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Abstract 
 
Chitosan nanoparticles (HA-CHI-NP) containing docetaxel (DTX) were prepared, by ionotropic 
gelation method and further coupled with hyaluronic acid for targeting effect, in the treatment of 
breast cancer. Nanoparticles (NP’s) have been characterized for the particle size, stability and 
shape with the help of zeta sizer, zeta potential and SEM. NP’s were found to be spherical in 
shape and the size were around 97.36 ± 3.07 nm with 0.5 polydispersity index. NP’s were also 
characterized for FTIR, DSC and PXRD. The in-vitro drug release of plain DTX and docetaxel 
loaded chitosan nanoparticle (DTX-CHI-NP) revealed higher and prolonged release of drug 
from DTX-CHI-NP than with plain DTX. In-vitro cytotoxicity was assessed by MTT assay 
using MCF-7 cell lines at different concentration (5, 10, 25, 50 and 100 µg/ml) and time 
intervals (24, 48 and 72h). Higher inhibitory effect of DTX-CHI-NP was observed with an IC50 
value of approximately 2.18 µg/ml at 72h. The formulation was also assessed for 
pharmacokinetic profile, biodistribution and tumour inhibition effect. 

Introduction 
 
Chemotherapy is widely used for the treatment of 
cancers, but the clinical effectiveness of chemotherapy is 
limited by significant side effects of chemotherapeutic 
agentsand resistance generated by the cancerous tissues to 
limit their use [1]. Conventional delivery of 
chemotherapeutic agents is nonspecific and is toxic to 
normally dividing cells. It might cause, cardiotoxicity, 
kidney damage, and immunosuppression, leading to 
therapeutic failure of therapy and death. Moreover, the 
phenomenon of multidrug resistance (MDR), may further 
limit the success of the chemotherapy treatment. Due to 
the MDR effect the therapeutic index of the administrated 
drugs are highly reduced as a result of the drugs being 
pumped out of the cells prior to achieving intracellular 
therapeutic functions. One strategy to increase drug 
selectivity toward cancer cells and to overcome resistance 
is to deliver antitumor compounds using targeted 
nanoparticulate carrier system. Docetaxel and 
doxorubicin are widely used in the treatment of a several 
solid tumour, however, associated with various severe 
toxicity [2-5]. Targeting moieties and acid-labile linkages 
in the structure of nanoparticulate delivery system can be 
a effective cancer treatment [6]. The DTX polymeric 
micelles as carriers have shown promising results in 
cancerous patient [7]. 
The solutions to all the above mentioned critical factors 
developed by the researchers are to focus on effectively 
delivery of drugs to tumor sites with maintained or 
improved therapeutic potency. Nanoparticulate carriers 

system have received much attention due to the crucial 
properties of tumor-targeting, reduced drug resistance, 
and improved delivery of drugs with low water solubility 
[8]. To improve tumor targeting and cellular uptake, NPs 
can also be functionalized with active targeting 
molecules, such as antibodies, antibody fragments, small 
molecules, or peptides [9]. The incorporation of active 
targeting ligands is designed to improve and enhance NP 
accumulation at the tumor site. The active targeting 
approach for the delivery of anticancer drug exploits 
specific interactions between receptors on the cell surface 
and targeting moieties conjugated to the polymer NP. The 
active targeting strategy displays enhanced permeability 
and retention (EPR) effect, with the increases in the 
therapeutic index through receptor mediated uptake by 
targeting cancer cells [10, 11]. The antitumor efficacy of 
targeting NPs is significantly influenced by intracellular 
trafficking pathways. Therefore, in addition to binding 
capability, targeting ligands also exert a strong influence 
on intracellular signaling cascades may be expected to 
improve the therapeutic efficacy of active targeting NP 
[9]. 
Hyaluronic acid, a linear polysaccharide of alternating d-
glucuronicacid (GlcUA) and N-acetyl-d-glucosamine 
(GlcNAc) units, serves a variety of extracellular 
functions. These include direct receptor mediated effects 
on cell adhesion, growth and migration and as a signaling 
molecule in cell motility, wound healing, inflammation 
and cancer metastasis. These effects occur via 
intracellular signaling pathways in which HA binds and 
gets internalized by cell-surface receptors. Most 
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malignant solid tumors and their surroundings to normal 
tissue contain elevated levels of HA and these high levels 
of HA production provide a matrix that facilitates 
invasion [12]. Isoforms of HA receptors, CD44 and 
RHAMM are also over expressed in transformed human 
breast epithelial cells, colorectal carcinoma and other 
cancers. As a result, malignant cells with the highest 
metastatic potential often show enhanced binding and 
internalization of HA [13]. 
Chitosan (CHI) is a natural polymer with extensive 
applications in biomedical field such as in drug delivery, 
wound healing, less preparation time making it useful for 
gene delivery, protein and peptide delivery. Hence CHI 
was used for the preparation of DTX NP for a targeted 
delivery to breast carcinoma. Docetaxel (DTX) is used in 
the treatment of breast, lung, ovarian, head and neck, 
urothelial, pancreatic and gastric carcinoma as a 
microtubule polymerization inhibitor. Because of the 
bulky, extended fused ring with several hydrophobic 
substitutes in chemical structure, DTX is commonly 
administered parenterally but produces severe toxic 
effects of gastrointestinal, hematological, neural, cardiac, 
and dermatological origin. Site-specific delivery of DTX 
may reduce the systemic side effects and provide 
effective and safe therapy of breast cancer that may 
reduce the dose and duration of therapy when compared 
with the conventional therapy (TAXOTERE). Tween 80 
used frequently causes hypersensitivity reactions such as 
hypotension, bronchospasm and urticaria. Also, it 
hampers the clinical usefulness because of its 
haemolyticus and viscidity [14]. In order to eliminate the 
Tween 80-based vehicle and to increase DTX solubility, 
alternative dosage forms have been suggested including 
liposomes [16,17] as well as design of water-soluble 
prodrugs, use of additives such as complexing agents [18, 
19], co-solvents [20], surfactants [21] or a combination 
effect of any of the above [22]. 
In this study, HA coupled CHI-NP was prepared by ionic 
gelation method with chitosan, TPP and hyaluronic acid. 
The obtained NP’s were characterized for the shape, 
particle size, zeta potential, drug entrapment efficiency 
and in-vitro drug release. The in-vitro cytotoxicity study 
was also performed on MCF-7 cell lines of human breast 
cancer. To assess the targeting property of HA coupled 
DTX-CHI-NP, biodistribution study and tumour 
inhibition study has been performed. The main 
pharmacokinetic parameters were calculated using 
trapezoidal method. 
 

Experimental 
 
Materials  
Docetaxel hydrochloride (DTX) was a kind gift from 
Cipla Pharmaceuticals Pvt. Ltd. (Mumbai, India). 
Chitosan was a purchased from Sigma-Aldrich Co., St. 
Louis, MO, USA. Sodium tripoly-phosphate, 

Ethylenediamine-tetra acetic acid (EDTA) and dimethyl 
sulphoxide (DMSO) were purchased from Sigma-Aldrich 
Co., St. Louis, MO, USA. MCF-7 (human breast cancer 
adenocarcinoma) cell lines was purchased from NCCS, 
Pune, India. RPMI 1640 medium, membrane filter 
(MWCO 12000 Da) were purchased from Hi-Media 
Laboratories Pvt. Ltd. Mumbai, India. 1-ethyl-3-(3-
dimethylamino-propyl) carbodiimide (EDC), Potassium 
dihydrogen phthalate and Potassium dihydrogen 
phosphate were purchased from Merck Life Science Pvt 
Ltd, (Mumbai, India). High-Performance Liquid 
Chromatography (HPLC) grade reagents such as 
acetonitrile were obtained from S. D. Fine-chem Ltd, 
Mumbai. Methanol was purchased from Merck & Co., 
Inc. (Mumbai, India). All other chemicals used were of 
analytical grade. 
 
Preparation of DTX-CHI-NP’s 
Chitosan nanoparticles (CHI-NP’s) were prepared 
according to the procedure described by Calvo et al. 
(1997) [24], with suitable modifications based on the 
ionotropic gelation method. CHI was dissolved in (2.0 
mg/ml) aqueous acetic acid (0.75% v/v) (pH 4.0) solution 
kept on stirring on magnetic stirrer. TPP was dissolved in 
deionised water (1.0 mg/ml) and drug was added to TPP 
solution (10% w/v) and magnetically stirred (Remi 10ML 
DX, Mumbai, India) for 5 min. The drug/TPP solution 
was added to 4 ml of the CHI solution through a syringe 
needle under magnetic stirring at room temperature there 
by leading to formation of DTX loaded chitosan TPP 
nanoparticles (DTX-CHI-NP’s). The dispersion formed 
was centrifuged (Hitachi, Himac CP100 MX, Japan) at 
10,000 rpm at 4ºC for 30 min. The sediment was poured 
in to dialysis bag (MWCO 10000) and dialyzed three 
times with phosphate buffer saline (pH 7.4) under strict 
sink conditions for 10 min to remove free drug from the 
formulation. The un-entrapped drug was estimated from 
supernatant and washings of formulation, 
spectrophotometrically at 230 nm (UV-1601, Shimadzu, 
Japan) to determine indirectly the amount of drug loaded 
in NP’s. The dialyzed formulation was lyophilized [13, 
23, 24]. 
 

Conjugation of DTX-NP with HA 
Hyaluronic acid was coupled with preformed NP by 
forming a covalent bond between amino group of 
chitosan NP and carboxyl group of HA using EDC as 
coupling agent [28]. Briefly, DTX-CHI-NPs were 
suspended into PBS (pH 7.4) containing HA (NPs/HA 
ratio: 100:10 w/w). EDC (20 mg/ml of NPs/HA mixture) 
was added and vortexed and incubated for 2h at room 
temperature. The HA coupled NP’s were separated from 
unconjugated HA using mini-column centrifugation 
(Sephadex G-75 packed column) technique and washed 
thrice with deaerated distilled water. The nanoparticles 
were collected after ultracentrifugation (Hitachi, Himac 
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CP100 MX, Japan) at 60,000 rpm for 45 min and were re-
dispersed in distilled water for further lyophilization 
(Hetero Lyo. Pro. Model NO. 3000) at 4ºC and these 
nanoparticles were termed as HA-DTX chitosan 
nanoparticles (HA-DTX-NP). 
 
Drug entrapment 
The contents of DTX entrapped in the CHI-TPP-NP 
dispersions were determined by high-performance liquid 
chromatography (HPLC). The drug entrapment efficiency 
(EE) and drug loading (DL) were calculated using the 
HPLC data as follows: 
𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐸𝑛𝑡𝑟𝑎𝑝𝑚𝑒𝑛𝑡 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

=
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑒𝑛𝑡𝑟𝑎𝑝𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑎𝑑𝑑𝑒𝑑
× 100 

 
Physicochemical characterization 
The size, polydispersity index (PDI) and zeta potential of 
HA-DTX-NP’s were measured by dynamic light 
scattering (DLS) technique on a Malvern Zeta Sizer TM 
Nano ZS90 (Malvern Instruments Ltd, Malvern, UK) at 
room temperature. Samples were suitably diluted with 
HPLC grade water before measurement. 
The FTIR spectra of DTX, NP’s and HA-DTX-NP were 
obtained using a Jasco-2000 spectrophotometer, to 
understand interaction between DTX and NP. The spectra 
were obtained on KBr pellets in the region from 4000 cm-

1 to 400 cm-1. 
DSC study was performed to assess the thermal behavior 
and entrapment of drug into the CHI-TPP-NP. Thermal 
pattern of plain DTX and HA-DTX-NP was performed 
using DSC instrument (Mettler Toledo DSC 822e) in the 
range of ± 350 mW at RT with heating rate of 10ºC/min 
in 25–500ºC temperature range. A standard aluminum 
empty pan was used as reference standard. Analysis was 
performed in triplicate on 10 mg samples under nitrogen 
purge. 
Molecular arrangement of drug in NP’s was compared by 
powder X-ray diffraction patterns acquired at room 
temperature on X-ray diffractometer. Powder X-ray 
diffraction (PXRD) patterns of plain DTX and HA-DTX-
NP were recorded with an X-ray diffractometer D8 
Advanced Diffractometer, Bruker AXS GmbH, Germany) 

employing Cu Kα (wavelength 1.5406 Å, tube operated at 
40 kV, 40 mA) at room temperature. Data was collected 

over an angular range from 4 to 40° 2θ at a step size of 
0.01° and scan rate of one second. The obtained 
diffractograms were analyzed with DIFFRAC plus EVA 
(ver.9.0) diffraction software [25]. 
The CHI-TPP-NP’s were characterized for their shape 
and morphology by using scanning electron microscope 
(JEOL Model JSM-6390LV).  
 

Stability studies  
HA-DTX-NP was stored in an aluminium stoppered vial 
and kept for stability testing at 60ºC /75% RH for 1, 2, 3 

and 6 months. The changes in particle size, FTIR peaks, 
DSC thermogram and encapsulation efficiency of the 
formulation were observed by analyzing the samples 
every month for 6 months (Data not shown) [26]. 
 
Drug release 
The release profile of DTX from HA-DTX-NP was 
evaluated into a centrifugal tube containing 30 ml of 
phosphate buffer saline (PBS, pH 7.4) as a release media. 
The system was maintained at 37ºC, with stirring rate of 
100 rpm. The release media (0.2 ml) was sampled at 
predetermined time intervals (1, 2, 3, 4, 6, 8, 12, 16, 24, 
36, 48, 60h) and replaced with an equal volume of PBS. 
The concentration of DTX was determined using high-
performance liquid chromatography HPLC system 
(Agilent 1100) equipped with a G1311A pump and a 
G1313A auto-injector was used. Analysis was done using 
reversed phase GRACE C18 (4.6 mm × 25 cm, 5 µm), 
UV-visible detector was at 230 nm, and the injection 
volume was 20 µL. The analytical column was protected 
by a 2 µm in-line filter frit (Upchurch Scientific, Oak 
Harbor, WA, USA) and the flow rate was 1 mL/min. The 
mobile phase consisted of Acetonitrile/deionized water 
(48/52, v/v) which was run isocratically. 
 

Cytotoxicity study 
The cytotoxicity of DTX and DTX-CHI-NP’s to MCF-7 
cell line was evaluated by MTT method. MCF-7 cells 
were plated at a density of 2×104 cells per well in 100 ml 
of RPMI 1640 medium, containing 10% FBS, penicillin 

(100 IU.ml-1) and streptomycin (100 μgml-1) in a 
humidified, 5% CO2 incubator at 37°C. The cells were 
harvested using 0.25% trypsin with 0.02% EDTA when 
grown up to 80~90%.in 24-well plates and grown for 24h. 
Cells were then exposed to a series of DTX-CHI-NP at 
different concentrations (5, 10, 25, 50, 100 µg/ml), for 
different time points (24, 48, 72h). The viability of cells 
was measured using the MTT method (n=5) [27]. 
 

Pharmacokinetic study 
The pharmacokinetic study was performed on female 
Sprague Dawley rats which were divided into three 
groups (control, DTX group and DTX-CHI-NP group) 
and fasted for overnight prior to the experiments. Before 
experiment the rats were maintained at normal regular 
day and night exposure at 25±2ºC and 50-60% relative 
humidity. The rats were anesthetized with diethyl ether. 
For comparison of bioavailability, the rats were 
administered with plain DTX and DTX-CHI-NP at a dose 
of 10 mg/kg intravenously. Serial blood samples (0.5 mL) 
were collected from the right femoral artery at specified 
intervals. The blood samples were centrifuged at 3000 × g 
for 10 min, and the plasma was then separated. 
Plasma sample (200 µl) was mixed with 2 ml of 
acetonitrile and was centrifuged at 3000 × g for 10 min 
and the supernatant was separated and subjected to 



Zahid Zaheeret al., JIPBS, Vol 4 (4), 132-140, 2017 

135 

centrifugation and then evaporated at 40°C. The residue 
obtained after the evaporation was reconstituted with 100 
µL of mobile phase and quantified by HPLC (Agilent 
1100) equipped with a G1311A pump and a G1313A 
auto-injector was used. The column was GRACE C18 
(4.6 mm × 25 cm, 5 µm), UV-visible detector was at 230 
nm with a flow rate of 1.0 mL/min. The parameters 
included plasma concentration-time profile from area 
under the curve (AUC), half-life (t1/2), Cmax and Tmax. 
 
Animal study 
The in-vivo tissue distribution of DTX-NPs was 
evaluated by comparing with plain DTX. N-methyl 
nitroso urea (NMU) were subcutaneously inoculated to 
female Sprague Dawley rats at a dose 50 mg/kg body 
weight. Rats were euthanized by carbon dioxide 
asphyxiation and the presence of tumour was evaluated 
from the mammary glands. The rats with tumour were 
selected randomly and equally divided into three groups 
(n=5) as subjects. Two formulations, DTX-NPs and DTX 
injection were administered to the two groups at a 10 
mg/kg dose via the tail vein, respectively. Then the rats 
were euthanized and blood sample were collected for 
assessing the pharmacokinetic profile of the formulation 
and plain DTX. Further, heart, liver, spleen, lung, kidney, 
mammary gland and tumour was collected, washed, 
weighed and homogenized (T25 Ultra-Turrax 
Homogenizer, IKA, Baden-Wurttemberg, Germany) in 
1mL saline. 250 mL tissue homogenates was extracted by 
adding 250 mL methanol and 250 mL acetonitrile vortex-
mixing the samples for 30 s (To analyze the bio-
distribution of drug). The mixture was then centrifuged 
for 15 min at 25000 g, and the supernatant was 
transferred, filtered and injected into the HPLC system 
with paclitaxel as internal standard to determine DTX 
[29, 30]. 
 

Tumour inhibition study 
The tumor size was measured using calipers, and the 
tumor volume was estimated by the formula: tumor 
volume (mm3) = (W×L) 2 ×1/2, where L is the length and 
W is the width of the tumor. Normally distributed data 
were represented as mean ± SD. 
 
Statistical analysis 
Statistical evaluation of data was performed using 
student's t-test or one-way ANOVA (GraphPadInStat 
software demo, La Jolla, CA), the evaluation data was 
used to assess the significance of differences. To compare 
the significance of the difference between the means of 2 
groups, the Student’s t-test was performed; in all cases, a 
value of p < 0.05 was accepted as significant. All the 
results are given, as mean ± standard deviation (SD). 
 
 
 

Result and Discussion 

 
The main aim of the work was to enhance the anticancer 
activity of DTX by forming a targeted delivery of NP 
using a targeting agent, hyaluronic acid. To enhance the 
concentration of drug delivery to the site of mammary 
carcinoma. 
Hyaluronic acid were surface coupled with docetaxel 
loaded nanoparticles by forming a covalent bond between 
carboxylic groups of hyaluronic acid with amine group of 
chitosan forming an amide linkage in presence of EDC. 
To prevent particle–particle aggregation or extensive 
crosslinking of hyaluronic acid the EDC concentration 
was optimized. 
The loading efficiency of DTX in NP’s complex was 
considerably high (90.17 ± 4.19%) which confirms the 
high inclusion phenomenon between DTX and HA-CHI-
NP (Table 1). 
 

Preparation and characterization of Docetaxel-

chitosan nanoparticles (DTX-CHI-NPs) 
Particle size and surface charge of a delivery system are 
highly emphasized because of their importance in 
determine the fate of drug in-vitro and in-vivo release and 
distribution. Negatively charged delivery systems exhibit 
prolonged circulation time, high physical stability and 
avoid nonspecific cellular uptake. Particle sizes between 
100 and 200nm have a favorable EPR (enhanced 
permeability and retention) effect on the tumour 
vasculature. The mean sizes of DTX-CHI-NP were within 
this range for optimal EPR effects. The average particle 
size of selected DTX-CHI-NP was 97.36 ± 3.07 nm 
(p>.001) and a relatively narrow size distribution having a 
polydispersity index of 0.05 (Figure 1(A)). The zeta 
potential was determined to measure the surface charges. 
The zeta potential of the HA-CHI-NP was found to be 
31.34 ± 0.79 mV, which indicates high formulation 
stability [Figure 1(B); Table 1] [25, 26]. 
 
Table1. Physicochemical characterization of DTX and 

DTX-CHI-NP 

Batch Zeta 
Potential  
(-mV) 

Particle Size 
(nm) 

% EE % 
Production 
yield 

DTX -25.28± 2.97 201.43 ± 1.94 -------------- ----------- 

DTX-
CHI-
NNP 

-31.34 ± 0.79 97.36 ± 3.07 90.17 ± 4.19 94.32 ± 2.52 

All values are mean ± SD (n=5), * implies p < 0.001. 
 

The crystalline properties of DTX and DTX-CHI-NP were 
evaluated by DSC and PXRD analysis. The DSC 
thermograms of DTX and DTX-CHI-NP are shown in 
figure 2A and 2B. DTX shows a distinct and sharp 
endothermic peaks at 230°C. However, DTX-CHI-NP 
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exhibited no peaks in the thermogram. The disappearance of 
DTX peak suggests that the drug might be completely 
encapsulated in the HA-CHI-NP or molecularly dispersed 
within the HA-CHI-NP [31]. 
 

 
Figure 1A. Zeta potential of HA-CHI-NP. 

 
Figure 1B. Particle size of the DTX-CHI-NP. 

 

 
Figure 2A. DSC thermogram of DTX. 

 
Figure 2B. DSC thermogram of DTX-CHI-NP. 

The FTIR spectral peaks of DTX, HA-CHI-NP and DTX-
CHI-NP were obtained.  
The FTIR spectrum of chitosan shows a peaks at 1089 and 
775.1 cm−1 which belongs to the saccharide structure of the 
chitosan. A strong amino peak at around 3433, 1591, and 
1329.5 cm−1 were also observed. There is change in the IR 
peaks of –NH2 and –OH group stretching vibration in 
chitosan matrix obtained at 3429.1 cm−1. In HA-CHI-NP a 
shift from 3427 to 3409 cm−1 is observed, and the peak of 
3405.9 cm−1 was broaden, which manifest the enhancement 
of hydrogen bonding in the formation of NP. In NP the peak 
of 1598 cm−1 disappears and a new sharp peak at 1591.7 
cm−1 appears, and the peak of amine bending vibrations 
shifted from 1598 cm−1 to 1528.1 cm−1. The 
tripolyphosphoric groups of TPP are linked with ammonium 
group of chitosan by the inter- and intra-molecular action are 
enhanced in HA-CHI-NP. From IR spectrum of TPP, it is 
observed that vibration of the P–O at 1217.3 cm−1was 
present. Amide group (1596 cm−1) of CHI and P–O (1217.3 
cm−1) of TPP overlaps with 3156.3, 1662.6, 812 cm−1 of 
DTX-CHI-NP spectrum indicating that DTX may be loaded 
successfully to the HA-CHI-NPs. On comparing the IR 
spectrum of CHI and HA-CHI-NP following conjugation, 
additional peaks in the spectra of the HA-CHI-NP have been 
observed. A new peak appearing at 3430.4 cm−1 
corresponded to bonded –NH stretching vibrations. From 
the IR data it is clear that the HA coupled nanoparticles 
(HA-CHI-NP) had characteristic peaks of amide bond, 
which evidenced the successful coupling of hyaluronic acid 
group and the CHI amine group. 
PXRD analysis was used to study the state of DTX in HA-
CHI-NP. Figure 3A and 3B shows PXRD patterns of DTX 
and DTX-CHI-NP. The sharp diffraction peaks of DTX 
indicate a crystalline phase. The XRPD pattern of DTX 
shows the presence of intense, sharp peaks at 7.976, 11.669, 
12.321, 16.276, 16.705, 22.099 and 22.995 on 2h scale 
which confirms its crystalline structure (Figure 3(A)). 
However the PXRD pattern of DTX-CHI-NP shows that all 
sharp peaks are subdued due to change into an amorphous 
state, suggesting complete encapsulation of drug in the HA-
CHI-NP (Figure 3(B)). 

 
Figure 3A. PXRD pattern of DTX. 
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Figure 3B. PXRD pattern of DTX-CHI-NP. 

 
SEM image of DTX-CHI-NP shows spherical particles (80–
120 nm) (Figure 4). 
 

 
Figure 4. SEM image of DTX-CHI-NP. 

 

In-vitro drug release study 
The in-vitro release profile of DTX was compared with 
DTX-CHI--NPs. In the releasing medium DTX-NPs showed 
a sustained release for the following 60h (Figure 5). The 
total cumulative release of DTX and DTX-CHI-NP was 
found to be 98.5% in the end. As control groups, DTX 
injection showed a burst release in the first 4h and the total 
cumulative release reached the maximum (98.0%) in 12h. 
Although DTX-CHI-NPs showed high stability the release 
from the NP is sufficiently long compared to the traditional 
injection. It was also manifested that the NP shows sustained 
release of the drug which will lead to reduction in the dose. 
The slow and prolong release of DTX can reduce the peak 
concentration and prolong the therapeutic drug level [27]. 

 
Figure 5. In-vitro percent drug release of DTX and DTX-

CHI-NP (n=5). 

 

In-vitro cytotoxicity study 

To investigate the cytotoxicity of DTX-NPs in human breast 
adenocarcinoma cell line (MCF-7), MTT assay was 
performed. As shown in figure 6A, 6B and 6C, a dose 
dependent cytotoxicity was observed. With the increase of 
concentration, the cytotoxicity of DTX-CHI-NPs increased, 
ranging from 5 to 100 µg/mL. DTX-CHI-NPs displayed 
relatively highly significant cell inhibition as compared to 
DTX, indicating higher cytotoxicity. The HA coupled DTX-
CHI-NP showed significant cytotoxic effect than plain DTX 
after 24, 48 and 72h of incubation period in MCF-7 cell 
lines (p < 0.05). The HA coupled DTX-CHI-NP showed a 
significant difference in reduction of cell viability than plain 
DTX (Figure 6A, 6B and 6C). The 50% of growth inhibition 
(IC50) of HA coupled DTX-CHI-NP was much lower than 
plain DTX. It was observed that HA coupled DTX-CHI-NP 
showed increase in cytotoxicity from 10.05±4.08 at 24h to 
2.18±2.97 µg/mL at 72h. However the IC50 values of DTX 
was found to be 110.21±4.29 at 24h to 50.26±3.82 µg/mL at 
72h (Table 2). The HA coupled DTX-CHI-NP enhanced the 
cytotoxicity of DTX about 25.09-fold on MCF-7 cell 
compared with to plain DTX. Out-fluxing of the drugs from 
the cells is a major reason of multidrug resistance, through 
p-glycoprotein resulted in decreasing the intracellular 
concentration of drug. NP’s can greatly increase the amount 
of drug delivered intracellularly into cells by endocytosis, 
the cells were more vulnerable to the cytotoxic effect of drug 
[32]. The direct interaction between drug and cells could be 
reduced by loading drug into the core of polymeric NPs. 
Hence it can be demonstrate that DTX-CHI-NP strongly 
enhances the cytotoxic effect of the DTX against breast 
cancer in terms of sustained and targeted delivery of drug.  
 

Table 2. IC50 values (µg/ml) of DTX and DTX-CHI-NP at different time points with MCF-7 cell lines 

Formulation 24h 48h 72h 

DTX (µg/ml) 110.21±4.29 100.23±3.74 50.26±3.82 
DTX-CHI-NP (µg/ml) 10.05±4.08 7.42±3.58 2.18±2.97* 

All values are mean ± SD (n=5), * implies p < 0.001 
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Figure 6. In-vitro cytotoxicity study of DTX and DTX-

CHI-NP on MCF-7 cell line at different time intervals at a 

concentration of 5, 10, 25, 50 and 100µg/ml; Figure: 6A- 

Indicate the cytotoxic behavior at 24h, Figure: 6B- Indicate 

the cytotoxic activity at 48h, Figure: 6C- Indicate the 

cytotoxic activity at 72h. 

 

Pharmacokinetic study 

The pharmacokinetic profiles of DTX and HA coupled 
DTX-CHI-NP in SD rats were investigated. 
As shown in Figure 7 and Table 3, the AUCs of DTX after 
administration of plain DTX and HA coupled DTX-CHI-NP 
were 668.42±3.79 and 6521.85±10.08 µg/L-h, respectively, 
which increased 11.2 fold. The half-life of DTX in DTX and 
HA coupled DTX-CHI-NP were nearly 10.53 times longer 
than that of plain DTX. All the results indicated that on the 
one hand HA coupled DTX-CHI-NP greatly prolong the 
blood circulation time of DTX and improve the 
bioavailability of DTX.  
 

 
Figure 7. In-vivo pharmacokinetic profile of DTX and 

DTX-CHI-NP (n=5). All values are mean ± SD (n=5), * 

implies p < 0.001. 

 

Table 3. Pharmacokinetic parameters of DTX and DTX-

CHI-NP 

Parameters DTX DTX-CHI-NP 

Cmax(µg/ml) 4.68±2.59 4.89±1.27 
Tmax (h) 1.0±2.84 5.6±1.34* 
t1/2 (h) 3.374±2.63 35.52±3.97* 

AUC (h.μg/mL) 668.42±3.79 6521.85±10.08 

All values are mean ± SD (n=5), * implies p < 0.001. 
 
Biodistribution 
To compare the targeting ability of NP distribution of drug 
was assessed after intravenous administration of DTX and 
HA coupled DTX-CHI-NP by determining the mean DTX 
contents of heart, liver, spleen, lung, kidney and tumor at 24 
h as shown in Figure 8. For HA coupled DTX-CHI-NPs 
group, 71.084 µg/g DTX were distributed in tumor, while 
for plain DTX group, only 22.002 µg/g. The significant 
difference was observed in tumor accumulation of drug, 
representing tumor targeted effect of HA coupled DTX-
CHI-NP. This may increase the therapeutic potential of 
DTX with reduced systemic toxicity and enhanced 
antitumor efficacy. It was also reported that the drug was not 
present in the brain tissue. Also the drug gets distributed to 
other organs in DTX group in a sufficient quantity. The 
targeting effect of the HA coupled DTX-CHI-NP might be 
due to the HA receptors on the surfaces of the tumour cells 
of the breast (HA receptors such as CD44 and 
RHAMM/HMMR) which might bind with the HA coupled 
with the NP. 

 
Figure 8. Biodistribution of DTX and DTX-CHI-NP on 

female Sprague Dawleyrats at 24h in different organs such 

as heart, liver, spleen, lung, kidney and tumour. 
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Tumour inhibition study 
The tumour inhibition effect was assessed by analyzing the 
decrease in the tumour volumes after administration of DTX 
and HA coupled DTX-CHI-NP after development of the 
tumour. The tumor volume increased rapidly from the initial 
average volume on day 28. In plain DTX groups, the tumor 
decreases slower than the control group, whose volumes 
were 287.39 and 193.89 mm3. A significant tumor inhibition 
was observed in HA coupled DTX-CHI-NP group (Figure 
9). On day 28, the tumor volumes were only 25.21 mm3. HA 
coupled DTX-CHI-NP exhibited an extreme significant 
tumor inhibition rate (91.69%). HA coupled DTX-CHI-NP 
displayed more significant tumour inhibition than plain 
DTX may be due to: (1) HA coupled DTX-CHI-NP can 
accumulate in tumor due to the EPR effects, which 
significantly increases the amount of DTX in tumor tissue; 
(2) The targeting behavior of the NP which was coupled 
with the hyaluronic acid to target the HA receptor located at 
the developing breast tumour. Therefore, HA coupled DTX-
CHI-NP can be highly efficiently transported into tumor.  
 

 
Figure 9. In vivo antitumor efficacy of DTX-CHI-NPs. 

Tumor volumes of breast carcinoma, plain DTX and DTX-

CHI-NPs. Each data point is represented as mean±SD 

(n=5) (*p˂0.05; **p˂0.01).   

 

Conclusion 

 
In summary, the HA coupled DTX-CHI-NP were 
synthesized by ionotropic gelation method for the targeted 
delivery of DTX to the breast cancer. Nanoparticles 
synthesis eliminated the complicated preparation procedure 
and toxic residual solvents in common preparation method. 
HA coupled DTX-CHI-NP were produced efficiently with 
high yield, drug loading and high encapsulation efficiency 
were also achieved. The resulting DTX-CHI-NPs displayed 
high stability and significantly higher cytotoxicity compared 
to plain DTX on MCF-7 cell line. The antitumor effects of 
DTX-CHI-NPs were higher than that of plain DTX, which 
might be due to the passive targeting ability of DTX-CHI-
NPs to tumor tissue. The results showed that HA coupled 
DTX-CHI-NP is therefore anticipated to be promising 
carriers for the targeting of breast tumors. 
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