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ABSTRACT

Background: Nasal drug delivery offers rapid
onset of action and avoids first-pass metabolism;
however, conventional formulations suffer from
rapid mucociliary clearance. Mucoadhesive
microspheres incorporated into in-situ nasal gels
can enhance nasal residence time and sustain
drug release. Chlorpheniramine maleate, a
widely used antihistamine, can benefit from such
delivery to reduce systemic side effects and
improve local efficacy. Methods:
Chlorpheniramine maleate-loaded mucoadhesive
microspheres were prepared using chitosan as
the mucoadhesive polymer and sodium
tripolyphosphate (TPP) as the cross-linking
agent via the emulsification cross-linking
method. Formulations F1-F9 were evaluated for
% vyield, drug entrapment efficiency, particle
size, swelling index, mucoadhesion, and in-vitro
drug release. The optimized microspheres were
incorporated into an in-situ nasal gel and
characterized for pH, gel strength, viscosity, and
mucoadhesive force. Results: The microspheres
exhibited % vyield of 58.9-77.0%, drug
entrapment efficiency of 48.6-72.3%, particle
sizes of 16.2-35.0 um, swelling indices of 22.5—
56.2%, and mucoadhesion of 45.2—75.6%. In-
vitro release studies showed sustained drug

release over 8 hours, with the optimized gel
displaying suitable pH (6.0-6.3), gel strength,
viscosity, and mucoadhesive force, ensuring
compatibility with nasal mucosa. Conclusion:
The study demonstrates that Chlorpheniramine
maleate-loaded mucoadhesive  microspheres
incorporated into in-situ nasal gels are a
promising approach for sustained intranasal drug
delivery, offering enhanced residence time,
improved bioavailability, and reduced systemic
side effects.
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I.  INTRODUCTION

Nasal drug delivery has emerged as a promising
route for systemic and local therapy due to the
high vascularization, large surface area, and
avoidance of first-pass metabolism. However,
conventional nasal formulations often suffer
from rapid mucociliary clearance, resulting in
limited drug absorption and reduced therapeutic
efficacy. To overcome these challenges,
mucoadhesive drug delivery systems have been
extensively investigated to enhance residence
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time on the nasal mucosa and achieve sustained
drug release. [1,2]

Chlorpheniramine maleate, a first-generation
antihistamine, is widely used for the treatment of
allergic rhinitis and nasal congestion. Oral
administration of Chlorpheniramine maleate is
associated with systemic side effects such as
sedation and gastrointestinal disturbances. Nasal
delivery of Chlorpheniramine maleate can
provide rapid onset of action, localize
therapeutic  effect, and reduce systemic
exposure, making it an ideal candidate for
intranasal formulations. [3,4]

Mucoadhesive microspheres are polymer-based
particulate systems capable of adhering to the
nasal mucosa, providing controlled and targeted
drug release.  Incorporation of  these
microspheres into in-situ gelling systems further
enhances nasal retention by forming a gel upon
contact with nasal fluids, preventing rapid
clearance. Chitosan, a natural cationic polymer,
is commonly employed due to its
biocompatibility, biodegradability, and
mucoadhesive properties. Sodium
tripolyphosphate (TPP) is often used as a cross-
linking agent to stabilize chitosan microspheres.

[5,6]
The present study focuses on the formulation
and in-vitro characterization of

Chlorpheniramine maleate-loaded mucoadhesive
microspheres incorporated in an in-situ nasal
gel, aiming to achieve prolonged residence time,
improved drug bioavailability, and sustained
therapeutic effect. The work involves systematic
optimization of polymer concentration, cross-
linking, and formulation parameters, followed
by evaluation of particle size, drug entrapment
efficiency, muco-adhesion, swelling, gelation,
and in-vitro drug release. [6,7]

Il.  MATERIALS AND METHOD
Preliminary Evaluation of Chlorpheniramine
Maleate
The preliminary evaluation of Chlorpheniramine
maleate was carried out to confirm its physical
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characteristics and purity. The drug was
observed as a white to off-white crystalline
powder, which is typical for its pure form, and
odorless, indicating the absence of volatile
impurities. Solubility studies were performed in
various solvents, showing that the drug is freely
soluble in water and dilute hydrochloric acid,
and soluble in alcohols such as ethanol and
methanol, confirming  compatibility  with
aqueous and hydroalcoholic formulations. The
melting point was determined to be 130-135°C,
consistent with pharmacopeial standards, thus
confirming the identity and purity of
Chlorpheniramine maleate and its suitability for
intranasal delivery systems like mucoadhesive
microspheres and in-situ gels.[8]

Solubility  Profile of Chlorpheniramine
Maleate

The quantitative solubility of Chlorpheniramine
maleate was determined in different solvents to
understand its  solubility  behavior  for
formulation development. The drug was freely
soluble in water (26 mg/mL) and 0.1 N HCI (32
mg/mL), moderately soluble in ethanol (13
mg/mL) and methanol (19 mg/mL), and
practically insoluble in non-polar solvents like
ether and benzene. Slight solubility in 0.1 N
NaOH (3.5 mg/mL) suggested reduced
dissolution in basic environments. These
findings confirm that the drug is predominantly
polar, making it suitable for incorporation into
aqueous-based mucoadhesive microspheres and
in-situ gels.[9]

Calibration Curve of Chlorpheniramine
Maleate

The spectrophotometric method was used to
construct the calibration curve over a
concentration range of 2-12 pug/mL. Absorbance
was measured at the Amax specific for
Chlorpheniramine maleate, showing a linear
increase with concentration. The low standard
deviations (£0.001-0.004) indicate excellent
reproducibility. The linearity confirms that
Beer's law was obeyed, validating the method
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for quantitative determination of drug
content, entrapment efficiency, and in-vitro
release in microsphere formulations.[10]
Preparation of Mucoadhesive Intranasal
Microspheres:

The mucoadhesive intranasal microspheres of
Chlorpheniramine  Maleate (F1-F9) were
prepared by the emulsification cross-linking
method using chitosan as the mucoadhesive
polymer and sodium tripolyphosphate (TPP) as
the cross-linking agent. Accurately weighed
guantities of chitosan were dissolved in 1% v/v
acetic acid to obtain polymer solutions of
different concentrations (1.0%, 1.5%, and 2.0%
w/w) corresponding to formulations F1-F9.
Chlorpheniramine Maleate (10% w/w) was

INTERNATIONAL JOURNAL OF PHARMACY WITH MEDICAL SCIENCES

E-ISSN:3068-2738
Vol.5, No. 4(2025)
WwWw.ijpams.com

dispersed uniformly in the chitosan solution
under magnetic stirring. The dispersion was then
added dropwise into light liquid paraffin (50
mL) containing 0.5% v/v Span 80 as an
emulsifying agent, under continuous stirring to
form a stable emulsion. Aqueous TPP solution
(0.5-1.5% wi/v) was added slowly to induce
cross-linking and  microsphere  formation.
Stirring was continued for a specific duration to
complete the cross-linking process, after which
the microspheres were separated by filtration,
washed repeatedly with n-hexane to remove oil
residues, and dried at room temperature. The
dried microspheres were finally blended with
2% w/v mannitol as a cryoprotectant and stored
in a desiccator until further evaluation.[10,11]

Table 1: Composition of Mucoadhesive Intranasal Microspheres (F1-F9)

Ingredients / Parameters F1 |F2 |F3 |F4 |F5 |F6 |F7 |F8 |F9
Chlorpheniramine Maleate (% w/w) 10 (10 (10 |10 |10 |10 |10 |10 |10
Chitosan (% w/w) 10 (10 (10 |15 |15 |15 |20 |20 |20
TPP (% wiv) 05 |10 |15 |05 |10 |15 |05 |10 |15
Span 80 (% Vv/v) 05 |05 |05 |05 |05 |05 |05 |05 |05
Liquid Paraffin (mL) 50 |50 |50 |50 |50 |50 |50 |50 |50

Evaluation of Mucoadhesive Microspheres

Mucoadhesive microspheres of
Chlorpheniramine  maleate  (F1-F9) were
prepared by emulsification cross-linking using
chitosan as the polymer and TPP as the cross-
linker. The formulations were evaluated for %
yield, drug entrapment efficiency, particle size,
swelling index, mucoadhesion, and in-vitro drug
release. The % yield and drug entrapment
efficiency increased progressively with higher
polymer and cross-linker  concentrations,
indicating efficient microsphere formation and
drug loading. Particle size increased from 16.2 +
1.1 pm (F1) to 35.0 £ 1.9 pm (F9), showing the
effect of polymer and cross-linker on particle
growth. The swelling index increased
proportionally, enhancing mucoadhesion and
sustaining drug release. Correspondingly, %

mucoadhesion after 1 h increased from 45.2 +
24% to 756 * 1.6%, indicating stronger
adhesion and prolonged residence time. The in-
vitro cumulative drug release exhibited
controlled release over 8 h, decreasing from 78.0
+ 3.0% (F1) to 40.8 = 3.0% (F9), confirming
that formulation parameters effectively modulate
sustained release. These results suggest that
microsphere properties can be optimized to
balance mucoadhesion, particle size, and release
kinetics for efficient intranasal delivery.[12-18]
1. RESULTS AND DISCUSSION
Preliminary Evaluation of Chlorpheniramine
Maleate

The preliminary evaluation of Chlorpheniramine
maleate revealed that the drug is a white to off-
white crystalline powder, which is typical for its
pure form, and odorless, indicating the absence
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of volatile impurities. The solubility study
demonstrated that the drug is freely soluble in
water and soluble in alcohol, suggesting good
compatibility with agueous and hydroalcoholic
formulations. Its melting point of 130-135°C
corresponds with the standard range reported in
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identity and purity of the compound. These
characteristics indicate that Chlorpheniramine
maleate possesses suitable physicochemical
properties for formulation into intranasal
delivery systems such as mucoadhesive
microspheres and in-situ gels.

pharmacopeial references, confirming the
Table 2: Preliminary Evaluation of Chlorpheniramine Maleate

Sr. No. Parameter Observation

1 Appearance White to off-white crystalline powder

2 Odor Odorless

3 Melting Point 130-135°C

Solubility Profile of Chlorpheniramine acetone (2 mg/mL) and is practically insoluble
Maleate in ether (0.1 mg/mL) and benzene (0.1 mg/mL),

The solubility profile of Chlorpheniramine
maleate indicates that the drug is freely soluble
in water (26 mg/mL) and dilute hydrochloric
acid (32 mg/mL), demonstrating its good
solubility in polar aqueous media, which is
advantageous for nasal formulations. It is
moderately soluble in ethanol (13 mg/mL) and
methanol (19 mg/mL), suggesting compatibility
with hydroalcoholic systems. The drug shows
limited solubility in chloroform (2 mg/mL) and

indicating low solubility in non-polar solvents.
Slight solubility in 0.1 N NaOH (3.5 mg/mL)
suggests  reduced  dissolution in  basic
environments. These results confirm that
Chlorpheniramine maleate is predominantly
polar and ionizable, which supports its
suitability for incorporation into aqueous-based
mucoadhesive microspheres and in-situ nasal

gels.

Table 3: Solubility Profile of Chlorpheniramine Maleate

Sr. No. Solvent Quantitative Solubility | Descriptive Solubility
(mg/mL)

1 Water 26 mg/mL Freely soluble

2 Ethanol (95%) 13 mg/mL Soluble

3 Methanol 19 mg/mL Soluble

4 Chloroform 2 mg/mL Slightly soluble

5 Ether 0.1 mg/mL Practically insoluble

6 Acetone 2 mg/mL Slightly soluble

7 Benzene 0.1 mg/mL Insoluble

8 (0.1 N HCI) 32 mg/mL Freely soluble

9 (0.1 N NaOH) 3.5 mg/mL Slightly soluble
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Calibration curve of Chlorpheniramine maleate

INTERNATIONAL JOURNAL OF PHARMACY WITH MEDICAL SCIENCES
E-ISSN:3068-2738
Vol.5, No. 4(2025)

WwWw.ijpams.com

Solubility of Chlorpheniramine Maleate

I I [ |
g A
x& 9\0 Qo ,‘&
$‘) Q ‘Q‘} o é\e
0\ @ A
& ¢

@

|
&

& &
& @Q >

()
& g?(‘)

A ?

Fig 1: Solubility of Chlorpheniramine Maleate

The calibration curve of Chlorpheniramine maleate was constructed over a concentration range of 2-12
pg/mL, showing a linear increase in absorbance with concentration. The measured absorbance values
(0.102-0.613 nm) demonstrated excellent reproducibility, as reflected by the low standard deviations
(x0.001-0.004), indicating the reliability of the spectrophotometric method. This linear relationship
confirms that Beer's law was obeyed within the selected range, validating the method for quantitative
determination of Chlorpheniramine maleate in microsphere formulations and in-vitro release studies. The
calibration curve provides a critical tool for assessing drug content, entrapment efficiency, and release
kinetics in subsequent formulation evaluations.
Table 4: Calibration Curve of Chlorpheniramine Maleate

S. No. | Concentration (ug/mL) | Absorbance (hnm) | Mean + SD
1 2 0.102 0.102 £ 0.001
2 4 0.205 0.205 £ 0.002
3 6 0.306 0.306 £ 0.003
4 8 0.407 0.407 £ 0.002
5 10 0.510 0.510 £ 0.004
6 12 0.613 0.613 £ 0.003
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Fig 2: Calibration Curve of Chlorpheniramine Maleate
Evaluation of Mucoadhesive Microspheres
The evaluation of Chlorpheniramine maleate-loaded mucoadhesive microspheres (F1-F9) demonstrated a
progressive increase in % yield and drug entrapment efficiency with higher polymer and cross-linker
concentrations, indicating efficient microsphere formation and drug incorporation. The average particle
size increased from 16.2 + 1.1 um (F1) to 35.0 £ 1.9 um (F9), reflecting the influence of chitosan and
TPP levels on particle growth. The swelling index showed a proportional increase, suggesting enhanced
water uptake with larger and more cross-linked microspheres, which is beneficial for mucoadhesion and
sustained release. Correspondingly, % mucoadhesion after 1 h increased from 45.2 + 2.4% to 75.6
1.6%, indicating stronger adhesion to the nasal mucosa and prolonged residence time. The in-vitro
cumulative drug release displayed a controlled release pattern, decreasing from 78.0 + 3.0% in F1 to 40.8
+ 3.0% in F9 over 8 h, confirming that higher polymer and cross-linker concentrations effectively sustain
drug release. Overall, these results suggest that formulation parameters can be optimized to balance
mucoadhesion, particle size, and release kinetics for effective nasal delivery.

Table 5: Evaluation of Mucoadhesive Microspheres

Parameter F1 F2 F3 F4 F5 F6 F7 F8 F9

% Yield 589 |60.7 |624 |66.2 |68.0 |69.7 |73.0 |754 |77.0
+16 |+*15 |+*17 |+*16 |+15 | +18 |+17 |+16 |+138

Drug Entrapment 486 |520 |551 |580 |614 |64.7 |675 |700 |723
Efficiency (EE %) +22 | +20 | +£23 [+£21 |20 |+22 |+21 |+20 |+23

Average particle size 162 | 178 |196 |220 |241 |267 |299 |321 |350
(um) +11 |+12 | £13 [£14 |15 |+16 |[+£17 |18 |19
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% Swelling index (in 225 | 250 |288 |330 |374 (418 |46.7 |51.0 |56.2

pH 6.4, 1 h) +10 |+11 [+12 |+13 |+14 |+15 |[+16 |+17 |+18

9% Mucoadhesion after | 45.2 | 49.0 53.1 57.6 61.8 65.0 68.9 72.2 75.6

1hr +24 | +£23 |+22 |+£21 |+20 |+£19 |[+18 |+17 |+16

In-vitro cumulative 78.0 74.2 70.5 66.0 61.2 56.8 51.5 46.0 40.8

drug release (%) at8h | +3.0 |+28 [+£29 |+27 |+26 [+£25 |+£26 |+28 |+£3.0
% Yield

F2 F3 F4 F5 F6 F7 F8 F9

Fig 3: % Yield

In-vitro cumulative drug release (%) at 8 h
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Fig 4: In-vitro cumulative drug release (%) at 8 h
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Evaluation Parameters of Microsphere-
Loaded In-situ Gel

The evaluation of Chlorpheniramine maleate-
loaded microsphere in-situ gels (F1-F3)
demonstrated that all formulations had solution
pH values of 5.7-5.8 and gel pH values of 6.1-
6.2, indicating compatibility with the nasal
mucosa and minimal risk of irritation. Gel
strength increased progressively from 38.5 + 1.5
sec (F1) to 43.2 £ 1.5 sec (F3), suggesting the
formation of robust gels capable of resisting
mucociliary clearance. The viscosity of the
formulations also increased upon gelation, from
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110-130 cps in solution to 780-860 cps in gel
form, ensuring adequate consistency for nasal
retention. Correspondingly, the mucoadhesive
force increased from 28.5 + 2.0 to 31.5 = 2.0
dyne/cm? across the formulations, reflecting
stronger adhesion to the nasal mucosa and
prolonged residence time. These findings
indicate that the microsphere-loaded in-situ gels
possess  suitable  physicochemical and
mechanical properties for intranasal delivery,
providing sustained drug release while
maintaining nasal compatibility.

Table 6: Evaluation Parameters of Microsphere-Loaded In-situ Gel

Parameter F1 F2 F3
pH (Solution) 57+0.1 58+0.1 58+0.1
pH (Gel) 6.1+£0.2 6.2+0.2 6.2+0.2
Gel strength (sec) 385+£15 41.0+1.6 43.2+15
Viscosity (cps, Solution) 110+5 1206 1305
Viscosity (cps, Gel) 780 £ 15 820+ 14 860 + 16
Mucoadhesive force (dyne/cm2) 285+20 30.0+21 31.5+£2.0
1IV.  CONCLUSION Thermosensitive  Mucoadhesive  Gel
The study successfully formulated Based Encapsulated Lipid Microspheres

Chlorpheniramine maleate-loaded mucoadhesive
microspheres incorporated into an in-situ nasal
gel with optimized drug entrapment, particle
size, swelling, mucoadhesion, and sustained
drug release. The optimized formulation
demonstrated good physical stability, nasal pH
compatibility, and enhanced in-vitro release,
indicating its potential as an effective intranasal
delivery system for prolonged therapeutic action
and improved patient compliance.
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