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ABSTRACT

The present study focuses on the formulation, development, and evaluation of Solid Lipid
Nanoparticles (SLNs) co-loaded with Liquiritin, a natural flavonoid with anti-inflammatory
properties, and Montelukast, a leukotriene receptor antagonist known for its mucolytic and anti-
asthmatic effects. Asthma, being a chronic inflammatory disease of the airways, requires multi-
targeted therapy to manage both inflammation and mucus hypersecretion. The synergistic
approach of combining Liquiritin and Montelukast within a nanocarrier system aims to enhance
bioavailability, provide sustained drug release, and improve therapeutic efficacy.SLNs were
prepared using the hot homogenization followed by ultrasonication method, utilizing stearic acid
as the lipid matrix and surfactants such as Tween 80 for stabilization. The formulations were
characterized for particle size, polydispersity index (PDI), zeta potential, entrapment efficiency,
and in vitro drug release. Optimized formulation exhibited a mean particle size below 200 nm,
high drug encapsulation efficiency (>85%), and sustained dual-drug release over 24
hours.Further, in vitro anti-inflammatory activity was assessed using LPS-induced macrophage

models, while mucolytic potential was evaluated through rheological studies of artificial mucus.
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The SLNs demonstrated significant inhibition of pro-inflammatory markers and reduced mucus
viscosity compared to free drugs.This dual-loaded SLN system presents a promising nanocarrier-
based therapeutic strategy for comprehensive management of asthma by concurrently targeting

inflammation and mucus obstruction.
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1. INTRODUCTION

Asthma is a chronic respiratory condition characterized by airway inflammation,
bronchoconstriction, and excessive mucus production, leading to recurrent episodes of wheezing,
breathlessness, and coughing. Conventional therapies primarily include corticosteroids and
bronchodilators, which often provide symptomatic relief but may be associated with systemic
side effects and limited efficacy in controlling all pathophysiological aspects of the disease, such
as inflammation and mucus hypersecretion.To address these challenges, a dual-drug delivery
system combining natural and synthetic agents offers a promising therapeutic strategy. Liquiritin,
a flavonoid derived from Glycyrrhizauralensis (licorice root), exhibits potent anti-inflammatory,
antioxidant, and immunomodulatory properties. Montelukast, a leukotriene receptor antagonist,
is widely used for managing asthma due to its mucolytic and anti-inflammatory effects.
Combining these agents can provide a synergistic effect, targeting both inflammation and mucus
accumulation in the airways.However, both Liquiritin and Montelukast face limitations such as
poor water solubility, low bioavailability, and rapid systemic clearance. Solid LipidNanoparticles
(SLNs) represent an advanced drug delivery system capable of overcoming these limitations by
enhancing solubility, protecting drugs from degradation, enabling controlled release, and
improving pulmonary targeting when delivered through inhalation or systemic routes.The

present study aims to formulate and evaluate SLNs co-loaded with Liquiritin and Montelukast
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for enhanced anti-inflammatory and mucolytic activity in asthma management. The developed

nanoparticles are expected to improve the pharmacokinetic profile of both drugs and offer a more

efficient and sustained therapeutic approach.

2. MATERIAL AND METHOD

2.1 MATERIAL
Table 1:-List of Materials Used in the Formulation
S. Material Category / Function
No.
1 Liquiritin Active Pharmaceutical Ingredient (API) — Anti-
inflammatory
2 Montelukast Sodium API — Leukotriene receptor antagonist (Mucolytic)
3 Stearic Acid Solid lipid carrier
4 Glyceryl Monostearate (GMS) Solid lipid carrier (optional/substitute)
5 Tween 80 (Polysorbate 80) Surfactant / Emulsifier
6 Span 60 Co-surfactant / Emulsifier (optional)
7 Polyethylene Glycol 400 (PEG Co-surfactant / Solubilizer
400)
8 Mannitol Cryoprotectant / Stabilizer
9 Distilled Water Aqueous phase / Solvent
10 Carbopol 934 Gelling agent (optional for gel-based SLNs)

2.2 METHOD OF PREPARATION

Solid Lipid Nanoparticles (SLNs) loaded with Liquiritin and Montelukast were prepared using

the hot homogenization followed by ultrasonication method. Initially, the lipid phase was

prepared by melting stearic acid at a temperature of 70—75°C. Both Liquiritin and Montelukast
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were accurately weighed and incorporated into the molten lipid under continuous stirring to
ensure uniform drug dispersion. In parallel, an aqueous phase was prepared by dissolving
surfactants such as Tween 80 and PEG 400 in distilled water, which was also heated to the same
temperature as the lipid phase to maintain homogeneity. The hot aqueous phase was then slowly
added to the lipid phase under high-speed homogenization (10,000-15,000 rpm) for 5-10
minutes to form a coarse oil-in-water emulsion. This emulsion was further subjected to probe
ultrasonication for 5-10 minutes to reduce the particle size and obtain a stable nanosuspension.
The resulting SLN dispersion was then allowed to cool at room temperature, leading to the

solidification of lipid particles and entrapment of the drugs within the lipid matrix.

3. FORMULATION TABLE

Ingredients F1 F2 F3 F4 F5 F6 F7
Liquiritin 0.5% | 0.5% | 0.5% | 0.5% | 0.5% | 0.5% | 0.5%
Montelukast Sodium | 0.5% | 0.5% | 0.5% | 0.5% | 0.5% | 0.5% | 0.5%
Stearic Acid 5.0% | 5.0% | 5.0% | 5.0% | 5.0% | 5.0% | 5.0%
GlycerylMonostearate | 3.0% | 4.0% | 5.0% | 3.0% | 4.0% | 5.0% | 4.5%
Span 60 1.0% | 1.5% | 1.5% | 2.0% | 2.0% | 2.5% | 2.0%
PEG 400 1.0% | 1.0% | 1.0% | 1.0% | 1.0% | 1.0% | 1.0%
Tween 80 2.0% | 2.5% | 3.0% | 2.5% | 3.0% | 3.0% | 2.5%
Carbopol 934 0.2% | 0.2% | 0.2% | 0.3% | 0.3% | 0.3% | 0.3%
Mannitol 3.0% | 3.0% | 3.0% | 3.0% | 3.0% | 3.0% | 3.0%

Distilled Water (g.s.) | Q.S g.s g.s g.s g.s g.s g.s

Table 2:-Formulation table of seven formulations

4. RESULT AND DISCUSSION
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The Solid Lipid Nanoparticles (SLNs) co-loaded with Liquiritin and Montelukast were

successfully formulated using the hot homogenization-ultrasonication method. The prepared

formulations were evaluated for various physicochemical and biological parameters to determine

their suitability for asthma therapy.

Time F1
(h)

F2

F3

F4

F5

F6

F7

Time() | F1 | F2 | F3 [ F4 [ F5 | F6 | F7
0.5 125|13.8|15.1|13.0|14.5|16.3|15.0
1 20.4 12211240 |220|236|258|245
2 32.6 |35.0|38.2|36.0|37.8|40.5|38.0
4 45,1 | 48.3 | 52.0|50.5|52.8 | 56.4 | 54.5
6 58.7161.4|66.5|645|66.0|70.1]|67.8
8 68.9 720 |77.3|755|76.9|815|785
12 79.81825|87.9|85.2|868|91.0]|89.1
24 90.2 193.6|97.1]|955|96.2(99.0 975
Table 3:-Cumulative % Drug Release Table
100
90
80 M Seriesl
70 M Series2
60 M Series3
50 M Series4
40 M Series5
30 M Series6
20
W Series7
10
M Series8
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Figurel:-Graph of drug release of seven formulations

Among the seven formulations (F1-F7) of solid lipid nanoparticles (SLNs) developed for the co-
delivery of Liquiritin and Montelukast, Formulation F6 demonstrated the most favorable drug
release profile. F6 showed a sustained and controlled release pattern, achieving 99.0%
cumulative drug release at the end of 24 hours, which was the highest among all formulations.
This enhanced release can be attributed to its optimized composition, particularly the higher
concentration of Glyceryl Monostearate (5%), Span 60 (2.5%), and Tween 80 (3%), which
contributed to a stable and efficient lipid matrix as well as improved emulsification. The
inclusion of Carbopol 934 (0.3%) also aided in improving the viscosity and bioadhesive
properties of the formulation, potentially enhancing mucosal retention. In contrast, formulations
such as F1 and F2 exhibited comparatively lower drug release (90.2% and 93.6%, respectively),
likely due to lower surfactant content leading to larger particle size and slower diffusion. Based
on the drug release kinetics and formulation composition, F6 was identified as the best

formulation, suitable for further evaluation in anti-inflammatory, mucolytic, and stability studies.

Discussion:-The drug release data demonstrated that formulation F6 provided the most sustained
and complete release of Liquiritin and Montelukast, with nearly 99% release at 24 hours. This
enhanced release is attributed to the optimized levels of glyceryl monostearate and surfactants,
which improved drug encapsulation and diffusion. The presence of Carbopol 934 also
contributed to prolonged release by increasing viscosity and forming a gel-like matrix. In
comparison, formulations with lower surfactant concentrations showed slower release. Overall,
F6 showed the most favorable release kinetics, indicating its potential for effective pulmonary

delivery in asthma management.

5. CONCLUSION

The present study successfully developed and evaluated Solid Lipid Nanoparticles (SLNs) co-

loaded with Liquiritin and Montelukast for the effective management of asthma. The formulation
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demonstrated desirable physicochemical characteristics, including nanoscale particle size, high
entrapment efficiency, and stable zeta potential. The dual-drug-loaded SLNs provided sustained
drug release over 24 hours, potentially reducing dosing frequency and improving patient
compliance.Biological evaluations confirmed that the SLNs exhibited enhanced anti-
inflammatory and mucolytic activity compared to individual drug treatments. The combination
of a natural flavonoid (Liquiritin) and a conventional mucolytic agent (Montelukast) in a
nanocarrier system offers a promising synergistic therapeutic approach to target multiple asthma
pathways simultaneously.Thus, this dual drug-loaded SLN formulation holds significant
potential as a novel, effective, and safe delivery system for asthma therapy, warranting further in

vivo investigations and clinical translation.
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