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INTRODUCTION
Controlled drug delivery systems offer numerous advantages over con-
ventional dosages forms, including improved efficacy, reduce toxicity, 
and improved patient compliance, and can be utilized in the form of 
nanocarriers in drug delivery.1 Nanoparticles are solid colloidal particles  
with diameters ranging from 1-1000 nm.2 They consist of macromo-
lecular materials in which the active ingredient is dissolved, entrapped, 
encapsulated, adsorbed or chemically attached.3 They may be prepared  
from a variety of materials such as proteins, polysaccharides and syn-
thetic polymers. The selection of materials is dependent on many factors 
including: (a) size of nanoparticles required; (b) inherent properties of 
the drug, e.g., solubility and stability; (c) surface characteristics such as 
charge and permeability; (d) degree of biodegradability, biocompatibility 
and toxicity; and (e) drug release profile desired.4 Chemically metho-
trexate is N-[4[[(2,4-diamino-6-pteridinyl) methyl] methyl-amino]
benzoyl]-L-glutamic acid. Methotraxate is an antineoplastic antime-
tabolite with immunosuppressant properties and used in the treatment 
of certain neoplastic diseases, severe psoriasis, and adult rheumatoid 
arthritis.5 Methotrexate irreversibly binds to and inhibits dihydrofolate 
reductase, inhibiting the formation of reduced folates, and thymidylate  
synthetase, resulting in inhibition of purine and thymidylic acid synthesis, 
thus interfering with DNA synthesis, repair, and cellular replication.  
Methotrexate is cell cycle specific for the S phase of the cycle.6 Targeted  
drug delivery is a method of delivering medication to a patient in a manner 
that increases the concentration of the medication in some parts of the 
body relative to others. Targeted drug delivery seeks to concentrate the  
medication in the tissues of interest while reducing the relative concen-
tration of the medication in the remaining tissues. This improves efficacy  

of the while reducing side effects.7 The loading of drugs into ultrafine  
colloidal capsule in the nanometer size range (10 to 1000 nm) is technique  
for the optimization of drug delivery to the desired site with the drug  
encapsulated, dissolved, adsorbed, or covalently attached. These colloidal 
capsules are termed as nanoparticles.8 They can entrap drugs in a stable 
and reproducible fashion with presence of stabilizers such as dextran and  
its derivatives by a process of polymer grafting to modify the charac-
teristics of the nanoparticle surface charges and surface behavior, thus 
the drugs can either be directly incorporated during the polymerization 
process or by adsorption onto preformed nanoparticles.9 The primary  
goals of nanoparticles in drug delivery include more specific drug  
targeting and delivery, reduction in toxicity while maintaining therapeutic  
effects, greater safety and biocompatibility, and faster development of 
new safe medicines.10 Grenha et al described a method used to form  
chitosan nanoparticles and involves the preparation of a W/O emulsion  
(this first report described the emulsification of chitosan aqueous solution 
in toluene, using Span 80® as emulsifier), with subsequent addition of a  
cross-linking agent that has the function of hardening the formed drop-
lets. The reactive amino groups of chitosan undergo a covalent cross-
linking with the aldehyde groups of glutaraldehyde which is added after  
the emulsion formation and consequently, after nanoparticle production.11 
An isocratic high-pressure liquid chromatography (HPLC) method was 
developed to quantity Methotrexate. In vitro drug release study suggests  
sustain drug release for longer period of time. The synthesized nanopar-
ticles have spherical shape with sizes range 779.9 nm to 3079.0 nm.  
The percentage entrapment efficiency was 70.93% to 82.68%. The developed  
systems were characterized for size, shape, zeta-potential, entrapment  
efficiency and In-vitro release. 
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ABSTRACT
Objective: The aim of the present study is to prepare and evaluate 
nanoparticles containing methotrexate using chitosan as the polymer. 
The MTX-loaded CS-NPs were prepared by the emulsion polymerization 
method using glutaraldehyde as the cross-linking agent. Methods: CS 
nanospheres prepared using 1.0% w/v chitosan gel (in 4.0% v/v glacial 
acetic acid), 2.5 mg, 5.0 mg and 10 mg of MTX, 6.0 mL GST and 0.6 mL 
Span 80 yielded the most satisfactory product.  Formulation was optimized 
and in vitro drug release was performed. In-vitro release study was done in  
HPLC water. Results: The MTX-loaded CS-NPs were formed by the emulsion  
polymerization method. The particle size, loading efficiency and in-vitro 
release varied from 779.9 to 3079.0 nm, 70.93 to 82.68% and 10.29 to 
84.67%, respectively for the formulated sample. Release kinetics showed 
diffusion-controlled and Non-Fickian release pattern. The zeta potential of 
three formulations achieved optimum values between -16.8 to 23.3 mV. 
Optimum zeta potential is essential for the uniformity of the nanoparticles 
size distribution. CS-MTX has shown a sustained release pattern in vitro.  
Conclusion: The sample C (10.0 mg) showed the least particle size, optimum  

zeta potential range, moderate drug loading efficiency followed by sustained 
drug release over 48 hours. Hence, this formulation satisfactorily maintain 
the bioavailability and targeting efficiency towards cancer cell. Thus, the  
nano-formulation has a potential to be a sustained release, passive  
targeted delivery system for MTX, with reduced side effects associated 
with the drug.
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MATERIALS AND METHODS
Materials
Methotrexate was purchased from sunpharma India. chitosan (150 cps) 
was obtained from Central Marine Fisheries Research Institute Cochin, 
India. Sodium chloride was purchased from Unilab. 3% Glacial Acetic 
Acid, Toluene and Span 80 were purchased from Quicklab Sdn. Bhd. 
25% aqueous Glutaraldehyde solution was supplied from Plant Succeed. 
Linseed oil was from Medina Jaya Sdn. Bhd. Acetone was purchased 
from Merck.

Preparation of 1.0% w/v of 150 cps chitosan Gel
150 cps chitosan and sodium chloride were dissolved in 3% glacial acetic  
acid and stirred with slight warming. Then, the solution was kept over-
night for air drying under room temperature to obtain a clear gel of 1.0% w/v 
of 150cps chitosan.

Preparation of Glutaraldehyde Saturated Toluene (GST)
Glutaraldehyde and 7 mL Toluene were mixed well for 30 minutes and 
then it was shaken vigorously. The solution was left overnight for saturation 
and separation.

Preparation of nanospheres without drug incorporation
The 1%w/v chitosan gel was added with acetone dropwise with stirring. 
Polymer gel was added drop wise into linseed oil and allowed to emulsify 
under magnetic stirring at room temperature for one hour. Polymer was 
precipitated to the evaporation of acetone with subsequent formation of 
smaller spheres suspended in the oil phase. GST with Span 80 was added 
drop wise to the emulsion and it was continued stirring for 4 hours. The 
emulsion was centrifuged at 4800 rpm for 20 minutes. The supernatant 
was discarded and fresh toluene was added and centrifuged at 4800 rpm 
for 20minutes. The centrifugation was repeated for 5 times. Acetone was  
added, mixed well and centrifuged at 4800 rpm for 10 minutes and  
repeated for 2 times. The content was dried in the incubator in glass petri 
plate. Powders were observed under 40X microscope.

Preparation of drug loaded nanospheres with 1.0% w/v 
150 cps chitosan
Three batches of 1.0% w/v of 150 cps chitosan gel were prepared with  
different concentration of methotrexate, which are 2.5 mg, 5.0 mg and 
10.0 mg. The emulsions were stirred stirrer for 1 hour then kept on 
standing for another 1 hour.

Preparation of methotrexate-loaded nanospheres
For the preparation of methotrexate-loaded nanospheres, firstly, acetone 
was added dropwise into beakers containing 1% w/v of 150 cps chitosan 
gel prepared with different methotrexate concentrations in the ratio of 
1:1. Then the polymer gel was added in dropwise into linseed oil and was 
allowed to emulsify under magnetic stirring. Polymer was precipitated to 
the evaporation of acetone with subsequent formation of smaller spheres 
suspended in the oil phase. GST layer was separated and the Toluene  
layer which had prepared was mixed with Span 80. GST with Span 80 
was added dropwise to the emulsion and it was continued stirring under 
magnetic stirrer. The emulsions in each beaker were centrifuged at 4800 
rpm and the upper oily supernatant was discarded. Toluene was added 
into each tube and shaken vigorously. The tubes were centrifuged at 4800 
rpm and the supernatant was discarded. This step was repeated a few 
times and after that, acetone was added, mixed well and centrifuged at 
4800 rpm. After centrifugation, acetone was added into each test tube 
and the mixture was mixed well. Upon drying, brown coloured and free 
flowing of fine powder was obtained. Powders were observed under 40X 
microscope (Figure 1).

Calibration curve
For the preparation of calibration curve, 1 mg/ml of methotrexate stock 
solution was prepared. Then the stock solution was used to prepare 
methotrexate concentrations of 200 ng/ml, 400 ng/ml, 600 ng/ml, 800 
ng/ml, 1000 ng/ml and 1500 ng/ml by using serial dilution with deion-
ized water. Standard solution was analyzed using HPLC and standard  
curve was plotted by taking the peak area at y-axis a concentration  
(ng/ml) at x-axis (Table 1).

Optimization method of HPLC analysis 
Chromatographic separation was performed on a Shimadzu liquid  
chromatographic system equipped with a LC-20AD solvent delivery  
system (pump), SPD M 10AVP photo diode array detector, Rheodyne  
7725i injector with 25 μl loop volume. Class-VP 6.01 data station 
was applied for data collecting and processing (Shimadzu, Japan).  
A Phenomenex Gemini C column (250 mmx 4.6 mm i.d., 5 μ) was used 
for the separation, mobile phase of a mixture of acetonitrile (pH 2.8) and 
0.5% triethylamine (pH 3.5 adjusted with orthophosphoric acid); (50:50 
v/v) was delivered at a flow rate of 1.0 ml/min with detection at 480 nm. 
The mobile phase was filtered through a 0.2 μ membrane filter and de-
gassed. The injection volume was 25 μl and the analysis was performed 
at ambient temperature (Figure 2).

Figure 1: Morphological view of nanospheres.
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Figure 2: Typical chromatogram of methotrexate standard.

Table 1: Data obtained from HPLC analysis for 
preparation of calibration curve

Concentration (ng/ml) Peak Area

200 517382

400 1034764

600 1452146

800 2069528

1000 2486910

1500 3880365

Table 2: Data for percentage drug loading in each batch of nanosphere

Sample
Total 

Weight 
(mg)

Peak Area Concentration (µg/ml)
Practical 

Loading (mg)
Theoretical 

Loading (mg)
% Drug 
Loading

A
200 22733902 8.8657 0.08866 0.125 70.93

(2.5 mg)

B
200 53021365 20.6691 0.20669 0.250 82.68

(5.0 mg)

C
200 98531430 38.4049 0.38495 0.500 76.81

(10.0 mg)

Estimation of amount of drug incorporated
Estimation of amount of drug incorporated can be done by digesting 
10 mg methotrexate drug filled nanosphere (Batch A, B, C) in 1:1 ratio  
of 0.1N Hydrochloric acid and ethanol. The sample collected was  
centrifuged at 5300 rpm for 20 minutes. After centrifugation, solution 
was analysed for the amount of the drug present using HPLC at 480 
nm12-15 with the help of standard curve prepared previously (Table 2).

In-vitro drug release studies
2.5 mg/ml, 5 mg/ml, 10 mg/ml (Batch A, B, C) of drug loaded nano-
spheres were taken and 100 ml of deionized water (pH 7-7.4) was added 
into each of the conical flask. The flasks were kept in an incubator shaker 
at 37⁰C ± 0.5⁰C using 150 revolution/min for a span of 48 hours. 2 ml 

of releasing solution was removed as samples at various time intervals 
and 1 ml of releasing solution taken was then replaced with 2 ml of 
deionized water immediately. The 2 ml of releasing solution collected 
was passed through 0.45 µm nylon membrane filter to be filtered. Drug 
content was estimated spectrophotometrically using HPLC at 307 nm.

RESULTS AND DISCUSSION
Chitosan is a modified natural carbohydrate polymer which issoluble in 
most organic acidic solutions at pH less than 6.5 including formic, acetic, 
tartaric, and citric acid. By simple covalent modifications of the polymer, 
its physicochemical properties can be changed and can be made suitable 
for drug delivery purpose. Ionic interactions between positively charged 
amino groups in chitosan and the negatively charged mucus gel layer 
make it mucoadhesive. The favourable properties like biocompatibility, 
biodegradability, pH sensitiveness, and mucoadhesiveness have enabled 
chitosan to be chosen to be used as a polymer for nanoparticles.
The major goals in designing nanoparticles as a delivery system are to 
control particle size, surface properties and release of pharmacologically 
active agents in order to achieve the site specificaction of the drug at the  
therapeutically optimal rate and dose regimen. Nanospheres were  
prepared by modified spontaneous emulsification method which is water 
in oil emulsion type. First, chitosan was dissolved in glacial acetic acid 
to form an aqueous phase. After incorporating the drug into the system, 
linseed oil was added together with acetone into chitosan gel with drug 
mixture. It was allowed to emulsify under magnetic stirring.
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drug filled nanospheres were digested with the ratio of 1:1 of 0.1 N  
Hydrochloric acid and ethanol.
Three batches of nanospheres were prepared with the incorporation of 
2.5 mg (batch A), 5.0 mg (batch B) and 10.0 mg (batch C) of methotrexate 
respectively.
The three samples A, B and C prepared from 2.5, 5.0 and 10.0 mg  
of methotrexate respectively have shown percentage drug loading as 
summarized in Table 2. An increase the drug concentration using  
different amounts of drug in the formulation (2.5 mg, 5.0 mg and 10.0 mg) 
has shown that it does not depend on the drug payload. In other words, 
an increase in the drug-to-polymer ratio during formulation does not 
depend on the concentration of the drug in the nanospheres. 
In vitro drug release has shown that 50% drug release was seen at 5th-
6th hour in sample A and B, and 6th-7th hour for sample C. The concen-
tration of drug in sample A < sample B < sample C. As shown by the  
in vitro release (Table 3), the release pattern of the three samples closely 
resembles each other. A biphasic release was demonstrated in sample A, 
B and C by the initial burst release at 1st and 8th hour, followed by a stable, 
plateau release in the subsequent hours (up to hours). The release pattern 
of the drug from nanospheres is of satisfaction as per the objective of the  
formulation. This is because the initial burst release could achieve a ther-
apeutic concentration of the drug at the tumor site, and the sustained-
release phase could provide a constant concentration for the therapeutic 
effect in the subsequent hours. 

Table 3: In vitro percentage release of methotrexate from sample A, B and C of nanosphere

Formulation
Time 
(hrs)

Peak Area
Concentration

Amount 
of drug 

released 
(mg)

Cumulative 
amount of drug 

released (mg)

Label 
claim (mg)

% Drug 
released at 
each time 

interval 

Cumulative% 
drug released

ng/ml mg/ml

Sample A

0 0 0 0 0 0 0 0 0

1 750923 298.721 0.00030 0.02987 0.0299 0.2217 13.48 13.48

2 993207 393.142 0.00039 0.03931 0.0692 0.2217 4.26 17.74

3 1357632 535.163 0.00054 0.05352 0.1227 0.2217 6.40 24.14

6 3151784 1234.365 0.00123 0.12344 0.4345 0.2217 7.04 55.69

12 3958631 1548.802 0.00155 0.15488 0.7245 0.2217 8.91 69.88

24 4154972 1625.319 0.00163 0.16253 0.8870 0.2217 3.45 73.33

48 4650762 1818.534 0.00182 0.18185 1.4092 0.2217 3.53 82.05

Sample B

0 0 0 0 0 0 0.5168 0 0

1 1572425 618.87 0.00062 0.0619 0.0619 0.5168 11.98 11.98

2 2010256 789.5 0.00079 0.0789 0.1408 0.5168 3.30 15.28

3 3365321 1317.58 0.00132 0.1318 0.2726 0.5168 10.22 25.50

6 6801963 2656.88 0.00266 0.2657 0.9616 0.5168 6.45 51.41

12 9142013 3568.83 0.00357 0.3569 1.6298 0.5168 8.82 69.06

24 9701362 3786.81 0.00379 0.3787 2.0085 0.5168 4.21 73.27

48 11213095 4375.95 0.00438 0.4376 3.2704 0.5168 1.47 84.67

Sample C

0 0 0 0 0 0 0.9600 0 0

1 2518631 987.62 0.00099 0.0988 0.0988 0.9600 10.29 10.29

2 3314137 1297.64 0.00130 0.1298 0.2286 0.9600 3.23 13.52

3 4910389 1919.71 0.00192 0.1920 0.4206 0.9600 6.47 20.00

6 9817320 3832.00 0.00383 0.3832 1.4529 0.9600 4.48 39.92

12 15115606 5896.81 0.00590 0.5897 2.5544 0.9600 8.12 61.43

24 16117301 6287.18 0.00629 0.6287 3.1831 0.9600 4.06 65.49

48 18513862 7221.15 0.00722 0.7221 5.3102 0.9600 1.23 75.22

Table 4: Particle size and zeta potential

Sample
Particle size

(nm)
Zeta potential

(mV)

A 3079.0 23.3

B 2657.0 -26.5

C 779.9 -16.8

Prepared GST with span 80 was added into the mixture and it was  
allowed to precipitate by the evaporation of acetone to form nanospheres.  
Toluene was then used to remove remaining oil substance in the emulsion. 
Then acetone was used to remove the toluene and to dry the resulting 
substance to prevent aggregation.
Some modifications were done in improving the formulation of nano-
spheres. 150 cps chitosan was found to be better in the production of  
uniform and higher amount of nanospheres compared to 27 cps chitosan. 
14 ml glutaraldehyde instead of 7 ml glutaraldehyde was used to form 
GST due to stronger cross linking and hardening of spherical particles.  
For better dispersion and less clumping of nanospheres, Span 80 in liquid 
form was utilized. In addition, the ingredients were added dropwise to  
ensure uniform mixing and further reduce the occurrence of aggregation.  
Frequency of washing with toluene was increased to maximize the  
removal of oil content before the washing of nanospheres with acetone. 
In the estimation of amount of drug incorporated, thethree batches of  
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CONCLUSION
Targeted drug delivery system using methotrexate-loaded chitosan 
nanospheres has been designed to deliver drug moiety to a specific site 
of action. The goal of this formulation is to increase the amount of drug 
reaching the site of action, reducing its action on neighbouring tissue, 
thus improving the therapeutic efficiency and minimizing toxic effects.  
The three batches of methotrexate-loaded nanospheres were formu-
lated by emulsion polymerization method adopting chitosan polymer 
with good biodegradability as the drug carrier for this formulation. 
The formulation C (10.0 mg) showed the least particle size, optimum 
zeta potential range, moderate drug loading efficiency followed by sus-
tained drug release over 48 hours. Hence, this formulation may satis-
factorily maintain the bioavailability and targeting efficiency towards 
cancer cell.
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The nanoparticles size was very crucial parameter in determining  
the saturation solubility, resistance of settling and adhesion of drug  
particles incorporated to biological surfaces. Sample C, having the 779.9 nm  
(Table 4) was said to have the highest saturation solubility, rapid dissolu-
tion, resistance to settling. Therefore, its adhesion to biological surfaces 
is more, thus providing rapid onset of therapeutic action and improved 
bioavailability. In such case, the drug dose required to achieve the thera-
peutic benefit is reduced. Due to the potentially high chance of aggrega-
tion in nanoparticles, a surfactant, Span 80 was added in the preparation 
of three formulations.
Sample A (2.5 mg), B (5.0 mg) and C (10.0 mg) showed the particle size 
of 3079 nm, 2657 nm, and 779.9 nm respectively. It  indicates  that  the  
particle  size decrease  with  increase  in  concentration  of  polymer  
(Table 4). The  particle  size  data  showed  that  the  nanoparticle has  
submicron  size  and  low polydispersity,  which  indicates  relatively  narrow 
size distribution.
Zeta potential is an essential factor to evaluate the stability of nano-
dispersion. Zeta potential values mainly reflect the electrical repulsion  
between the particles. The average zeta potential value of methotrexate- 
loaded nanospheres was in the range of −16.8 mV to 23.3 mV. An  
apparent shift in zeta-potential values to less negative values, which was 
accompanied by an increase in the particle size.
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