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ABSTRACT

Solid lipid nanoparticles (SLN) loaded by Ziziphora clinopodioides Lam. were synthesized
using the method of high shear homogenization and ultra sound. The lipid phase consisted
of percirol ATO5 and campritol 888 (5% w/v). Poloxamer 188 (2.5% w/v) was used as surfac-
tant. Different amount of essential oil (1, 2, 2.5% w/v) were added to SLN. Particle size of
solid lipid nanoparticle loaded by essential oil (2.5%) (SLN-EO) was 241.1 nm with poly dis-
persity index (PDI) of 0.312 and Zeta potential — 22.6 mv. Entrapment efficiency of SLN-EO
(2.5%) was 93%. Transmission electron microscopy (TEM) study showed the spherical par-
ticles with the size under 100 nm. Based on the results of fumigant toxicity, the LCs, values
of SLN-EO and pure oil against Tribolium castaneum were 30.602 and 68303 L. L air ',
respectively. These results demonstrated that SLN-EO had higher toxicity effects on red flour
beetles. The comparative assessment of persistence indicated SLN-EO formulation remained
effective until 14 days, while the pure oil lost its toxicity after the 8" day of application.
Chemical composition of Ziziphoraclinopodioides showed that pulegone (51.78%), 1, 8- cin-
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eole (8.95%), p- menthone (7.74%) and piperitenone (5.7%) were the major components.

Introduction

The red flour beetle, Tribolium castaneum (Herbst,
1797) (Coleoptera: Tenebrionidae) is one of the most
destructive pest of stored products. They are nor-
mally found on wheat flour, besides infest another
materials including dried fruit, oilseeds, warehousing
facilities, cacao and grain bulks. Both quality and
quantity of stored food will be adversely affected by
the presence of these insects (Campbell and Runnion
2003). In their serious infestations, the flour turns
gray and has a sharp and distasteful odor that makes
it unhealthy for human consumption (Prakash et al.
1987). Insects may be harmful to the seed embryos
which causes reduced germination (Baier and
Webster 1992; Moino et al. 1998). It is considered as
secondary pest and only damages grains which have
been infested by another pests (Mondal 1994).
Although synthetic insecticides and fumigants
(methyl bromide, pyrethroids and phosphine) are
used to control stored product pests, but their enor-
mous use can have destructive effects such as resist-
ance to insecticides, environmental pollution and
poisonousness to non-target organisms (Lee et al.

2004; Isman 2006). Recently, botanical products are
considered to develop as an alternative to dangerous
pesticides. Essential oils have different influences on
pests including ovicidal, repellant, toxic and anti-
feedant (Nawrot and Harmatha 1994).

Ziziphora  clinopodioides belongs to family
Lamiaceae which is a large plant family. Its Persian
name is kakuti and widely disperses in Iran. Kakuti
has been used for medical purposes including anti-
bacterial, antioxidant and antifungal (Salehi et al.
2005; Ghafari et al. 2006). Ziziphora clinopodioides
essential oil has been proved to have toxicity and
repellent activity against pests of stored products
(Lolestani and Shayesteh 2009). Moreover, chemical
composition of kakuti was investigated (Sardashti
et al. 2012; Kheirkhah et al. 2015).

The essential oil of clinopodioides as other essen-
tial oils is insoluble in water. Besides, rapid evapor-
ation, sensitivity to oxygen, light and humidity limit
its application in the fields (Pillmoor et al. 1993; Shi
et al. 2012).

Nanoformulation of the essential oils could over-
come their problems, protect them from environmen-
tal adverse effects, enhance their stability and toxicity,
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make a controlled release of component of EOs and
make their use more practical (Abreu et al. 2012).

Solid lipid nanoparticles loaded by essential oil of
Artemisia arborescens L. have been prepared and
characterized by Lai et al. (2006). In another study
insecticidal activity of polyethylene glycol (PEG)
nanoparticles loaded with garlic essential oil were
evaluated against flour beetles (Yang et al. 2009).
Kanis et al. (2012) prepared microcapsules with cel-
lulose acetate (CA) and poly (ethylene-co-methyl
acrylate) (PEMA) loaded with Copaifera sp. and
assessed against Aedes aegypti. Kumar et al. (2014)
prepared nanoparticle of Mentha piperita essential
oil by melt dispersion process and applied against
housefly larvae. Gonzalez et al. (2015) proved toxic
effect of nanoparticles prepared from PEG loaded
by geranium (Geranium sp.) and bergamol (Citrus
reticulate L.) essential oil against Blattella germanica
over 1 year.

Solid lipid nanoparticles (SLN) with diameter
from 10 to 1000 nm have been considered as a new
delivery system. They are composed of physiological
lipids with high melting points which decline both
acute and chronic toxicity effects. Solid lipid nano-
particles have different advantages including high
efficacy, low toxicity, enhanced stability and solubil-
ity, protection and controlled release of active com-
pound (Ramteke et al. 2012). The materials used to
produce SLN are low-cost. Moreover there is possi-
bility of production in large scales (Hildebrand et al.
1998; Miiller et al. 2000). Concerning these charac-
teristics, it was theorized that SLN would be an ideal
delivery system for the needed oil.

The objectives of present study were “1) prepar-
ation and characterization of solid lipid nanoparticle
loaded Ziziphora clinopodioides 2) comparison of
fumigant toxicity of Solid lipid nanoparticle essential
oil (SLN-EO) and essential oil of Ziziphora clinopo-
dioides against Tribolium castaneum 3) determin-
ation of chemical composition of both essential oil
and oil from SLN-EO 4) investigation the effect of
nanocapsulation in persistence of essential oil 5)
evaluation of physical stability of SLN formulation
during 6 months.”

Methods and material

The survey was carried out in the laboratory of
Toxicology, Department of Plant Protection,
Ferdowsi University of Mashhad, Iran.

Insect rearing

In this study T. castaneum was maintained in the
medium of wheat flour and brewer yeast (10:1 by
weight). Wheat flour was kept in refrigerator for

48h at —18°C in order to eliminate any probable
contamination. The beetles were cultured in the
incubators at 27 +1 and relative humidity 65+ 5%,
in continuous darkness. Tribolium castaneum adults
for bioassay were 2-4days old of mixed sex. The
insects have never been exposed to any chemicals.

Extraction of essential oil

Ziziphora clinopodioides leaves (50g) were crushed
and added to 650ml distilled water in a flask.
Essential oil was extracted by hydro distillation
using a Clevenger apparatus at 100 °C. The time of
extraction of essential oil was 4h. In order to
remove water, anhydrous sodium sulphate was used.
Collected essential oil was maintained in refrigerator
at 4°C for our experiments (Sahaf et al. 2007).

Gas chromatography-mass spectrometry
(GC-MS)

Gas chromatography-mass spectrometry was con-
ducted to identify the chemical constituents of the
essential oil of Ziziphora clinopodioides and oil from
SLN-EOS. GC-MS spectrometry analyses of essential
oils were carried out using a thermoquest-finnigan
equipped with a DB-1 fused-silica capillary column
(60m x 0.25mm id., 0.25pum film thicknesses).
The temperature of oven was programmed from 60
to 250°C at a rate of 5°C min . The injector and
detector temperatures were held at 250°C and
280 °C, respectively. Flame ionization detector (FID)
was used as a detector and helium was the carrier
gas at the constant flow of 1.1 ml min~'. The volt-
age of ionization was 70 eV (Nasseri et al. 2016).

Preparation of SLN-EOs

For the preparation of SLN formulation, high shear
homogenization and ultrasound methods were used.
Briefly, the lipid phase including campritol 888 and
percirol ATO5 (5%) was heated to 5°C above the
melting point of lipids (the melting points of cam-
pritol 888 and percirol ATO5 were 70 and 57°C,
respectively). At the end of melting process, differ-
ent amounts of essential oil (EO) (1, 2 and 2.5%)
were dissolved in lipid phase in order to prevent
evaporation of essential oils. The aqueous phase was
prepared by dissolving poloxamer 188 (Uniqema,
Belgium) (2.5%) in double-distilled water up to
10ml at the same temperature. The hot aqueous
phase was then mixed with molten lipid phase . A
Diax 900 homogenizer (Heidolph, Germany) was
used to homogenize pre-emulsion. Then, hot disper-
sion was immediately ultrasonicated by prob sonica-
tor (Bransonic, USA) for 30sec by intervals of



Table 1. Chemical composition of Ziziphora clinopodioides
EO and SLN-EO.

Constituent EO (%) RT* SLN-EO (%) RT
Pulegone 51.78 21.7 44.66 21.6
1.8-Cineole 8.95 12.15 9.98 12.11
P-Menthone 7.74 18.2 10.35 18.13
Piperitenone 5.7 26.09 5.57 26
Carvacrol 0.94 24.24 0.81 2417
Thymol 0.45 24.63 0.51 24.55
2-B-Pinene 1.31 9.74 1.4 9.71
Isomenthone 1.1 17.71 1.31 17.65
Cis-Ocimene 0.93 8.08 0.97 8.06
Isopulegone 0.95 18.75 0.58 18.67

“Retention time.

15sec. Solid lipid nanoparticle loaded by essential
oil was obtained after cooling at room temperature
(Golmohammadzadeh et al. 2012).

Characterization of SLN-EOs

Dynamic Light Scatterig (DLS) (Zetasizer Nano-Zs;
Malvern Instruments Ltd., United Kingdom) was
used in order to measure particle size, zeta potential
and polydispersity index of solid lipid nanoparticle
loaded by Ziziphora clinopodioides.

Differential scanning calorimetry (DSC) experi-
ments were conducted in a differential scanning cal-
orimeter (Mettler DSC 82le, Germany). An empty
aluminum oxide pan was used as a reference. The
temperature range of DSC scans was 25°C to
250°C. The rate of heating was 5°C min '. The
melting points of SLN-EOs and bulk lipids were
compared with each other. DSC studies were done
under nitrogen flew.

The morphology characterization of SLN-EOs
was observed with Transmission electron micros-
copy (TEM) (CEM 902A; Zeiss, Oberkochen,
Germany). Firstly, sample was thinned 50 folds.
Then placed on a grid of carbon-coated copper for
30 sec. Filter paper was used to remove excess water.
Subsequently, 20 pl uranyl acetate (2%) was put on
SLN-EO and after 30 sec was cleaned by another fil-
ter paper. The grid was allowed to dry at room tem-
perature and observed by TEM (Layegh et al. 2013).

The entrapment efficiency (EE) of the essential
oil was demonstrated by measuring the concentra-
tion of free EO in the diffusion medium. Pulegone
(52.78% in EO) was selected as the indexed con-
stituent. Centrifugal filter tube was applied to deter-
mine the EE. To obtain the free EO , 1 ml of the
SLN formulation was transferred to the upper
chamber of an ultrafilter (Amicon Ultra-15, PLHK
Ultracel-PL 100KDa, Millipore).
Amicon tube was centrifuged at 14,000 rpm for
30 min. Then the isolated part at the bottom of tube
was exposed to GC analysis to determine the pule-
gone content (Venkateswarlu and Manjunath 2004).

Membrane,
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The evaluation of the both chemical and physical
stability of SLN-EO was done at 8°C for 6 months.
Clarity, particle size and zeta potential of SLN-EO
were investigated.

Toxicity and persistence evaluations

In order to determination of fumigant toxicity of
Ziziphora clinopodioides essential oil and SLN-EO,
initial concentration-setting experiments were car-
ried out in 28 ml glass container. The concentrations
which caused 10-20 to 80-90% mortalities were
selected as well as two dosages in between by equal
logarithmic intervals. Twenty adult beetles were put
in each glass with five replications. For monitoring
SLN-EO, unloaded solid lipid nanoparticles were
used as control group. Concentrations were 25.92,
37.03, 51.85, 77.77, 111.111 and 16296 uL L air !
for essential oil, and in the case of SLN-EO 18.52,
22.22, 29.63, 33.33, 40.74 and 44.44pL L air ' were
chosen. Subsequently, the concentrations were
placed on filter papers (Whatman No.1) using sam-
pler. After introducing adult insect, vials were cov-
ered with muslin cloth in order to prevent the
contact of insect with filter papers. The mortality
was counted after 24h. Beetles with any movement
in their legs or antennae were considered as dead .
This experiment was carried out at 27+1°C and
65+5% R.H in continuous darkness.

In order to determine persistence of the essential
oil and SLN-EOs, LCg, values assessed from
fumigant toxicity bioassay of essential oil
(133.075uL L air ') was used. The procedure of
persistence test was similar to the method described
for fumigant toxicity experiment. Twenty beetles
were put in each container every 24 h. The mortality
was investigated after 24h. The persistence survey
continued until the oil and SLN-EO lost their effi-
cacy (Ziaee et al. 2014).

Data analysis

The values of lethal concentration were determined
by probit analysis (Finney and Tattersfield 1952).
The data were presented in terms of means and
standard deviations and analyzed employing
ANOVA. P-values less than 0.05 were regarded as
significant.

Results
GC-MS analyses

Ziziphoraclinopodioides essential oil and oil collected
from SLN were analyzed by GC-MS (Table 1). The
results indicated that the major components of
essential oil were pulegone (51.78%), 1, 8- cineole
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Table 2. Particle size, zeta potential and polydispersity indi-
ces of SLN-EOs.

Formulation Size (nm) Zeta (mv) PDI

SLN-EO 1% 14793 +£2 —29.2 0.287 +£0.02
SLN-EO 2% 18396 £ 1 —15.7 0.228 +£0.01
SLN-EO 2.5% 206.66 + 2.1 —22.6 0.259+0.05

(8.95%), p- menthone (7.74%) piperitenone (5.7%),
2-B3-Pinene (1.31%) and Isomenthone (1.1%).

Characterization of nano-formulation

In this study, the particle size, zeta potential and
poly dispersity index of solid lipid nanoparticle
loaded by Ziziphora clinopodioides are shown at
Table 2.

Besides, the effect of essential oil ratio in the
mean diameter of SLN-EO was investigated. The
particle size of SLN-EO resulted from 147.93+2 to
206.66 £2.1nm when the essential oil ratio was
increased from 1 to 2.5 percentages. As shown in
Table 1, the SLN-EO had high zeta potential value
which proved that the surface of the SLN-EO was
charged negatively. Therefore, using high shear
homogenization and ultrasound method indicated
good physical stability of SLN formulation. The val-
ues of PDI were around 0.3 showing a quite narrow
size delivery of the particles.

The heating curves of percirol, campritol, and
SLN-EO were displayed by DSC test. The results
obtained from thermal analysis illustrate that melt-
ing point of SLN-EO was lower than bulk lipids
used in SLN formulation (Figure 1). The thermao-
grams of Campritol 888 ATO and Percirol ATO5
appeared at 73.19°C and 58.76°C, respectively
(Figures 2 and 3). The reduction of the melting
point of the SLN-EO is related to compritol and
percirol mixture.

The TEM experiment was conducted to obtain
more information about morphology of SLN formu-
lation. According to the TEM image, most of the
SLN-EO were spherical and homogenous (Figure 4).
The particle size as given by TEM was not at odd
with what was found using DLS.

In the present experiment, ultrafiltration method
was conducted to determine EE. The quality of
SLNs is extremely depends on EE. As mention pre-
viously, pulegone is the major ingredient of
Ziziphora clinopodioides essential oil. Therefore,
pulegone was chosen as index component to assay
the EE. The results of gas chromatography mass
spectrometry indicated high encapsulation efficacy
(93%). So, high lipophility of the essential oil caused
a high incorporation capacity of SLN formulation.

Figure 5 illustrates SLN-EO particle size during
6 months after production at the storage tempera-
ture of 4°C. There were no significant differences

between them and the diameters determined at the
first day of production (p > 0.05).

Fumigant toxicity and persistence

The results from fumigant toxicity of Ziziphora cli-
nopodioides essential oil and SLN-EO are presented
in Table 3. According to the results of the calculated
LCs, ratio, the toxicity of EO against Tribolium cas-
taneum was 2.23 times lower than that of SLN-EO
(95% confidence limit: 1.76-2.78, p < 0.05).

Persistence of essential oil of Ziziphora clinopo-
dioides and Solid lipid nanoparticle loaded by oil
during the experiment time 1is illustrated in
Figure 6. The mortality caused by SLN-EO remained
100% even after 8 days and reached 95% in 10th day
of persistence test, while the essential oil lost its
influence in the early days.

Discussion

The purpose of this study was to prepare and char-
acterize SLN-EO and evaluate its insecticidal activity
in comparison of pure oil. By high shear homogen-
ization and ultrasound method we were able to
make appropriate SLN-EO. Based on the obtained
result of DLS, the particle size of SLN-EOs were
chiefly between 147.8 and 241.1 nm.

Ekambaram et al. (2012) explained that the size
of solid lipid nanoparticle is influenced by different
frameworks including composition of the formula-
tion, production technique and circumstances. Zeta
potential of SLN-EOs was negative. By measuring
the zeta potential, stability of SLN-EO can be
predicted. Generally, charged particles because of
electric repulsion present less aggregation. It can be
concluded that prepared formulations were physic-
ally stable. Particle size of our prepared formulations
(1, 2, and 2.5%) did not change significantly during
stored period (6 months) and for all SLN-EOs, the
outcomes displayed particle size less than 200 nm.

According to Lai et al. (2006), the particle size of
solid lipid nanoparticles loaded by Artemisia arbor-
escence (199- 207 nm) was not in micrometer span
and reported zeta potential was —36+0.5mv. In
addition, they reported that zeta potential values of
SLN did not changed during 2months indicating
good stability of prepared formulation.

Further, this study scrutinized the impact of EO
incorporation on particle size. The findings showed
that an increase in the EO concentration results in
an increase in particle size. The smallest formulation
was the one containing %1 EO (147 nm). The par-
ticle size increased to 241.1nm in SLN-EO loaded
by 2.5% essential oil. Ziaee et al. (2014) showed that
size of nanogel loaded by 2% Cuminum cyminum
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Figure 1. DSC thermogram of solid lipid nanoparticle loaded by Ziziphora clinopodioides essential oil.
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Figure 2. DSC thermogram of bulk campritol.

essential oil was less than 50 nm, while it increased
to 250nm when 6% EO was used. Chen et al
(2003) stated that particle size is affected by amount
of active component.

The high encapsulation efficacy of Ziziphora cli-
nopodioides was seen for prepared formulation
(93%). It was known that essential oil is a lipid sol-
uble molecule that could disperse in lipid mixture
easily. Likewise, Nasseri et al. (2016) reported
84+0.22% encapsulation efficacy for solid lipid
nanoparticle loaded by Zataria multiflora.

The obtained image of TEM indicated that SLN-
EO had spherical appearance. High capability of
SLN for conservation of pure oil and controlled-
release depend on spherical shape. This form
possesses the lengthful path for the motion of
encapsulated EO. Besides, in comparison to another

form of nanoparticles, globular shape has less con-
tact area with aqueous medium (Layegh et al. 2013).
The DSC experiment was carried out to evaluate
the extent of crystallinity. In conclusion, the melting
point of SLN dispersion was about 66.68°C. The
SLN-EO heating curved was less than bulk lipid.
Similarly, Shi et al. (2012) detected that making
solid lipid nanoparticle altered the lipid structure
and formed a novel distorted shape.
the chemical analysis of Ziziphora
clinopodioides essential oils, pulegone, 1, 8- cineole,
p-menthone and piperitenone were the most abun-
dant ingredients as previously reported by other
authors (Ghafari et al. 2006; Sonboli et al. 2006;
Kheirkhah et al. 2015). Pulegone was determined as
component of Ziziphora clinopodioides.
According to our results, components of essential

In

main
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Figure 4. TEM image of solid lipid nanoparticle loaded by
Ziziphora clinopodioides essential oil.
& Nano 2.5%

B Nano 1% B Nano 2%

Size (nm)
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Figure 5. Solid lipid nanoparticle loaded byZiziphora clinopo-
dioides essential oil particle size through 6 months of storage
at 4°C.

oil before and after encapsulation did not change
significantly indicating a more constituent stability
of the nanoformulation. Similar findings were
reported by Gonzélez et al. (2015) who stated that
the encapsulation of geranium and bergamot

essential oil enhanced stability of pure oil. The per-
centage of major constituents of essential oil did not
show any differences after formulation production.

Due to the high surface area, the chemical activ-
ity of nanoparticles is higher than the bulk form.
Thus, the biological activity, mobility, and bioavail-
ability will be increased (Margulis-Goshen and
Magdassi 2013).

Nanoparticles can penetrate into insects tissues,
so nanocapsulation enhances insecticidal activity of
essential oil (Prates et al. 1998).

Our finding showed that SLN-EO had higher
insecticidal toxicity than pure oil against red flour
beetles. The LCsy of SLN-EO which was hardly
effective against tested insects was 30.6 (UL L air),
while achieved LCsy of pure oil was 683 (uL
L1 air).

These results are in line with Yang et al. (2009)
who reported that fumigant toxicity of garlic essen-
tial oil against Tribolium castaneum was lower than
encapsulated oil. Also Adel et al. (2014) reported
that SLN-EO of Pelargonium graveolens was stable
under field conditions and gave high percentage of
mortality on Phthorimaea operaculella.

GC-MS results showed that the main components
of Ziziphora clinopodioides are monoterpene. They
are high lipophilic and can enter to insect body rap-
idly. Therefore, physical functions of insects may be
interfered by these materials (Haouas et al. 2012).

Based on the results of this study, while
Ziziphora clinopodioides essential oil lost its insecti-
cidal potential in a short period of time, the oil-
loaded one was more efficient over time. Moreover,
the SLN was able to protect the essential oil active
ingredient remaining effective for up to 14days. In
vitro experiments done by Lai et al. (2006), it was
shown that SLN could decrease the evaporation of
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Table 3. LCsq and LCgq values of Ziziphora clinopodioides essential oil and SLN-EO (2.5%) after 24 h against

Tribolium castaneum adults.

Lethal concentration (pL L~ air)

LCso LCso
Treatment n CL (lower-upper) CL (lower-upper) Slope + SE X2 (df)
EO 700 68.303 (62.495-74.812) 133.075 (117.291-156.272) 2.906 £0.228 1.178 (4)
SLN-EO 700 30.602 (29.217-32.047) 43.305 (40.628-46.99) 5.582+0.453 2323 (4)

CL, 95% confidence limits; SE, standard error.

100 ~

Mortality (%)
S [*)) o0
(=] (=] (=]

[
S
I

Time (day)

Figure 6. Mortality percentage of Tribolium castaneum by
essential oil and solid lipid nanoparticle loaded by oil
during bioassay.

essential oil too. Similarly, Specos et al. (2010)
reported stronger and longer conservation of micro-
capsulated EO incomparison of pure oil. More sur-
veys are required to investigate the efficiency of
SLN-EO in stored places such as warehouses.

Conclusion

The obtained results of current study confirmed that
SLN-EO formulations can reduce evaporation of
Ziziphora clinopodioides and can increase the effi-
cacy of essential oil. All prepared formulations
showed good physical stability during 6 months stor-
age time. These findings indicated that SLN-EO can
be suitable carrier for application of EO as a pesti-
cide against stored product pests. Although, more
field surveys are required to evaluate SLN-EO as an
alternative pesticide in management of stored prod-
uct pests.
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