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ABSTRACT

Objective(s): Sesame oil is a lipophilic compound and has low aqueous solubility and low oral bioavailability.
It is possible to enhance sesame oil solubility in aqueous media by applying the microemulsion system in the
form of oil-in-water. In this study, the anti-cholesterol and anti-Apoptotic effects of a new combination of
sesame oil and honey in a microemulsion form for cardiac muscle cells Apoptosis treatment were investigated.
Materials and Methods: Two different formulations were prepared. Tween 80 was used as the main surfactant
in both formulations. In the first formulation, glycerin was applied as co-surfactant. Span 80 was applied as
a mixed surfactant in the second formulation.
Results: Characterization results showed that the average size of droplets of microemulsion samples were
in the range of 16.6±0.1-64.6±0.2 nm with a poly dispersity index (PDI) value of less than 0.5. No turbidity
and phase sedimentation were observed in certain samples in a period of 6 months after the preparation,
which confirmed the high stability of samples. The in-vivo results in Wistar male rats with heart failure
showed that applying sesame oil and honey in the microemulsion form caused a significant reduction in the
Apoptosis level. In addition, favorable therapeutic effects for microemulsion administration was observed
in comparison to the Atorvastatin drug consumption. Furthermore, the protective effect of microemulsion
dosage was more obvious with increasing the oil percentage and adding honey as a hydrophilic additive.
Conclusion: Results confirmed that the new formulation containing sesame oil and honey as natural
components with nano particle size could be useful for cardiac muscle cells Apoptosis treatment.
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INTRODUCTION
Heart failure is a progressive condition that
contributes to unacceptably high morbidity and
mortality attributable largely to cardiac dysfunction
due to cardiac structural changes [1-3].
There are an estimated 23 million people
suffering from heart failure worldwide [4]. Recently,
many advances have been made in therapeutic
approaches of heart failure. One of the most
comprehensive approaches in this field is controlling
neurohormonal systems such as the sympathetic
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nervous system [5]. Inflammation, hypertrophy,
loss of collagen, interstitial fibrosis, cardiomyocyte
Apoptosis and necrosis are some of the events
caused by neurohormones [6-8]. Although many
drugs such as Atorvastatin have been designed
to control these neurohormones, they have not
yet achieved a desirable result in reducing heart
failure [9-11]. So, exploration of novel and/or
complement therapies still seems a necessity. In
spite of progressing novel methods for designing
chemical compounds, some materials with natural
source can be suitable for heart failure treatment.
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Edible oils such as sesame is an appropriate
candida for this aim [12]. Sesame oil is a nutritious
oil. It obtained from sesame seeds. It has high
nutritional value and powerful therapeutic
properties. Sesame lignans such as sesaminol,
episesamin, pinoresinol, sesamin, sesamolin,
sesamolinol, sesamol and gamma-tocopherol
isolated from the seeds of sesamum indicum and
sesamum radiatum are responsible for many of
the physiological and biochemical characteristics
of sesame oil like blood pressure reducer [13],
anti-mutagenic, anti-oxidant, anti-tumorogenic,
estrogenic or anti-estrogenic, anti-diabetic, anticholesterol and anti-cancer properties [14-16].
Sesame oil can improve lipid profile and decrease
lipid peroxidation in hypercholesterolemic patients
[13]. Also, lignans in sesame oil play an important
role in DNA oxidative damage prevention [17].
The unique tocopherol which can be found in
sesame oil is gamma tocopherol [18]. Tocopherol
is necessary to protect polyunsaturated fatty acids
(PUFA) against oxidative damage in plants and
animals.
Honey as a hydrophilic compound is rich
in substantial enzymatic and non-enzymatic
antioxidants including alkaloids, catalase, glucose
oxidase, flavonoid, phenolic acid, ascorbic acid,
carotenoid derivatives, maillard reaction products,
organic acids, amino acids and proteins [19-30].
Honey acts against oxidant factors and prevents
their combination with polyunsaturated fatty
acids and stops the oxidation of lipoproteins
[26]. Because of the rich anti-oxidant contain of
honey and sesame oil, combination of these two
materials can be introduced as an appropriate
choice for heart failure treatment [12, 26]. Since
the bioavailability and therapeutic efficiency of
oily-nature molecules depend on their solubility
in aqueous medium [31], the main problem for
using sesame oil is its low absorbance in human
body. Moreover, mixing the sesame oil and
honey will not be effective due to their various
hydrophobic-hydrophilic properties. Designing
a new combination form of these materials with
lower particle size can enhance their solubility
and bioavailability in hydrophilic media of body.
Microemulsion form of lipophilic molecules has
potential to dissolve any hydrophilic compound
and function as a drug nano-carrier for a wide range
of drug molecules in pharmaceutical research [32].
Microemulsion is a colloidal dispersion system. It
has an internal droplet size of about 10-100 nm
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[31]. Microemulsion system is thermodynamically
stable [33-36]. Microemulsions contain oil phase,
surfactant as an amphiphilic compound which
can form stable connection between hydrophilic
and lipophilic molecules, co-surfactant which can
enhance the aqueous solubility of oily-nature
matters and aqueous phase in appropriate ratios
[37-39]. Among water-in-oil, oil-in-water and bicontinuous types of microemulsions, oil-in-water
type is more appropriate for lipophilic molecules
delivery [40, 41]. The purpose of this study was to
prepare a combination of honey and sesame oil in
the microemulsion form and evaluate its effects
on cardiac muscle cells Apoptosis in isoproterenol
induced left ventricle failure in rats. This is the
first study that investigate the impact of an herbal
component as drug in nanoscale on the heart
failure treatment. Myocardial necrosis induced
by isoproterenol (D, L-4-(2-(isopropylamino)-1hydroxyethyl) pyrocatechol) (ISO), is a well-known
standard model for studying the effects of drugs
on cardiac dysfunction. Tween 80, Span 80 and
edible Glycerin were selected as biocompatible
surfactants and co-surfactant to prepare
microemulsions based on sesame oil containing
honey as a hydrophilic additive. After physicochemical characterization of microemulsion
samples, the in-vivo effects of microemulsion
formulations at various oil and honey contents
were explored. Calculated results were compared
with obtained results from similar study that was
used Atorvastatin as a chemical drug for heart
failure treatment.
MATERIALS AND METHODS
Materials
Tween 80 (PubChem CID: 86289060), edible
Glycerin (PubChem CID: 753) and Span 80
(PubChem CID: 9920342) were purchased from
Merck Company (Germany). Sesame oil was
bought from Research Fine Lab Chemicals (Yazd,
Iran). Honey was provided from food company
(Neyshabour, Iran). All chemicals and solvents
were of analytical grade. In the experiment, fresh
double distilled water was used. Isoproterenol to
induce cardiac damage was obtained from SigmaAldrich (St. Louis, MO). 50 male Wistar rats for
the in-vivo study (age = 7weeks; weight = 230 ±
20gr approximately) were obtained from Razi
Maintenance and Breeding Laboratory Animals
Institute (Mashhad, Iran). Standard conditions
were considered for all rat groups including
Nanomed. J. 4(4): 245-253, Autumn 2017
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12h light / 12h darkness at 21 ± 2˚C in special
cages (2-3 rats per each cage) in a bed of straw.
A standard pellet diet and water were freely
available for animals. Before starting the study,
the rats were acclimatized for a week within the
aforementioned experimental condition. SPSS
and Sigmaplot 12 softwares were used to provide
statistical evaluation and pseudo-ternary phase
diagrams, respectively.
METHODS
Construction of pseudo-ternary phase diagrams
It is possible to find out the concentration
range of components by constructing the pseudoternary phase diagrams using the water titration
method. In the first formulation, three phase
diagrams were constructed with 2:1, 4:1 and
5:1 weight ratios of Tween 80/Glycerin. Three
phase diagrams were provided with 8:1, 9:1 and
10:1 weight ratios of Tween 80/Span 80 in the
second formulation. Based on the large area of
microemulsion, optimal surfactant phase ratios
were selected which yielded higher oil content.
After mixing surfactant components, sesame oil
was added at different ratios. After that, each
mixture was titrated using double distilled water
drop-wise under moderate magnetic stirring. After
equilibration, the samples were assessed visually.
Clear and transparent samples were classified as
microemulsion, and shown as points in the phase
diagram. Microemulsion area were considered
the covered area by these points. The appropriate
composition range was selected based on
these results, and used for selection of optimal
microemulsion formulations and further analysis.
Characterization of microemulsions
The average droplet size, polydispersity
index (PDI) and zeta potential of microemulsion
formulations were measured at 25˚C by dynamic
light scattering (DLS) (Nano zeta sizer, Malvern
Instruments, UK).
Abbe›s refractometer
(Bellingham + Stanley limited, England) and a
conductivity meter (AZ 86503, Taiwan) were
applied to measure the refractive index (RI) and
electrical conductivity coefficient of microemulsion
samples. The pH value of microemulsion samples
was measured at 25˚C by a pH meter (Ciba corning
diagnostics limited Sudbury, Suffolk co106xd,
England).
Physical stability of microemulsion samples
were investigated by a high-speed centrifuge
Nanomed. J. 4(4): 245-253, Autumn 2017

(Sigma 3-30k) at 10000 rpm for 15 min at 25°C.
Samples were assumed as physically stable when
no sign of droplets conjugation, clarity and phase
separation was observed. To examine the stability
of samples over time, droplet size determination
was performed at least 6 months after preparation.
Unfavorable particle size distribution as well as
a significant increase in the average droplet size
and polydispersity index were assumed as signs of
instability over time.
In-vivo performance studies
Isoproterenol was applied to induce cardiac
damage. Isoproterenol is a synthetic β-adrenergic
receptor agonist that can increase both myocardial
contractility and heart rate and also causes severe
stress in the necrotic lesions and myocardium in
the heart muscle [42]. This induced heart failure
is a reliable, reproducible and well standardized
model of cardiac hypertrophy, which is used
extensively in order to test new drugs or evaluate
different aspects of heart failure [43].
50 male Wistar rats were randomly divided
into 5 groups (G1-G5) as follows: Healthy
control group (G1), ISO alone (G2), ISO plus
the microemulsion formulation with lower oil
content (first microemulsion formulation) (1 cc/
kg) (G3), ISO plus the microemulsion formulation
with higher oil content (second microemulsion
formulation) (1 cc/kg) (G4) and ISO plus the
microemulsion formulation containing higher
oil content (second microemulsion formulation)
plus honey (1 cc/kg) (G5). For the development
of congestive heart failure in rats, isoproterenol
was injected subcutaneously as the dosage of 0.5
mg/kg [44], daily for 10 days in all groups except
G1. However dose, route of drug administration
and treatment period vary among different
studies. Based upon the results of similar study
by Zhang et al., [44] there are two types of doseand time-dependent responses in rats treated
with isoproterenol. In rats treated with 8, 16,
32 and 64 µg/kg ISO subcutaneously, minimal
reversible changes in cardiac structure and also
enzymes happened whereas treating the rats
with 125-500 µg/kg ISO subcutaneously, induced
severe and extensive myocardial and interstitial
damage. In the type I response, there were no
Apoptotic or necrotic changes detected, whereas
in the type II response, Apoptosis and necrosis of
myocytes were obvious. As we aimed to assess
the microemulsion formulations on Apoptotic
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Fig 1. Pseudo-ternary phase diagrams for first microemulsion formulation (Tween 80-GlycerinSesame oil-water)

Fig 2. Pseudo-ternary phase diagrams for second microemulsion formulation (Tween 80-Span
80-Sesame oil-water)

changes in rat hearts, 0.5 mg/kg ISO was injected
subcutaneously to rats. From three weeks before
the isoproterenol infusion, in addition to routine
diets, the rats were treated by oral solutions
once daily. G1 and G2 were treated with 10 ml/
kg normal saline while groups 3 to 5 were treated
with 1 cc/kg microemulsion.

Fig 3. Health control group (G1). Normal cardiac muscle fibers
have been shown (TUNEL staining × 10)

Pathological analysis
For microscopic studies, at the end of the
experimental period and 24h after the final
treatment, the hearts of rats were removed after
euthanasia via cervical dislocation. They were
248

stabilized in 10% buffered formalin and sent to the
pathology laboratory (Medical faculty, Mashhad
University of Medical Sciences). Sequence 5
micron diameter sections were provided from
the left ventricle of mice for specific TUNEL
staining. Histological sections were evaluated by
light microscopy (ECLIPSE E200, Nikon, Japan).
Apoptosis detection technique was performed
based on TUNEL kit instruction (Insitu Cell death
detection kit, Roche diagnostics, Mannheim,
Germany). Briefly, the obtained sections were
deparaffinized, rehydrated and washed in distilled
water. Tissues were exposed to 20 mg/mL
protein kinase K for 15 min at room temperature
(Roche diagnostics, Mannheim, Germany). The
endogenous peroxidase activity was blocked by
incubation in 3 ml/l hydrogen peroxide/methanol
for 30 min at 37˚C. Terminal deoxynucleotidyl
transferase was applied to incubate the obtained
sections for 60 min at 37˚C. Then digoxigenin
conjugated DUTP (Deoxyuridine triphosphate)
was added to 3-OH ends of fragmentized DNA
molecules. Anti digoxigenin peroxidase antibodies
were used for the detection of labeled nucleotides.
The sections were stained by diamino benzidine
on the background staining of hematoxylin. In
Nanomed. J. 4(4): 245-253, Autumn 2017
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order to count Apoptotic cells numbers in each
section, 5 microscopic fields of the left ventricle
region were randomly selected and examined
with ×400 magnification by light microscopy. Cells
having brown stains were considered as TUNEL
positive cells.
Statistic data analysis
The obtained data are presented as mean ±
standard deviation (Mean±SD).
ANOVA statistical test and Tukey post hoc test
were used for evaluating the differences between
the two groups. A P-value < 0.05 was assumed as
statistically significant.
RESULTS AND DISCUSSIONS
Construction of pseudo-ternary phase diagrams
Fig 1 and 2 show pseudo-ternary phase
diagrams for two different formulations. In the
first formulation, the different surfactant to cosurfactant ratios were considered to form clear
microemulsions with nearly equal microemulsion
area. In the second formulation, the surfactant
to co-surfactant ratios of 9:1 formed clear
microemulsions with slightly larger area than
other ratios. On the basis of pseudo-ternary phase
diagrams, microemulsion formulations prepared
with 4:1 and 9:1 smix ratios from the first and
second formulations, respectively, were selected
for physico-chemical characterization because of
more oil percentage and larger microemulsion
area. No distinct oil-in-water (o/w) to water-in-oil
(w/o) microemulsion conversion was observed for
both formulations.
Physicochemical characterization
Samples containing the highest oil content were
selected for physicochemical characterization for

both microemulsion formulations. In Tables 1 to
4, components and the physicochemical analysis
results of microemulsions were presented at the
time of preparation and after 6 months. As tables
show, the average droplet size of microemulsions
was in the range of 16.6±0.1 to 64.6±0.2 nm. The
particle size distribution index was lower than 0.5
for all samples. This indicated particle homogeneity
and greater uniformity in droplet size distribution.
Zeta potential of microemulsions was negative in
the range of -10.7 to -22 mv. This negative value
of zeta potential was related to the existence of
hydroxyl functional groups in the surfactant phase.
In the other word, oxygen atom of hydroxyl group
with high electronegativity produces negative
value of zeta potential. The electrical conductivity
coefficient of microemulsions which determine
their structural type was high and in the range of
213-311 μs/cm which indicating the formation of
oil-in-water microemulsion. The refractive index
of all microemulsions was around 1.39. This value
was near to aqueous phase index. This confirms
the formation of oil-in-water microemulsions with
high transparency. In addition, oil-in-water type
of microemulsions was approved with color tests.
The pH value was in the range of 5.9-6.51, which
was near to pH value of the body environment.
Furthermore, any sign of phase sedimentation
or creaming and turbidity was not observed after
the centrifugation of all microemulsion samples
and therefore indicated their physical stability
(Tables 1 and 3). The average droplet size and
PDI values of microemulsion samples did not
increase significantly after 6 months and thus
indicated stability over time (Tables 2 and 4). Two
sample particle size distributions are presented
in supporting file at the preparation and after 6
months (see supporting file, S1 & S2).

Table 1. Physicochemical characterization of microemulsions in first formulation after preparation
Sample
no.
1
2
3

S/Co
Ratio
2:1
4:1
5:1

(S+Co)*
(% wt)
40.5
36.2
35.35

Oil
(%wt)
5.5
5.9
5.75

Water Avg. Droplet
Zeta
PDI
(%wt)
Size (nm) Potential(mV)
54
23.9±0.1
-22
0.310±0.012
57.9
64.6±0.2
-19
0.299±0.014
58.9
51.5±0.3
-17
0.210±0.016

RI
1.3982
1.3976
1.3929

Conductivity
(μs)
213
246
262

pH
6.51
6.51
6.51

Phase separation
after centrifuge
Not observed
Not observed
Not observed

(S+Co) * %wt shows the sum of surfactant and co-surfactant mass percentage

Table 2. Physicochemical characterization of microemulsions in first formulation
after 6 months
Sample
no.
1
2
3

Avg. Droplet
size (nm)
35.1±0.3
26.8±0.1
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Zeta
Potential(mV)
-16.5
-10.3

PDI
0.412±0.013
0.371±0.016

Instability over
6 months
Turbidity
Not observed
Not observed
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In-vivo Analysis Results
Fig. 3 shows the normal cardiac muscle fibers.
Daily subcutaneous injection of 0.5 mg/ kg
isoproterenol for 10 days resulted in major
Apoptotic changes in cardiac muscle fibers in G2
(ISO alone) (Fig. 4).
In TUNEL staining, Apoptotic cells were
observed in light to dark brown colors. The similar
administrated dosage of microemulsions in groups
G3-G5 (1 cc/kg) contained different sesame oil
value.
The content of sesame oil in G3 and G4 groups
was 61 and 106.32 mg/cc and 106.32 plus 106.32
mg/cc honey in G5 group, respectively. The
Apoptosis level in G2 was increased significantly
compared to G1 (healthy controls) (11.6±0.73 vs.
0.24±0.11, respectively; P-value<0.001). Treatment
with the first microemulsion formulation
supplementation (G3) resulted in reduced

intensity of isoproterenol induced Apoptosis (Fig.
4-b). A significant improvement in the Apoptosis
level was detected in comparison to G2 (8.1±0.28
vs. 11.6±0.73 respectively; P-value<0.05). In G4
which was treated with the second microemulsion
formulation supplementation, greater reduction
in isoproterenol induced Apoptosis was observed
in comparison to G3 (Fig. 4-c).
The Apoptotic level in G4 was 5.18±0.29 which
is significantly lower than G2 (P-value<0.01) but
still is significantly higher than the healthy control
group (P-value<0.01). Treatment in G5 using a
microemulsion form of honey and sesame oil
supplementation caused even higher decrease in
isoproterenol induced Apoptosis than G3 and G4
(Fig. 4-d) and showed a significant difference with G2
(3.2±0.64 vs. 11.6±0.73, respectively; P-value<0.001).
However, a complete dissolving state of
Apoptotic changes in myocardial cells of rats

Fig 4. (a) Patient control group (G2). ISO was administered alone. Apoptotic cells observed in light to dark brown colors (TUNEL
staining × 40), (b) Apoptotic changes when the low dose of sesame oil in microemulsion formulation (G3) was administrated
in the dosage of 1 cc/kg (TUNEL staining × 40), (c) Apoptotic changes when the high dose of sesame oil in microemulsion
formulation (G4) was administrated in the dosage of 1 cc/kg (TUNEL staining × 40) and (d) Apoptotic changes when the high
dose of sesame oil in microemulsion formulation plus honey (G5) was administrated in the dosage of 1 cc/ (TUNEL staining × 40)
Table 3. Physicochemical characterization of microemulsions in second formulation after preparation
Sample
no.

S/Co
Ratio

(S+Co)*
(%wt)

Oil
(%wt)

Water Avg. DropletZeta Potential
(%wt) size(nm)
(mV)

1
2
3

8:1
9:1
10:1

28.8
30.63
32.43

7.2
8.12
8.61

64
61.25
58.96

16.6±0.1
21.2±0.2
19.6±0.2

-12.8
-10.7
-18.4

PDI

RI

Conductivity pH
(μs)
0.356±0.013 1.3916
311
6.42
0.367±0.015 1.3962
305
6.42
0.381±0.017 1.3932
297
6.42

Phase separation
after centrifuge
Not observed
Not observed
Not observed

(S+Co) * %wt shows the sum of both surfactants mass percent
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Table 4. Physicochemical characterization of microemulsions in second
formulation after 6 months
Sample Avg. Droplet Zeta Potential
no.
size (nm)
(mV)
1
2
32.1±0.2
-13.4
3
-

could not be achieved and its Apoptotic level was
achieved as 3.2±0.64.
In accordance to observed results, it seems that
the anti-oxidant capacity of both honey and sesame
oil ingredients could partially protect myocytes
from cellular injury and/or Apoptosis.
Also, it was observed that higher oil percentage
by adding honey had better protective results in rats’
myocytes. Therefore, it is strongly recommended
that a higher sesame oil percentage should be used
in similar experimental conditions.
To compare the performance of proposed
materials in this study with a chemical drug,
Atorvastatin was selected. In 2011, Doustar
et al., [45] was examined the anti-Apoptotic
effect of Atorvastatin in heart failure induced by
isoproterenol in male Wistar rats (age = 7weeks;
weight = 230 ± 20gr approximately). In their study,
50 rats were randomly divided into 5 groups (G1G5) as follows: Healthy controls (G1), ISO alone
(G2), ISO plus Atorvastatin in the dosage of 5 mg/kg
(G3), ISO plus Atorvastatin in the dosage of 10 mg/
kg (G4) and ISO plus Atorvastatin in the dosage of
15 mg/kg (G5).
For the development of congestive heart failure
in rat, isoproterenol was injected subcutaneously
as the dosage of 0.5 mg/kg, daily for 10 days in
all groups except G1. A comparison between the
obtained results of Atorvastatin in Dustar’s study
[45] and the new microemulsion form of honey
and sesame oil proposed in this study, are shown
in Fig. 5. As figure shows the Apoptotic variances

Apoptosis Varience

14
Microemulsion

12
10
8
6
4
2
0
1

2

3

4

5

Group
Fig 5. Comparing the anti-Apoptotic effect of honey-sesame
oil in Microemulsion form and Atorvastatin drug
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Instability over 6
months
Turbidity
0.248±0.019 Not observed
Turbidity
PDI

between healthy control group and microemulsion
consumer groups are higher than in comparison
to Atorvastatin consumer groups. This confirms
the suitable antioxidant property of the proposed
natural mixture including honey and sesame
oil. So, Atorvastatin can be replaced by natural
components in the microemulsion form containing
nanoscale particle size.
CONCLUSIONS
In this study, the anti-cholesterol and antiApoptotic effects of sesame oil and honey in
a new microemulsion formulation with the
particle size of less than 100 nm was investigated.
Therapeutic effects of this new form of natural
drug was examined on male Wistar rats with
heart failure. First, two different microemulsion
formulation using Tween 80, Glycerin and Span
80 as surfactant, co-surfactant and second
surfactant, respectively, were prepared. Then,
the physicochemical characteristic properties of
samples from each formulations with highest oil
content were investigated. Then, the most stable
microemulsions containing higher oil content
were selected for in-vivo performance. In-vivo
results showed that dietary supplementation
of combination of honey and sesame oil in the
microemulsion formulation led to decrease in
the Apoptosis induced by daily subcutaneous
injection of 0.5 mg/kg of isoproterenol for 10
days. Furthermore, the protective effect was more
obvious with increasing the oil percentage of
microemulsion. Also, adding honey as hydrophilic
additive could increase the protective effects,
significantly. Comparing the obtained results with
Atorvastatin chemical drug results confirmed
the appropriate treatment effects of this new
proposed formulation. However, the combination
of honey and sesame oil is one of the traditional
patient feasible meals, but changing the form
to the microemulsion with particle size in the
nanoscale could be effectively approve treatment
protocol in heart failure patients. However, double-
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blind placebo-controlled clinical trials may further
brighten the efficacy of this combination in heart
failure patients and the mechanism involved.
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