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Introduction 
TCS which are gaining popularity because of their high 

mucoadhesiveness and extended drug release properties [1]. The 
derivatization of the primary amino groups of chitosan (CS) with 
coupling reagents bearing thiol fuctions leads to the formation of 
TCS [1]. The use of LTZ, which inhibits estrogen biosynthesis, is 
an attractive treatment for postmenopausal women with hormone 
– dependent breast cancer [2]. Since the early 1980s, the concept of
mucoadhesion has gained considerable interest in pharmaceutical 
technology. If might open the door for novel, highly efficient dosage 
forms especially for oral drug delivery [3]. The most important goal 
of cancer chemotherapy is to minimize the exposure of normal tissues 
to drugs while maintaining their therapeutic concentration in tumors. 
Interestingly, nanoparticle (NPs) exhibits a significant tendency to 
accumulate in a number of tumors after intravenous injection [4]. 
Hence, uptake and consequently bioavailability of the drug may 
be increased and frequency of dosing reduced with the result that 
patient compliance is improved [5,6]. Various natural and synthetic 
polymers have been discovered as mucoadhesive excipients. Their 
mucoadhesive properties can be explained by their interaction with 
the glycoproteins of the mucus based mainly on non-covalent bonds 
such as ionic interactions, hydrogen bonds and vander Waals forces 
[7,8]. The biopolymer CS is obtained by alkaline deacetylation of chitin 
which one of the most abundant polysaccharides in nature [9]. Shell 
wastes of shrimp, lobster and crab are the main industrial sources 
of chitin [10]. The primary amino group accounts for the possibility 
of relatively easy chemical modification of CS and salt formation 
with acids. At acidic PH, the amino groups are protonated, which 
promotes solubility, whereas CS is insoluble at alkaline and neutral 
PH [11,12]. Because of its favorable properties, such as enzymatic 
biodegradability, non-toxicity and biocompatibility CS has received 
considerable attention as a novel excipient in drug delivery systems, 
and has been included in the European Pharmacopoeia since 2002 [13]. 
The administration of nanoparticles will also provide the advantage of 
facilitating their injection through standard infiltration needles. So far, 
there was one published literature on LTZ nanoparticles prepared by 
direct precipitation technique [14]. Recently, it has been shown that 
polymers with thiol groups provide much higher adhesive properties 
than polymers generally considered to be mucoadhesive [15]. To 
increase patient complicance, to overcome the undesirable side effects, 
LTZ could be entrapped into biodegradable nanoparticles for sustained 

delivery so that it can inhibit estrogen biosynthesis for a prolonged 
time by virtue of increased local concentration of the drug at the 
receptor site [16,17]. To date, three different thiolated CS derivatives 
have been synthesized: CS-thioglycolic acid conjugates, CS-cysteine 
conjugates and chitosan-4-thio-butyl-amidine (CS-TBA) conjugates 
[18]. These TCS have numerous advantageous features in comparison 
to unmodified CS, such as significantly improved mucoadhesive and 
permeation enhancing properties [19]. The strong cohesive properties 
of TCS make them highly suitable excipients for controlled drug release 
dosage forms [20]. We have prepared LTZ-loaded TCS nanoparticles 
(LTZ-TCS-NPs) by emulsion solvent evaporation technique to obtain 
smaller particle size with high entrapment efficiency and sustained 
release profile. Particle size, morphology, entrapment efficiency, drug 
– polymer interaction and in vitro release of LTZ- TCS-NPs were
evaluated. The influence of % of drug (relation to polymer mass) on 
formulation performance including particle size, entrapment efficiency 
and in vitro release was investigated. 

Materials and Methods 
Materials 

The grade of CS used in this study was purchased from Aldrich (St 
Louis, MO) (viscosity, 275.9 cps, degree of deacetylation [dd], 80.5%). 
LTZ was provided by Aldrich Pharmaceuticals. All reagents and 
chemicals used for chromatography (HPLC) grade. All other chemicals 
and organic solvents were of reagent grade.

Instruments 
Analytical TLCs were run on commercial Merck Co. (Germany) 

plates coated with silica gel GF250 (0.25mm thick). Fourier transfer 
infrared (FT-IR, Bruker, Germany) spectroscopy was used to identified 
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Abstract
The main objectives of our study were to prepare and evaluate a biodegradable nanoparticulate system of 

Letrozole (LTZ) intended for breast cancer therapy. LTZ loaded thiolated chitosan (TCS) nanoparticles were prepared 
by emulsion-solvent evaporation method. LTZ loaded TCS nanoaprticles were characterized by infrared spectra, drug 
entrapment efficiency and in vitro release. The system sustained release of LTZ significantly and further investigation 
could exhibit its potential usefulness in breast cancer therapy. The nanoparticles of LTZ prepared from TCS - may 
represent a useful approach for targeting its release at its site of absorption, sustaining its release.
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the polymer surface. Spectra were obtained in the wave number range 
of 400-4000cm-1. Spectra of samples were recorded from KBr in 1:10 
(wt/wt) ratio. The amount of released drug was determined on a Philips 
PU 8620 UV spectrophotometer.

Synthesis of TCS

The chemical modification of CS was performed as previously 
described. CS (500 mg) was dissolved in 50 mL of 1% acetic acid. 
In order to facilitate reaction with thioglycolic acid (TGA), 100 mg 
of ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride 
(EDAC) was added to the chitosan solution. After EDAC was 
dissolved, 30 mL of TGA was added and the PH was adjusted to 5.0 
with 3 N NaOH. The reaction mixture was stirred and left for 3h at 
room temperature. To eliminate the unbounded TGA and to isolate 
the polymer conjugates, the reaction mixture was dialyzed against 5 
mM HCl five times (molecular weight cut-off 10 kDa) over a period of 
3 days in the dark, then two times against 5 mM HCl containing 1.0% 
NaCl to reduce ionic uninteractions between the cationic polymer and 
the anionic sulfhydryl compound.

LTZ Loading 

TCS (0.2 g) was dissolved in 15 mL 1% vol/vol acetic acid containing 
4% glycerine. For the loading of LTZ into polymeric matrix, 0.24 g LTZ 
was suspended in the mixture. Before the addition of nanoparticles, a 
200 µl sample was taken and filtered using a low protein binding 0.22 
µm PVDF filter (Millipore, Bedford, MA) and then replaced with equal 
amounts of 1 × PBS, PH 7.4. An additional sample was taken in the 
same manner after loading. The particles were collapsed using 10 mL 
0.1 N HCl, filtered with Whattman Grade 4 filter paper, and washed 
with 20 mL of deionized water. After filtering, particles were frozen 
in a -80°C freezer and lyophilized at -50°C under vacuum (LabConco 
Model 77500) for 24 hours.

SEM characterization

TCS – LTZ nanoparticles were prepared as previously described 
and kept in a dry environment until imaging. The nanoparticles were 
sprinkled onto an aluminum stub that was covered with carbon tape. 
Excess nanoparticles were removed by gently tapping the stub and the 
samples were sputtered coated with a gold layer between 5 and 10 nm 
thick. Samples were imaged with a SEM (Philips XL-30 E) at 10kV and 
a working distance of 7 mm.

Fourier Transform Infra-Red Spectroscopy (FT-IR) Study 

The Fourier transform infrared analysis was conducted to verify 
the possibility of chemical bonds between drug and polymer. Samples 
of pure LTZ and LTZ-TCS nanoparticles were scanned in the IR range 
from 400-4000 cm-1 with carbon black as reference. The detector was 
purged carefully by clean dry helium gas to increase the signal level and 
reduce moisture.

Particle size 

After drying at 37°C for 48 hours, the mean diameter of the dried 
nanoparticle was determined by a sieving method using USP standard 
sieves. Observations are recorded.

Drug content and Entrapment Efficiency (EE) 

Drug entrapment efficiency (EE) was determined by centrifuging 
(with Centrifuge-3K30, Sigma Laboratory) aqueous dispersion of LTZ-
TCS nanoparticles at 25,000 rpm, 5°C for 25 min and measuring the 
amount of LTZ in the supernatant with the help of double beam UV-

VIS Spectrophotometer (Philips PU 8620,USA), set at 238 nm. The 
amount of LTZ was subtracted from initial amount of LTZ taken to 
calculate drug entrapment efficiency of nanoparticles. The experiment 
was performed in triplicate for each batch and average drug entrapment 
efficiency was calculated.

In vitro release study

In vitro release study of LTZ-TCS nanoparticles was conducted 
in Franz Diffusion Cell. The diffusion cell model adapted to the 
spectrophotometer cuvette, with 1 cm of optic way and 1 mL of volume, 
was used for the in vitro release of LTZ. A cellulose acetate membrane 
(Dialysis membrane with Molecular weight cut off value of 5,000 – 
10,000, Himedia-60) was adapted to the terminal portion of the glass 
cylinder of the Franz Diffusion cell by a rubber ring. mL of LTZ-TCS 
nanoparticles aqueous dispersion was loaded to cylinder and coupled 
to the diffusion cell containing the receptor phase (60 mL of 0.2 M 
Phosphate buffer solution PH 7.4) at 37°C. The dissolution media was 
agitated at 25 rpm using magnetic stirrer. At different time intervals, 
aliquots of 2 mL were withdrawn and immediately restored with same 
volume of fresh Phosphate buffer. The amount of LTZ released was 
assessed by double beam UV spectrophotometer (Philips PU 8620, 
USA) set at 238 nm versus a calibration curve prepared in the same 
buffer.

Statistical analysis

Experimental data have been represented as the mean with 
standard deviation (SD) of different independent determinations. 

(a)

(b)

Figure 1: FT-IR spectra of a) Pure thiolated chitosan b) Letrozloe loaded 
thiolated chitosan (TCS) nanoparticles.
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The significance of differences was evaluated by analysis of variance 
(ANOVA). Differences were considered statistically significant at P< 
0.005.

Results and Discussion

Fourier Transform Infra-Red spectroscopy (FT-IR) study

The synthesized polymer was characterized by IR spectroscopy. 
The FT-IR spectrum of LTZ- TCS is shown in Figure 1. In the spectra of 
TCS –OH and –NH stretch were clearly seen at 3038.185 and 2961.025 

cm-1, respectively. Additional presences of amidine Ι and amidine ΙΙ 
bands are seen at 1725.786 and 1603. 373cm-1 corresponding to ≥ NH2

+ 
stretch and NH ≥ NH2

+, respectively, being two coupled vibrations. 
The presence of an additional band at 1495.3783 and 1449.0847 cm-1 
can be assigned for N-H band of the salt NH2

+Cl-. Other characteristic 
peaks of CS O-H stretch, C-H stretch and C-O stretch were present at 
3400-3600, 2930, and 1009-1171 cm-1, respectively. This confirmed the 
synthesis of TCS. The spectrum of TCS was well correlated with reports 
by Matsuda et al. for TCS. Thiol content of TCS was found 214±52 
µmol/g.

SEM characterization

The morphology of nanoparticles was examined by scanning 
electron microscopy (SEM, Philips XL-30 E, USA). The nanoparticles 
were mounted on metal stubs using double – sided tape and coated 
with a 150A° layer of gold under vacuum. S tubes were visualized 
under scanning electron microscope. Figure 2 shows the SEM of 
LTZ-TCS nanoparticles that synthesized by chemical reaction. These 
nanoparticles are very sensitive to the temperature that due to the 
interaction electron and sample. Scanning electron micrography images 
were obtained from a diluted solution of the LTZ particle. The white 
spots are LTZ nanoparticles. The SEM image shows the presence of 
LTZ spherical particles in polymer matrix, which are homogeneously, 
distributed throughout the polymer, which is also confirmed from 
1H-NMR studies. As observed from SEM photomicrographs, the 
crystals of LTZ have a different appearance than recrystallized LTZ. 
These nanoparticles do not have clearly defined crystal morphological 
features in the SEM photomicrographs.

Drug content and Entrapment Efficiency (EE)

It has been reported that the encapsulation efficiency of LTZ-TCS 
nanoparticles increases from about 68.5 % to 87.2% with the increment 
of their mean diameter from 64 nm to 255nm (Table 1). The lower 
encapsulation efficiencies obtained with the smaller particles could 
be explained by the longer surface area of smaller droplets for a given 
volume of organic phase. Hence, during the emulsification step, a more 
direct contact between internal and external phases occurred, resulting 
in a higher drug loss by diffusion towards the external medium.

In vitro release studies +

Batches of three different compositions (10%, 20%, and 30% of 
LTZ) were studied and the results of cumulative percentage released 
over 15 hours were shown in Figure 3. The results showed that there 
was a pronounced time prolongation of drug release from LTZ-TCS 
nanoparticles. Batch with 10% LTZ showed the slowest release and 
batch with 30% LTZ showed highest release. Formulation (30% drug) 
with highest LTZ entrapment (86.32%) showed highest drug release 
rate and cumulative drug release while formulation with 10% drug and 
lowest LTZ entrapment increases the amount of drug close to the surface 
as well as the drug in the core from nanoparticles .Thus the difference 
in drug release profiles of three batches of LTZ-TCS nanoparticles can 
be explained. Drug release from LTZ-TCS nanoparticles takes place by 

Figure 2: SEM photomicrograph of thiolated chitosan nanoparticles loaded 
with Letrozole drug.
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Figure 3: In vitro release data of LTZ-TCS nanoparticles.

Formulation Drug
(wt% of polymer)

Encapsulation 
Efficiency (%)

Mean diameter
(nm)

Poly-dispersity 
index

Blank - 60.4±25.0 0.27±0.01
10 68.50±0.52 64.0±15.0 0.36±0.05
20 76.12±3.6 145.9±40.2 0.45±0.01
30 87.20±4.0 255.3±40.5 0.68±0.10

Table 1: Characterization of blank and LTZ-TCS nanoparticles.
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several mechanisms including surface and bulk erosion, disintegration, 
diffusion, and desorption. In this study, release of drug from TCS 
matrix has been found to occur predominantly by its diffusion from 
the polymer matrix. During the later phases, the release is mediated 
through both diffusion of therapeutic agent and degradation of 
polymer matrix itself.

Conclusions
The results of present study revealed that LTZ can be entrapped 

into TCS nanoparticles, which can provide sustained drug release with 
high drug entrapment efficiency. The nanoparticles were successfully 
developed by emulsion/solvent evaporation method resulting in 
smaller mean particle size range. Size distribution, entrapment 
efficiency, release characteristics were influenced by drug to polymer 
ratio in formulation. Hence, nanoparticles of LTZ prepared from TCS 
may represent a useful approach for targeting its release at its site of 
absorption, sustaining its release and improving its oral availability.
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