish oil
(Table 2).This coincideswithwhatRossi et al. [28] stated
about the ability of myrtle extract to inhibit TNF-α,
neutrophil infiltration, formation of reactive oxygen
species, elastase release, and eicosanoids biosynthesis
[through inhibition of cyclooxygenase (COX)-1 and 5-
LOX in vitro and blockage of receptor coupled Ca2+

mobilization in vivo]; all of which contribute to the
initiation and maintenance of the inflammatory process.

Previous studies stated that hyperglycemia leads to
decrease in antioxidant capacity whereas increase in
pro-oxidative and proinflammatory cytokines secretion.
These factors contribute to diabetic complications.
Proinflammatory cytokines are categorized as markers
of inflammation of blood vessels. Increased levels of IL-1,
IL-6, TNF-α, and other inflammatory cytokines were
found in different insulin-resistant and diabetic states [2].

Hussine et al. [29] suggested that increased oxidative
stress may suppress the activation of insulin receptor
and reduce the translocation of glucose transporter
(GLUT)-4 of the cell membrane. Antioxidants
increase glucose disposal through the translocation
of GLUT-4 on the cell membrane and increase
uptake of basal glucose via redistribution of GLUT-1.

Our study showed that a combination of myrtle extract
and fish oil supplementation has the ability to reduce
ADMA level and elevate NO level significantly, as NO
may be inhibited by endogenous l-arginine analogs
such as ADMA (Table 2).

The plasma and endothelial cells of STZ-induced
diabetic rats showed increased ADMA concentrations
compared with those of nondiabetic rats. Many studies
suggest that the reduced expression of dimethylarginine
dimethylaminohydrolase enzyme, which leads to
degradation of ADMA, caused elevation of endo-
thelial ADMA concentration [30,31].

The current study showed significant increase in AA,
LA, and OA and a significant decrease in ALA
in diabetic group compared with control; our
study proved that myrtle extract and fish oil
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supplementationsignificantlydecreasedAAandLAand
significantly increased ALA in treated diabetic group
compared with diabetic one, whereas the mean value of
OA was insignificantly changed in the two groups
(Table 3).

There are two metabolic pathways of AA, which are
the LOX and the COX pathways. AA is converted
by COX to prostaglandins, thromboxanes, and
prostacyclins and is converted by LOX to leukotrienes
or hydroxyeicosatetraenioc acids [23].

It was also stated that ω-3 PUFAs have the ability to
cause displacement of arachidonic acid in cell
membranes. They can compete for COX and LOX
enzymes producing eicosanoids such as prostaglandins,
thromboxanes, and leukotrienes, leading to the
formation of products having structures that
are different from those derived from arachidonic
acid [2].

Fish oil is recommended as a source of n-3 PUFA,
particularly eicosapentaenoic acid (20 : 5, n-3) and
docosahexaenoic acid (22 : 6, n-3). The n-3 PUFA
are precursors of prostaglandins, thromboxanes, and
leukotrienes [7].
Conclusion
The present study demonstrated that a combination of
myrtle extract and fish oil has the ability to restore
endothelial dysfunction in STZ-induced diabetic rats
owing to the additive effect of the two treatment agents
that gave this cocktail a powerful effect, including
antioxidant, anti-inflammatory, and antihyperglycemic
properties. More clinical studies are needed to confirm
our finding.
Acknowledgements
The authors are grateful to the National Research
Centre – Cairo, Egypt for funding project no.
10010310 and providing space to carry out this work.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
References
1 Wils J, Favre J, Bellien J. Modulating putative endothelial progenitor cells

for the treatment of endothelial dysfunction and cardiovascular
complications in diabetes. Pharmacol Ther 2017; 170:98–115.

2 Laubertová L, Kon ̌ariková K, Gbelcová H, Ďuračková Z, Muchová J,
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