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ABSTRACT 

The aim of this paper was to optimize and evaluate doxorubicin loaded spray dried chitosan nanocarriers as a sustained release. Chitosan 
nanoparticles were prepared by using ionotropic gelation technique. Spray-drying becomes a good technique to improve the stability of colloidal 
nanoparticles. To elucidate the influences of the 4 decision variables (i.e. chitosan concentration, cross-linking concentration, stirring speed, stirring 
time on the mean particle size, Entrapment efficiency, in-vitro release a four factorial / two level experimental design was carried out by the design 
expert software. The prepared nanoparticles were evaluated for particle size, scanning electron microscopy (SEM), percentage yield, drug 
entrapment, zeta potential, Differential scanning calorimetry and in-vitro release study. Among all 16 batches high drug loading 66%, particle size 
126-1392 nm. Based on in-vitro release study formulations show biphasic pattern characterized by initial burst release followed by a slower and 
sustained release. 
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INTRODUCTION 

Now a day’s cancer becomes a leading cause of death around the 
world. The World Health Organization estimates that 84 million 
people will die because of cancer between 2005 and 2015. The 
ultimate goal of all cancer therapy is cure of cancer without damaging 
the normal healthy tissue. It is not possible to achieve it always 
because of the propensity of cancer to invade adjacent tissue. 
Structural changes in vesicular endothelium provide for use 
nanoparticulate system [1]. Nanoparticles are particulate carrier 
system with size in the range of 10-1000nm. The active ingredient is 
dissolved, entrapped, encapsulated or attached to a nanoparticle 
matrix [2, 3]. To overcome some limitations associated with systemic 
drug delivery are: even biodistribution of drug throughout the body, 
the lack of drug specificity toward affected site, the necessity of a large 
dose of a drug to achieve high local concentration, non-specific toxicity 
due to high drug doses, nanoparticle as a drug targeting system is 
selected 4. Targeted drug delivery refers to predominant drug 
accumulation within a target zone. Nanoparticles spontaneously 
accumulate in the areas with leaky vasculature, by Enhanced 
Permeability and Retention (EPR) effect [4, 5, 6]. 

Doxorubicin is most widely-used chemotherapeutic anticancer 
drugs. DOX can integrate its structure into DNA between the base 
pair or inhibit topoisomerase II. Unfortunately, it causes serious side 
effects and presents high systemic toxicity to both healthy and 
normal tissue [7]. 

Chitosan (CS) is a naturally occurring nontoxic, biocompatible, 
biodegradable, cationic polysaccharide. Various methods to prepare 
chitosan nanoparticles are ionic gelation, coacervation or 
precipitation, emulsion-droplet coalescence, reverse micellar, and 
self-assembly chemical modification 8.The ionic gelation process is 
commonly used to prepare chitosan nanoparticles because it is a 
very simple and mild method These positively charged groups in 
chitosan can be chemically cross-linked with dialdehydes such as 
glutaraldehyde and ethylene glycol diglycidyl ether or physically 
cross-linked with multivalent anions derived from sodium 
tripolyphosphate (TPP), citrate, and sulphate. Both glutaraldehyde 
and ethylene glycol diglycidyl ether are toxic and can cause irritation 
to mucosal membranes. Non-toxicity and quick gelling ability of TPP 
are the important properties that make it a favorable cross-linker 
for ionic gelation of chitosan [9, 10,11]. 

MATERIALS AND METHODS 

Materials 
Doxorubicin hydrochloride was obtained as gift sample from Cipla 

Ltd. Mumbai, (India); Chitosan (molecular weight: 65–90 kDa) was 
obtained as gift sample from V kumar and sons. Aurangabad, (India); 
Anhydrous Sodium tripolyphosphate (TPP) was obtained from 
Lobachemie laboratory, Mumbai, (India); Acetic acid was supplied 
by Thomas baker, Mumbai, (India); All other chemicals were of the 
best quality commercially available. 

Formulation of Doxorubicin hydrochloride loaded chitosan 
nanoparticles 

Nanoparticles were prepared by ionotropic gelation technique. TPP 
is a polyanion, which can interact with cationic chitosan by 
electrostatic interaction. The method involves preparation of 1% 
aqueous solution of acetic acid in which weighed quantity of 
chitosan was dissolved and sonicated on ultrasonic bath sonicator. 
DOX was added in this acidic chitosan solution. Aqueous solution of 
sodium tripolyphosphate (TPP) was added at a constant rate of 0.5 
ml/min to this solution by stirring on homogenizer (IKA ultra turrex 
T25) at room temperature leads to the immediate formation of the 
nanoparticle. This filtrate is centrifuged in cooling centrifuge for 30 
mins, 15000 rpm. Supernatant was discarded and resuspended in of 
distilled water. 2 % mannitol was added in suspension and the 
resulting suspension was spray dried using spray dryer the 
Labultima (LU222, India) at Inlet temp 160 ˚C, Outlet temp 95 ˚C, 
Inlet high temp 175 ˚C, Outlet high temp 140 ˚C, Flow rate was kept 
at 2 ml/min, Aspirator 35 Nm3/ hr 8,[12,13,14],[15]. 

Experimental Design 

Systematic optimization procedures were carried out by selecting an 
objective function, finding the most contributing factors and 
investigating the relationship between responses and factors by the 
so-called response surface methodology [16]. 

High and low levels of four factors are mentioned in Table 1. The 
Sixteen formulations of nanoparticles were prepared by using 24full 
factorial design (by design expert 8.0.6.1) as mentioned in Table 2. 
Chitosan (A) sodium tripolyphosphate (STPP) solution (B) as a cross 
linking agent, stirring speed (C) stirring time (D) were used as 
independent variables where entrapment efficiency (EE), particle 
size, cumulative % release were taken as dependant 
variables[17,18]. Factors were tested at two levels designated as -1 
and +1. 

The values of the factors were transformed to allow easy calculation 
of co-efficient in polynomial equation. To identify the effect of 
significant variables, the reduced model was generated. Interactive 
multiple regression analysis and F statistics were utilized in order to 
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evaluate the response. The regression equations for the four 
responses were calculated using the following equation, 

Y = b0 + b1A + b2B + b3C + b12AB+ b23BC + b13AC + b123ABC+ b4D + b14 
AD + b24BD +b124 ABD +b34 CD +b134ACD+ b234BCD + b1234 ABCD …….. 
eq. (1) 

The equation was applied the response, to describe the principal 
effects and interaction among the identified variables, A, B, C and 
D. Coded (−1; +1) value were used for each independent 
variable: the −1 corresponds to the low level of each variable 
and +1 to the highest level. These limits were selected on the 
basis of previous studies and the optimization procedure was 
carried out within these domains. Concerning the equation (1), Y 
is the dependent variable or response, b1, b2, b3 and b4 are the 
coefficients of the respective independent variable, b0 is the 
arithmetic mean response.  

Spray drying process yield:  

Spray drying yield was calculated by comparing total solid amount 
(DOX, Chitosan, and TPP) with the resultant powder amount after 
spray drying [19]. 

Practical yield = Nanoparticle weight × 100 

Total amount of solid Added 

Drug entrapment efficiency 

The Chitosan Nanoparticle suspension was centrifuged at 15000 
rpm in cooling centrifuge at 15 °C for 10 min. Absorbance of the 
supernatant fluid was measured by a UV spectrophotometer (Jasco V 
600, Japan) at 481 nm. The % entrapment efficiency was calculated 
from following formula [12,20,21].  

% Entrapment Efficiency = Amount of drug in the nanoparticles × 100 

Amount of drug fed in the system 

Shape and surface morphology  

The scanning electron microscope (SEM) is a type of electron 
microscope that gives images of the sample surface by scanning 
it with a high-energy beam of electrons in a raster scan pattern. 
The electrons interact with the atoms that make up the sample 
producing signals that contain information about the sample's 
surface topography, composition and other properties such as 
electrical conductivity. The morphology of the prepared 
nanoparticles was investigated by scanning electron microscopy 
(JEOL Model JSM - 6390 LV). The nanoparticles were fixed on 
adequate supports and coated with gold under an argon 
atmosphere using a gold sputter module in a high-vacuum 
evaporator. Observations under different magnifications were 
performed at 15 kV [19]. 

Particle size and size distribution 

The average particle size and size distribution are important 
parameters because they influence the physicochemical 
properties and biological fate of the NP after in vivo 
administration. Dynamic light scattering method was used to 
determine particle size using the particle size analyzer 
(Nanophox, NX0080), cross correlation). Accordingly, the spray 
dried NP samples were suspended in distilled water. The 
obtained homogenous suspensions were examined to determine 
the mean diameter and polydispersity index. Values reported 
were the mean diameter ± standard deviation for three replicate 
samples [12,19]. 

Zeta potential 

The Zeta potential of samples was determined with a Nano ZS-90 by 
Malvern. Measurements were recorded at 25 ˚C suspended in Hepes 
buffer (ionic strength 40 mM, pH 7.4) with an Ag electrode using 
Phase Analysis Light Scattering mode. To determine the zeta 
potential, nanoparticles sample was diluted with KCl (0.1 mM) and 
placed in the electrophoretic cell where an electric field of 15.2 V / 
cm was applied [13]. 

In vitro drug release study 

The in-vitro release of drug from the nanoparticulate formulations 
was determined using membrane diffusion technique. DOX - 
chitosan NP (spray dried product) equivalent to 3 mg of DOX from 
each batch were taken and suspended in 10 ml of phosphate buffer 
pH 7.4 saline solution. A glass tube of length 7 cm and diameter 2 cm 
was tied with a dialysis membrane at one end (previously soaked in 
medium for 24 hours). The suspension of nanoparticles were taken 
in the dialysis tube ( donor compartment) which was immersed in a 
beaker containing 100 ml of pH 7.4 phosphate buffer saline solution 
as the diffusion medium (Receiver compartment) and was stirred 
with heating magnetic stirrer maintaining temperature at 37 ˚C The 
dialysis tube was held in position by means of clamps. The time at 
which diffusion was initiated was noted and 10 ml of diffusate was 
withdrawn with pipette at various time intervals of 1, 2, 4, 6, 8, 12, 
24 hours, and replaced by the same volume of fresh phosphate 
buffer to maintain a sink condition. These samples were filtered 
through 0.22  membrane filter. The obtained solution was analyzed 
spectrophotometrically (Jasco V-600, Japan) at 481 nm after suitable 
dilution if necessary, using appropriate blank [22].  

Differential scanning calorimetry (DSC) 

The thermal properties of DOX, chitosan and DOX-loaded 
nanoparticles were investigated by Differential scanning calorimetry 
(DSC). Samples (3-5 mg) was sealed in aluminum pans with lids and 
heated in a rate of 10°C/min using dry nitrogen as carrier gas with a 
flow rate of 25 ml/min. The heat flow being recorded from 30 to 
400˚C. Indium was used as the standard reference material to 
calibrate the temperature and energy scales of the DSC instrument 
(Mettler TIodo by Zurich Switzerland) [23, 24, 25]. 

Effect of temperature and humidity 

Effect of temperature and humidity was studied by analyzing the 
optimized batch kept at room temperature, 45 % RH (stability 
chamber) and at 4 ˚C for 7, 14, and 28 days. After one month, the 
drug release, and entrapment efficiency of optimized formulation 
was determined by the methods discussed previously. [26, 27] 

RESULTS AND DISCUSSION 

The results of percent practical yield are shown in Table 3. Percent 
practical yield depends on the concentration of polymer added. It 
increases with increase in concentration of polymer added to the 
formulation. Maximum percent practical yield was found to be 55.67 
% for F-8. 

The mean particle size of nanoparticles formulation was in the range 
of nm. Formulation F8 showed relatively large size i.e. 1392.1 nm 
and formulation F5 showed relatively small size i.e. 126 nm of 
nanoparticles. The Table 3 shows mean particle size of various 
batches. So, it has been concluded that as chitosan concentration 
increased viscosity also increased, which result in formation of large 
droplet during homogenization so, particle size increases along with 
increase in chitosan concentration. Particle size reduced with 
increasing amount of TPP in solution because cross-linking agent 
hardens chitosan nanoparticle and forms a small rigid matrix. 
Increase in homogenization speed reduces particle size because 
higher speed reduces particle aggregation and develop cavitational 
forces in homogenization gap resulted in diminution of liquid 
droplet to the nanosize.  

The entrapment efficiency in sixteen batches of doxorubicin 
nanoparticles was studied. The drug entrapment efficiency of 
different batches of nanoparticles was found in the range of 13 % to 
66 %.The result for entrapment efficiency is shown in Table 3. It was 
observed that the entrapment efficiency decreases with the increase 
stirring speed of formulations that may due to at higher stirring 
speed smaller droplets formed. Entrapment efficiency of the 
nanoparticles was affected by the varying chitosan concentration, as 
the concentration of chitosan and TPP increases the entrapment 
efficiency of drug also increases because higher amount of TPP could 
cross-link greater amount of chitosan, maximum entrapment was 
found in F-5 i.e. 66 % 
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There are some photographs of SEM for representative formulations 
is given in Fig. 1 These photographs showed that in the samples with 
high polymer concentration the particles are spherical possessing 
smooth surfaces. On the other hand the low concentration caused a 
coarse covering, likely due to drug's residue that has not been 
surrounded by polymer, thoroughly. 

All the formulations showed a biphasic release with initial burst 
effect. The release profile of DOX loaded nanoparticles exhibits an 
initial burst release of about 60% in the first 6 hours followed by a 
slow release of 40% for the subsequent 24 hours Fig 2 (a) and Fig 2 
(b). The observed burst effect was due to dissociation of drug 

molecules that were loosely bound to the surface of chitosan 
nanoparticles. The second part of the release profile is related to the 
slow release of entrapped DOX molecules at an approximately 
constant rate that arises from the slow degradation of nanoparticles 
and the release rate in the second phase is in controlled manner by 
diffusion, erosion of drug across the polymer matrix. It has 
concluded that higher TPP concentration degree of cross-linking is 
too high results in hardens chitosan matrix and also increase the 
resistance for penetration of release medium. Hence chitosan cross-
linking with TPP was effective approach to prepare sustain release 
doxorubicin loaded nanoparticle.  

 

Table 1: High and low levels of four factors 

S. No. Factors  Low level High level 

A Chitosan 0.50% 1% 

B STPP 0.75% 1% 

C Speed 8000 16,000 

D Time 20min 30min 

 

Table 2: Formulations for DOX chitosan nanoparticles 

Formulation Drug (Dox) 
Mg 

Chitosan X1 TPP 
X2 

Speed r.p.m 
X3 

Time 
Min 
X4 

F-1 100 1 1 16000 30 

F-2 100 0.5 1 8000 30 

F-3 100 1 1 8000 20 

F-4 100 1 0.75 16000 30 

F-5 100 1 0.75 8000 30 

F-6 100 0.5 0.75 8000 30 

F-7 100 0.5 0.75 16000 30 

F-8 100 1 1  8000 30 

F-9 100 0.5 1 8000 20 

F-10 100 0.5 0.75 16000 20 

F-11 100 1 0.75 16000 20 

F-12 100 0.5 0.75 8000 20 

F-13 100 1 1 16000 20 

F-14 100 0.5 1 16000 20 

F-15 100 1 0.75 8000 20 

F-16 100 0.5 1 16000 30 

 

Table 3: Result obtained from formulations 

S. No. Formulation code Particle size 
(nm) 

Entrapment efficiency (%) Practical yield 
(%) 

1 F1 755.39 26.09 31 

2 F2 467.35 17.16 26.56 

3 F3 465.97 42 28 

4 F4 938.98 59 30.81 

5 F5 126.76 66 43.23 

6 F6 897.23 16.18 27.09 

7 F7 296.66 40 41.12 

8 F8 1392.10 51 55.67 

9 F9 316.40 24.2 37.6 

10 F10 500.93 21.07 25.33 

11 F11 130.35 32.48 31.13 

12 F12 1039.39 42 18 

13 F13 632.43 62 23.78 

14 F14 546.09 20.73 35.79 

15 F15 636.36 12.28 26 

16 F16 834.88 28.21 38.16 
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Table 4: Anova test for determining the significance of the variables 

Source Sum Of Squares DF Mean Squares F- Value P-Value 
Prob > F 

Model 4282.62 11 359.33 7.90 0.0303 

A-Chitosan 1247.86 1 1247.86 25.31 0.0073 

B-TPP 19.40 1 19.40 0.39 0.5644 

C-speed 22.00 1 22.00 0.45 0.5407 

D-Time 137.36 1 137.36 2.79 0.1704 

AB 101.40 1 101.40 2 .06 0.3248 

AC 0.30 1 0.30 6.025E-0.0039 0.9419 

AD 223.35 1 223.35 4.53 1.004 

BD 622.75 1 622.75 12.63 0.0237 

CD 10.30 1 10.30 0.21 0.6713 

ABD 819.10 1 819.10 16.62 0.0151 

ACD 1078.79 1 1078.79 21.88 0.0095 

Residual 197.18 4 49.30   

Cor total 4479.81 15    

Std. Dev 7.02 R-Squared 0.9560 

Mean 35.03 Adj R-Squared 0.8349 

C.V. % 20.05 Pred R-Squared 0.2957 

PRESS 3154.93 Adeq Precision 9.563 

 

Table 5: Low and high level for the optimized batch  

Name Goal Lower Limit Upper Limit Lower Weight Upper Weight Importance 

A:Chitosan is in range 0.5 1 1 1 3 

B: TPP is in range 0.75 1 1 1 3 

C: Speed is in range 8000 16000 1 1 3 

D:time is in range 20 30 1 1 3 

particle size is target =500 126.76 500 1 1 3 

Entrap.effi. maximize 12.28 80 1 1 3 

%cumrelease is in range 85.77 100 1 1 3 

 

Table 6: Selective formulations that DE.8.0.6.1 predicted out of the specified limit for each variable  

No Chitosan 
% 

TPP 
% 

Speed 
rpm 

Time 
min. 

Particle size-nm Entrapment efficency %cum. release Desirability 

1 1.00 0.82 8018.5 30.00 499.999 63.3737 91.5545 0.869 

2 1.00 0.76 11412 30.00 500.001 62.6023 91.646 0.862 

3 1.00 0.75 12060 27.63 500.001 52.9305 93.2394 0.775 

4 1.00 0.89 16000 21.98 499.767 47.6472 95.6206 0.722 

5 0.84 0.75 10357 28.20 499.999 47.5872 94.1568 0.722 

6 1.00 1.00 9791 20.00 500 46.2953 93.0943 0.709 

7 1.00 0.76 15846 24.49 499.999 42.4977 94.6768 0.668 

8 0.66 0.75 15999 29.77 499.932 42.1299 97.0673 0.664 

9 0.85 0.97 10952 20.03 500.001 39.8351 96.3013 0.638 

10 1.00 0.81 12088 23.15 500.001 38.2579 95.4216 0.619 

11 0.51 0.94 8000 21.37 499.972 28.8249 100 0.494 

 

Table 7: Obtained responses of three of selected formulation  

Solution No. Chitosan TPP Speed Time 
min 

particle size Entrapment efficiency. In-vitro release. 

S1 1% 0.82% 8000 30 274 60.13 % 89 % 
S4 1% 0.88% 16000 22 513 49 % 98 % 
S9 0.85% 0.95% 10000 20 756 42 % 94 % 

  

Table 8: Results of Optimized Batch 

Solution % Entrapment % Release at 24thhr Particle size 
S1 60.65±0.8252 90 % ± 1.1981 130nm 
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Fig. 1: Scanning Electron Photomicrograph of selected Formulations 
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Fig. 2(a): Graphical representation of comparative release 
profile of 1-8 formulations 

 

Fig. 2(b): Graphical representation of comparative release 
profile of 8-16 formulations 

 

 

Fig. 3: Desirability plot obtained by D.E.8.0.6.1 

 

4(a) 

 

 



Patil et al. 
Int J Curr Pharm Res, Vol 6, Issue 1, 7-15 

13 

4(b) 

 

4(c) 

 

Fig. 4: DSC curves obtained in dynamic air atmosphere (100 ml/min) and heating rate 10 °C/min of doxorubicin hydrochloride (4a) 
chitosan polymer (4b) and doxorubicin-loaded chitosan nanoparticles (4c). 

 

 

Fig. 5: Zeta potential for optimized batch.  
 

 

Fig. 6: SEM Study for optimized batch.  



Patil et al. 
Int J Curr Pharm Res, Vol 6, Issue 1, 7-15 

14 

Experimental design and data analysis  

To study response surface analysis obtained results were entered in 
design expert software 8.0.6.1 and influence of each independent 
variable on entrapment was checked. The results of the statistical 
evaluation and variance analysis of the experiments are shown in 
Table 4. The so called p value in the last column gives information on 
how significant is the influence of the given variable. If this value is 
below 0.05, the effect of the given variable is statistically significant, 
if it is >0.05, the influence of the given variable is regarded not 
significant. F-test used to check the statistical significance of 
equation 1 show that the fitted model is strongly significant at 95 % 
confidence level (P-value < 0.05) it was concluded that Chitosan 
(factor A), Sodium tripolyphosphate (factor B), speed (factor C) and 
time (factor D) having individual as well as combined effect on the 
drug loading. The main effect of the chitosan along the interaction 
with AD and AC is observed. 

After studying the various effects of factors on the responses the 
design suggested low and high levels for the optimized batch 
shown in the Table 5 and some formulations in regard to the 
results of analysis. Table 6 includes some of the suggested 
formulations of DE 8.0.6.1 and the desirability of each item could 
be observed. Desirability plot obtained by D.E. 8.0.6.1  shown in 
Fig 3, Out of those 3 samples were selected, formulated and 
evaluated as results shown in Table 7. Particle size measurement 
of these 3 formulations was done which obtained in the range of 
250-750 nm. 

Solution 1 was found to be an optimum batch entrapment up to 
60.65±0.8252 and minimum size 130nm. 

DSC thermograph of chitosan, doxorubicin and doxorubicin-loaded 
chitosan nanoparticles are shown in Fig. 4 The pure drug 
doxorubicin hydrochloride (Fig. 4 a) gives rise to a sharp peak at 
231°C with an onset at 229.69 °C, indicating its crystalline nature, 
which corresponds to its melting point. A sharp peak is observed 
due to the thermal decomposition of the drug. Thermogram of 
chitosan (Fig. 4 b) showed a broad peak at 84 °C with an onset at 
59.08 °C over a large temperature range is attributed to water loss 
due to evaporation of absorbed water and this represents the energy 
required to vaporizes water present in the chitosan, chitosan 
showed one broad endotherm at 208 °C, glass transitions followed 
by rapid thermal degradation. The DSC study did not detect any 
crystalline drug material in the doxorubicin-loaded nanoparticles 
Fig. 4(c) sample as the sharp peak of doxorubicin obtained at 229 °C. 
Thus, the drug incorporated into the nanoparticles was in an 
amorphous or disordered-crystalline phase of molecular dispersion 
or solid solution state within the polymer matrix. 

Zeta potential of Chitosan nanoparticles for optimized batch was 
determined and it was found 8.35 mV, showed in Fig. 5 which 
indicates stable particles with no agglomeration. The positive 
surface charge originates from free amine groups at the chain ends 
of the chitosan polymer. 

Stabilities studies of the Chitosan nanoparticles for optimized 
batch were carried out, by storing formulation at 4o ± 1oC, 25o± 
2oC 60% RH ± 5% RH and 37o± 2oC 65% RH ± 5% RH in humidity 
control oven for 30 d. Two parameters namely entrapment 
efficiency and in-vitro release studies were carried out. These 
results indicate that the drug release from the formulation 
stored at 4o±1oC was lowest followed by formulation stored at 
25o±2oC; 60%±5% RH and 37o±2oC; 65%±5% RH. It was also 
revealed that optimized batch stored at 4o±1oC showed 
maximum drug content followed by that stored at 25o±2oC; 
60%±5% RH and 37o±2oC; 65%±5% RH. 

CONCLUSION 

Doxorubicin, loaded chitosan nanoparticles were successfully 
fabricated as chitosan nanoparticles by high-speed 
homogenization and spray drying technique, optimized and 
evaluated in-vitro. The formulated Doxorubicin-chitosan 
nanoparticles were of optimum particle size, the entrapment 
efficiency and satisfactory cumulative percent drug release. The 
particle size of chitosan nanoparticles, prepared from a higher 

concentrations of chitosan was large, compared with lower 
chitosan concentrations. Stability studies indicated that 4C is 
the most suitable temperature for storage of chitosan 
nanoparticles. This drug delivery is endowed with several 
exclusive advantages and hence holds potential for further 
research and clinical application.  
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