
Vol.:(0123456789)

AAPS PharmSciTech (2024) 25:31 
https://doi.org/10.1208/s12249-024-02750-9

RESEARCH ARTICLE

Spray‑Dried Mucoadhesive Re‑dispersible Gargle of Chlorhexidine 
for Improved Response Against Throat Infection: Formulation 
Development, In Vitro and In Vivo Evaluation

Vineet Kumar Rai1 · Amresh Kumar2 · Deepak Pradhan1 · Jitu Halder1 · Tushar Kanti Rajwar1 · Manoj Kumar Sarangi3 · 
Priyanka Dash1 · Chandan Das1 · Salim Manoharadas4 · Biswakanth Kar1 · Goutam Ghosh1 · Goutam Rath1 

Received: 25 October 2023 / Accepted: 20 January 2024 / Published online: 7 February 2024 
© The Author(s), under exclusive licence to American Association of Pharmaceutical Scientists 2024

Abstract
Drug delivery to the buccal mucosa is one of the most convenient ways to treat common mouth problems. Here, we propose 
a spray-dried re-dispersible mucoadhesive controlled release gargle formulation to improve the efficacy of chlorhexidine. 
The present investigation portrays an approach to get stable and free-flowing spray-dried porous aggregates of chlorhexidine-
loaded sodium alginate nanoparticles. The ionic gelation technique aided with the chlorhexidine’s positive surface charge–
based crosslinking, followed by spray drying of the nanoparticle’s dispersion in the presence of lactose- and leucine-yielded 
nano-aggregates with good flow properties and with a size range of about 120–350 nm. Provided with the high entrapment 
efficiency (87%), the particles showed sustained drug release behaviors over a duration of 10 h, where 87% of the released 
drug got permeated within 12 h. The antimicrobial activity of the prepared formulation was tested on S. aureus, provided 
with a higher zone of growth inhibition than the marketed formulation. Aided with an appropriate mucoadhesive strength, 
this product exhibited extended retention of nanoparticles in the throat region, as shown by in vivo imaging results. In con-
clusion, the technology, provided with high drug retention and extended effect, could be a potential candidate for treating 
several types of throat infections.
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Introduction

The advent of various novel drug delivery approaches indi-
cates several disadvantages associated with conventional 
drug delivery systems such as the need for higher doses due 

to hepatic first-pass metabolism and systemic toxicity result-
ing from the higher drug dose [1]. There is a lot of interest 
in drug administration through the buccal mucosa since it 
offers the benefit of direct drug availability locally or into 
the systemic circulation through the reticulated vein lining 
of the buccal mucosa, thereby avoiding hepatic first-pass 
metabolism [1–4]. Mucosal sites are considered attractive 
for local drug administration due to their unique benefits, 
which include low enzymatic activity, high blood flow, 
easy accessibility, high sialic acid, and required surface 
area [1]. Mucoadhesive formulations are meant to adhere 
to the buccal wall through an interaction with the mucus, 
thus favoring longer residence time [5]. First-generation 
mucoadhesive polymers bind to mucin through non-covalent 
interactions, while the next generation, including thiolated 
polymers, adheres to mucin through covalent bonds [6]. 
However, hydrophilicity, molecular weight, concentration, 
swelling factor, degree of crosslinking of polymers, as well 
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as physiological conditions like the presence of a disease, 
mucin turnover rate, and local pH, must all be taken into 
account to ensure the optimum performance of mucoadhe-
sive drug delivery systems [7].

Polymeric nanoparticles are suitable drug carriers for 
buccal drug delivery because of their unique ability to 
provide controlled release of encapsulated bioactive at the 
target site, accumulation at the target site, and protection 
from degradation from the external biological environment. 
Due to the advantages of improving drug localization and 
encouraging the need for smaller therapeutic doses, poly-
meric nanoparticles seem to be the preferred drug delivery 
carrier for buccal use. Additionally, polymeric nanoparti-
cles with a high surface-to-volume ratio have more vital 
attractive forces with mucus, resulting in longer retention 
at the application site [4, 8]. The surface charge of nano-
particles that binds to the negatively charged mucin con-
tributes to their mucoadhesive nature [4, 5]. Mucoadhesive 
nanoparticles for buccal administration are fabricated from 
various polymers such as chitosan, alginate, poly(acrylic 
acid), cellulose derivatives, polyvinyl alcohol, and poly-
ethene glycol [8].

Sodium alginate is a hydrophilic natural polymer which 
is biocompatible, biodegradable, and included in GRAS cat-
egories by FDA. Chemically, it is a polysaccharide, a mono-
valent form of alginic acid having β-d-mannuronic acid and 
α-l-guluronic acid as two monomeric units [9]. Due to the 
presence of carboxylic ends, sodium alginate is categorized 
as an anionic mucoadhesive polymer which is considered to 
have greater extent of bio-adhesion as compared to polyca-
tionic mucoadhesive polymers [10]. Sodium alginate under-
goes rapid gelation in the presence of divalent or polyvalent 
cations, forming an insoluble network [11]. This is formed 
due to the polymer’s ionic interaction and intermolecular 
bonding between cations and carboxylic acid groups [9]. 
Sodium alginate may often be blended with other suitable 
mucoadhesive polymers to enhance the functional properties 
of a formulation, such as swelling, stability, drug encapsula-
tion, and release [12].

Chlorhexidine is a biguanide wide-spectrum topical anti-
microbial agent used as a significant component of daily 
mouthwash to treat gingivitis. Chlorhexidine can be used 
to treat several severe disorders, including endodontics 
and infected oral mucositis. In contrast to antibiotics, it is 
a biocide and is less likely to acquire resistance [13, 14]. It 
targets the membrane integrity of microorganisms at low 
concentrations, while coagulation of the cytoplasm occurs 
at higher concentrations. Chlorhexidine is a pH-sensitive 
antimicrobial agent, with pH 7.0 being optimal [14]. Incor-
poration or encapsulation of chlorhexidine into nanocarri-
ers can improve overall biological activity due to enhanced 
retention at the target site [15]. This further helps to lower 
the possibility of the emergence of drug resistance [14].

In the present study, chlorhexidine-loaded sodium algi-
nate nanoparticles were fabricated to treat throat infections. 
The ionic gelation method was utilized to prepare the nano-
particles with chlorhexidine as the crosslinker, which was 
also the active constituent. The prepared nanoparticles were 
further spray-dried in the presence of l-lucine and lactose to 
increase the yield and flow properties of the nanoparticles. 
Finally, the modified nanoparticles were subjected to vari-
ous in vitro and in vivo evaluation parameters to justify their 
hypothesized application.

Materials

Chlorhexidine was obtained from Cadila Pharmaceutical 
Limited, New Delhi. Acetonitrile HPLC grade was pur-
chased from SD Fine-Chemie Pvt, Ltd., Mumbai. Barium 
sulfate was purchased from Loba Chemie Pvt., Ltd., Mum-
bai, India. Chlorhexidine was purchased from Zydus Cadila 
Pharmaceutical, New Delhi, and DMSO, ethanol, ortho-
phosphoric acid, potassium hydroxide, sodium alginate, 
sodium chloride, hydrochloric acid, l-luciene, and Tween 
20 was purchased from Central Drug House, New Delhi. 
Lactose, dialysis membrane, n-octanol, methanol, potas-
sium chloride, potassium hydrogen phosphate, and sodium 
hydrogen phosphate were purchased from HiMedia Labo-
ratories Pvt. Ltd., Mumbai. All other chemicals used were 
of analytical grade.

Methods

Determination of λmax and Preparation of Standard 
Curve

The λmax of the drug was confirmed by making stock 
solutions of known concentrations 100 μg/mL of chlo-
rhexidine gluconate in water. This was then scanned by 
UV-spectrophotometer (Schimadzu Corporation, Japan) 
in the range of 400 to 200 nm, and absorption maxima 
was determined. Furthermore, several dilutions of the drug 
were prepared in increasing order (2, 4, 6, 8, 10, 12, and 
14 μg/mL), and the absorbance was measured at the λmax 
of 253 nm. Finally, a graph between drug concentration 
and absorbances was plotted, and the linearity of the curve 
was determined [16].

Preparation and Optimization of Nanoparticle

In the present study, chlorhexidine gluconate–loaded 
sodium alginate nanoparticle was prepared by using the 
ionic gelation method. The positive charge of chlorhexidine 
interacted with the negative charge of sodium alginate to 
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form coacervates with a size in the range of nanometers. 
Chlorhexidine gluconate was used in the 0.3 to 1.2% range 
to optimize crosslinking. Sodium alginate was used in the 
range of 0.1 to 0.4%. The sodium alginate was added to the 
solution of chlorhexidine gluconate drop by drop using a 
dropper under continuous high-speed (6000 rpm) stirring at 
a fixed concentration of tween 20 [17].

Preparation of Spray‑Dried Powder

Labultima spray dryer was used to prepare re-dispersible 
spray-dried nanoaggregates. Each stock solution of chlo-
rhexidine gluconate–loaded sodium alginate nanoparti-
cle was mixed with a bulking agent (lactose) and anti-
adherent (leucine) at 5% w/v. The inlet temperature was 
maintained at 90–95°C, outlet temperature at 70–75°C 
and vacuum at 78–95 Pa. Incorporation of leucine into 
the formulation before spray-drying could improve pro-
cess yield because of its anti-adherent and hydrophobic 
properties [18, 19].

Characterization of the Developed Spray‑Dried 
Powder

Particle Size and Size Distribution

The optimized nanoparticles’ particle size and size dis-
tribution and nanospray-dried powdered particle were 
determined by laser diffractometer-based Beckman coul-
ter Delsa TM Nano C Particle analyzer. The cuvettes were 
cleaned with distilled water to reduce the possibility of 
contamination. For the measurement of size and poly-
dispersity index (PDI), 2-mL particular dispersions were 
placed into cuvette of Beckman coulter, and measurements 
were recorded.

Drug Polymer Interaction or Compatibility Studies

FTIR study was performed for identifying and analyzing 
possible interaction in the tested samples. An IR spectrum 
of the pure drug and spray-dried powders were obtained by 
crushing them with potassium bromide (KBr) in mortar and 
pestle into fine powder and making their pellets by maintain-
ing the pressure of 10 tons for a minute. Infrared spectrum 
was recorded by scanning over a wave number region of 
400–4000 cm−1 using Nicolet software.

Micrometric Properties of the Powder

Spray-dried powder was characterized for its flow properties 
utilizing variables such as the angle of repose, bulk density, 
tapped density, Hausner’s ratio, Carr’s, and compressibility 
index. The results were expressed as mean values of three 

determinations. As far as angle of repose is concerned, the 
powdered sample is allowed to fall gently through a funnel 
on to a hard surface from the height of 2.5 cm. The height of 
the pile and diameter were noted. Angle of repose was deter-
mined by using the formula Angle of repose (θ) = tan

−1(h∕r) . 
Where, h is the height and r are the radius of the powder 
cone. For bulk density determination, 10-g powder sample 
was weighed and was gently poured through glass funnel into 
calibrated 100-mL measuring cylinder. The volume occupied 
by the sample was recorded, and bulk density (g/mL) was 
calculated and recorded in the table by using formula 
Bulk density =

Weight of sample taken

Bulk volume
 . Similarly, as bulk density, 

tapped density was observed by tapping the cylinder 100 
times from 2-inch height by using Electrotab-tapped density 
apparatus after pouring the pellets into the measuring cylin-
der and the tapped volume was recorded. Finally, the tapped 
densi ty  was recorded by using the formula 
Tapped density =

Weight of sample taken

Tapped volume
 . The Hausner’s ratio is 

a number that is correlated to the flowability of powder. It 
was calculated as the ratio of tapped density and bulk density. 
However, Carr’s index is an indication of the compressibility 
of pellets. Formula Carr� sindex(%) = ρt−ρb

ρt
× 100 is used to 

determine Carr’s index in which Ρt is tapped density and ρb 
is bulk density [20, 21].

Scanning Electron Microscopy

Scanning electron microscopy (SEM; ZEISS, Evo 18, 
Thornwood, NY, USA) was employed to analyze the pre-
pared nanoparticle’s shape and size. A gold sputter–coated 
particle mat was kept in the SEM sample holder. The SEM 
images were taken using an accelerating voltage of 20 kV. 
We examined up to 10 different locations on a particle mat 
to assess the average diameter of the NPs. Three view-
ing fields were selected at different magnifications for 
resolution.

Crystalline Structure Assessment

Powder X-ray diffraction (XRD) is one of the most precise 
methods for characterizing the phase behavior of the drug in 
nanoparticles. It was done as per the procedure reported else-
where by Shrimal et al. [22]. The prepared powdered sam-
ples were investigated for crystallinity using a monochromic 
Cu-Kα radiation wavelength (λ = 1.5418 Å) BRUKER D8 
Advance Diffractometer.

Determination of Entrapment Efficiency

Chlorhexidine gluconate–loaded nanoparticles and spray-
dried powdered dispersions were centrifuged at 12,000 rpm 
for 1 h. Then, 1 mL of supernatant was taken and diluted up 
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to 100 mL with water. Finally, drug content was analyzed at 
253 nm using a UV-spectrophotometer. EE was calculated 
using the following formula:

In Vitro Drug Release Study

Release of chlorhexidine gluconate from spray-dried powder, 
marketed formulation and plain drug was evaluated in vitro 
using the dialysis bag method in phosphate buffer 7.4. Before 
the commencement of the experiment, the dialysis bag (molec-
ular weight cutoff 8–14 kDa; Sigma Aldrich) was washed 
thoroughly with deionized water to remove the preservatives. 
Samples equivalent to 10 mg of chlorhexidine gluconate were 
dispersed in distilled water and transferred to a dialysis bag. 
The bags were tied with threads at both ends and immersed in a 
beaker with 100-mL buffer. The system was shaken at 100 rpm 
on a magnetic stirrer at 37°C. The 2-mL aliquots were with-
drawn at predetermined intervals of 15 min, 30 min, 45 min, 
60 min, 120 min, 240 min, 360 min, 480 min, and 600 min, and 
the sample was analyzed at 253 nm by UV–VIS spectropho-
tometer after passing it through syringe filter of 0.22-μm pore 
size and diluting them with water to a suitable concentration 
to match the linearity range of the calibration curve. Further, 
2 mL of fresh phosphate buffer was replaced immediately in 
each sample [23]. The study was done in triplicate, and the 
analyzed drug concentration was plotted against time to assess 
the dissolution rate of the drug from the developed formulation.

Ex Vivo Permeation Study

Permeation of chlorhexidine gluconate from the spray-dried 
powder, marketed formulation, and plain drug was evaluated 
by an ex vivo method using intestinal mucosal membrane. The 
samples equivalent to 10 mg of the pure drug was dispersed in 
10-mL PBS and transferred inside the harvested intestine. The 
sampled intestinal portion was tied at both ends and immersed 
in a beaker containing 100-mL PBS. The system was shaken 
at 100 rpm on a magnetic stirrer at 37°C. Then, 2-mL ali-
quots were withdrawn at predetermined intervals of 15 min, 
30 min, 45 min, 60 min, 120 min, 240 min, 360 min, 480 min, 
600 min, and 720 min). Further, 2-mL fresh mixed in the 
medium to adjust the withdrawn volume of the sample. The 
collected samples were analyzed at 253 nm by UV–VIS spec-
trophotometer. The study was done in triplicate form [24, 25].

Mucoadhesive Strength

The mucoadhesive strength of the developed powder was 
tested using Brookfield’s texture analyzer. The gout mucosa 

% EE =
Total amount of drug added − Amount of untrapped drug

Total amount of drug added
× 100

was placed on one of the attachments of the device and 
spray-dried powder stuck to the other attachment of the ana-
lyzer with the help of double-sided tape. The force needed 
for the spray dryer powder to detach from the mucosa was 
calculated [24].

In Vitro Antimicrobial Activity

The antimicrobial activity of prepared formulation was 
determined against S. aureus in Muller-Hinton broth. The 
nutrient broth was inoculated by using a swab dipped in 
the bacterial cell suspension. Sample (plain drug, marketed 
formulation, and drug-loaded formulation) were carefully 
placed on the agar surface for the evaluation and compari-
son of antimicrobial activity. The zones of inhibition were 
measured after 1 and 2 days [26].

In Vivo Investigation of Retention Time by X‑ray

The retention efficacy of optimized formulation in rat was 
determined using a radiographic imaging technique. The 
animals were fasted overnight before the experiment, with 
free access to water. Formulation containing the contrast 
medium of 0.50% barium sulfate was administered orally 
with the help of pan-century insufflators. X-ray images of 
throat were taken at various time points up to 8 h to trace 
the in vivo movement and behavior of spray-dried nanopar-
ticle. X-ray images of the rats were captured using L & T 
Vision 100 (C-arm) X-ray machine, at 64 mAs and 63-kV 
techniques [27].

Statistical Analysis

GraphPad Prism version 8 was used for the statistical analy-
ses of the data. Means and standard deviations are used to 
express values at least in 3 replicates. One-way ANOVA test 
(post hoc test) and Student’s t test were used to analyze and 
compare the variations. P = 0.05 was considered statistically 
significant.

Results and Discussion

Absorption Maxima and Calibration Curve 
of Chlorhexidine Gluconate

The wavelength at which maximum absorbance was 
observed was found to be 253  nm. The absorbance vs. 
wavelength curve is presented in Fig. 1a and b depicts the 
standard curve prepared on the measured absorption max-
ima. On this absorption maxima, the absorbances of vari-
ous dilutions were noted and plotted against their respective 
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concentration. The linearity of the curve was found to be 
in the range of 2 to 14 μg/mL. The value for the regression 
coefficient was found to be 0.998 that portrayed a good cor-
relation between the adjacent values.

Optimization of Nanoparticles

Table  I shows the variation in particle size and PDI 
along with the change in experimental conditions like 
sodium alginate (%) and chlorhexidine gluconate (%). 
Change in chlorhexidine gluconate concentration from 
0.3 to 1.2% and sodium alginate concentration from 0.1 
to 0.4% had significant effect on particle size and PDI 
of the developed nanoparticles. At fixed sodium algi-
nate concentration (0.1%), an increase in both particle 
size and PDI was obtained with change in chlorhexidine 
gluconate concentration from 0.3 to 1.2%. The pattern of 
increasing particle size and PDI with crosslinker’s con-
centration may be due to random precipitation of alginate 
and formation of uneven structure. At higher crosslinker 
concentration, a higher degree of crosslinking is being 
observed due to which a higher particle aggregates 
could be observed. The polymers concentration seems 

not sufficient for producing compact structure with uni-
form distribution. At higher alginate concentration, i.e., 
0.2%w/v, a significant decrease in particle size and PDI 
(from 440.5 ± 17.23 to 318.2 ± 16.78 and 0.364 ± 0.174 
to 0.302 ± 0.074, respectively) was observed with the 
crosslinker’s concentration from 0.3 to 0.5%v/v; however, 
a steep increase in particle size and PDI was observed 
at 0.6 and 0.8%v/v crosslinker. Since the particle size 
is being decreased with crosslinker concentration in the 
initial batches, it means particles with compact structure 
are being formed. However, after a limit, both particle 
size and PDI are being increased confirming 0.2%w/v 
with 0.5%v/v crosslinker concentration as the optimum 
combination with smallest particle size and uniform dis-
tribution of the particles. At 0.3%w/v sodium alginate, 
larger particle was observed at 0.3%v/v concentration of 
crosslinker. However, PDI was found to be increased from 
0.3 to 0.5%v/v concentration of chlorhexidine gluconate. 
The same pattern was observed in the batches prepared 
at fixed concentration of sodium alginate (0.4%w/v) and 
with increasing concentration of crosslinker. A decrease 
in particle size and increase in PDI denotes the presence 
of two or more types of particles. The aforementioned 

Fig. 1   Pictorial depiction of an 
UV-absorption spectra of chlo-
rhexidine gluconate and its cali-
bration curve. a UV-absorption 
spectra of chlorhexidine gluco-
nate and b calibration curve of 
chlorhexidine gluconate

a

b
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inference may suggest that as sodium alginate concentra-
tion increases, the medium’s viscosity rises, interfering 
with the degree of interaction between the polymer and 
the crosslinker and leading to the formation of different 
types of particles with significantly altered distribution 
patterns. The optimized batch F10 (0.2%w/v sodium algi-
nate and 0.5%v/v chlorhexidine gluconate and 0.1%v/v 
tween) resulted smallest particle size and distribution. 
This batch was further used to prepare nanospray-dried 
porous nanoaggregates.

Characteristics of Spray‑Dried Powder

Particle size and PDI

Particle size and PDI of the optimized batch post spray 
drying was found to be 184.5 ± 9.3 nm and 0.224 ± 0.1, 
respectively (Fig.  2). Lactose and leucine helped to 
increase the yield of the prepared nanoparticles. The size 
and PDI was observed to be reduced after spray drying. 
Lactose coating transformed the particles into hydro-
philic, free-flowing and enhances the flavor of the final 
compositions [28]. Leucine’s allowed it to lower the sur-
face tension of the aqueous feedstock prior to drying. As a 
result, the size of the droplets created during atomization 
decreased, resulting in the creation of smaller particles 
with porous surface [29].

FTIR of Pure Drug and Spray‑Dried Formulation

The IR spectrum of chlorhexidine gluconate is shown in 
(Fig. 3). The IR spectrum of the sample was compared with 
physical mixture and spray-dried powder. Table II shows the 
frequency of observed bands. The major band of the drug 
was found to be at 3345, 1965, 1439, 1416, 1063, 982, and 
846 cm−1 could be representative peaks of N–H stretching 
(amine), C = C stretching (Arene), C-H bending (CH2), C-H 
bending (CH3), C-H in plane bend, O–H bend (Alcohol/
phenol), and C-H bend (CH2), respectively. N–H stretching 
(amine), C = C stretching (Arene), C-H bending (CH2), C-H 
bending (CH3), C-H in plane bend, and C-H bend (CH2) 
peaks of the drug were present in the spray-dried powder at 
3384, 1558, 1437, 1407, 1072, and 846 cm−1 except O–H 
bend (alcohol/phenol). It was the only peak that got disap-
peared from the drug peak. This could be due to the forma-
tion of hydrogen bond between two hydrophilic portion of 
the molecules. It portrays the presence of strong physical 
interaction between drug and polymer used [30].

Flow Properties of Spray‑Dried Formulation

The assessment of the powdered flow property was done onthe 
basis of bulk density, tapped density, Carr’s index, Hausner’s 
ratio, and angle of repose. The results related to flow property 
is given in Table III. The empirical relation between the flow 
properties and the repose angle is established with the following 

Table I   Shows Optimization 
of Nanoparticles in Different 
Concentrations of Ingredients

Batches Sodium alginate 
(% w/v)

Chlorhexidine glu-
conate (% v/v)

Tween 20 
(%v/v)

Particle size (nm) PDI

F1 0.10 0.30 0.1 328.8 ± 13.27 0.169 ± 0.120
F2 0.10 0.40 0.1 400.5 ± 23.62 0.200 ± 0.028
F3 0.10 0.50 0.1 528.4 ± 14.37 0.242 ± 0.016
F4 0.10 0.60 0.1 626.1 ± 17.35 0.413 ± 0.033
F5 0.10 0.80 0.1 876.6 ± 23.15 0.652 ± 0.089
F6 0.10 1.00 0.1 881.9 ± 19.58 0.828 ± 0.073
F7 0.10 1.20 0.1 890.4 ± 28.32 0.907 ± 0.067
F8 0.20 0.30 0.1 440.5 ± 17.23 0.364 ± 0.174
F9 0.20 0.40 0.1 401.8 ± 13.13 0.318 ± 0.239
F10 0.20 0.50 0.1 318.2 ± 16.78 0.302 ± 0.074
F11 0.20 0.60 0.1 352.8 ± 21.97 0.313 ± 0.086
F12 0.20 0.80 0.1 584.6 ± 32.53 0.550 ± 0.099
F13 0.30 0.30 0.1 655.9 ± 30.36 0.605 ± 0.093
F14 0.30 0.40 0.1 637.6 ± 45.89 0.720 ± 0.064
F15 0.30 0.50 0.1 556.2 ± 15.52 0.811 ± 0.051
F16 0.40 0.30 0.1 960.4 ± 21.61 0.507 ± 0.097
F17 0.40 0.40 0.1 922.5 ± 69.23 0.818 ± 0.031
F18 0.40 0.50 0.1 874.7 ± 58.11 0.736 ± 0.071
F19 0.40 1.20 0.1 2333.7 ± 80.26 0.985 ± 0.104
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grading. The criteria for flowability are as follows. Flow prop-
erty considered excellent if the angle of repose value is < 25°; 
for good flow property, the value should be between 25 and 
30°; for passable, it should be between 30 and 40°; and for very 
poor, it should be > 40°. Hausner’s ratio is also a good predic-
tion of flow property. If this ratio is between 1.00 and 1.11, 
the flow property will be considered excellent. If this ratio is 
between 1.12 and 1.18, the flow property will be good. Ratio 
1.19 to 1.25 portrays fair flow property, between 1.26 and 1.34 
portrays passable flow, between 1.35 and 1.45 is poor flow, and 
however if it is between 1.46 and 1.59, it portrays very poor 
flow property. Carr’s index values are another form of depic-
tion of the flow property. Excellent flow means Carrs’s index 
value ≤ 10%, good flow is considered if the Carr’s index values 
are between 11 and 15%. Fair flow is depicted by Carr’s index 
values between 16 and 20%, passable between 21 and 25%, 
poor between 26 and 31%, very poor between 32 and 37%, and 
very, very poor means value > 38%.

Based on these criteria, the angle of repose, which was 
observed to be 24–28°, can be considered having good flow 
property. The Hausner’s ratio between 1.15 and 1.23 portrays 
good to fair flow property. However, Carr’s index between 
15 and 18% depicts fair flow property with very close bulk 
and tapped density, i.e., 0.64 and 0.68 g/cm3, respectively. 
Closeness in these densities portrays dense nature of powder. 
Air gaps are not present, and hence, the powder is not fluffy. 
Fluffiness is inversely related to the flow property; hence, 
the data depicts good flowability of the powdered sample. 
From the results, it is seen that the spray-dried formulation 
is having good to excellent flow properties [31].

SEM Images of Optimized Formulation

Optimized formulation was visualized under SEM for sur-
face morphology. SEM photographs revealed that spray-
dried formulations were of spherical shape, porous aggre-
gates (Fig. 4a). This porous structure is thought to provide 
enormous surface area for interaction with the biological 
media [32] and mucosal membrane owing to which enhanced 
mucoadhesiveness can be observed. Mucoadhesive behav-
ior will lead to improvised localization of the particles at 
the desired site. Alginate matrix is usually crosslinked in 
the presence of ionic crosslinker in gel form and shrinks to 
smaller size slowly with time. However, once it is sprayed in 
the presence of lactose and leucine for drying in the air lead 
to rapid loss of water. That tends to form a porous structure 
as spray drying did not let to offer sufficient time for the 
polymer to go slow shrinking of the polymer network in the 
presence of environmental factors. This seems to be consist-
ent with our XSEM images, where the particles are observed 
with the shell-like feature comprising enormous surface area 
as compared to the conventional alginate beads of spheri-
cal shape. This will also lead to the enhanced solubility of 
the drug at the mucosal site having aided with the desired 
potential against microbial infections.

XRD Analysis

This investigation is carried out to get idea about the pres-
ence of crystallinity in the tested powder. The physico-
chemical properties of a drug change by a transition from 

Fig. 2   Particle size and PDI of 
the nanoformulations. a Par-
ticle size distribution curve of 
nanoparticle and b particle size 
distribution curve of nanospray-
dried powder
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a crystalline state to amorphous state. Figure 4b and c are 
depicting the X-ray pattern curve of pure drug and its spray-
dried nanoaggregates. The major peak characteristic peaks 
of drug at angle of 2θ are 20.14, 20.53, 22.95, 23.60, 24.90, 
25.90, 26.95, 28.75, 31.65, 32.75, 36.20, 38.80, 41.05, 42.80, 
44.15, 47.10, and 50.00. These peaks depict well character-
ized crystalline structure of the drug with very sharp peaks 
and high intensity. The major peaks of the spray-dried pow-
der were present at 2θ = 3.10, 5.30, 11.70, 12.80, 13.00, 
15.40, 16.60, 17.75, 18.90, 19.10, 19.40, 20.30, 20.90, 
22.20, 23.60, 24.50, 24.90, 25.10, 25.90, 30.65, 31.05, 
31.95, 32.75, 33.45, 35.65, 36.20, 37.20, 38.15, and 39.85. 
The spray-dried powder showed a greater number of peaks 

only 5 peaks in common with that of the pure chlorhexidine 
at 2θ value of 23.60, 24.90, 25.90, 32.75, and 36 (depicted 
in blue color). Other peaks are either sifted, miniaturized, or 
disappeared. Few new peaks were observed in the spectra of 
spray-dried powder that is expected to be due the presence 
of lactose [33] and leucine [34] at 2θ value of 11.70, 12.80, 
16.60, 19.40, 20.30, 20.90, 24.50, 31.05, and 37.20 (depicted 
in green color). Sodium alginate is present in halo form that 
does not reveal any crystalline peak [35]. Some peaks could 
not be confirmed and considered unique. These peaks could 
not be identified either from chlorhexidine or from lactose 
and leucine. These could be the result deviations and forma-
tion of new form of crystals while spray drying [36].

Fig. 3   FTIR spectra of the 
tested samples. a pure drug, b 
physical mixture and c spray-
dried formulation. (a), (b), (c), 
and (d) depicts the molecular 
structure of chlorhexidine, 
lactose, sodium alginate and 
leucine, respectively

a

b

c
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Entrapment Efficiency

Entrapment efficiency of the optimized batch “F10” was 
determined and repeated thrice. The physicochemical prop-
erties of sodium alginate played a key role in achieving high 
entrapment efficiency. The entrapment efficiency was cal-
culated to be 87 ± 1.5%. Further coating with leucine and 
aided with lactose helped minimize leakage of the drug from 
spray-dried nanoparticles.

In Vitro Drug Release

In vitro drug release profile of the final formulation, mar-
keted formulation, and plain drug is depicted in Fig. 5. 
Release profile of chlorhexidine gluconate showed initial 
fast release in 60 min. As much as 58% release could be 
observed in 1 h. However, marketed formulation showed 
very fast release (nearly 67%) in 60 min. This may be due 
to the higher solubilization effect in the case of marketed 
formulation. The developed formulation of chlorhexidine 
gluconate showed relatively slow-release rate (46%) as com-
pared to plain drug and marketed formulation at the same 
time point. This may be due to the extra coating of leucine 

on alginate nanoparticle. The release pattern of spray-dried 
powder was found to be slow and uniform that gave nearly 
72% drug release 360  min compared to pure drug and 
marketed formulation that gave 92 and 98% drug release, 
respectively at the same time point. The sustained effect 
of the polymeric nanoparticle was expected to contribute 
enhanced effect for longer duration against microbial infec-
tion if administered locally at the site of action [37].

In Vitro Drug Release Kinetics

To avoid significantly underestimating the drug release 
from nanoparticles, the release tests were carried out in sink 
circumstances. Therefore, the drug solubilization in each 
release profile as a function of time is known as kinetics. 
The in vitro drug release profiles of the spray-dried formu-
lation were plotted against pure chlorhexidine gluconate 
and its marketed formulation in Fig. 5. The same release 
profiles were subjected to various release kinetics models, 
and their respective curves are presented in Fig. 5. The 
developed spray-dried product of chlorhexidine gluconate 
is seemed to follow Higuchi model owing to its higher R2 
value, i.e., 0.959, when compared with first order kinetic, 
zero order, and Peppas model having R2 values 0.943, 0.885, 
0.835, respectively. According to the Higuchi model, the 
initial drug concentration was significantly higher owing to 
which a fast release was observed initially. The drug gradu-
ally expulsed out of the matrix when the surrounding fluid 
enters as per the Fick’s first law of diffusion from a polymer 
matrix. It seems that the developed nanoparticles are follow-
ing dissolution-controlled release kinetics where the rate at 

Table II   Characteristic FTIR 
Peaks of Drug and Spray-Dried 
Powder

Peak name Group name Chlorhexidine Physical mixture Spray-dried powder

N–H Amine 3345 – 3384
O–H Acid – 2957 2956
C = C Arene

1450–1600 medium
1660–2000 weak

1965 1566 1558

C-H bend Methylene 1439 1438 1437
C-H bend Methyle 1416 1407 1407
C-N stretch 1° or 2° amine – 1314 –
C–O–C stretch Ethers – 1295 1296

– 1239 –
– 1186 –

C-O stretch Alcohol/ether – 1172 1168
– 1135 1141
– – 1117

C-O stretch Ester or acid Sp3 – – 1094
C-H in plane bend 1063 1051 1072
O–H bend Alcohols/phenols 982 989 Disappeared
C-H bend Methylene CH2 846 – 846

Table III   Flow Properties of Chlorhexidine Gluconate–Loaded 
Sodium Alginate Nanoparticles after Spray Drying

Flow prop-
erties

Bulk 
density

Tapped 
density

Carr’s 
index

Hausner’s 
ratio

Angle of 
repose

Results 
obtained

0.64 g/
cm3

0.68 g/
cm3

15–18% 1.15–1.23 24–28°
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which the drug dissolved from the particle matrix was more 
than the diffusional processes. However, it may not be pos-
sible when the drug dissolves very slowly. Slow dissolution 
might be expected for drugs having low solubility in the 
matrix [38].

Ex Vivo Permeation Profile of the Developed 
Formulation

Figure 6 shows the ex vivo comparative permeation pro-
file of pure chlorhexidine gluconate, its spray-dried nano-
particle, and marketed formulation through goat intestine. 
Plain drug, owing to its direct exposure at permeation site, 
portrayed highest degree of permeation (nearly 91.26%) 
at 6th h of the study followed by marketed formulation 

(nearly 80.56%) and optimized formulation (66.03%). No 
drug permeation was observed in the case of pure drug 
after 6th h and marketed formulation showed almost 96% 
drug release after 480 min or 8th h. But the developed 
formulation showed controlled drug permeation (87.29% 
in 720 min) for 12 h and still had capacity to provide 
drug consistently. It is the known fact that, permeation 
profile depends on the drug release from the formulation 
[39]. A controlled release rate controls the rate of drug 
permeation and hence ensures consistent drug availability 
at the desired site of action. One more benefit of con-
trolled permeation is that, it does not let the dissolution 
media saturated owing to its slow and consistent supply 
of the drug. However, sample with fast permeation rate 
may sometime cause saturation of the administration site 

Fig. 4   SEM image and X-ray 
diffraction curves of chlo-
rhexidine gluconate–loaded 
spray-dried formulation. a SEM 
image of the developed spray-
dried particles depicting porous 
nanoaggregates of the drug; b 
and X-ray diffraction curve of 
pure chlorhexidine gluconate 
depicting well characterized 
crystalline structure; and c 
X-ray diffraction curves of 
chlorhexidine gluconate–loaded 
spray-dried formulation
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owing to which further drug release and permeation may 
be retarded.

Mucoadhesion Strength

Mucoadhesiveness strength study in the direct reflection 
of time of drug stay at the desired localized site. It ensures 
the retention of the drug carrier at the absorption site. The 
mucoadhesiveness of the optimized spray-dried formu-
lation shows sufficient mucoadhesive detachment force 
(100 g/cm2) to ensure easy retention at the buccal mucosa 
(Fig. 6). The mucoadhesive property was observed by 
using a texture analyzer (CT-3, Brookfield) [40].

Antimicrobial Potential of the Developed 
Spray‑Dried Powder

Zone of growth inhibition (ZGI) was determined from an 
antimicrobial well diffusion assay method. Equal strength of 
pure chlorhexidine gluconate, its nanoparticle, and marketed 
formulation were subjected to the antimicrobial investigation. 
After comparison of the ZGI in the tested microbe, ZGI in 
the case of pure chlorhexidine gluconate was found to be 
2.10 ± 0.19 cm; however, its value in the case of marketed and 
developed formulation was observed to be 2.87 ± 0.14 cm and 
2.63 ± 0.12 cm. Figure 7 and Table IV show zone of growth 
inhibition of tested microbe treated with pure chlorhexidine 
gluconate, its nanoparticle, and marketed formulation, which 

Fig. 5   Graphical depiction of 
in vitro drug release profile and 
release kinetic of optimized 
spray-dried formulation. a 
Cumulative drug release profile, 
b zero order release kinetics 
model, c first order release 
kinetics model, d Higuchi 
release kinetics model, e Kors–
Peppas kinetics model
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indicate that optimized spray-dried powder has significantly 
more anti-microbial activity than pure drug and it is quite 
comparable with marketed formulation [41].

In Vivo Study by X‑Ray Analysis

The mucoadhesive behaviors of the developed formulation 
mean to improvise the drug retention at the desired mucosal 
site. Retention efficacy of optimized formulation in rat was 
determined using radiographic imaging technique. Figure 7 
illustrates X-ray imaging of animals administered with the 
placebo and spray-dried formulation at 3rd h, 5th h, and 8th 
h of the study period. The spray dried powder containing 
barium sulfate as contrast agent was used to determine the 
retention time of the prepared formulation. Results show that 
the prepared mucoadhesive formulation was retained in the 
throat for prolonged time (8 h). The X-ray analysis further 
ensures that the prepared formulation retained at the throat 
region [27]. Extended retention at the throat region of the 
mouth might ensure improvised efficacy against potential 
throat infections including those observed frequently during 
rainy and winter seasons.

The study was an attempt to develop chlorhexidine-
loaded mucoadhesive gargle for the treatment of throat 
infection. Due to its mucoadhesive property, its gargle is 
expected to remain in the oral cavity and release its drug 
content for a long period of time, thus providing diffusion-
controlled drug release. The nanoparticles were formed by 

the ion-gelation method. Lactose and leucine have been 
used to modify the yield of the nanoparticles. Coating of 
lactose and leucine make the particles hydrophilic and mod-
ify the taste [42]. Leucine’s surfactant qualities allow it to 
lower the surface tension of the aqueous feedstock prior to 
drying. As a result, the size of the droplets created during 
atomization decreases, resulting in the creation of smaller 
particles. The droplet then develops a crystalline shell made 
of leucine, which offers mechanical resistance to the con-
fined water vapor’s escape. The leucine shell develops a 
corrugated surface as a result of various degrees of plastic 
expansion caused by vapor pressure. Leucine produces a 
semipermeable, incoherent shell when the concentration 
of leucine at the droplet’s surface is insufficient to create 
a coherent shell, which allows water vapor to pass through 
and lead to ruptured particles [43].

Conclusion

Chlorhexidine-loaded nanoparticles for throat infection 
were prepared by optimizing the formulation by varying 
the quantities of sodium alginate and chlorhexidine. The 
best formulation had a particle size of 318.2 ± 9.3 nm with 
good entrapment efficiency and flow properties. The for-
mulation showed sustained release over a duration of 10 h 
while about 87% drug permeated within 12 h. It was also 
observed to have good mucoadhesive strength as obtained 

Fig. 6   Pictorial depiction of 
an ex vivo drug permeation 
and texture profile analyzing 
mucoadhesion of spray-dried 
formulation. a Drug permeation 
profile and b texture profile
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from texture analyzer. As compared to marketed formula-
tion or pure drug, the formulation was observed to exhibit 
better zone of growth inhibition against S. aureus. In vivo 
retention of bio-adhesive nanoparticles in throat of mice was 
observed by X-ray analysis of real time moment of barium 
sulfate–loaded nanoparticles. Thus, these nanoparticles por-
trayed good mucoadhesion in vivo and had comparative anti-
microbial efficiency with marketed formulation or pure drug. 
Therefore, the formulation can be considered as a potential 
candidate for the treatment of throat infection, for which the 
powder form can be reconstituted in water before usage thus 
leading to improved palatability.

Fig. 7   Comparative zone of 
growth inhibition of S. aureus 
treated with pure chlorhexidine 
gluconate, its nanoparticle, and 
marketed formulation along 
with pictorial depiction of 
imaging of barium sulfate–con-
taining mucoadhesive gargle in 
the throat after oral administra-
tion of vehicle, and spray-dried 
nanoparticle. a Optimized for-
mulation; b marketed formula-
tion; c, plain drug. X-ray images 
of mice treated with vehicle and 
the developed barium sulfate–
containing mucoadhesive gargle 
at 3rd, 5th, and 8th h of the 
investigation

Vehicle After 3h

After 5h After 8h

Table IV   Zone of Growth Inhibition of Tested Microbe Treated with 
Pure Chlorhexidine Gluconate, Its Nanoparticle, and Marketed For-
mulation

Formulations Zone of inhibitions 
in cm (S. aureus), 
n = 3

Chlorhexidine gluconate 2.10 ± 0.19 cm
Optimized formulation 2.63 ± 0.12 cm
Marketed formulation 2.87 ± 0.14 cm
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