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INTRODUCTION

Zaltoprofen (2-(10-oxo-10, 11, dihydrodibenzo [b, f] thiepin-2-yl) 
propionic acid belongs to the class of NSAIDs.[1] It is a low molecular 
weight drug that acts by inhibiting the bradykinin-induced 
responses by blocking bradykinin interaction with the bradykinin 
β2 receptor on dorsal root ganglion (DRG) neurons.[2] Zaltoprofen 
also significantly inhibits bradykinin-induced 12-lipoxygenae 
activity and the slow bradykinin-induced onset of substance P 

from DRG neurons. All these results suggest that zaltoprofen 
possesses novel antiinflammatory mechanism, which inhibits 
β2-type BK receptor function in nerve endings.[3]

Zaltoprofen is marketed in as a tablet of dosage regimen of 80 mg 
thrice a day for adults. Further, the attempt is also attempt is 
made to reduce the side effect and increase the bioavailability by 
exempting the first pass effect on the drug. Zaltoprofen is a short 
half-life drug, so a need arises for a sustained release formulation, 
which is beneficial to increase the patient compliance.[3]

Biodegradable polymeric nanoparticles (NPs) have attracted 
prominent interest in past few decades as a novel drug carrier 
due to its longer half-life and greater drug entrapment efficacy.[4,5] 

The polymeric NPs embraced the site-specific targeting and tend 
to permeate deeply into the skin substructures that are attributed 
to its nanoscale particle size.[6] Moreover, the biodegradable 
NPs can protect the drug from the harsh environment and 
prolong the duration of drug mucoadhesion at target tissues.[7,8] 

Antiinflammatory drugs represent a broad range of molecules, 
many with potential for topical delivery.[9] The reports on NP 
delivered drug with antiinflammatory properties for topical use 
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Objective: The main objective of this study is to formulate polymeric nanoparticles (NPs) loaded with zaltoprofen, an 
NSAID drug. The optimization, in terms of polymer concentration, stabilizer concentration and pH of the formulation 
was employed by 3-factor-3-level Box-Behnken experimental design. Materials and Methods: The NPs of zaltoprofen 
were fabricated using chitosan and alginate as polymers by ionotropic gelation. The ionic interaction between the ionic 
polymers was studied using Fourier transform infrared and differential scanning calorimetry study. Result: For different 
formulation the average particle size ranged between 156 ± 1.0 nm and 554 ± 2.8 nm. The drug entrapment ranged 
between 61.40% ± 3.20% and 90.20% ± 2.47%. The ANOVA results exhibited that all the three factors were 
significant. The resultant optimized batch was characterized by particle size 156.04 ± 1.4 nm, %entrapment efficacy 
88.67% ± 2.0%, zetapotential + 25.3 mV and polydispersity index 0.320. The scanning electron microscopy showed 
spherical NPs of average size 99.5 nm. The optimized NPs were loaded in carbopol gel, which was subjected to study of 
drug content, viscosity, spreadability, in vitro drug diffusion and in vivo antiinflammatory test on rats. Conclusion: This 
study showed that zaltoprofen NPs prepared using the ratio of polymer CS:AG:1:1.8, stabilizer concentration 0.98% and 
pH 4.73 was found to be of optimized particle size, maximum drug entrapment. The NPs loaded gel showed controlled 
release for 12 h following Korsmeryer-peppas model of the diffusion profile. The in vivo antiinflammatory study showed 
prolonged effect of NPs loaded gel for 10 h.

Abstract

Key words: Antiinflammatory study, Box-Behnken, chitosan nanoparticle, diffusion study, scanning electron microscopy

Statistical modeling of zaltoprofen loaded biopolymeric 
nanoparticles: Characterization and anti-inflammatory 
activity of nanoparticles loaded gel
Hirva A Shah, Rakesh P Patel1

Department of Pharmaceutics, Vidyabharti Trust College of Pharmacy, Umrakh Bardoli, Surat, 1Department of Pharmacecutics, 
Shree S K Patel College of Pharmaceutical Education and Research, Mehsana, Gujarat, India



International Journal of Pharmaceutical Investigation  | January 2015 | Vol 5 | Issue 1	 21

Shah and Patel: Formulation and evaluation of biopolymeric nanoparticles and its topical delivery

include: Aceclofenac, betamethasone-17-valerate, celecoxib, 
flufenamic acid, flurbiprofen, ketoprofen and naproxen.[10,11]

In this research, the attempt is made to formulate a zaltoprofen 
drug loaded Chitosan-Alginate nanoparticles (NPs).[12,13] The 
pH of the formulation, polymer ratio, stabilizer concentration 
and stirring speed, as well as stirring time,is adjusted to yield 
drug loaded NPs. Thus, biode gradable NP is designed to 
increase drug loading, increase the penetration into skin tissues 
due to its nanosize, and show controlled release of drug from 
polyelectrolyte complex.[14] The NPs are further incorporated into 
gel and form topical delivery at site of action for inflammation 
disease. Thus, the side-effects of its marketed tablet are eliminated 
as topical delivery reduces first pass effect as well as protect from 
gastric mucosa irritation.

MATERIALS AND METHODS

Materials
Sodium dihydrogen phosphate dehydrate (S.D. Fine Chem 
Ltd.), Sodium hydroxide, hydrochloric acid, acetic acid, 
carbopol 934, propylene glycol, triethanolamine (Finar Reagent), 
Chitosan and Alginate were bought from S.D. Fine Chem Ltd., 
Mumbai. The API Zaltoprofen and the surfactant Poloxamer 
F127 was obtained as gift sample from Lincoln Pharmaceuticals, 
Mehsana.

Methods for formulation
Methodology for preparing of CS-AG nanoparticles
The CS-AG NPs were prepared by modified coacervation method 
known as ionotropic gelation.[15] Prior to this the polymer solutions 
were prepared by dissolving chitosan in 1% v/v acetic acid and alginate 
in deionized water. The pH (4.6-5.0) was adjusted with the help of 
0.1M NaOH/0.1M HCl. Briefly, the aqueous solution of alginate was 
added drop-wise into the chitosan solution containing Pluronic F-127 
under continuous magnetic stirring at 1000 rpm for 30 min. For the 
preparation of drug loaded NP, zaltoprofen in methanol was mixed 
with chitosan solution prior to addition of alginate solution. NPs were 
formed as a result of the interaction between the negatively charged 
carboxylic groups of AG and the positively charged amino groups of 
CS (ionotropic gelation). NPs were collected by ultracentrifugation 
(REMI high speed, cooling centrifuge, REMI Corporation, India) at 
18,000 rpm for 30 min at 4°C.

Statistical modeling
In this experiment, Box-Behnken design was adopted for the 
optimization process such as finding the optimal conditions for 
targeted results.[16,17] The three levels selected for three factors 
were based on trial experiments. Their levels are summarized in 
Table 1. All analytical treatments were performed using Design-
Expert 8.0 software, Manufactured by Stat-Ease, Inc. Analysis 
of variance was carried out to determine the significance of the 
fitted equation.[15] The process variables, their coded experimental 
values, are listed in Table 2.

Freeze-drying of nanoparticles
The obtained NPs after ultracentrifugation was redispersed into 
de-ionized water. Mannitol (5%) was added as a cryoprotectant 
to samples and frozen in liquid nitrogen and lyophilized (VirTris 
BenchStop lyophilizer) for 24 h at condenser temperature of 
−99°C and 50 mT vaccum pressure.

Drug loading
The drug loading in optimized formulation result in different 
four batches namely F1 (10 mg), F2 (20 mg), F3 (30 mg) and 
F4 (40 mg). The loading capacity of zaltoprofen in CS-AG NPs 
was calculated as,[18]

� (1)

Formulation of topical gel containing zaltoprofen 
loaded CS-AG nanoparticles
The F1, F2, F3 and F4 batches were incorporated into 
1%  (w/w) carbopol gel with an electrical mixer (25 rpm, 
2 min).[19] This resulted in NPs loaded gels labeled as G1 gel 
(0.8% w/w), G2 gel (1.6% w/w), G3 gel (2.8% w/w), G4 (3.7% 
w/w). Similarly, plain drug gel of 2% zaltoprofen was labeled 
as P1 gel.

Table 1: Process variables and responses with 
constraints for Box-Behnken factorial design
Factors (%) Coded levels Actual levels (%)
X

1
: Alginate 

concentration
−1 0.05w/v
0 0.10w/v
1 0.15w/v

X
2
: Pluronic F-127 

concentration
−1 0.2w/v
0 0.4w/v
1 0.6w/v

X
3
: pH −1 4.6

0 4.8
1 5.0

Responses Constraint
EE Maximum
Particle size Minimum

EE: Encapsulation efficiency

Table 2: Matrix of Box-Behnken design
Batch code Factors/levels

X1 X2 X3

B1 0
B2 0
B3 +1
B4 0
B5 0
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15

B2, B5, B12 are check points



22	 International Journal of Pharmaceutical Investigation | January 2015 | Vol 5 | Issue 1

Shah and Patel: Formulation and evaluation of biopolymeric nanoparticles and its topical delivery

Characterization of NPs
Morphology and size determination
The freeze-dried samples of zaltoprofen loaded CS-AG NPs were 
mounted on metal stubs plating coated under vaccum and then 
examined on JSM-5610 scanning electron microscopy (SEM) at 
×550, ×1000, ×2700 and ×20,000 magnification. NP size and 
zeta potential were assessed by dynamic lights cattering (DLS) 
using a DTS version 5.10, serial Number: MAL1025328, Malvern 
Instruments Ltd., Malvern zeta-sizer. All DLS measurements 
were done with a wavelength of 532nm at 25°C with anangle of 
detection 90°. All measurements were performed in triplicate, 
and standard deviation was recorded.

Fourier transform analysis (Fourier transformin 
frared) study
Samples were lyophilized, mixed with micronized KBr powder 
and compressed into discs using a normal tablet press. Fourier 
transform infrared (FTIR) Spectra were obtained using 8400S 
FTIR-Spectrophotometer.

Differential scanning calorimetry study
Differential scanning calorimetric analysis was used to 
characterize the thermal behavior using differential scanning 
calorimetry (DSC-60) (ShimadzuCo., Japan.). 2.0 mg of dried 
powder of formulation crimped in a standard aluminum pan and 
heated from 20°C to 350°C at a heating rate of 10°C/min under 
constant purging of nitrogen.

%Entrapment efficacy
To determine encapsulation efficiency (%EE) of NPs, they were 
first separated by ultracentrifugation at 18,000 rpm for 30 min 
at 4°C from the aqueous medium containing nonassociated 
zaltoprofen. The supernatant was collected and quantified 
spectrophotometerically at λ⁄

max 243.40 nm of drug.[20] The amount 
of zaltoprofen loaded into NPs was calculated as the difference 
between the total amount used to prepare loaded NP and that 
recovered as nonassociated drug. The drug %EE of the NPs was 
calculated by the following equation:

� (2)

Characterization of gel
Appearance of gel
All developed gels were tested for homogeneity by visual 
inspection after the gels have been set in the container. They 
were tested for their appearance and presence of any aggregates.

pH and viscosity of the gel
The pH values of 1% aqueous solutions of the prepared 
gels were measured by a pH meter (Welltronix Digital pH 
meter PM 100). Viscosity of prepared gels was measured by 
Brookfield-DV-II+Pro Viscometer. Apparent viscosity measured 
at 25°C and rotating the spindle S95 at 20 rpm with maximum 
torque.

Drug content of the gel
A specific quantity (100 mg) of developed gels were taken and 
dissolved in 100 ml of phosphate buffer. The volumetric flask 
containing gel solution was shaken for 2 h on the mechanical 
shaker in order to get complete solubility of the drug. This 
solution was filtered and estimated spectrophotometerically at 
243.40 nm using phosphate buffer (pH 6.8) as blank.[20]

Spreadability study of gel
An excess of gel (about 2 g) under study was placed on the 
ground slide. The gel was then sandwiched between this slide and 
another glass slide having the dimension of fixed ground slide and 
provided with a hook. A 1 kg weight was placed at the top of the 
two slides for 5 min to expel air and to provide a uniform film of 
the gel between the slides. Excess of the gel was scrapped off from 
the edges. The top plate was then subjected to pull of 80 g with 
the help of string attached to the hook and the time (in seconds) 
required by the top slide to cover a distance of 7.5 cm was noted. 
A shorter interval indicated better spreadability.[19] Spreadability 
was calculated using the following formula:

� (3)

M = Weight tied to the upper slide
L  = Length moved by the glass slide
T  = �Time (in sec) taken to separate the upper slide from the 

ground slide.

In vitro drug diffusion study
In vitro diffusion studies were carried out to compare the 
release behavior of drug from carbopol gel and NPs loaded in 
carbopol gels (G1), (G2), (G3) and (G4), by dialysis method 
using cellophane membrane as a semi permeable membrane. 
The gel formulation was taken in an open ended tube tied with 
cellophane membrane and placed into a receptor compartment 
containing distilled phosphate buffer pH 6.8 stirred by magnetic 
stirrer (Franz diffusion cell). The contents were uniformly 
rotated by a magnetic bead at 50 rpm at 37°C ± 2°C. The samples 
were taken periodically, and the absorbance was measured at 
243.40 nm by ultraviolet (UV)-spectrophotometer (Shimadzu 
UV-1800).[21] The cumulative percentage drug release was 
plotted against time to compare the release pattern from all gel 
formulations.

Drug diffusion kinetic study
The in vitro release pattern was evaluated to check the 
goodness of fit to the zero-order release kinetics equation 4, 
first order kinetics equation 5, Higuchi’s square root of 
the time equation 6 and Korsmeyer’s Peppas power law 
equation 7:
•	 Zero order releases
	 •	� f (t) = K0 × t (release proportional to amount of drug 

remaining)� (4)
•	 First order release
	 •	� lnQt = lnQ0+ K × t (release independent of drug 

concentration)� (5)
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•	 Higuchi’s square root of the time equation
	 •	� f (t) = KH × t 1/2 (release proportional to square root of 

time)� (6)
•	 Korsmeyer-Peppas’ power law equation
	 •	� Mt/M∞ = K × tn � (7)

The goodness of fit was evaluated using ‘r’ (correlation 
coefficient) values.

Antiinflammatory activity of the gel on carrageenan 
induced paw edema model
Experimental animals
Albino Wistar rats of either sex, weighing 150-200 g were used. 
They were housed in standard environmental conditions and 
fed with standard rodent diet with water ad libitum. All animal 
procedures were followed in three groups namely Control, Test 
and Standard of six animals each.[22]

Carrageenan induced rat paw-edema
Animals were fasted for 24 h before the experiment with 
water ad libitum. Approximately 50 μl of a 1% suspension of 
carrageenan in saline was prepared 1 h before each experiment 
and was injected into the plantar side of right hind paw of the 
rat. Maximum inflammation was observed after 2 h of injection. 
1 g G3 gel was applied to the plantar surface of the hind paw 
by gentle rubbing 50 times with the index finger. Rats of the 
control groups received the carbopol gel without drug and 
1 g P1 gel was used as a standard. Paw volume was measured 
immediately after carrageenan injection and at 2, 4, 6, 8 and 10 h 
intervals after the administration of the noxious agent by using 
a plethysmometer[21,22]

RESULT AND DISCUSSION

Optimization of formulation using Box-Behnken 
surface response
The results obtained for 15 formulations are shown in Table 3. 
The average particle size ranged between 156 ± 1.0 nm 
and 554  ±  2.8 nm. The drug entrapment ranged between 
61.40% ± 3.20% and 90.20% ± 2.47%.

Regression analysis
The optimization resulted in achieving 88.67% entrapment 
efficacy and 156.04 nm particle size. For predicting the optimal 
region, a second-order polynomial function was fitted to 
correlate the relationship between variables and responses.[17] 

The behavior of the system was explained using following 
quadratic equation:

Y = β0 + ∑ βi Xi + ∑βij Xi Xj + ∑βii Xi2� (8)

Where, Y is predicted the response, β0 is a model constant 
(intercept), βi is linear offset, βii is squared offset and βij is the 
interaction effect. Xi and Xj are dimensionless coded value of 
independent variables. The quality of fit of polynomial model 

equation was expressed by adjusted coefficient of determination 
R2

adj.
[23] The values were found to be 0.95 and 0.98 for % 

entrapment efficacy and particle size respectively.

Response-surface analysis
The aim of optimization is to find the optimization levels 
of the variables that affect the process, whereby a product 
of desired characteristics can be produced easily and 
reproducibly.[23] Using the response-surface of selected 
responses with constraint (maximum entrapment efficacy 
and minimum particle size); it was possible to identify 
the optimum region. Figure 1 shows three-dimensional 
relationship between factors and responses.

Effect of factors on response
% Entrapment efficacy
ANOVA results and regression coefficient are shown in Table 4. 
All three variables were statistically significant (P < 0.05) and 
exhibited positive influence on the responses. From the surface 
plots of responses for % entrapment efficacy, it can be concluded 
that alginate concentration was factor with the greatest influence 
and had a positive effect (i.e., response increases with an increase 
in factor level).

Table 3: Results of measured responses
Batch 
code

Response values
Particle size (nm) Percentage entrapment efficacy

B1 554.00±2.8 62.10±4.07
B2 164.50±1.9 90±2.47
B3 228.78±2.62 84.9±5.03
B4 294.00±6.9 86.70±3.57
B5 164.50±8.32 90.10±2.47
B6 156.00±10 72.40±3.18
B7 439.00±8.5 68.40±2.61
B8 416.2±5.6 57.60±4.07
B9 288.70±7.2 71.60±3.16
B10 310.00±9 74.60±2.83
B11 423.00±2.08 61.40±3.20
B12 164.50±5.7 90.20±2.47
B13 280±2.6 88.90±4.85
B14 200.3±3.6 78.39±4.69
B15 178.60±5.1 91.10±5.03

The values were measured in triplicate (n = 3)

Table 4: ANOVA results (P values): Effect of the 
variables on % entrapment efficacy and particle 
size
Factors %entrapment efficacy Particle size

Coefficient P Coefficient P
Intercept −0.164 <0.0001a +5.55 <0.0001a

X
1

+0.128 <0.000a −2.02 <0.0001a

X
2

+0.04 <0.0001a +0.036 <0.0001a

X
3

+0.067 <0.0001a +2.294 0.0013
X

1
2 +0.431 0.0004a −0.039 <0.0001a

X
2

2 −0.021 0.0102a +0.2525 <0.0001a

X
3

2 −0.006 0.0101a −0.004 0.5583
X

1
×

2 −0.037 <0.0001a +5.273 <0.0001a

X
1
×

3 −0.010 0.2355 −0.0073 0.8014
X

2
×

3 −0.0053 0.4198 +0.2358 0.7243
R2adjusted 0.95 0.98 —

aStatistically significant (P < 0.05)
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Particle size
As shown in Table 4, the pH (factor X3, most influential) had 
a positive coefficient, while the alginate concentration had a 
negative coefficient. All three process variables were statically 
significant (P < 0.05). The particle size is also influenced by the 
orifice of the needle through which solution is allowed to pass, 
addition of surfactant, rate of addition, stirring speed and time.

Moreover, the increased viscosity at higher concentration of 
polymer resulted in larger size particle. The desired size was 
optimized at intermediate level of pH variable. The surfactant 
concentration showed a positive response for lower size 
constraint. The surfactant acts as a stabilizer as well as solubilizer 
of zaltoprofen for the formulation.

Interaction between factors
The ANOVA results [Table 4] showed that the interaction X

1 × 2 

had a significant influence on the percent entrapment as well as 
on particle size. However, this interaction was found to have a 
positive influence for particle size and negative influence on % 
entrapment efficacy. However, interaction terms X1×3 and X2×3 

were nonsignificant statistically for both responses.

Evaluation of zaltoprofen loaded CS-AG nanoparticles
Morphology and size determination
The SEM study of freeze-dried formulation showed distinct, 
spherical, and spongy dense structure with diameter to be 
99  nm [Figure 2]. The NPs appeared to be considerably 
smaller when viewed with SEM as compared to average 
particle size observed with DLS. This apparent disperancy 
between the two results can be explained by dehydradation 
of CS-AG NPs during lyophilization. The DLS measures the 
apparent size (hydrodynamic radius) of a particle, including 
hydrodynamic layers that form around hydrophilic particles 
such as those composed of CS-AG, leading to overestimation 
of NPs size.

Fourier transform infrared
T h e  F T I R  s p e c t r u m  o f  c h i t o s a n  s h o w e d  s t r o n g 
protonated  amino peak at 1596 cm−1. Consequently, after 
complexation with Chitosan-alginate, carboxyl peaks of 
alginate near 1631 cm−1 and 1425 cm−1 were broadened and 
shift slightly from this values to 1567 cm−1–1411 cm−1 and 
the amino peak disappeared. The amide peak at 1534 cm−1 

was observed.

Figure 1: Three-dimensional surface plots of entrapment efficacy and particle size as a function of alginate concentration, stabilizer concentration 
and pH: (a) Insignificant changes in encapsulation efficacy due to change in pH. This may be due to fact that increases in pH from optimal level 
leads to lesser ionic interaction between chitosan and alginate to form nanoparticles (NPs). (b) Moreover shows that there is a proportional 
relationship between stabilizer and %entrapment efficacy. (c) That pH around intermediate level allows stronger interaction between CS-AG 
leading to more compact and smaller NPs. (d) Depicts that there is no effect of stabilizer on particle size

a

c d

b
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Differential scanning calorimetry
It could be seen from Figure 3 that the peaks of the drug loaded 
NPs were shifted from those of physical mixtures of polymers 
and zaltoprofen. The formulation showed the forward shifts for 
chitosan from 82.49°C to 74.69°C. The peak was endothermic 
and broader than that observed in individual polymers. The 
characteristic peak of zaltoprofen (M.P. 137.4°C) was also detected 
at 145.08°C in the thermogram of NPs. The melting point was 
increased to 7.6°C after getting encapsulated to the polyelectrolyte 
complex. The peaks of physical mixture of polymers and drug 
appeared to be a combination of each material, but they were 
different from those obtained for NPs loaded zaltoprofen 
probably because of complexation of polyelectrolytes resulted in 
new chemical bond, amide.

%loading capacity
The optimized batch was considered for increasing drug 
payload. The results show that CS-AG NPs can entrap up to 
30 mg of zaltoprofen effectively. The characteristic evaluation 
of zaltoprofen loaded CS-AG NPs with increasing amount of 
drug is shown in Table 5. It is observed that increase in the 
amount of drug content comparatively increases the particle 
size, polydispersity index (PDI), zeta-potential as well as % 
entrapment efficacy.

Evaluation of gel
The plain drug gel was comparatively transparent than gel 
containing NPs of drug. The pH and viscosity value of the gel 
with nanoformulations was higher than that of plain drug gel. The 
comparative results for characteristics of gels are shown in Table 6.

In vitro diffusion study
The zaltoprofen release from carbopol gel P1 shows an 
uncontrolled, erratic and uneven release pattern. The G1 and 
G2 gels exhibit 73.39% and 77.01% cumulative drug release at 
end of 12 h respectively. Thus, it was observed from results in 
Table 6 that as drug loading increases the cumulative release also 

improves relatively. The maximum cumulative drug release from 
NPs was found for G3 gel. The similarity factor was 45 suggesting 
dissimilarity between their release patterns. The hydrophobic 
drug was entrapped into hydrophilic polymer shows a prolonged 

Table 5: Characteristic evaluation of NPs 
of  zaltoprofen
Drug content Result for NPs of zaltoprofen

10 mg 20 mg 30 mg 40 mg
Particle size 
(nm)

156.04±1.4 218.12±1.7 228.04±2.0 250.00±1.5

PDI 0.320 0.414 0.489 0.773
Zetapotential 
(mV)

+25.3 +27.4 +30.8 +33.1

%entrapment 
efficacy

88.67 89.52 90.72 89.29

PDI: Polydispersity index; NPs: Nanoparticles

Figure 2: Scanning electron microscopy micrographs of optimized 
zaltoprofen loaded chitosan-alginate nanoparticles at (a) ×550, 
(b) ×1000 and (c) ×20,000

a b

c

Figure 3: Thermograms of (a) physical mixture of polymers and 
zaltoprofen and (b) zaltoprofen loaded CS-ALG nanoparticles 
formulation

a

b
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Table 6: Characteristic evaluation of gels
Characterization of gel

Drug content (%) P1 G1 G2 G3 G4
1%w/w 0.8%w/w 1.6%w/w 2.6%w/w 3.4%w/w

Appearance Good Good Good Good Good
pH 5.8±0.2 6.5±0.2 6.2±0.2 6.3±0.1 6.4±0.1
Viscosity (cps) 22,452 32,376 32,515 32,537 34,264
Spreadability 37.01±0.015 40.01±0.014 43.13±0.012 43.20±0.014 46.90±0.009
In vitro drug diffusion 77.01 73.39 77.01 94.12 80.01

The values were measured in triplicate (n = 3)

Table 7: Kinetic modeling of diffusion profile 
from gels
Gel Kinetic models and R2 values

Zero 
order

First 
order

Higuchi 
release

Korsemeyer-
Peppas

Release 
exponent

P1 0.8679 0.8954 0.8917 0.9091 0.54
G1 0.8879 0.9226 0.9534 0.9942 0.82
G2 0.8859 0.9342 0.9556 0.9965 0.86
G3 0.8763 0.9249 0.9548 0.9953 0.84
G4 0.8566 0.9332 0.9674 0.9943 0.82

release, but in a time-controlled manner, which is improves the 
release profile of zaltoprofen.

Drug diffusion kinetic study
The values of R2 for different mathematical models are shown in 
Table 7. The R2 values (∼0.99) for zaltoprofen loaded carbopol gel 
and NPs loaded gels depicts that Korsemeyer-Peppas model fits 
best. The drug release from plain drug gel (P1) shows sustained 
release with critical ‘n’ value 0.54. The drug release from CS-AG 
NP also followed Korsmeyer-Peppas model with the critical 
value of “n” being between 0.82 and 0.86 suggesting non-Fickian 
diffusion processes. A sequential process of polymer hydration, 
solvent penetration, and drug dissolution and/or polymer erosion 
determine the drug release from hydrophilic matrixes.[24]

Antiinflammatory activity of gels
The increase in %inhibition in paw-edema was seen up to 6 h and 
10 h for P1 and G3 gels respectively. Thus G3 gel had a prolonged 
action than P1 gel. The highest % inhibition of paw-edema for 
G3 gel reached upto 50% at end of 10 h due to controlled release 
of zaltoprofen from CS-AG NP matrixes.

CONCLUSION

The objective of present investigation was to explore potential of 
CS-AG NPs as drug carrier system. Zaltoprofen, an NSAID drug, 
was entrapped in CS-AG NPs using ionotropic gelation method. 
The formulation was statistically optimized by experimental 
design considering the concentrations of polymer, stabilizer and 
pH of the system as independent variables. The ionic interaction 
between amino group of chitosan and carboxylic group of alginate 
was confirmed by FTIR and DSC studies.

These zaltoprofen loaded NPs were characterized by particle 
size, morphology, zetapotential, PDI and % entrapment efficacy. 
The optimized condition was obtained using Box–Behnken. The 
resultant NPs were dense, spherical NP with particle size of 156.04 
± 1.4 nm and entrapment efficacy of 88.67 ± 2.0%. The +25.3 mV 
zetapotential of system indicated good stability of NPs and 0.320 
PDI indicated aggregation free system. Further the drug loading 
in the optimized batch concluded that increase in drug payload 
increases % entrapment efficacy. In vitro diffusion studies showed 
that the drug undergoes sustained diffusion from the optimized 
formulation over period of 10 h, primarily by non-Fickian diffusion. 
Thus it is concluded that CS-AG NPs improves the uneven and 

erratic drug release profile of zaltoprofen. In in vivo studies the 
NPs loaded gel showed anti-inflammatory activity for prolonged 
period while the gel with plain zaltoprofen showed abrupt decrease 
inactivity. Thus formulation helps in improving efficacy of drug.

This new formulation is a viable alternative to conventional 
tablet by virtue of its ability to sustain the drug release, for its 
ease of administration because of topical gel which aids in better 
patient compliance.
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