Uvaraja VC/Afr.J.Bio.Sc. 6(14) (2024) Page 1822 to 10

https://doi.org/10.48047/AFJBS.6.14.2024.1822-1832

FJBS

Research Paper Open Access

Development and evaluation of risperidone-loaded solid lipid
nanoparticles

Uvaraja VC!, C.M. Jamkhandi?, Vandana R. Daga®, Ramana Gangireddy*,
Keshamma E.5, Rajeev Ramachandra Kolgi¢, Chetan D.M.”, Uddappanda Bopaiah
Roy®”

Professor, Department of Agricultural Engineering, Bannari Amman Institute of Technology,
Sathyamangalam, Erode, Tamil Nadu, 638401, India
2Professor, Tatyasaheb Kore College of Pharmacy, Warananagar, Kolhapur, Maharashtra, 416113,
India
$Associate Professor, SNJB's Shriman Sureshdada Jain College of Pharmacy, Chandwad, Nashik,
Maharashtra, 423101, India
“Professor and HOD, Department of Pharmaceutics and Biotechnology, KVSR Siddhartha College
of Pharmaceutical Sciences, Vijayawada, Andhra Pradesh, 520010, India
®Associate Professor, Department of Biochemistry, Maharani's Science College for Women,
Maharani Cluster University, Bengaluru, Karnataka, 560001, India
®Associate Professor, Department of Chemistry and Biochemistry, Government Science College,
Bengaluru, Karnataka, 560001, India
"Associate Professor, Department of Biotechnology, NMAM Institute of Technology, Affiliated to
NITTE (Deemed to be University), Nitte - 574110, Karnataka, India
8Associate Professor, Department of Zoology and Genetics, Nrupathunga University, Bengaluru,
Karnataka, 560001, India

Corresponding author: Uddappanda Bopaiah Roy, Associate Professor, Department of Zoology
and Genetics, Nrupathunga University, Bengaluru, Karnataka, 560001, India



Uvaraja VC/Afr.J.Bio.Sc. 6(14) (2024) Page 1823 to 10

ABSTRACT:

Solid lipid nanoparticles are a potential way to deliver drugs. They are
Volume 6, Issue 14, Aug 2024 made up of solid lipids, surfactants, and active drug molecules. The
study's goal was to look at the physicochemical features and see how
Received: 09 June 2024 the drug was released. The present study is an attempt to make stable
lipid nanoparticles of risperidone using a mix of polymer and lipid
Accepted: 19 July 2024 components. from the fact that the tests always came up with the same
. results. The infrared spectra showed that the polymer and risperidone
Published: 08 Aug 2024 did not interact with each other, which proved that the two molecules
) are compatible. We made risperidone solid lipid nanoparticles using the
doi: 10.48047/AFJBS.6.14.2024.1822-1832 | splvent injection method, which involved mixing glyceryl monostearate
and tween 80 in water to make an emulsion. It was found that
increasing the concentration of lipids made the solid lipid nanoparticles
better at catching things. Formulation F3 was able to trap 77+0.3% of
its targets. The study of the particle sizes of the solid lipid nanoparticles
made with risperidone shows that all of the particles in the mixtures
were in the nano range. Particles with a size of 278.6 nm were found to
be the smallest in tests F3 and F4. A study on drug release that was
done in a lab found that adding more lipids also makes the medication
break down faster. The results of the dissolving study made it hard to
believe that solid lipid nanoparticles could control how quickly the
medicine risperidone was released. The current study comes to the
conclusion that the dissolving test made it hard for solid lipid
nanoparticles to control how fast the drug risperidone was released.

Keywords: Risperidone, solid lipid nanoparticles, drug delivery,
solubility.

INTRODUCTION:

Nanotechnology has grown a lot in the past few years. It has become a powerful tool that
can be used in many fields, including medicine transport, diagnostics, cosmetics, and non-
biological sciences. However, the usual ways of providing therapeutic chemicals, like
flavonoids from plants, are limited by problems like not being selective, not working well,
and not being bioavailable enough (Yasir, et al., 2017, Yasir and Sara 2013).

SLNs are a way to deliver drugs. They are made up of active drug molecules, solid lipids,
surfactants, and/or co-surfactants. They are very good at getting drugs to where they need to
go. Some safe ways to give these nanoparticles are by mouth, through a syringe, or on the
skin (Behera et al., 2010; Sharma et al., 2016; Keservani et al., 2019; Sharma et al., 2018;
Khulbe et al., 2023; Khairnar et al., 2024; Keservani and Gautam, 2022; Keservani and
Gautam, 2020; Keservani et al., 2020; Keservani et al., 2010; Keservani & Sharma, 2018;
Bharti et al., 2012). The use of SLN applications could improve the treatment of many
illnesses by making exact changes to physicochemical properties (Ahire, et al., 2023; Yasir,
et al., 2021). Due to their flexibility, they can load both lipophilic and hydrophilic drugs,
which improves the drug's properties and increases its length of action and release profiles.
As a result, this means that the treatment can be given less often while still being more
effective. When it comes to accurately delivering medications, SLNs are much better than
traditional delivery methods. This benefit goes beyond their ability to improve drug
absorption and release over time (Nataraja et al., 2023; Jaiswal et al., 2023; Komu et al.,
2023; Keservani et al., 2024). As an example of how risperidone can be added to
nanoparticles, we used simple methods in this work. The study's goal was to look at the
physicochemical features and watch how a drug called risperidone is released from solid
lipid nanoparticles (HP-SLNs) (Gautam et al., 2015; Khambete et al., 2016).
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MATERIAL AND METHODS:

The risperidone was sent by a licensed seller in Mumbai. Polyvinyl chloride and glyceryl
monostearate were provided by Loba Chemie. The drugs and reagents that are left are all
analytical grade.

Compatibility Study by FTIR:

Infrared spectroscopy was used to check how well the risperidone, which was used to make
the nanosuspension, worked with other substances. We used FT-IR spectroscopy to look at
how risperidone, polymers, and excipients interacted with each other at the right temperature
(Mohammadi, et al., 2021).

Preparation of the HP —SLNs:

The method used to make the HP-SLNs was based on one from Tan et al., with a few small
changes. Ultrasonication and high-shear homogenization were used together in a two-step
process to make the HP-SLNs. Mixing Tween-80 with 25 milliliters of pure water and then
using a water bath to heat it up to 75 degrees Celsius (°C) started the process of making an
aqueous phase (Qureshi, et al., 2019).

Characterization of HP —SLNs:

% yield:

To find the percentage yield of solid lipid nanoparticles, the following method was used to
compare the mass of the nanoparticles that were made after they were dried (Chalikwar, et
al., 2012), gathered, and weighed to the mass of the starting materials:

Practical yield
100

P t ield =
ercentage yie Theoretical yield x

Particle Size and Zeta Potential:

The particle size and Zeta Potential readings were found. The Malvern Zetasizer was used to
describe the solid lipid nanoparticles. A Zeta sizer (Malvern Zeta sizer) was used to test the
Zeta-potential and particle size of solid lipid nanoparticles that had drugs loaded on them.
Nanoparticle samples that had been diluted were put into an electrophoretic cell and an
electrical field of 15.2 V/cm was applied to measure the zeta potential and particle size
(Patel, et al., 2024).

Surface morphology study:

The scanning electron microscope (SEM) method was used to look at the shape of the solid
lipid nanoparticle that had the medicine on it. After solid lipid nanoparticles were put on the
metal stubs, the sputter coater that was connected to the device was used to cover them with
a layer of conductive gold. A Jeol scanning electron microscope was used to take the shots,
which were 20kvx25000 in size (Ahirrao, et al., 2022).

Drug content and Entrapment efficiency:

Lipid solids Nanoparticles equal to 100 mg of risperidone were broken up with a glass
blender. After the powdered nanoparticles were spread out and dampened with a 7.4 pH
Phosphate buffer, the amount of drug they contained was measured. A UV
spectrophotometer was used to measure the absorbance at 280 nm, and a 7.4 pH phosphate
buffer was used as a blank to find the drug dose (Piazza, et al., 2014).

In-vitro Drug Release study:
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Using a dissolving test device, a study was done to look into how solid lipid nanoparticles
(equal to 100 mg) that were enclosed in capsules dissolve. The experiment took place in a
buffer solution with a pH of 7.4 at 37+£0.5°C and 75 rpm to keep the mixture spinning. Over
the course of twelve hours, 5 ml samples were taken out at regular one-hour intervals. It was
decided how much of the dissolved medium to use to keep the sink state. A UV
spectrophotometer was used to measure the amount of drug in the sample at a range of 280
nm. Three separate and independent samples were used for each test, and each sample was
used three times (Eisa, et al., 2022; Abd-Elrazek and Elnawawy, 2019; Aher, et al., 2023).

Stability studies:

This study looked at how stable the solid lipid nanoparticles were by putting them in a
stability box at 30°C £ 2°C for 90 days using the best formulation. At 0, 1, 2, and 3 months,
the samples were checked for drug content and drug release rate (Subedi, et al., 2009).

RESULTS AND DISCUSSION:

Preparation of the HP —SLNs:

To make the lipid phase, HP, soy lecithin, and glyceryl beheaded were mixed in 5 mL of 73
°C ethanol. The lipid-based phase and the water-based phase were carefully mixed together.
To make an emulsion, the mixture was homogenized for 10 minutes on a high-speed Ultra
Turrax D-500 homogenizer that was set to 7000 turns per minute. The emulsion was put
through ultrasonic processing for 15 minutes using an ultrasonic cell breaker to make an HP-
SLNs emulsion.

Compatibility study by FT-IR:

The FTIR spectra of the pure risperidone medicine were looked at along with the physical
mixes that contained the fillers. The fact that the drug's functional groups show similar peaks
across the spectrum shows that there is no contact between the medicine and the polymers.
The results from the FTIR spectrum are shown in Figure 1 and Table 1 (Yasir, et al., 2018).
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Figure 1: FT-IR Spectra of drug and excipients

Table 1: FT-IR spectra of drug and excipients

Sr. No. Functional Group Reported Observed
1 -OH Stretching 2939 2940
2 -CH Stretching 2804 2801
3 C=C Stretching 1642 1640
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4 -CH-0O-CH Stretching 1128 1123
5 -CH> Scissoring 1531 1532
6 -OH Bending 1349 1345
7 -C=0 1651 1642

Characterization of HP —SLNs:

Percentage yield:

To find the % output, the solid lipid nanoparticles had to be collected, dried out, and
evaluated by weight. Table 2 shows the percentage yield that was reached for each batch of
formulas that were made (Yasir, et al., 2014).

Table 2: % yield of prepared formulation

Sr. No. Batches % Yield (% wiw)
1 F1 83.88
2 F2 85.98
3 F3 87.56
4 F4 73.89
5 F5 72.67
6 F6 77.37

Particle Size and Zeta potential:

A Malvern Zetasizer was used to find out the particle size and polydispersity index of the
solid lipid nanoparticles. In Figure 2 and Table 3, you can see the particle size and
polydispersity index of the formulas that were made (Filippov, et al., 2021).
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Figure 2: Particle Size of the prepared formulation
Table 3: Particle size and PDI of Prepared formulation
Sr. No. Batches Particle size (nm) PDI
1 F1 310.8 0.455
2 F2 352.9 0.333
3 F3 279.7 0.452
4 F4 316.8 0.466
5 F5 310.6 0.398
6 F6 325.8 0.424
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Surface morphology:

The generated nanoparticles' surface look and form were studied with scanning electron
microscopy. The shapes and behaviors of the made formulations are shown in Figures 3(a)
and (b) (Abou Youssef, et al., 2018).

Figure 3 (a), (b): SEM images of the prepared formulations

Drug content and Encapsulation efficiency:

The dose given was between 32.51 mg and 46.36 mg, and the encapsulation rate was
between 54.40 mg and 78.69 mg (Table 4). It was seen that as the percentage of polymers
went up, so did the entrapment efficiency. This is because the viscosity went up (Mante, et
al., 2021).

Table 4: Formulation drug content and encapsulation efficiency

Sr. No. Batches Drug content | Encapsulation
(mQ) Efficiency (%0)

1 F1 36.78+0.41 56.01+0.25

2 F2 45.20+0.80 61.55+0.71

3 F3 46.360.51 78.69+0.66

4 FA 32.51+0.45 72.31+£0.25

5 F5 35.34+0.55 62.55+0.30

6 F6 41.25+0.66 54.4040.20

In vitro drug release:

After being in a pH 7.4 buffer for nine hours, all of the formulas gave off more than 90% of
the medicine. Table 5 and Figure 5(a) and (b) show the results of the in vitro drug release
tests on the new preparations. Out of all the formulas (F1 through F6), the F5 one had the
best release.

Table 5: In-vitro drug release study

Time F1 F2 F3 F4 F5 F6
1 20.180 | 19.565 | 10.120 | 18.654 | 20.124 | 11.324
2 30.900 | 30.732 | 20.357 | 30.879 | 30.457 | 22.987
3 41.925 | 41.947 | 32.614 | 40.230 | 42.369 | 35.258
4 50.535 | 52.824 | 46.578 | 51.657 | 56.578 | 49.021
5 64.168 | 61.421 | 56.397 | 61.378 | 65.518 | 60.364
6 75.165 | 72.942 | 68.466 | 72.378 | 75.825 | 71.124
7 84.525 | 83.863 | 78.814 | 81.852 | 85.548 | 80.367
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8 85.186 | 88.314 | 86.241 | 88.897 | 90.122 | 88.348
9 89.898 | 91.523 | 89.324 | 92.254 | 95.356 | 90.894
10
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Figure 5(a) and (b): In-vitro drug release study

Stability Studies:

The results of the stability study showed that formulation F5's drug content stayed the same
during the stability study time. There was no major change in the amount of cumulative

medicine release after 60 days of research. Results of the stability study shown in the table

number 6.
Table 6: Stability study
Sr. No. Time (Days) Drug content (mg) Drug Release (%)

1 0 46.12 88.12

2 30 45.35 89.35

3 60 45.68 90.89

4 90 45.70 90.94
CONCLUSION:

The present study is an attempt to make stable lipid nanoparticles of risperidone using a mix
of polymer and lipid components. The following conclusions can be drawn from the fact that
the studies have always led to the same results: The infrared spectra showed that the
polymer and risperidone did not interact with each other, which proved that the two
molecules are compatible. We made risperidone solid lipid nanoparticles using the solvent
injection method, which involved mixing glyceryl monostearate and tween 80 in water to
make an emulsion. The solid lipid nanoparticles became better at entrapping things as the
quantity of lipids rose. The entrapment rate of Formulation F5 was 78.69+0.66%. A study on
drug release that was done in a lab found that adding more lipids also makes the medication
break down faster. The results of the dissolving study made it hard to believe that solid lipid
nanoparticles could control how quickly the medicine risperidone was released.
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