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Nasal congestion is a common symptom associated with various respiratory conditions,
significantly impacting quality of life. This study aims to develop a novel delivery
system for nasal congestion relief using sodium alginate beads containing a eutectic
mixture of menthol and camphor. The beads were prepared using ionic gelation, a
simple and efficient method. The combination of menthol and camphor, known for their
decongestant properties, is expected to provide effective relief from nasal congestion.
The use of sodium alginate as a natural polymer offers a biocompatible and
biodegradable matrix for drug delivery. The developed beads have the potential to
provide a sustained release of the active ingredients, enhancing their therapeutic
efficacy. This formulation may offer a promising approach for relieving nasal
congestion, and further research is needed to explore its therapeutic potential and
clinical applications. The study's findings could contribute to the development of novel,
effective, and safe treatments for nasal congestion.

INTRODUCTION

Nasal congestion is

a prevalent symptom
associated with various respiratory conditions,
including allergic rhinitis, sinusitis, and the
common cold®1. This condition significantly
impacts an individual's quality of life, causing
discomfort, difficulty breathing, and disrupted
sleep patterns"2. The economic burden of nasal
congestion is substantial, with millions of people

worldwide seeking medical attention and
purchasing over-the-counter (OTC) medications
to alleviate their symptoms. Current treatment
options for nasal congestion include OTC
medications such as decongestants,
antihistamines, and nasal sprays™3. However,
these medications can provide only temporary
relief, and their long-term use can lead to side
effects, such as rebound congestion, dryness, and
irritation. Additionally, some individuals may
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experience inadequate relief from these treatments
or may be contraindicated due to underlying
medical conditions™4. The limitations of current
treatments highlight the need for novel delivery
systems that can provide sustained and effective
relief from nasal congestion”5. Sodium alginate, a
natural polymer derived from brown seaweed, has
been widely used in pharmaceutical applications
due to its biocompatibility, biodegradability, and
mucoadhesive properties. Its ability to form beads
through ionic gelation makes it an attractive
material for encapsulating active ingredients,
including menthol and camphor, which are known
for their decongestant properties™6. Menthol helps
to thin mucus and reduce nasal congestionp”7,
while camphor increases blood flow to the nasal
mucosa,  reducing  inflammation™8.  The
combination of these two natural compounds has
been shown to provide effective relief from nasal
congestion, making them suitable candidates for
inclusion in a sustained-release formulation™9.
The development of sodium alginate beads
containing menthol and camphor offers a
promising approach for the treatment of nasal
congestion. Several methods can be employed to
prepare sodium alginate beads, including :

- lonotropic Gelation: This method involves
dropping a sodium alginate solution into a calcium
chloride bath, where the alginate molecules cross-
link with calcium ions to form a gel-like structure.

- Emulsion-Gelation Method: This technique
involves creating an emulsion of sodium alginate
droplets in a continuous phase, followed by
gelation of the droplets using calcium chloride.

- Spray Drying: This method involves atomizing a
sodium alginate solution into a hot gas stream,
resulting in the formation of dried beads.

- Extrusion Method: This technique involves
forcing a sodium alginate solution through a
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nozzle or die to form droplets, which are then
collected in a calcium chloride bath for
gelation®10. By encapsulating these active
ingredients within a biodegradable polymer
matrix, the beads can provide a controlled release
of menthol and camphor, potentially enhancing
their therapeutic efficacy and reducing side
effects™6. The mucoadhesive properties of sodium
alginate may also prolong the residence time of the
beads in the nasal cavity, allowing for more
effective delivery of the active ingredients.
Furthermore, the biocompatibility and
biodegradability of sodium alginate make it an
attractive material for nasal drug delivery,
reducing the risk of adverse reactions and
toxicity”6. Overall, the development of sodium
alginate beads containing menthol and camphor
has the potential to provide a novel, effective, and
safe treatment for nasal congestion, improving the
quality of life for individuals suffering from this
condition. This study aims to explore the
feasibility of developing such a formulation and to
evaluate its potential as a treatment for nasal
congestion. By investigating the preparation,
characterization, and potential therapeutic
applications of sodium alginate beads containing
menthol and camphor, this research could
contribute to the development of new treatments
for nasal congestion and improve our
understanding of the potential benefits and
limitations of this approach. The findings of this
study could have significant implications for the
management of nasal congestion, offering a
promising alternative to traditional treatments and
potentially improving patient outcomes.

Need Of the Study

The need for this study arises from the limitations
of current treatments for nasal congestion, which
often provide only temporary relief and carry risks
of adverse effects. Existing treatments, such as
decongestants, antihistamines, and nasal sprays,
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have several drawbacks, including rebound
congestion, drowsiness, and local side effects.
Sodium alginate beads offer a promising approach
for the treatment of nasal congestion by providing
a controlled release of decongestant agents like
menthol and camphor. By encapsulating these
agents within a biodegradable polymer matrix, the
beads can potentially enhance their therapeutic
efficacy and reduce side effects. The
mucoadhesive properties of sodium alginate may
also prolong the residence time of the beads in the
nasal cavity, allowing for more effective delivery
of the active ingredients. This study aims to
explore the feasibility of developing sodium
alginate beads containing menthol and camphor,
providing a novel, effective, and safe treatment
option for nasal congestion. The study's findings
could contribute to the development of new
treatments that improve patient outcomes and
quality of life, addressing the significant
morbidity, reduced quality of life, and substantial
economic  burdens associated with nasal
congestion. By investigating the potential of
sodium alginate beads, this study has the potential
to make a meaningful impact on the management
of nasal congestion, offering a promising
alternative to traditional treatments and potentially
improving patient outcomes. The significance of
this study lies in its potential to provide a new
treatment option that addresses the limitations of
current treatments, enhancing the therapeutic
efficacy of decongestant agents and reducing the
risk of adverse effects. Overall, this study is
necessary to explore the potential benefits and
limitations of sodium alginate beads containing
menthol and camphor for the treatment of nasal
congestion.

Drugs And Excipients Profile
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Sodium alginate, calcium chloride, menthol, and
camphor are key components in the development
of novel nasal congestion relief formulations. Each
of these ingredients has unique properties and
applications that contribute to their potential
therapeutic ~ benefits.  Understanding  the
characteristics and effects of these components is
essential for designing effective and safe
formulations for nasal congestion relief.

A. Sodium Alginate

Sodium alginate is a polysaccharide derived from
brown seaweed, known for its hydrophilic
properties and ability to form colloidal dispersions
in water. Its molecular weight ranges from 12,000
to 180,000 Da, influencing its properties and
applications. Sodium alginate is biocompatible,
biodegradable, and non-toxic, making it suitable
for pharmaceutical applications. Its mucoadhesive
properties allow it to prolong the residence time of
formulations in the nasal cavity, potentially
enhancing the therapeutic efficacy of decongestant
agents like menthol and camphor. Sodium alginate
can form gels in the presence of calcium ions,
making it suitable for controlled-release
formulations”™11.

Fig A. Sodium Alginate

B. Calcium Chloride

Calcium chloride is a calcium salt used as a cross-
linking agent in pharmaceutical formulations. Its
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molecular weight is approximately 110.98 Da.
Calcium chloride helps to create a gel-like
structure in sodium alginate-based formulations,
controlling the release of active ingredients. This
cross-linking property enhances the stability and
controlled release of formulations, potentially
improving their therapeutic efficacy”12.

Fig B. Calcium Chloride
C. Menthol

Menthol is a natural compound known for its
cooling properties and decongestant effects. Its
molecular weight is approximately 156.27 Da.
Menthol works by thinning mucus and reducing
nasal congestion, making it easier to breathe. Its
cooling properties provide immediate relief from
nasal congestion and respiratory discomfort.
Menthol is commonly used in pharmaceutical
formulations, including nasal decongestants,
cough drops, and topical analgesics*13.

Camphor is a natural compound used for its
decongestant and anti-inflammatory effects. Its
molecular weight is approximately 152.23 Da.
Camphor increases blood flow to the nasal
mucosa, reducing inflammation and congestion.
Its decongestant properties help to relieve
respiratory discomfort, and its anti-inflammatory
effects reduce inflammation and swelling in the
nasal passages. Camphor is often combined with
menthol in pharmaceutical formulations to
enhance nasal decongestion and relieve respiratory
discomfort™14.

Fig d. Camphor
Method Of Preparation

Sodium alginate beads containing menthol and
camphor are prepared using the ionic gelation
method, a technique that leverages the cross-
linking properties of calcium ions to form a gel-
like structure[10]. Initially, a sodium alginate
solution is prepared by dissolving sodium alginate
powder in distilled water under constant stirring,
ensuring a uniform dispersion of the polymer.
Meanwhile, menthol and camphor are mixed well
in another beaker to form a solution, taking
advantage of their eutectic properties that allow
them to liquefy and mix at a lower temperature
than their individual melting points. This menthol-
camphor solution is then added to the sodium
alginate solution and mixed thoroughly to ensure a
uniform distribution of the active ingredients
within the polymer matrix. The resulting mixture
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is then dropped into a calcium Chloride solution
using a syringe or nozzle, forming gel-like beads
as the droplets come into contact with the calcium
ions. The calcium ions cross-link with the alginate
molecules, creating a gel-like structure that
encapsulates the menthol and camphor, thereby
controlling their release. After curing in the
calcium chloride solution for a specified period,
the beads are washed with distilled water to
remove excess calcium chloride and then dried to
remove excess moisture. This step is crucial in
ensuring the stability and consistency of the beads.
The preparation conditions, such as the
concentration of sodium alginate, the ratio of
menthol and camphor, and the curing time, are
carefully optimized to achieve beads with desired
properties, including size, shape, and release
characteristics. By optimizing these parameters, it
IS possible to tailor the beads for specific
applications, such as nasal congestion relief, where
a controlled release of menthol and camphor can
provide sustained therapeutic benefits. The
optimized beads can potentially enhance the
therapeutic efficacy of menthol and camphor by
providing a sustained release and improving their
residence time in the nasal cavity. Furthermore,
the biocompatibility and biodegradability of
sodium alginate make it an attractive material for

adverse reactions and toxicity. Overall, the ionic
gelation method offers a promising approach for
preparing sodium alginate beads containing
menthol and camphor for the treatment of nasal
congestion. The potential benefits of this
formulation include improved therapeutic
efficacy, reduced side effects, and enhanced
patient compliance. By harnessing the properties
of sodium alginate and the therapeutic benefits of
menthol and camphor, this formulation has the
potential to provide effective relief from nasal
congestion and improve the quality of life for
individuals suffering from this condition. With
further research and development, sodium alginate
beads containing menthol and camphor may
become a valuable addition to the treatment
options available for nasal congestion.

AR L, s
Fig E. Sodium Alginate Beads with Menthol and

pharmaceutical applications, reducing the risk of Camphor.
Table a. Composition of bead formulation.

SL.NO Bl B2 B3
Menthol 5¢ 2.5¢ 5¢

Camphor 5¢ 2.5¢ 2.5¢
Sodium Alginate 39 29 29

Calcium Chloride 0.29 0.5¢9 0.5¢9

Water 50 ml 40 ml 40 ml

[B3 was selected]

Evaluation Of Beads
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The prepared sodium alginate beads containing
menthol and camphor undergo a comprehensive
evaluation to assess their physical properties,
encapsulation efficiency, and drug content™15.
This evaluation is crucial in determining the
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quality and potential therapeutic efficacy of the
beads.

A. Physical Evaluation by Visual Inspection

The physical evaluation of sodium alginate beads
containing menthol and camphor is conducted
through visual inspection, which involves
examining the shape, size, and surface
morphology of the beads. This assessment helps
identify any irregularities or defects in the beads
that may affect their performance, such as uneven
shapes, surface imperfections, or aggregation.
Visual inspection provides a preliminary
evaluation of the beads' quality and helps
determine whether they meet the desired physical
characteristics™15.

B. Particle Size Determination by Vernier
Caliper

The particle size of the sodium alginate beads is
determined using a vernier caliper, which provides
an accurate measurement of the bead diameter.
Particle size is a critical parameter that affects the
release characteristics of the beads, with smaller
beads potentially exhibiting a faster release rate
compared to larger beads. The vernier caliper
allows for precise measurement of the bead
diameter, enabling the calculation of the average
particle size and size distribution.

C, Encapsulation
Spectroscopy

Efficiency using UV

The encapsulation efficiency of the sodium
alginate beads is evaluated using UV
spectroscopy, which measures the amount of
menthol and camphor entrapped within the beads.
This parameter is calculated by determining the
difference between the initial amount of menthol
and camphor added to the formulation and the
amount of drug that is not entrapped in the beads.
UV spectroscopy provides a sensitive and accurate
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method for quantifying the amount of menthol and
camphor entrapped within the beads, allowing for
the calculation of encapsulation efficiency”15.

The encapsulation efficiency of the sodium
alginate beads can be calculated using the
following equation:

Encapsulation Efficiency (%) = (Amount of
drug entrapped in beads / Initial amount of
drug added) x 100

D. Drug Content Determination using UV
Spectroscopy

The drug content of the sodium alginate beads is
determined wusing UV spectroscopy, which
measures the amount of menthol and camphor
present in the beads. This parameter is essential in
ensuring that the beads contain the desired amount
of active ingredients. UV spectroscopy provides a
reliable method for quantifying the drug content of
the beads, enabling the calculation of the actual
amount of menthol and camphor present in the
beads”15.

The drug content of the sodium alginate beads
can be calculated using the following equation:

Drug Content (%) = (Amount of drug in beads
/ Total weight of beads) x 100

E. Determination of Swelling Index

The swelling index of the sodium alginate beads is
determined by measuring the increase in weight of
the beads after immersion in a simulated nasal
fluid. This parameter provides insight into the
mucoadhesive properties of the beads and their
potential to prolong the residence time in the nasal
cavity. The swelling index is an important
parameter that affects the release characteristics
and mucoadhesive properties of the beads, making
it a critical evaluation criterion for the sodium
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alginate  beads menthol and  Where:

camphor”15.

containing
Ws = Weight of the swollen beads

Wo = Initial weight of the beads
The swelling index of the sodium alginate beads

can be calculated using the following equation: RESULT AND DISCUSSION

Swelling Index = (Ws - Wo) / Wo

Table B. Physical Evaluation of Beads.

e
NCF

7

SL.NO B1 B2 B3
Colour Creamy Beige | Creamy Beige Creamy Beige
Odour Strong Sharp Refreshing and therapeutic
Texture Uniform Uniform Uniform
Table c. Particle size and shape
Parameter Bl B2 B3
Size (cm) 0.20 0.19 0.20
Shape Spherical | Spherical | Spherical

Table d. UV Spectrophotometry of Beads

Concentration (ug/mL) | Absorbance | Absorbance + Variation
0 0 0
1 0.05 +0.005
5 0.20 +0.01
10 0.35 +0.02
20 0.6 +0.03
50 1.20 +0.05
Table d2. Absorbance of Camphor
Concentration Absorbance Absorbance
(ug/mL) Variation

0 0 0

1 0.06 +0.005

5 0.25 +0.01

10 0.45 +0.02

20 0.75 +0.03

50 1.50 +0.05
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CALIBRATION CURVE OF MENTHOL
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SUMMARY AND CONCLUSION

This study successfully formulated and evaluated
sodium alginate beads containing menthol and
camphor for the treatment of nasal congestion,
highlighting their potential as a novel nasal
delivery system. The beads showed promising
results, including suitable particle size, high
encapsulation efficiency, and good mucoadhesive
properties, making them a potential solution for
sustained release of menthol and camphor. By
leveraging these properties, the beads can provide
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effective relief from nasal congestion and improve
the quality of life for individuals suffering from
this condition. The sodium alginate beads work by
releasing menthol and camphor in a controlled
manner, providing a sustained therapeutic effect.
Menthol, a known decongestant, helps to thin
mucus and reduce nasal congestion, while
camphor, a natural anti-inflammatory agent, helps
to reduce swelling and inflammation in the nasal
passages. The combination of these two
ingredients in a sustained release formulation can
provide long-lasting relief from nasal congestion
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and associated symptoms. Future studies can focus
on conducting GC analysis for volatile oils and
drug content determination, as well as exploring
clinical efficacy and safety in human subjects. This
will help to further validate the potential of sodium
alginate beads as a nasal delivery system and
ensure their safety and effectiveness for use in
humans.  Additionally, future studies can
investigate the optimal dosing and administration
schedule for the beads, as well as their potential
use in combination with other therapies. The beads
can be marketed in various forms, each with its
own unique benefits and advantages. For example,
inhalers would allow for direct delivery of menthol
and camphor to the nasal cavity, providing quick
and effective relief from congestion. This would
be particularly beneficial for individuals who
suffer from nasal congestion due to allergies or
colds. Mask attachments, on the other hand, would
not only relieve congestion but also prevent the
spread of cold and other respiratory infections.
This would be especially useful in public places or
during flu season. Nasal strips that incorporate the
beads would provide a convenient and easy-to-use
solution for individuals suffering from nasal
congestion. These strips could be worn discreetly
under clothing, providing a constant flow of
menthol and camphor to the nasal passages. This
would be particularly beneficial for individuals
who suffer from chronic nasal congestion or who
have difficulty using traditional nasal sprays or
inhalers. Smart inhaler devices that incorporate the
beads would enable individuals to track their usage
and receive personalized feedback on their
breathing and congestion relief. This would be
especially useful for individuals who suffer from
asthma or chronic obstructive pulmonary disease
(COPD), as it would allow them to monitor their
condition and adjust their treatment plan
accordingly. The potential benefits of sodium
alginate beads containing menthol and camphor
extend beyond just relief from nasal congestion.
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The beads could also be used to deliver other
medications or therapeutic agents to the nasal
cavity, providing a targeted and sustained release.
This could be particularly beneficial for
individuals who suffer from chronic nasal
conditions, such as sinusitis or rhinitis. In addition
to their potential therapeutic benefits, the sodium
alginate beads also have a number of advantages
from a manufacturing and commercial
perspective. The beads are relatively easy to
produce, and the materials used are inexpensive
and widely available. This makes them an
attractive option for companies looking to develop
novel nasal delivery systems. In conclusion, the
sodium alginate beads containing menthol and
camphor show great promise as a novel nasal
delivery system, offering advantages such as
sustained release, improved nasal targeting, and
enhanced patient compliance. By exploring
various marketing solutions and conducting
further research, we can unlock the full potential
of this technology and bring innovative products
to the market that provide effective relief from
nasal congestion. With their potential therapeutic
benefits, ease of production, and commercial
viability, sodium alginate beads are an exciting
development in the field of nasal delivery systems.

ACKNOWLEDGEMENT

| extend my heartfelt appreciation to everyone who
contributed to the success of this project. Special
thanks to my mentors and peers for their insightful
feedback and continuous support. Your expertise
and encouragement were invaluable in shaping
this project. I'm also grateful to my family for their
unwavering support and understanding. Your
patience and motivation inspired me to push
through challenges and achieve my goals. The
resources and facilities provided by my institution
were instrumental in facilitating this project. |
appreciate the opportunities and access that
enabled me to explore and learn. Thank you all for

3719 |Page



Anjali S. Krishna, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 5, 3711-3721 | Research

being part of this journey. Your collective support
made this project possible.

REFERENCES

1.

JEx
{ex
W

Corey JP, Houser SM, Ng BA. Nasal
congestion: a review of its etiology,
evaluation, and treatment. Ear Nose Throat J.
2000;79(9):690-702.
d0i:10.1177/01455613000790090.

Fornadley JA. The stuffy nose and rhinitis.
Med Clin North Am. 1999;83(1):1-12.
doi:10.1016/S0025-7125(05)70083-3.

Patel GB, Kern RC, Bernstein JA, Hae-Sim P,
Peters AT. Current and future treatments of
rhinitis and sinusitis. J Allergy Clin Immunol
Pract. 2020 May;8(5):1522-1531. doi:
10.1016/j.jaip.2020.01.031. Epub 2020 Jan 28.
PMID: 32004747; PMCID: PMC7416524.
Wang J, Mao ZF, Cheng L. Rise and fall of
decongestants in treating nasal congestion
related diseases. Expert Opin Pharmacother.
2024;25(14):1943-1951.
d0i:10.1080/14656566.2024.24110009.

Katare P, Pawar MT, Nadkarni T, Deshpande
A, Tekade MR, Benival RK, Jain D. Nasal
drug delivery system and devices: An
overview on health effects. ACS Chem Health
Saf. 2024 Mar 25;31(2):143-157. doi:
10.1021/acs.chas.3c000609.

Sachan N, Pushkar S, Jha A, Bhattcharya A.
Sodium alginate: The wonder polymer for
controlled drug delivery. J Pharm Res.
2009;2:40-42.

Pereira EJ, Sim L, Driver H, Parker C,
Fitzpatrick M. The effect of inhaled menthol
on upper airway resistance in humans: a
randomized controlled crossover study. Can
Respir J. 2013 Jan-Feb;20(1):el1-4. doi:
10.1155/2013/383019. PMID: 23457678;
PMCID: PMC3628651.

Hamidpour R, Hamidpour S, Hamidpour M,
Shahlari M.  Camphor  (Cinnamomum

2\

) INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

4}’

10.

11.

12.

13.

14.

15.

camphora), a traditional remedy with the
history of treating several diseases. Int J Case
Rep Images. 2013;4(2):86-89.

Burrow A, Eccles R, Jones AS. The effects of
camphor, eucalyptus and menthol vapour on
nasal resistance to airflow and nasal sensation.
Acta Otolaryngol. 1983 Jul-Aug;96(1-2):157-
161. doi:  10.3109/00016488309132886.
PMID: 6613544.

Shelar SS, Surawase RK. Formulation
techniques and modern methods for sodium
alginate beads: chemical characterization. IntJ
Creat Res Thoughts. 2024;12(8):b937—0b942.
Available from:
https://ijcrt.org/papers/IJCRT2408213.pdf.
Helmiyati, Aprilliza M. Preparation of
microbeads by different techniques and study
of their influence on evaluation parameters.

IOP  Conf Ser: Mater Sci Eng.
2017;188:012019. doi: 10.1088/1757-
899X/188/1/012019.

National Center  for Biotechnology

Information. PubChem Compound Summary
for CID 5284359, Calcium Chloride.
Available from:
https://pubchem.ncbi.nlm.nih.gov/compound/
Calcium-Chloride. Accessed April 23, 2025.
Bernard B, Joshi H, Fan P. Menthol in
livestock: unveiling its multifaceted properties
and future potential for sustainable agriculture.
Int J Mol Sci. 2025;26(6):2679. doi:
10.3390/ijms26062679.

Yadav A, Tiwari R, Rane J. Study of camphor
with  chemical constituents and its
pharmacological action. Int J Pharm Sci.
2025;3(1):2592-2596. Available  from:
https://doi.org/10.5281/zenodo.14778771.
Shivhare UD, Mathur VB, Shrivastava CG,
Ramteke VI. Preparation of microbeads by
different techniques and study of their
influence on evaluation parameters. J Adv
Pharm Educ Res. 2013;3(3):279-288.

3720 |Page



Anjali S. Krishna, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 5, 3711-3721 | Research

Available from:

https://japer.in/article/preparation-of-
microbeads-by-different-techniques-and-
study-of-their-influence-on-evaluation-
parameters.

HOW TO CITE: Anjali S. Krishna*, Formulation and
Evaluation of Sodium Alginate Beads Containing
Menthol and Camphor for Nasal Congestion Relief, Int.
J. of Pharm. Sci., 2025, Vol 3, Issue 5, 3711-3721.
https://doi.org/10.5281/zenodo.15486717

Z2UISN)

%)Y INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

=4

‘ILL<<\
)

3721 | Page



