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The goal of this study is to design prolonged-release  Cloperastine 
hydrochloride nanoparticles. The emulsion solvent evaporation method 
was used to produce the nanoparticles made from polymers, such as 
hydroxypropyl methylcellulose K4M, hydroxypropyl cellulose, xanthan 
gum, chitosan, and sodium alginate. Scanning electron microscopy and 
transmission electron microscopy were used to evaluate the morphological 
characteristics of the resultant nanoparticles. The particle size, zeta 
potential, and polydispersity index of nanoparticle formulations were 
determined using photon correlation spectroscopy. The drug loading 
efficiency and drug release profiles of drug-containing formulations 
were studied by the HPLC method. The prepared formulations exhibited 
nanoscale particle sizes in the range of 19.74±0.73-49.26±0.25 nm and 
narrow polydispersity indexes in the range of 0.42±0.02-0.97±0.01. The 
zeta potential values of the formulations with different compositions were 
found in the range of -15.21±0.03 to -29.49±0.08, indicating the higher 
stability of the prepared nanoparticles. In addition, high yield percentage, 
drug entrapment efficiency, and drug loading values of 94.76±0.37%, 
90.52±0.24, and 89.96±0.22 were obtained for the prepared formulations, 
respectively. According to the results, the formula comprising HPMC 
K4M and HPC showed highly effective physicochemical and functional 
properties and released more than 70% of the Cloperastine HCL after 8 
hours in drug release studies. The results of this study confirmed that the 
individual and composite forms of natural polymers in the studied ratio 
could control the release of Cloperastine hydrochloride and could be 
used as effective nanoparticulate formulations for controlled release drug 
delivery of Cloperastine hydrochloride.

INTRODUCTION
The usage of respiratory medications has 

risen in recent years due to the predominance 
of the Coronavirus disease 2019 (COVID-19) and 
its associated consequences [1, 2]. Cloperastine 
is a cough reliever that has been licensed for 

use in respiratory illnesses, such as colds, acute 
bronchitis, chronic bronchitis, bronchiectasis, 
tuberculosis, and lung cancer. Furthermore, 
Cloperastine is generally accepted as a non-
specific antiviral agent, which can be beneficial 
in controlling and managing COVID-19 infection 
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and its associated symptoms [3, 4]. As a result, 
the impact of Cloperastine on COVID-19 was 
investigated in clinical studies to assess the 
effect of medication exposure in comparison to 
some of the prospective medicines used to treat 
COVID-19. Some medications, such as Clemastine, 
Cloperastine, Haloperidol, Hydroxychloroquine, 
and Zotatifin, have been shown to be beneficial 
in treating COVID-19 by inhibiting virus-host 
interactions via protein inhibition [5]. Despite 
the fact that immunizations were given in 
most countries, the diseases will be seasonal. 
Consequently, Cloperastine will remain beneficial 
in the treatment of cough in such diseases.

Cloperastine hydrochloride is a central 
antitussive having a comparable antihistaminic 
action as codeine but without the narcotic effect. 
This compound has been proven in trials to work on 
the center of cough in the brain without disrupting 
the center of respiration [4]. Furthermore, Li B et 
al. discovered that Cloperastine could suppress 
esophageal squamous cell carcinoma proliferation 
in a xenograft mice model by inhibiting oxidative 
phosphorylation in mitochondria [6]. Cloperastine 
hydrochloride belongs to the class of organic 
compounds known as diphenylmethanes and 
is chemically defined as 1-(2-((4-Chlorophenyl)
(phenyl)methoxy)ethyl)piperidine hydrochloride 
(Fig. 1.). It is a white powder that easily dissolves 
in water, methanol, ethanol, acetic acid, and acetic 
anhydride [7].

The therapeutic dose of Cloperastine is three 
times a day for adults, 10–20 mg each time. It 

takes effect after 20–30 min, and the single-dose 
administration lasts 3–4 h [3]. After rapid oral 
absorption, it reaches peak concentration at 1–1.5 
h, t1/2 was 23.0 ± 7.7 h, and AUC0–∞ was 81.0 ± 
46.9 h∙ng/ml [8]. It is metabolized in the liver and 
eliminated by the kidneys and bile within 24 h of 
administration [9, 10]. However, some adverse 
effects, such as sedation, drowsiness, heartburn, 
and thickening of bronchial secretions were 
reported following Cloperastine administration 
[3]. Furthermore, the rapid release, absorption, 
and clearance of Cloperastine resulted in required 
frequent drug administration, which led to 
strong side effects and low patient compliance. 
Therefore, major efforts have been established 
to develop sustained-release formulations of 
Cloperastine to decrease its administration 
frequency, metabolism, and side effects [11-13]. In 
this regard, nano-based technologies in the form 
of nanoparticles, nanocarriers, nano-scaffolds, 
etc., have been attracted a great deal of interest 
to incorporate and deliver different therapeutical 
agents in order to enhance their therapeutical 
efficiency and diminish their various side- and 
adverse effects[14-16]. 

Among the various nano-based systems, 
nanoparticulate formulations in the form of solid, 
hollow, and core-shell nanoparticles have been 
applied widely for incorporating and delivering 
various pharmaceutically active agents (API) 
in treating different diseases and illnesses [16-
18]. These systems are generally developed 
from synthetic and naturally-origin polymeric 

 

  
Fig. 1. The chemical structure of Cloperastine 

hydrochloride.
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or non-polymeric materials and offer many 
advantageous properties, such as biodegradability, 
biocompatibility, inertness, lower cytotoxicity, 
etc., toward application in biomedical and 
pharmaceutical applications [19, 20]. Among 
various types of nanoparticles, polymeric 
nanoparticles (PNPs) have recently attracted 
a significant deal of interest because of their 
distinctive characteristics, such as their diminutive 
size, suitable zeta potential, biosafety, etc. These 
nanoparticulate materials have the ability to be 
used in various applications, including medication 
delivery and diagnostics [21, 22]. Advantages of 
PNPs as carriers can protect and precisely target 
drug molecules, allowing for enhancements to 
the therapeutic index and the achievement of 
controlled release behavior [23-25]. 

Accordingly, the present study aimed to 
develop an effective formulation of Cloperastine 
hydrochloride nanoparticles with a prolonged 
release profile. To achieve this goal, a number 
of water-soluble polymers were utilized, and the 
preparation was conducted using the solvent 
evaporation method. The drug concentration, 
entrapment efficiency, zeta potential, particle 

size, in-vitro release rate, and morphology of the 
resulting formulations were examined. Among 
the different prepared formulations, the formula 
(CHMH2) displayed excellent zeta potential, 
desired nanoparticle morphology, and sustained 
release profile for controlled oral delivery that 
surpasses 80% of Cloperastine hydrochloride after 
8 h and lasts for 24 h.

MATERIALS AND METHODS
Materials

Cloperastine hydrochloride was purchased 
from BLD Pharmatech Ltd., China. Hydroxypropyl 
methylcellulose (HPMC K4M, medium molecular 
weight), chitosan (medium molecular weight), 
sodium alginate, xanthan gum, and hydroxypropyl 
cellulose (HPC, medium molecular weight) 
were bought from Sigma-Aldrich, USA. Acetone 
and acetonitrile were acquired from Merck, 
Germany. Acetonitrile for HPLC was ordered from 
E. Merck, Darmstadt, Germany. Hydrochloric 
acid, potassium dibasic phosphate, potassium 
monobasic phosphate, and sodium hydroxide 
pellets were purchased from Schuarlo, Spain. The 
preparation of pure water was done with a Milli-Q 

 

  

Formula Chitosan (mg) HPC (mg) HPMC K4M (mg) Sodium alginate (mg) Xanthan gum (mg) 
CC1 50     
CC2 100     
CC3 150     
CH1  50    
CH2  100    
CH3  150    

CHM1   40   
CHM2   60   
CHM3   80   

CHMH1  50 40  75 
CHMH2  100 60   
CHMH3  100 80   

CS1    50  
CS2    100  
CS3    150  

CCS1 50   50  
CCS2 100   75  
CCS3 150   100  
CX1     40 
CX2     60 
CX3     80 

CHMX1   40  40 
CHMX2   60  60 
CHMX3   80  80 

Table 1. The amounts of various polymers used in the formulation of Cloperastine hydrochloride nanoparticles.
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purification device.

Methods
Preparation of nanoparticles

The preparation of nanoparticles was 
conducted by the solvent evaporation method as 
reported in previous studies [26,28]. First, 200 mg 
of Cloperastine was dissolved in 25 ml of acetone 
and sonicated to create a clear solution. Various 
proportions of polymers, according to Table 1, 
were dissolved in 50 ml of water. Then, the drug 
solution was poured portionwise into 50 ml of the 
dissolved polymer while continuously stirring at 
5000 rpm for 15 minutes using a homogenizer. 
Tween 80 (1g) was dissolved in 100 ml of liquid 
paraffin before being introduced dropwise to 
the drug-containing polymeric solution over 
the course of four hours with constant stirring. 
The resultant dispersion was centrifuged for 
20 minutes at 16,000 rpm. The washing of the 
resultant particles was performed with 10 ml of 
acetone, 10 ml of ethanol, and 10 ml of water, 
then dried and stored.

Characterization of nanoparticles
Scanning electron microscopy (SEM) 

The particle size and morphological 
characteristics of chosen Cloperastine HCL-
containing nanoparticles were studied using the 
SEM technique (SEM-Jeol JSM 6460LV instrument). 
For this purpose, the dried formulations were 
placed on an SEM holder and coated with a 
thin layer of gold using a gold sputter unit in a 
high-vacuum evaporator. These samples were 
then observed by the SEM instrument, and 
photomicrographs were taken at an acceleration 
voltage of 10 kV [29].

Transmission electron microscopy (TEM)
The TEM experiments were also conducted to 

support the DLS data and provide information on 
the particles morphology. The TEM micrographs 
of the chosen sample were obtained using a JEM-
2100 electron microscope (JEOL, Japan).

Particle size and zeta potential 
The physicochemical properties of the 

formulation, such as surface charge and particle 
size also investigated by DLS and zeta potential 
measurements. For this purpose, the Cloperastine 
nanoparticle’s stability and size homogeneity 
were examined within the prepared colloidal 
system. The zeta potential and particle sizes of 
Cloperastine nanoparticles were evaluated using 
photon correlation spectroscopy and a Zetasizer 
3000HS (Malvern Instruments, UK). Every 
specimen was examined thrice after being diluted 
with deionized filtered water. The results are 
provided as the mean standard deviation (± SD).

Production yield, drug content, and entrapment 
efficiency 

The production yield (%) of the nanoparticles 
was determined by comparing the nanoparticles 
mas obtained from centrifuging at 16,000 rpm 
and 20 minutes with the theoretical amount of 
materials initially used for their synthesis. The 
drug content of the prepared nanoparticulate 
formulations was determined by a direct ingestion 
method. Briefly, 100 mg of nanoparticles were 
precisely weighed, crushed, and solubilized in 100 
ml of phosphate buffer (pH 6.8), then agitated 
for 6 hours using a magnetic stirrer. 2 ml of the 
solutions were transferred to a 100 ml flask and 
diluted with acetonitrile before filtering through 
a 0.2 m filter and determining the percent of 
dissolved medication using the established HPLC 
technique. The following equations were used to 
calculate the production yield (%), drug content, 
and entrapment efficiency [30-32]:
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Drug Release Studies (In Vitro Dissolution Test)
For in vitro drug release studies, the hard gelatin 

capsules were filled with produced particles, each 
equivalent to 10 mg of Cloperastine hydrochloride. 
These capsules were then subjected to a release 
profile study. The capsules were placed in the USP 
basket dissolving tester equipment type I, which 
was rotated at 50 rpm in 250 ml of phosphate 
buffer pH 6.8. At different pre-determined time 
intervals (0.5, 1, 2, 4, 6, 8, 10, 12, 16, 20, and 24 
hours), samples of 5 ml aliquots were withdrawn 
from the release medium and compensated with 
the new medium to maintain sink conditions. The 
amount of Cloperastine that was released into 
release medium was measured and quantified 
using the established HPLC method.

Development of HPLC method
Cloperastine HCl concentrations were 

determined using a reverse-phase HPLC method 
as described earlier with minor modifications [33, 
34]. A Luna C18 (5 cm, 25 cm, 4.6 mm) column 
was used to separate the samples. Cloperastine 
was detected using a photodiode array detector 
at a wavelength of 262 nm. The injection volume 
was 50 µl, and the mobile phase was 5 mM 
phosphate buffer 6.5: acetonitrile (60:40) at 
ambient temperature with a 1.2 ml/min flow rate. 
The linearity, residual standard deviation, limit of 
detection (LOD), and limit of quantitation (LOQ) 
were assessed and reported for the obtained data 
from HPLC analysis. 

Statistical analysis 
All data in the present study were reported as 

mean ± standard deviation (SD), and the significant 
differences between groups were determined by 
Student’s t-test or one-way analysis of ANOVA. 
Each experiment was repeated at least three 
times, and the results are considered statistically 
significant when the P value is equal to one of the 
following amount, *p < 0.05, **p < 0.01, and ***p 
< 0.001. The data analysis software was GraphPad 
Prism® program (GraphPad Software, Inc., Boston, 

USA).

RESULTS AND DISCUSSION
For drug loading and drug release studies, 

first, the calibration curve of Cloperastine HCL 
was established by the HPLC method. For this 
purpose, different concentrations of nanoparticles 
were subjected to HPLC analysis, and the amount 
of Cloperastine was quantified by detection at a 
wavelength of 262 nm. System appropriateness 
criteria for Cloperastine HCL, such as tailing factor 
(T), capacity factor (k’), and plate count, which 
should not be less than 2000, were determined 
sequentially before injection of the samples 
[35]. The values obtained for the parameters 
all fell within the ranges as summarized in Table 
2. Therefore, the HPLC method established in 
the present study could be applied successfully 
for quantifying Cloperastine HCL amount of 
nanoparticles in drug loading and release studies. 

Fig. 2 shows the HPLC chromatogram of 
Cloperastine hydrochloride obtained following 
the injection of pure Cloperastine hydrochloride 
along with the 5 mM phosphate buffer 6.5: 
acetonitrile (60:40) at ambient temperature 
with a 1.2 ml/min flow rate. As we can see, the 
pure Cloperastine hydrochloride showed a sharp 
peak at approximately 4.329 minutes with 0.15 
intensity. 

The calibration curve of Cloperastine was 
established in phosphate buffer 6.5:acetonitrile 
(60:40) at ambient temperature using different 
concentrations (40-120 μg/ml) and separately 
measuring the absorbance at λ = 262 nm. From 
Fig. 3, the linear regression of the calibration 
curve showed a good linear relationship over 
the studied concentration range of 0-4 μg/ml of 
Cloperastine. Table 3 summarizes the validation 
parameters that were performed in accordance 
with the ICH validation guideline [36] and USP 
methods [37]. The correlation coefficient (R2) 
of the linearity of the established regression 
was greater than 0.999, which is well within the 
acceptable range and indicative linearity of the 

Parameter Criteria Results 

Theoretical plates number ≥ 2000 6000 

Tailing factor ≤ 2 0.43 

Capacity factor ≥ 2 6.40 

 

  

Table 2. The suitability of the developed HPLC method.
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obtained equation. With a recovery between 98% 
and 102%, this technique is suitable for the quality 
control examination of pharmaceuticals. The 
precision of a technique is defined by the degree 

to which many measurements of the same sample 
are in agreement with one another [38]. The 
estimated RSD values were within the acceptable 
range of 2%, demonstrating the high precision of 

 

  

 

  

Fig. 2. HPLC chromatogram of Cloperastine hydrochloride.

Fig. 3. Calibration curve of Cloperastine hydrochloride for the established HPLC method. 
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the derived equation. Using GraphPad InStat®, 
the LOD and LOQ of Cloperastine regression were 
1.32 µg/ml and 4.01 µg/ml, respectively [35]. 
These values represent the good sensitivity of the 
established method. Therefore, according to the 
experimental data represented and after statistical 
analysis, the established method in the present 
study is precise, accurate, and sensitive within the 
studied range. 

The previously established HPLC method was 
employed to evaluate the amount of Cloperastine 
hydrochloride entrapped into the prepared 
nanoparticles and to study the drug release 
behavior of the developed formulations. In this 
study, Cloperastine hydrochloride was added to 
different polymeric formulations; all were then 
formed into nanoparticles. According to Table 4, 
a high %yield was observed with a minimum of 
83.00 ± 0.19% in the case of CCS2 and CHMX3 
and increased for the other formulations to 
94.76 ± 0.37% for CS2 formulation. Except for 
HPMC K4M and HPC-containing formulations, the 
nanoparticle production yields remained almost 
constant by increasing the polymer content in 
all formulations. In the case of HPMC K4M and 

HPC-containing formulations (CH1-3, CHM1-3 
and CHMX1-3), the production yield decreased 
following the increase in the respective polymer 
concentration. Moreover, the addition of HPMC 
K4M to xanthan gum formulations decreased the 
production yield. Similar results were identified 
through chitosan addition to alginate formulations, 
in which the production yield of nanoparticles 
decreased upon chitosan addition. These results 
confirmed the effectiveness of the established 
preparation method (solvent evaporation method) 
in the production of drug-containing polymeric 
nanoparticles. The %DL of the nanoparticulate 
formulations also showed higher values for 
all prepared formulations. In this regard, drug 
content (%DL) of the prepared nanoparticles 
ranged from 76.35% to 89.96% for all prepared 
formulations and a maximum value was obtained 
for CHMH2 formulation. On the other hand, the 
%DL of chitosan (CC1-3) and xanthan gum (CX1-
3)-containing formulations were increased by 
increasing the polymer concentration, while the 
%DL of other formulations decreased slightly by 
increasing the polymer content of formulations. 
These results could be attributed to the higher 

Parameter Cloperastine 

Linearity 

Correlation coefficient R2 0.9991 

Slope -24119 

Intercept 1163.1 

Accuracy Mean % recovery± SD 99.85 % ± 0.27 

Precision 
Intraday (RSD %) 0.26 

Interday (RSD %) 0.18 

Sensitivity 
LOD 1.32 µg/ml 

LOQ 4.01µg/ml 

Specificity 

Recovery % (0.1 N HCl) 91.63 % ± 0.71 

Recovery % (0.1 N NaOH) 89.87 % ± 0.24 

Recovery % (10% H2O2) 90.16 % ± 0.43 

Robustness 

pH 6.2 (RSD%) 0.39 

RSD% at (pH 6.7) 0.17 

RSD% at 1.4 mL/min 0.35 

RSD% at 1 mL/min 0.42 

 

  

Table 3. Validation parameters of analytical method.
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viscosity and gel-forming capability of chitosan and 
xanthan gum compared to cellulosic and sodium 
alginate-based formulations, which effectively 
incorporate the drug within their gel-like and 
three-dimensional (3D) structures [39]. The 
%EE analysis of the prepared nanoparticles also 
produced high values for all formulations and a 
maximum %EE for CHMH2 formulation. In contrast 
with %DL results, the %EE of all formulations 
increase by increasing the formulation’s polymer 

content. These results could also be attributed to 
the gel-forming characteristics of the formulations 
and abundant functional groups of the polymers, 
which encourage the polymer-drug interaction and 
enhance the %EE of all formulations with polymer 
content [40]. By evaluating the %yield, %DL, and 
%EE results of all formulations summarized in 
Table 4, it is clear that the CHMH2 formulation 
resulted in the highest production yield and drug 
incorporation efficiency. 

Formula 

Drug 
Loading* (DL%) 

± 
SD 

Production 
Yield*  

(%) 
± SD 

Entrapment 
efficiency (%EE)* 

Zeta 
Potential* 
(mV) ± SD 

Mean particle 
size* (nm) 

± SD 

Polydispersity 
index  
(PDI)* 

CC1 78.25±0.36 80.49±0.24 72.57±0.36 -18.69±0.06 33.01±0.43 0.52±0.02 

CC2 79.81±0.12 82.12±0.29 77.41±0.24 -20.12±0.08 35.25±0.39 0.97±0.01 

CC3 81.42±0.27 81.33±0.37 78.47±0.33 -19.93±0.11 29.64±0.25 0.64±0.01 

CH1 87.12±0.43 89.50±0.19 78.2±0.36 -15.21±0.03 21.42 ±0.24 0.56±0.02 

CH2 76.35±0.24 83.92±0.34 79.41±0.24 -16.69±0.06 24.56±0.26 0.66±0.01 

CH3 83.96±0.26 84.02±0.23 81.47±0.33 -18.15±0.08 19.74±0.73 0.90±0.01 

CHM1 86.89±0.31 91.00±0.24 82.47±0.31 -18.24±0.11 34.21±0.47 0.46±0.02 

CHM2 89.50±0.19 83.02±0.21 84.12±0.22 -19.54±0.03 25.47±0.29 0.52±0.01 

CHM3 82.69±0.27 86.99±0.41 79.49±0.15 -20.69±0.09 29.39±0.35 0.50±0.01 

CHMH1 87.21±0.37 91.26±0.28 86.75±0.47 -26.56±0.04 24.18±0.43 0.44±0.03 

CHMH2 89.96±0.22 91.14±0.19 90.52±0.24 -29.49±0.08 20.14±.36 0.42±0.02 

CHMH3 88.56±0.10 88.02±0.24 89.27±0.29 -26.97±0.05 29.47±0.49 0.49±0.01 

CS1 89.45±0.32 93.41±0.22 73.41±0.24 -20.46±0.08 22.78±0.17 0.57±0.05 

CS2 87.89±0.12 94.76±0.37 75.47±0.33 -21.69±0.10 25.69±0.33 0.88±0.01 

CS3 86.99±0.33 93.56±0.23 82.47±0.20 -21.65±0.12 29.48±0.15 0.45±0.03 

CCS1 88.56±0.15 86.00±0.31 80.51±0.27 -16.46±0.08 42.74±0.73 0.49±0.02 

CCS2 89.45±0.32 83.00±0.19 81.27±0.29 -18.69±0.27 39.21±0.47 0.47±0.01 

CCS3 85.41±0.15 85.02±0.24 84.9±0.31 -20.65±0.32 41.47±0.29 0.52±0.05 

CX1 86.62±0.33 85.24±0.23 69.43±0.22 -17.34±0.41 42.39±0.48 0.77±0.01 

CX2 88.14±0.27 84.00±0.15 72.49±0.33 -18.92±0.24 49.26±0.25 0.49±0.03 

CX3 89.45±0.30 86.02±0.20 73.41±0.24 -18.61±0.19 40.57±0.37 0.45±0.02 

CHMX1 87.89±0.18 91.15±0.23 75.47±0.33 -20.46±0.23 38.74±0.49 0.45±0.03 

CHMX2 85.19±0.41 88.00±0.31 82.47±0.21 -21.64±0.36 36.68±0.18 0.69±0.02 

CHMX3 82.56±0.25 83.00±0.19 83.51±0.27 -21.38±0.46 39.57±0.33 0.47±0.04 

*Values revealed as mean ± standard deviation (SD), n=3. 

 

Table 4. Mean particle size, %yield value, entrapment efficiency, zeta potential and mean particle size and PDI of nanoparticles.
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The particle size, zeta potential, and PDI values of 
the prepared nanoparticles were also determined 
by photon correlation spectroscopy and a 
zetasizer, and the results are represented in Table 
4. The results showed particle sizes of 19.74 ± 0.73 
to 49.26 ± 0.25 nm for all prepared formulations. 
Moreover, increasing the polymer concentration 
did not show an specific trend. However, for most 
formulations, the particle size initially increased 
and then decreased by increasing the polymer 
concentration. It is evident that the nanoparticles 
obtained from chitosan, xanthan gum, and HPMC 
K4M produced larger particle sizes, while HPC 
and alginate nanoparticles showed smaller sizes. 
Particle sizes of formulas containing chitosan and 
HPC decreased and of formulas containing HPMC 
K4M, sodium alginate, and xanthan gum increased 
when increased polymer contents. The particle 
sizes of formulas containing chitosan (CC1-3) and 
sodium alginate (CCS1-3) increased by mixing of 
chitosan with sodium alginate in CS1-3) formulas. 
Moreover, the addition of HPMC K4M to HPC 
formulations in CHMH2-3 and to xanthan gum 
formulations in CHMX1-3 caused increased the 
particle sizes of HPC content formulas (CH1-3) 

and decreased the particle sizes of xanthan gum 
content formulas (CX1-3). It is worth mentioning 
that all formulations produced particles in the 
nanoscale size, which confirms the suitability 
of the solvent evaporation method in the 
designing and fabrication of drug-loaded organic 
nanoparticles for pharmaceutical applications. 
Among all formulations, CH3 (19.74 ± 0.73) and 
CHMH2 (20.14 ± 0.36) formulations produced 
smaller nanoparticles, which could be considered 
effective formulations for pharmaceutical and 
biomedical applications. It is reported that the 
smaller particles are more appropriate for drug 
delivery of different drug agents to potentially 
enhance their therapeutic efficacy [41, 42]. 

The surface zeta potential of the formulations 
was also determined by the zetasizer, which 
is generally used as a suitable indicator for 
evaluating the physical stability of colloidal 
dispersion (Table 4). The zeta potential values of 
polymeric nanoparticles loaded with Cloperastine 
hydrochloride ranged from -15.21 ± 0.03 to 
-29.49 ± 0.08 mV. Except chitosan and xanthan 
gum formylations, the zeta potential of all 
formulations decreased by increasing the polymer 

 

  
Fig. 4. Drug release profiles of the different single polymer formulations which compared with pure drug 

release profile (values revealed as mean ±SD, n=6).
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concentration. Although the polymer type did not 
significantly affect the zeta potential of different 
formulations, the lowest negative zeta potential 
was obtained for the CHMH2 formulation (-29.49 
± 0.08 mV). The negative surface charge of organic 
nanoparticles with the same composition was 
also reported in previous studies and might be 
attributed to the presence of hydroxyl groups of 
the polymers used in the formulations [43-46]. 
However, the zeta potential of chitosan-containing 
formulations showed contradictory results with the 
positive values reported in previous studies. This 
could be attributed to the un-protonated nature 
of these formulations, which were prepared in a 
very diluted acidic acid solution (1%). In fact, the 
acetic acid concentration in these formulations 
was not sufficient to protonate the chitosan’s 
amine groups in order to produce positive zeta 
potentials. Therefore, the negative charge of the 
amine and hydroxyl groups resulted in a negative 
zeta potential for the resulting formulations. It is 
reported that zeta potential values over +30 mV 
and below -30 mV exert sufficient repulsive forces 
that result in better physical colloidal stability [47, 
48]. Therefore, all prepared formulations in the 
present study possess effective surface charges 
to attain highly stable characteristics over long 
periods. 

The polydispersity index (PDI) of the 
prepared nanoparticles is also determined by 
the DLS technique, and the results in Table 4 
explained that all fabricated nanoparticles 
produced uniform particle sizes with narrower 
PDI values ranging from 0.42 ± 0.02 for CHMH2 
formulation to 0.97 ± 0.01 for CC2 formulation. 
Comparing the PDI values of the various 
nanoparticles with different polymers revealed 
that similar to particle sizes results, the highest 
PDI values belong to chitosan, xanthan gum, 
and alginate-based nanoparticles. These results 
also could be related to the higher gel-forming 
capability of these polymers that largely 
swells in aqueous media and increase the PDI 
values of the resultant nanoparticles based 
on their initial particle sizes. In fact, in these 
formulations, the slight variation in particle 
size results in a significant increase in the PDI 
values. Therefore, the nanoparticles obtained 
from chitosan and alginate could be considered 
as hydrogelic nanoparticles. However, the 
overall PDI values of all formulations are still 
less than 1 and clearly indicate uniform particle 

size distributions for different prepared 
nanoparticles. Finally, among different 
formulations, the CHMH2 formulation showed 
enhanced physicochemical properties in terms of 
particle size, zeta potential, PDI, drug loading and 
drug entrapment efficiencies.

The in vitro release profile of Cloperastine 
hydrochloride from fabricated nanoparticles was 
studied under physiological conditions (phosphate 
buffer pH 6.8). All measurements were carried 
out in triplicate, and the mean of these three data 
was used to calculate the concentration of the 
drug released. According to Fig. 4-7, all prepared 
formulations, as well as pure Cloperastine, 
exhibited two-stage release behavior at the 
studied time period. First, a rapid release rate with 
a high burst of around 80% at 1-2 h was observed 
that then increased gradually and reached a 
steady state concentration with a complete 
release (100%) after 12 h. Fig. 4 shows the drug 
release profiles of the different single polymeric 
formulations compared with pure drug release 
profile. Pure Cloperastine hydrochloride showed 
the highest drug release content, especially at the 
initial times. However, except for the HPMC K4M 
and xanthan gum-containing formulations, the 
alginate, chitosan, and HPC-based formulations 
showed a similar trend of drug release profile 
with pure drug, indicating burst release behaviors 
of these formulations. Moreover, the variation of 
polymer contents in the cellulosic formulations 
did not affect the amount of drug released from 
the resultant nanoparticles. However, increasing 
alginate concentration in the related formulations 
increased the drug release amount, especially at 
lower concentrations. Contradictory results were 
obtained for chitosan formulations, in which 
the increase in chitosan concentration retarded 
the drug liberation. However, unlike other 
formulations, the xanthan gum nanoparticles 
exhibited the lowest drug liberation rate in the 
studied time period, suggesting their effective 
sustained release behavior. In this regard, the 
release of Cloperastine from the formulas 
containing chitosan (CC1, CC2, and CC3) was ≥ 80% 
after 4 h, while the formulas prepared with sodium 
alginate (CS1, CS2, and CS3) exhibited a release 
higher than 86% after 4 h. These results could 
be attributed to the higher and more effective 
interaction of Cloperastine hydrochloride with 
chitosan and xanthan gum’s different functional 
groups. On the other hand, increasing the 
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chitosan and xanthan gum concentration in these 
formulations decreased the drug release content 
and improved its sustained release behavior. This 
is very interesting because increasing the alginate 
concentration increases the drug release content, 
which again confirms that the drug release 
profile of the prepared nanoparticles determines 
by drug-carrier interactions and nanoparticles 
degradation behavior rather than passive diffusion 
mechanisms of the drug through polymeric 
matrices. In this regard, the chitosan and xanthan 
gum nanoparticles provide suitable interactions 
with Cloperastine hydrochloride and retard its 
liberation and dissolution in the release medium. 

Fig. 5-7 shows the drug release profiles of the 
Cloperastine hydrochloride from the fabricated 
polymeric composite nanoparticles prepared 
by combining different polymeric materials. In 
these diagrams, the release profiles of single 
polymeric nanoparticles are compared with their 
composite forms and with the release profile of 
the pure drug. The combination of chitosan and 
alginate polymers in the form of nanoparticles 

decreased the release profile of the drug and 
produced a sustained release behavior. Therefore, 
chitosan-sodium alginate nanoparticles (CCS1, 
CCS2, and CCS3) showed a slower release (65%) 
after 4 h compared with their single composition 
formulations (CC1-3 and CS1-3). Similar results 
were also observed for the combination of the 
two cellulosic polymers. In this regard, HPC-based 
formulas (CH1, CH2, and CH3) released more than 
90% of Cloperastine hydrochloride after 8 h, while 
HPC-HPMC K4M-containing formulas (CHMH1 and 
CHMH2) released more than 82% and 73% drug 
after this time. Therefore, the CHMH composite 
nanoparticles resulted in a sustained release profile 
compared with their single polymer formulations 
(CH and CHM nanoparticles). On the other hand, it 
is evident that increasing the HPC concentration in 
CH formulas decreased the released drug content 
in these formulations. However, the addition of 
HPMC to the xanthan gum formulations increased 
the drug release amount of the final formulations 
in a concentration-dependent manner. In this 
respect, the amount of Cloperastine HCL that 

 

  Fig. 5. Release rate of Cloperastine hydrochloride (CP) from chitosan, sodium alginate and chitosan/sodium 
alginate single and composite nanoparticles (values revealed as mean ±SD, n=6).
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Fig. 7. Release rate of Cloperastine hydrochloride (CP) from HPMC K4M, xanthan gum, and HPMC K4M/ 

xanthan gum single and composite nanoparticles (values revealed as mean ±SD, n=6).

Fig. 6. Release rate of Cloperastine from HPC, HPMC K4M, and HPC/HPMC K4M single and composite 
nanoparticles (values revealed as mean ±SD, n=6).
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was released from HPMC-xanthan-nanoparticles 
(CHMX1, CHMX2 and CHMX3) was about 70% 
after 8 h, while the formulas containing xanthan 
(CX1, CX2, and CX3) released ≤ 73% within 8 h. 

By comparing the physicochemical and 
functional properties of the prepared 
nanoparticles (as discussed above), the CHMH2 
formulation showed highly advanced results for 
application in pharmaceutical and drug release 
applications. In this regard, the CHMH2 exhibited 
good zeta potential values, smaller and uniform 
particle sizes, high drug loading and entrapment 
efficiency. Therefore, the CHMH2 formulation 
was chosen for further characterization studies. 
For this purpose, the SEM and TEM studies were 
performed on the optimized CHMH2 formula, and 
results are depicted in Fig. 8. From the SEM image, 
it is clear that the chosen CHMH2 formulation 
exhibits nano-scale size and spherical particles 
with smooth surfaces and some agglomeration at 
the field scale of 250 nm. These results highlight 
the suitable dimensions and morphology of the 
prepared nanoparticles. On the other hand, the 
TEM image of CHMH2 nanoparticles confirmed 
the SEM results by depicting similar morphology 
with a core and shell structure without any 
agglomeration. 

Despite many therapeutical effects of 
Cloperastine hydrochloride, such as antitussive, 
antiedemic, ntihistaminic, and papaverine-like 
activity, there have been no trials to formulate 
this drug into prolonged-release formulations. 
However, as in our study, some studies were 

conducted to prepare controlled-release 
matrices using HPMC and HPC with different 
drugs. For instance, Shah A et al. formulated 
enalapril maleate sustained-release matrices 
using HPMC and HPC. The sustained release 
tablets of enalapril maleate are accomplished 
through direct compression utilizing HPMC K15, 
HPMC K100, and HPC.

polymers alone or in mixture. The drug 
release investigation of the prepared matrices 
in phosphate buffer solution (pH 6.8) using USP 
dissolving equipment II for 24 h hours revealed 
that all polymer matrices exhibited a protracted 
release profile individually or in the composite 
form [49]. In addition, Samie M. et al. developed 
sustained-release formulations of levosulpiride 
by direct compression utilizing several cellulose 
polymers, such as NaCMC, HPC, and HPMC in 
varying ratios to extend the drug’s release. All 
formulations were evaluated for their in vitro 
release in a pH 6.8 buffer. The results revealed 
the release of levosulpiride from the matrix tablet 
was prolonged, with the retardation sequence 
being NaCMC > HPC > HPMC. In this regard, 
the NaCMC was the best-extending polymer 
among the other polymers, which exhibited 
the best sustained-release behavior between 
9 formulations [50]. Regarding the results of 
these studies, the prepared formulations in the 
present study showed suitable physiochemical 
and functional characteristics for pharmaceutical 
applications. Among all studied formulations, 
the CHMH2 formulation showed highly effective 

 
Fig. 8. (A) SEM Photograph of CHMH2 nanoparticles in 50 nm scale. (B) TEM image of CHMH2 nanoparticles in 250 nm scale.
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physicochemical and functional properties in 
terms of particle size, PDI, zeta potential, drug 
loading and drug release properties, which could 
be chosen as an optimum formulation for further 
evaluation in future studies.  

CONCLUSION
In this work, prolonged-release nanoparticles 

of Cloperastine hydrochloride were successfully 
prepared using emulsion solvent evaporation. 
Different formulae were prepared, and the 
resultant nanoparticles were evaluated using 
various characterization methods for their 
physicochemical and functional properties. The 
best nanoparticle formula was CHMH2, which 
contained a drug: HPC: HPMC K4M ratio of 
200:100:60 in its composition. This formulation 
showed proper zeta potential, particle size, 
and PDI values of -19.54 ± 0.03, 25.47 ± 0.29, 
and 0.52 ± 0.01, respectively, indicating its 
nanoscale size and stable nanoparticulate 
characteristics. Investigation of the production 
yield, drug loading, and drug release behavior 
of the formulations showed higher efficiency 
for all formulations, with the highest values 
obtained for CHMH2 formulation. Furthermore, 
the CHMH2 formulation showed 83.02 ± 0.21 of 
production yield, 89.50 ± 0.19 of %DL, and 84.12 
± 0.22 of %EE. Evaluation of the drug release 
behavior of the fabricated formulations revealed 
a two-stage release profile for all formulations. 
Among the various nanoparticles with different 
compositions, the xanthan gum-containing 
formulations produced a more retarded and 
prolonged release profile than other formulations. 
The fabricated nanoparticles liberated more than 
80% of Cloperastine hydrochloride after 8 hours 
and prolonged its release for 24 h. Therefore, the 
individual and composite nanoparticles of natural 
polymers in the studied ratio in this study could 
control the release of Cloperastine hydrochloride 
and could be used for controlled release drug 
delivery of Cloperastine hydrochloride for 24 
h. However, additional studies are required to 
evaluate the in vitro and in vivo performance 
of the fabricated Cloperastine hydrochloride-
containing nanoparticles for application in the 
pharmaceutical filed. 
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