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Abstract
Nano  encapsulation technology  enables developing
formulations that exhibit slow and persistent release for

sustainable agricultural pest management. The aim here was
to synthesize, characterize and evaluate a nano encapsulated
profenofos formulation for its slow release efficacy. Technical
grade profenofos at three concentrations were
nanoencapsulated using soya lecithin and the resultant data
revealed nanoscale and spherical shape liposome formation
Further, in vitro stability studies showed significantly slower
active ingredient's release (76.99 + 8.20% vs.100% on 11t
day) and photo degradation rate (66.77% * 3.4% vs. 100% on
13th day) in liposome encapsulated profenofos. Bio efficacy
tests indicated liposome encapsulated formulation rendered
persistent toxicity for a longer period on Spodoptera litura
compared to control. In specific, the Median Survival (MS) rate in
liposome encapsulated 0.174% profenofos was 50% more
with 3.051 fold less toxic (hazard ratio) compared to control.
Similarly, comparable results were observed in liposome
encapsulated 0.084% and 0.043% profenofos. Thus,
nanoencapsulated formulation can be used as a slow release
pesticide avoiding repetitive applications.

Keywords: Nanotechnology; Pest management; Bio efficacy;
Slow release; Spodoptera litura

Introduction

Synthetic pesticides have contributed significantly to enhancing
crop protection and crop yield. However, post application, the rapid
loss of active ingredients due to photolysis, hydrolysis, microbial
degradation, evaporation, leaching and volatilization leads to reduced
efficacy and accumulated health and environmental hazard [1-3]. The

complete elimination of these effective pesticides from use is
detrimental to food security. While we pursue biotechnological,
biological control and Integrated Pest Management (IPM) strategies
for sustainable pest management, alternatively refurbishing leading
synthetic pesticide products into new formulations without
compromising their efficacy is also a good economic strategy. Nano
encapsulation technology enables developing such formulations,
essentially it is a technique where insecticide or any other bioactive
molecules entrapped within a carrier material can deliver to the
specified target at a slower and persistent rate for a longer duration.
Nano encapsulation offers several advantages over
microencapsulation. In particular, a thin encapsulation layer should
significantly improve mass transport of active ingredients to the target
site and reduce the total volume of non active ingredient compounds
that is transported. In addition, specifically with nano encapsulation of
pesticides, the small size of the capsules will ensure easy penetration
into alternative sites to bring about effective pesticide action [4,5]. The
promising encapsulation materials for insecticide delivery are
polymer, lipids and porous inorganic and clay based materials [6].
Although the use of liposome mediated insecticide delivery reports is
limited, the biomedical research community has widely exploited slow
release efficacy and better encapsulation properties for targeted drug
delivery [7,8]. Liposomes are self assembled microscopic spherical
shaped vesicles creating a central aqueous cavity surrounded by lipid
membrane/s or lamella/s. Liposomes can be synthesized using natural
and/or synthetic lipids that are biodegradable and biocompatible.
These unique bilayer liposomes have enabled us to use them as a
carrier for hydrophilic and lipophilic molecules. A lipophilic molecule
entraps within the lipid bilayer/membrane whereas; hydrophilic
molecules entrap inside the aqueous cavity of the lipid membrane.
These liposomal formulations are widely recognized as superior drug
carriers and extensively used in the medical and pharmaceutical
industries mainly because of cost effectiveness, compatibility with cell
macromolecules and ease of functionalization [9]. In some cases,
liposome encapsulated drugs are already in preclinical and clinical
trials [10,11]. Despite its widespread usage in the medical industry,
nano encapsulation technology is in limited use in agriculture
applications, especially, for pesticide encapsulation. To date we found
one published report patented liposome encapsulated pesticide
formulation for agriculture pest management [12]. An unpublished
report indicated an improved bio efficacy of liposome encapsulated
bifenthrin against western corn rootworm [13]. Except for these two
studies, there is no literature on the development of liposome
encapsulated insecticide formulations and evaluation of their bio
efficacy against agriculture insect pests. In the present study, we chose
to test slow release bio efficacy of liposome formulation on 3
instar Spodoptera litura (Fabrics) (Lepidoptera: Noctuid) larvae.
Spodoptera litura being one of the major leaf feeding polyphagia’s
pests with ease of rearing in the laboratory condition makes an ideal
target pest for bioassay [14-16]. We hope these in house synthesized,
characterized and evaluated slow release profenofos loaded nano
liposomes against 3rd instar Spodoptera litura larvae in laboratory
conditions will help in future evaluation in greenhouse and field
conditions for sustainable agricultural pest management application in
the future.
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Materials and Methods

Synthesis of liposome encapsulated profenofos was carried out
using the thin film hydration method [17]. The materials used for the
synthesis were soy phospholipids, cholesterol extra pure (98% pure,
MW 386.66), solvents dichloromethane (MW 84.93), acetone
obtained from Sisco research laboratories Pvt. Ltd. (New Mumbai,
India); technical grade Profenofos of (94% purity, C;H;sBrClOsPS,
MW 373.63) obtained from Meghmani Organics Limited
(Ahmadabad, India). For characterization, Particle Size Analyzer
(PSA), Scanning Electron Microscopy (SEM) and UV-Visible
spectrophotometer used from the green nanotechnology laboratory
university of agricultural sciences, Dharwad, India.

Synthesis and characterization of liposome encapsulated
profenofos

Synthesis of liposomes carried out using a thin film hydration
method called Bangham method. A mixture of soy phospholipids and
cholesterol in various ratios (by weight) and different concentrations
of profenofos dispersed in a 50 ml beaker containing 10 ml
dichloromethane by agitating for 15 minutes. Then the organic solvent
was removed under vacuum with a rotary evaporator for 30 minutes at
200 Revolutions Per Minute (RPM) at 40°C in a water bath. The
resultant dried lipid film was kept open overnight to remove the
leftover traces of dichloromethane. Then the dried lipid film was
rehydrated with 20 ml of DI water under vigorous shaking for 1 hour
at 350 rpm at 45°C to obtain multilamellar liposomes. Then, the
liposomal samples were subjected to probe sonication at 15 amps for
30 minutes and at 50°C to yield unilamellar liposomes. Similarly, lipid
film with no insecticide rehydrated with water only to obtain blank
liposomes for comparison. Various concentrations of soy
phospholipids, cholesterol and profenofos and/or in combinations used
to achieve better encapsulation efficiency and particle size less than
100 nm.

Experimental detail

For profenofos loaded nanoliposome synthesis, different ratios of
soy phospholipids and cholesterol used were 2:1, 3:2, 4:3, 5:4 and 6:5.
Based on the optimum nanoliposome formation, the 5:4 ratio was
further used to entrap profenofos. Since the recommended
concentration of profenofos in the field condition is 0.20% per liter,
three different concentrations with not exceeding recommended dose
was used ie., 0.174, 0.084, 0.043% (corrected to percent
encapsulation). All the synthesis experiments were carried out at least
three times to ensure statistical reproducibility. Detailed
characterization carried out using various analytical and imaging
techniques. Morphology of liposome encapsulated profenofos was
observed using a light microscope. Briefly, after synthesis, a small
quantity (5 pl) of the sample was placed on a glass slide with a
coverslip on it and observed for their shape at 10X under a light
microscope. A particle size analyzer (Nicomp NANOZ Z3000 PSS)
was used to determine the average size distribution of synthesized
liposomes. For Scanning Electron Microscope (SEM) images,
liposome encapsulated profenofos samples were placed on the
aluminum foil and allowed to dry at room temperature. Dried samples
were then coated on metal stabs with carbon tape and sputter coated
with gold. Further, the samples were subjected to SEM imaging under
vacuum and examined for surface morphology (Carl Zeiss-EVO-18-
UK). The optical absorption of synthesized liposomes was measured

using a UV-Visible spectrophotometer in the range of 200 nm-750 nm
wavelengths at room temperature.

Determination of Encapsulation Efficiency (EE) and
insecticide content in the liposomes

Liposome encapsulated profenofos samples were ultra centrifuged
at 1500 rpm for 30 minutes to separate free drugs. The supernatant
containing free drug discarded and aggregated liposomes settled at the
bottom collected for further processing. Then, the aggregated samples
dissolved in methanol to disrupt the lipid bilayer and released
profenofos active ingredient quantified using UV-spectrophotometer.
Parallelly, we used insecticide samples (0.2%, 0.1% and 0.05%) as a
standard for calibration. Based on the absorbance values of both
profenofos per se and liposome-encapsulated profenofos,
encapsulation efficiency was calculated using the following formula
[18].

Insecticide content in the purified sample

EE (%) =

x 100
Total insecticide

In vitro stability studies: Release rate and photo degradation
rate

The barrier diffusion method was used for determining the active
ingredient's release rate from liposomes in this study [19]. Briefly, 40
mg of dried liposome encapsulated profenofos was weighed and
placed in a dialysis bag filled with a 2 ml release medium (Phosphate
buffer, pH 7.0+20% methanol). Then, both the ends of the dialysis
tube were sealed and placed in a conical flask containing a 150 ml
release medium. The whole set up kept under constant shaking at 120
rpm at 25°C in the dark. At 0, 1, 3, 5,7, 9, 11, 13, 15 and 17 days
intervals, 2 ml release medium pipetted out from the conical flask and
determined the concentration of the released insecticide rate.
Similarly, the photodegradation rate of the sample was also
determined on alternate days (at 0, 1, 3,5, 7, 9, 11, 13, 15, 17, 19, 21
days) and these experiments lasted for 21 days. For assessing
photodegradation rate, different concentrations of liposome
encapsulated profenofos, profenofos per se mixed with methanol,
placed in a small glass beaker and kept open under natural light. The
photodegradation rate was determined using a spectrophotometer on
alternate days from 0 days to until 21 day. Based on the OD values, the
degradation rate was determined by comparing liposome
encapsulated profenofos with profenofos per se.

Bio efficacy study: Spodoptera litura

The different instar Spodoptera litura larvae were meticulously
cultured on castor leaves in well maintained insectary (laboratory
conditions) at ARS, Dharwad farm using standard insect rearing
method [20]. The average temperature of the laboratory during rearing
and bioassays was 28°C + 3°C and 65%-70% relative humidity.
Freshly collected castor leaves from the field were washed thoroughly
with water and air dried and then larvae were allowed to feed on them.
Specifically, 3" instar larvae of the F, generation were used for all
bio efficacy studies. For bio efficacy studies, we employed a leaf dip
method, briefly, about 1 cm diameter castor leaf discs were prepared
from air dried leaves and discs were gently dipped in different test
solutions for 90 seconds and air dried on the tissue paper for 30
minutes [21]. These treated leaf discs were later placed in the petri
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plates of about 90 x 15 mm size and twenty 3 instar synchronized
larvae per petri plate in triplicate were released and allowed to feed on
them. At every 12 hours, mortality was recorded in both conditions
(test and control conditions) [22]. Laboratory based bioassay includes
the following nine test groups: Three different concentrations of
profenofos 0.174, 0.084, 0.043% per se, three liposome encapsulated
0.174%, 0.084%, 0.043% profenofos and one each liposomes
encapsulated water, water per se and acetone (25%) per sec. Three
independent biological replicates with a total of 60 larvae were used
for statistical analysis. Finally, all the bioassay data were subjected to
survival analysis to determine the efficacy using graph pad prism
program version 8.2.1.

Results

Synthesis and characterization of liposome encapsulated
profenofos

A mixture of soy phospholipids+cholesterol with 5:4 and
profenofos (0.2%, 0.1% and 0.05%) yielded multilamellar
liposomes. Multilamellar liposomes subjected to probe sonication
further yielded a significant amount of unilamellar liposomes.
Morphology of liposome encapsulated profenofos and liposome
encapsulated water (blank liposomes) under a light microscope (10X)
revealed liposomal particles were spherical and varied in size. Based
on the image, Profenofos was entrapped within the lipid bilayer of the

liposomes because of its hydrophobic nature (Figure 1 and Tables 1
and 2).

1.

v oy

Figure 1: Light microscopic images of liposome encapsulated
water (a) Liposomeencapsulated profenofos (b) Suggests spherical in
shape. particle size and distribution of liposomeencapsulated 0.174%
profenofos (c) Revealed mean diameter less than 100 nm sem images
of liposome encapsulated 0.174% profenofos suggest spherical
undulated shape (d) Same with the higher magnifications (e) Two
distinct peaks at 230 nm and 210 nm are indicating the presence of
only soy phospholipids and cholesterol in blank liposome (f) In
liposome encapsulated profenofos three distinct peaks at 230, 210 and
289 nm indicating (g) The presence of three soy phospholipids,
cholesterol and profenofos respectively.

Mean particle size (nm) of liposomes with concentrations of profenofos
Soy phospholipids+cholesterol 0.20% 0.10% 0.05%
2:01 369.80 + 4.56 553.10 + 3.45 480.00 £ 4.97
3:02 183.20 £ 1.98 250.10 £ 4.21 269.30 + 2.54
4:03 205.10 + 2.06 165.70 £ 1.99 230.00 + 3.01
5:04 56.90 + 4.86 61.90 + 3.48 79.20 +5.82
6:05 148.00 + 1.27 129.00 + 1.08 135.00 + 2.31
"EE (%) for 5:4 ratio 87.02+ 245 84.32+1.28 86.97 + 2.34
Corrected profenofos concentration 0.17% 0.08% 0.04%
Note: (" EE (%)-Encapsulation efficiency and corrected profenofos concentration)

Table 1: Mean particle size (nm) of three (0.2%, 0.1% and 0.05%) tested concentrations of liposome encapsulated profenofos obtained using
five different ratios (2:1, 3:2, 4:3, 5:4 and 6:5) of soy phospholipids and cholesterol combination.

Time dependent particle size analysis (nm) of varied concentrations of liposome encapsulated profenofos
Days 0.17% 0.08% 0.04%
1 44.80 £ 3.62 65.40 + 4.83 79.50 + 4.52
5 57.60 +2.17 66.00 + 2.16 80.70 + 1.08
10 61.30 £ 4.12 67.20 + 3.45 85.20 + 2.41
15 67.70 + 3.54 72.50 + 2.84 90.40 +4.28
20 79.90 + 1.28 82.80 + 1.58 93.10+2.43

Table 2: Time dependent particle size analysis revealed liposome encapsulated profenofos at three different concentrations (0.174%, 0.084%
and 0.043%) remained stable with less than 100 nm Nano scale up to 20 days at room temperature.
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Encapsulation Efficiency (EE) and insecticide content in the
liposomes

In the case of blank liposomes, we found 2 peaks at 230 nm and
210 nm indicating the presence of only soy phospholipids and
cholesterol. Whereas, in the liposomeencapsulated profenofos sample,
we found three distinct peaks at 230 nm, 210 nm and 289 nm
indicating the presence of three compounds i.e., soy phospholipids,
cholesterol and profenofos respectively. However, after confirming
profenofos entrapment within the liposomes, Encapsulation Efficiency
(EE) was calculated. The results indicated that EE increased with an
increased ratio of soy phospholipids and cholesterol. Among the
various ratios of phospholipids and cholesterol used (2:1, 3:2, 4:3, 5:4
and 6:5) the EE was highest at 5:4 ratios. In liposome encapsulated
0.20%, profenofos, EE was 87.02 + 2.45%. In the case of 0.1% and
0.05% profenofos loaded liposomes, EE was highly comparable i.e.,
84.32 £ 1.28% and 86.97 + 2.34% respectively. Based on the EE, the
concentration of profenofos entrapped within liposomes was corrected
and corrected concentrations of profenofos were -0.174% (instead of
0.2%), 0.084% (instead of 0.1%) and 0.043% (instead of 0.05%).

The release rate and photodegradation of liposome
encapsulated profenofos

The release rate of active ingredients studies revealed a 100%
release rate of profenofos on the 11th day in the 0.174%
profenofos per se treatment group. Whereas, in liposome encapsulated
(0.174% profenofos), it was 76.99% =+ 8.2% on the same day (11%
day) (p=0.026) and a 100% release rate was observed on the 17 day.
In 0.084% profenofos per se, 100% active ingredients release rate was
observed on the 9" day, while liposome-encapsulated (0.084%
profenofos) group extended up to 13% day (p=0.0046). Similarly, in
0.043% profenofos per se, a 100% release rate was observed on the
7th day and in the liposome encapsulated (0.043% profenofos) group, a
100 % release rate was observed on the 9" day (p=0.031),
collectively, this data suggests that liposome encapsulated all three
concentrations of profenofos exhibited a significantly slower release
rate of active ingredients when compared to unencapsulated
profenofos (Figure 2).
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Figure 2: Liposome encapsulated all three concentrations of
profenofos (a) 0.174%, (b) 0.084% and (c) 0.043% exhibited
significantly slower release rate of active ingredients when compared
to corresponding unencapsulated profenofos.

Photo degradation data revealed that 100% active ingredients of
0.174% profenofos alone were completely degraded within 13 days,
while the liposome encapsulated with the same conc. of profenofos
showed a slower degradation rate (66.77% + 3.4%) at the same test
duration (p-value 0.006). Interestingly, 100% degradation of the same

concentration extended until the 21 day. Similarly, in the case of
0.084% and 0.043% profenofos per se, 100% degradation of
profenofos was observed at the 9 and 7™ days respectively. While
the same concentration of liposome encapsulated profenofos (0.084%
and 0.043%) showed a degradation rate of 63.88% =+ 2.4% and 66.31%
+ 6.1% respectively at the same time intervals (9" and 7" day).
Further, a 100% degradation rate was observed on the 17th and 13th
day of the experiment (p-value of 0.0082 and 0.0027) respectively.
Thus, liposomal encapsulation offered significant protection against
photodegradation of all the tested profenofos concentrations (Figure
3).
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Figure 3: Liposomal encapsulation offered significant protection
against photodegradation rate of active ingredients in all three tested
concentrations (a) 0.174% (b) 0.084 % and (c) 0.043% profenofos
compared to corresponding encapsulated profenofos.

Slow release efficacy of liposome encapsulated profenofos
against Spodoptera litura larvae

Bio efficacy data of liposome encapsulated profenofos indicated a
significant delay in inducing mortality in Spodoptera litura larvae due
to the slow release of active ingredients for a prolonged period
compared to unencapsulated profenofos. For bio efficacy studies,
profenofos per se (unencapsulated) compared with varied
concentrations of liposome encapsulated profenofos for median
survival rate and Hazard Ratio (HR). Results indicated that, median
survival time for 0.174% profenofos per se was 24 h, whereas it was
48 h for liposome encapsulated (0.174%) profenofos with a median
survival ratio of 0.50% and 95% Confidence Interval (CI) ratio ranged
between 0.398-0.627. The hazard ratio between profenofos 0.174%
per se and liposome encapsulated (0.174%) profenofos, was 3.051:1,
indicating 3 fold higher toxicity of profenofos per se with 95% CI of
2.264-4.111 (p=0.000129), (Table 3). Similarly, the median survival
time for 0.084% profenofos per se was 36 h, while it was 60 h for
liposome encapsulated (0.084%) profenofos with a median survival
ratio of 0.60 and the 95% CI ratio between 0.480-0.748. Hazard ratio
between 0.084% profenofos per se and liposome encapsulated
(0.084%) profenofos was 2.655:1 with 95% CI of 2.051-3.437
(p=0.00336). Further, the results for 0.043% profenofos per se and
liposome encapsulated (0.043%) profenofos showed the same median
survival rate as that of 0.084% data with the 95% CI ratio for the
median survival was 0.467-0.770. The hazard ratio was 2.562 with
95% CI of HR showing 1.905-3.4446 (p=0.00401), (Table 4 and
Figure 4). The qualitative bioassay images of all the test
concentrations are depicted in detail. In totality, liposome
encapsulated profenofos offered prolonged toxicity to Spodoptera
litura larvae (Figure 5).
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Figure 4: Bio efficacy data of liposome encapsulated profenofos
against spodoptera litura 3" instar larvae revealed liposome
encapsulated 0.174% (a) 0.084% (b) and 0.043% (c) profenofos
significantly delayed in inducing mortality due to the slow release of
active ingredients for a prolonged period compared to encapsulated

profenofos. . oL . .

Figure 5: Qualitative images of slow release bio efficacy
of liposome-encapsulated profenofos compared to profenofos per
se on 34 instar Spodoptera litura: (a) Water per se; (b) Acetone
per se; (c) Liposome encapsulated water; (d) Profenofos per se
0.174%;(e) 0.084%; (f) 0.043%; (g) Liposome encapsulated
profenofos 0.174%; (h) 0.084%; (i) 0.043%.

Groups MS (hrs) MS ratio 95% CI of ratio Hazard Ratio (HR) 95 % Cl of HR Log rank test p-
value

0.174 % | 24 0.5 0.40- 0.63 3.05 2.26-4.11 0.000129 ™

Profenofos per se

Liposome 48

encapsulated

0.174% profenofos

0.084% Profenofos | 36 0.6 0.48-0.75 2.66 2.05-3.44 0.00336 ™

per se

Liposome- 60

encapsulated

0.084% profenofos

0.043 % | 36 0.6 0.47-0.77 2.56 1.91-3.44 0.00401 ™

Profenofos per se

Liposome 60

encapsulated

0.043% profenofos

Note: (Here indicated highly significant differences among profenofos per se and liposome encapsulated profenofos in terms of mean survival rate and hazard

ratio as quantified using graph pad prism survival analysis program (n=15 and in triplicates; Kaplan-Meier survival plot with the log rank test: P<0.05)

Table 3: Median survivals (MS) and Hazard Ratio (HR) of liposome encapsulated 0.174%, 0.084% and 0.043% profenofos compared to
profenofos per se revealed lower and prolonged toxicity against Spodoptera litura 3" instar larvae.

Absorbance with at different wavelength range

Sample 235 nm 240 nm 245 nm 250 nm 255 nm
Dichloromethane 0.430 + 1.03 0.150 + 2.15 0.071+ 1.50 0.020 + 1.42 0.010 + 2.03
0.2% Liposome 0.005 + 2.30 0.010 £1.20 0.004 £ 0.00 0.000 + 0.00 0.000 £ 0.00
encapsulated

profenofos
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0.1% Liposome 0.007 + 1.61 0.003 £ 3.11 0.001 £ 1.11 0.000 + 0.00 0.000 £ 0.00
encapsulated

profenofos

0.05% Liposome 0.004 + 2.84 0.000 £ 0.00 0.000 £ 0.00 0.000 + 0.00 0.000 £ 0.00
encapsulated

profenofos

Table 4: Residual analysis of dichloromethane in varied concentrations of liposome encapsulated profenofos (0.2, 0.1 and 0.05%).

Comparative analysis in terms of median survival rate and hazard
ratio only among the liposome encapsulated concentrations (0.174%,
0.084% and 0.043%) was calculated. When we compared liposome
encapsulated 0.174% and 0.084% profenofos, we found that mean
survival time was 48 h and 60 h respectively with a ratio of 0.8 and a
95% CI between 0.653-0.980. The hazard ratio between 0.174% and
0.084% was 1.186:1.00 with a 95% CI of 0.969-1.452, it was
marginally significant (p=0.0292). Similarly, a comparison between
liposome encapsulated 0.174% and 0.043% profenofos showed a
mean survival time of 48 and 60 h. Respectively with a ratio of 0.80
and 95% CI of 0.643-0.990. The hazard ratio between 0.174% and
0.043% liposome encapsulated profenofos was found to be 1.417:1.00
with a 95% CI of 1.148-1.748 (p=0.00112). However, in the
comparison between liposome encapsulated 0.084% and 0.043% of
profenofos, the mean survival time remained unchanged at 60 h with a
ratio of 1:1 and 95% CI of 0.801-1.248. The hazard ratio is 1.914:1.00
with a 95% CI of 0.958-1.489 (p=0.0395). As anticipated,
profenofos per se at varied concentrations (0.174, 0.084 and 0.043%)
showed a significant change in mean survival rate when compared to
acetone (25%) used for diluting profenofos. In specific, 0.174%
profenofos showed mean survival rate of Spodoptera litura larvae of
76.29%, 41.3% and 0.00% at 12, 24 and 36 h respectively
(p=0.000198). Similarly, at 0.084% profenofos, mean survival rate
was observed to be 86.12%, 65.05%, 35.42% and 0.00% at 12, 24, 36
and 48 h (p=0.000114) respectively. At 0.043% profenofos, mean
survival rate of 92.22%, 75.82%, 48.86%, 8.68% and 0.00% at 12, 24,
36, 48 and 60 h respectively (p=0.00101) was observed. The mean
survival rate of Spodoptera litura larvae exposed to varying
concentrations of liposome encapsulated profenofos when compared
with liposome encapsulated water (blank liposomes) showed no
significant change in all the tested concentrations and exposure time.
However, liposome encapsulated 0.174% (p=0.00034), 0.084%
(p=0.00028) and 0.043% (p=0.0019) profenofos showed significantly
lower mean survival rate compared to blank liposomes.

Discussion

The present study reports synthesis and characterization of
liposome encapsulated profenofos and their bio efficacy against 3t
instar Spodoptera litura larvae in laboratory conditions. In previous
studies, various natural polymeric materials such as chitosan,
alginates, starch, polylactic acid and lipids were used as wall material
to encapsulate medically important drugs, bioactive compounds and
conventional insecticides to achieve controlled release of active
ingredients [23-27]. Many of these studies used the thin film hydration
method for synthesizing liposomes and found it to be the simplest and
efficient method for encapsulation of various bioactive compounds
[28,29]. Similarly, in the present study, the thin film hydration method
was followed with minor modifications for the synthesis of liposome
encapsulated profenofos. Profenofos (C,;H;sBrCIO;PS, IUPAC
name O-(4-Bromo-2-chlorophenyl) O-ethyl S-propyl

phosphorothioate) is an organophosphate insecticide [30]. Also called
Phosphorothioic acid, O-(4-Bromo-2-chlorophenyl) O-ethylS-propyl
ester, is being used on various crops such as cotton, potato, maize,
soya bean, sugar beet, etc., against lepidopteron pests [31]. Based on
the literature, we chose to test various ratios of soy phospholipids and
cholesterol for liposome synthesis. While soy phospholipids are the
main constituents of the liposomal bilayer membrane that influence
the size of the liposomes, cholesterol combination with it gives better
rigidity to the bilayer and helps for longer retention of the entrapped
compound. Among the tested ratios, the 5:4 ratio of soy phospholipids
and cholesterol yielded the highest encapsulation efficiency and
particle size distribution on the nanoscale. This encapsulation and size
distribution data are in accordance with the earlier study carried out
by. The lower ratios of phospholipids and cholesterol yielded lower
percent encapsulation with increased particle size distribution. This
suggests that the optimum ratio of soy phospholipids and cholesterol
and interaction with the entrapping compound is critical in
determining the size of liposomal particles. Since, different ratios of
soy phospholipids and cholesterol was used, various mean diameters
of liposomal particles and different concentrations of profenofos
entrapment was obtained. However, the shape of the liposome
remained spherical and this shape is justified because soy
phospholipids have an inherent ability to form a spherical shape when
it comes in contact with an aqueous solution. These spherical vesicles
were different in size and multiple layered called multilamellar
vesicles as visualized in an optical microscope. These observations are
in accordance with the unpublished report. Mean diameter of >80%
distribution of liposomes clearly showed less than 100 nm in size
indicating efficient liposome synthesis protocol. Further, SEM images
of liposome particles revealed a spherical shape. However, in the
magnified version of SEM images, we found ununiformed lipid
encapsulation/coating. Part of the reason for this could be dehydration
of the hydrophilic substance within the liposomes after drying the
liposomal samples. The uniformity of lipid encapsulation also depends
on the interaction of entrapped compounds and lipids. Thus, a better
understanding of the chemistry between these two compounds may
enhance the uniform coating of lipid molecules on the test compound.
Typically, soy phospholipids and cholesterol will absorb at 230 and
210 nm, whereas profenofos absorbs at 289 nm [32]. Similarly in our
study, we found multiple peaks at 230, 210 and 289 nm in liposome
encapsulated profenofos sample suggesting the presence of all three
i.e., soy phospholipids, cholesterol and profenofos respectively.
However, in the case of blank liposomes, we found only two peaks at
230 and 210 nm indicating the presence of soy phospholipids and
cholesterol only. One of the main objectives for encapsulation of
profenofos is to achieve a slower release rate of active ingredients and
reduced photodegradation. In the present study, we found a significant
delay in the release rate and reduced photodegradation in liposome
encapsulated profenofos when compared to naked profenofos. It
indicates that considerable protection is offered by liposomal bilayer
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encapsulation against photodegradation and facilitated the slow
release of active ingredients. Similarly, in vitro stability of liposome
encapsulated water soluble compounds of cordyceps sinensis revealed
a significantly slower release rate compared to its free form.
Microencapsulated cypermethrin showed slower release rate in lower
core to shell ratio i.e., 2.5:1 [33]. The slow release rate of active
ingredients and delayed photodegradation rate were also reported in
other studies where other lipids were used as wall material. For
instance, microencapsulated chlorpyriphos using sodium alginate and
starch significantly delayed the release rate of active ingredients in
comparison with free chlorpyriphos. In another study, encapsulated
dichlorvos and chlorpyrifos using starch based silver nanoparticles for
enhanced insecticide delivery was reported [34]. Imidachloprid
encapsulation with alginate and chitosan showed eight times longer
release rate when compared with Imidachloprid alone [35].
Azadiractin encapsulated with alginate spheres with starch and
polyethylene glycol showed a slower release rate when compared to
uncoated Imidachloprid [36]. Similarly, reduced photodegradation of
active ingredients was achieved using wall materials such as polylactic
acid encapsulated spinosad and emamectin benzoate, alginate coated
Imidachloprid, nanocapsules loaded with natural abamectin and
pyrethrin insecticide [37,38]. Liposome encapsulated profenofos
offered prolonged toxicity. Bio efficacy data of liposome encapsulated
profenofos indicated a significant delay in inducing mortality in
Spodoptera litura larvae due to the slow release of active ingredients
from liposomal formulation and retained toxicity for a longer duration
compared to unencapsulated profenofos. This directly correlates with
the slower release rate and reduced photodegradation rate observed in
liposome encapsulated profenofos from this study. Thus, liposome
encapsulated profenofos offered significantly improved long term
toxicity to Spodoptera litura larvae. The microencapsulated bifenthrin
within the liposomes showed a decrease in the mortality rate of
western corn rootworm due to the slow release of bifenthrin into the
soil (13, unpublished report). Such bio efficacy studies were also
carried out using different encapsulating wall materials such as
chitosan, polylactic acid, alginate, etc. against agriculture insect pests.
For instance, reported that insecticidal activity of imidachloprid (50%)
encapsulated with chitosan and alginate was more effective in terms of
toxicity when compared with technical grade imidachloprid (95%)
against martianus dermestoide [39]. Reported that nanocapsules
loaded with garlic essential oil were found to be effective after five
months. More recently, it was reported that microencapsulated
spinosad and emamectin benzoate with polylactic acid showed long-
term toxicity against Plutella xylostella up to 17 days, while the
toxicity of encapsulated spinosad and emamectin benzoate lasted only
for 9 days. Reported residue and bio efficacy studies of controlled
release formulations of imidacloprid against soybean pests. Many of
these studies although used different wall materials for encapsulation,
it correlates well with slow toxicity data offered by liposome
encapsulated profenofos in the present study. Thus, the current study's
bio efficacy data is promising in sustainable agriculture pest
management through the action of the slow release formulation.
However, greenhouse and field conditions studies are warranted for
further validation of its slow release bio efficacy. The development of
such slow release encapsulated insecticide formulation also helps in
lessening the chances of insect pest resistance to the insecticide. Such
formulations are likely to be quite ideal in arid and semi arid tropics
where many field crops are grown under high temperature regimes and
have significant resistance issues. Liposomal Nano encapsulation
offers an added advantage of rain fastness and stickiness that are
essential in high rainfall and temperate zones also. Although

insecticide resistance monitoring is done quite frequently for
Spodoptera litura and other insect pests, it is difficult to manage
insecticide resistance sustainably because of the lack of field level
synergists, warranting new chemistry pesticides. Alternatively,
combination products of two insecticides gain importance. In either
case, insecticide resistance issues remain unsolved, thus, slow release
insecticide formulation inspired by nanotechnology may promise to be
better Insecticide Resistance Management (IRM) strategies in the
future.

Conclusion

Among the various tested ratios, the 5:4 ratio of soy phospholipids
and cholesterol showed particle size in nanoscale i.e., below 100 nm
with the highest encapsulation efficiency of >80 percent. The spherical
shape of the synthesized liposome encapsulated profenofos was
evident from morphological characterization data of light microscopy
and Scanning Electron Microscopy (SEM). UV-Vis absorption spectra
of profenofos loaded liposomes revealed three peaks at 230 nm, 210
nm and 289 nm confirming the presence of soy phospholipids,
cholesterol and profenofos respectively. When compared to profenofos
alone, profenofos loaded liposomes offered significant control on the
release rate of active ingredients and reduction in the photo
degradation rate under laboratory conditions. Bio efficacy data
revealed, profenofos loaded liposome at all the tested concentrations
significantly prolonged toxicity as evident from the reduced mortality
rate of spodoptera litura larvae due to the slow release of profenofos
active ingredient when compared with profenofos alone.
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