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ABSTRACT 
 

The aim of this paper was to develop and characterize chitosan nanoparticle as a carrier for adriamycin delivery as chitosan 

nanoparticles are the potential delivery system for hydrophilic drugs due to its outstanding physicochemical and biological 

properties. Chitosan nanoparticles have gained more attention as drug delivery carriers because of their better stability, low 

toxicity, simple and mild preparation method, and providing versatile routes of administration. Chitosan nanoparticles 

containing the anticancer drug adriamycin was prepared by the ionic gelation technique and characterized by various techniques 

such as particle size analysis, FT-IR and Atomic Force Microscopy. Results showed that chitosan nanoparticles prepared are of 

uniform size with an average diameter of 90 nm and zeta potential 62.5mV with a high encapsulation efficiency of 91.9%. 

Adriamycin loading efficiencies were determined and release studies were performed in PBS at room temperature. The drug 

release rate of Adriamycin from the chitosan nanoparticles was approximately 60% showing the potential of chitosan 

nanoparticles as a sustained drug delivery system. Cytotoxicity tests showed that the Adriamycin-loaded chitosan had higher cell 

toxicity by delivering the drug to the tumour tissues than adriamycin alone. 
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1. INTRODUCTION 
Adriamycin, hydrochloride of doxorubicin (14- hydroxydaunomycin) is a cytotoxic, anthracycline antibiotic used in antimitotic 

chemotherapy. Adriamycin has a positive charge which binds it to cell and mitochondrial surfaces having a negative charge at 

physiological pH, particularly to phospholipids. The undesirable side effects of the drug such as accumulative cardiac toxicity and 

myelosuppression lead to low therapeutic index. After intravenous administration, the drug rapidly disappears from the blood as it 

has a high affinity for living tissues [1-2]. Therefore, there is a little chance of the drug's being taken up by tumor tissue [3]. To 

overcome this critical issue, the development of targeted drug delivery systems is an effective approach that releases the drugs at 

the desired site of action which increases the therapeutic efficacy of pharmaceutical agents through bio-distribution and improved 

pharmacokinetics [4-7]. For the efficient delivery of Adriamycin to tumour relies on the use of nanocarriers functionalized to 

encapsulate such drugs and then deliver them to the target site, a promising approach to potentially reduce undesired side effects [8-

9]. 

 

Nanoparticles have a special role in targeted drug delivery due to their long shelf life and entrapment efficiency and their nanoscale 

particle size have embraced the site-specific targeting and tend to permeate deeply [10-12]. Presently, polymer nanoparticles from 

biodegradable and biocompatible polymers are being widely investigated as a carrier for drug delivery [13]. Polymeric NPs have 

attracted prominent interest as a novel drug carrier because of their biodegradable property and high biocompatibility, low toxicity, 

higher drug entrapment efficiency, longer half-life and versatile chemical and physical properties [14-16]. Such systems control the 

rate of drug administration that prolongs the duration of the therapeutic effect and also deliver the drug to specific sites. Furthermore, 

nanocarriers regulate the drug release profile, while allowing intimate contact between molecules and mucosal barriers, contributing 

to their epithelial permeation [17-18]. The potential use of polymeric nanoparticles as drug carriers has led to the development of 

many different colloidal delivery vehicles [19-20]. Various synthetic and natural polymers like alginate, chitosan and polyesters 

have been used for entrapping and delivering drugs [21]. 

 

Chitosan is a cationic polysaccharide obtained by partial deacetylation of chitin, is a hydrophilic polymer with a positive charge that 

comes from weak basic groups, give it special characteristics as a biomaterial and as a pharmaceutical excipient for drug delivery 

[22-23]. Chitosan possesses some ideal properties of polymeric carriers for nanoparticles such as biocompatible, biodegradable and 

nontoxic [24]. Further, it possesses positive charge that targets the chitosan carriers to the negatively charged cell membrane and 

has mucoadhesive properties to prolong the retention time of chitosan in the targeted locations enhancing the absorption effect of 
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chitosan that renders chitosan a very attractive material as a drug delivery carrier. Furthermore, chitosan is a linear polyamine 

containing a number of free amino groups which are available for cross-linkages, and its cationic nature also allows for ionic cross-

linking with multivalent anions [25-27]. 

 

In light of the considerations above, we envisioned that chitosan a cationic biopolymer would be more favorable for therapeutic 

applications based on targeting-specificity, bio-distribution, as well as cellular internalization profiles [28-29]. In the present study, 

we aimed to design and evaluate the applicability of chitosan as a drug carrier, to deliver the potential anti-cancer compound 

Adriamycin with increased efficacy over free Adriamycin to cancer cells. 

 

 
Graphical Abstract 

 

2. MATERIALS AND METHODS 

2.1 Materials 

Chitosan (medium molecular weight) with deacetylation of 92%, acryloyl chloride, potassium persulfate (KPS) and monomethoxy 

poly (ethylene glycol) (MPEG, Mn = 2000) were purchased from Sigma–Aldrich (USA). Ultrapure water from a Milli-Q water 

system was used to prepare the aqueous solutions. All other chemicals used in this work were analytical grade. 

 

2.2 Method 

Chitosan nanoparticles were prepared by inotropic gelation of chitosan with TPP anions according to the procedure developed by 

Calvo et al [30]. The Chitosan nanocarrier encapsulated with Adriamycin and the drug loaded chitosan nanocarrier were scrutinized 

using Fourier transform infrared spectroscopy (FT-IR, Bruker optics GmbH-Alpha T spectrometer, Germany). The surface charge 

(zeta potential) of the Chitosan nanocarrier, drug loaded chitosan nanocarrier and drug loaded chitosan nanocarrier were measured 

using Zeta sizer (Malvern instrument, UK) and the surface morphology of the nanocarrier were examined using atomic force 

microscopy in non-contact mode (XE 70, SPM, Park system, South Korea). UV-Vis. spectroscopy of the chitosan nanocarrier and 

the drug loaded chitosan nanocarrier were measured in Perkin-Elmer Lambda-25 spectrophotometer. 

 

2.3 Preparation of Chitosan Nanoparticles 

Chitosan was dissolved in acetic acid aqueous solution, 1.75 times higher than that of chitosan. Under magnetic stirring at room 

temperature, a variable volume of 0.5% (w/v) TPP aqueous solution was added into 10mL of 0.1% (w/v) chitosan solution, 

respectively. Three kinds of phenomena were observed: solution, aggregates and opalescent suspension. The zone of opalescent 

suspension corresponds to a suspension of very small particles. The nanoparticles formed spontaneously were then concentrated by 

centrifugation (13,000 rpm, 30 min room temperature). The supernatants were discarded, and Chitosan Nanoparticles were re-

suspended in Milli-Q water for further characterization [31-32]. 

 

2.4 Encapsulation of Adriamycin loaded Chitosan Nanoparticles 
Varying amount of Adriamycin was added to 10 ml chitosan solution (0.1% w/v) under magnetic stirring. To this solution, TPP was 

added (4 ml) leading to the controlled gelation of chitosan. The nanoparticles were isolated by centrifugation (13000g, 30 min, and 

room temperature) and then re-suspended in 0.5 ml of Milli-Q water. 

 

2.5 Determination of yield of the nanoparticle 

5 ml of the prepared chitosan solution was centrifuged at 13000g for 30 min. The supernatant was discarded and the pellet was 

collected. After drying the sample overnight at 50oC, a constant weight of dried nanoparticle was obtained. 5 ml of the drug loaded 

chitosan nanocarrier was centrifuged at 13000 g for 30 min. The amount of unbound drug was determined from the supernatant 

solution and the production yield was calculated comparing the actual weight with the theoretical weight of the nanocarriers. 

 

2.6 The Adriamycin loading ratio and encapsulation efficiency 

The Adriamycin loaded chitosan nanocarrier was suspended in an equal volume of buffer solution and absorbance was measured 

using UV-Vis spectrophotometer. From the absorbance of the drug, the concentration of encapsulated Adriamycin has been 

determined from a standard graph. The Drug Loading (DL) [33] and Encapsulation Efficiencies (EE) [34] were calculated using the 

following formulae: 

𝐷𝑟𝑢𝑔 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 =  (𝑊1/𝑊2) 𝑥 100% 

𝐸𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  [(𝑊3 − 𝑊4)/𝑊3] 𝑥 100% 

(1) 

 

(2) 
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Where, 

W1 is the weight of the drug encapsulated; 

W2 is the gross weight of the chitosan; 

W3 is the total weight of the drug added initially;  

W4 is the weight of the drug released in the liquid medium. 

 

The in vitro drug release experiment was carried out using the dialysis tube diffusion technique. The in vitro experiments were 

performed in phosphate buffer saline (PBS) at 37 °C under sink conditions. Drug loaded chitosan nanocarrier of 1 mg mL–1 (5 mL) 

was taken in a dialysis bag (Himedia, India) with a 12000-14000 Da (~2.4 nm) cut-off pore size and immersed in 25 mL of PBS 

and dialyzed against the phosphate buffer saline and incubated at 37ºC under constant stirring. Samples were withdrawn periodically 

and replaced with fresh PBS and the amount of the drug was quantified spectrophotometrically from the standard graph. The released 

drug was calculated in percentage relative to the initial concentration taken for dialysis [35]. 

 

2.8 Cytotoxicity analysis: MTT ASSAY 

Dalton Lymphoma Ascites (DLA) cells were seeded into 96-well plates at a density of approximately 2.5 × 104 cells per well in 

RPMI 1640 media and incubated for 12 h. Following the incubation, various concentrations of free and nanoencapsulated 

adriamycin (120 ng, 180 ng, 240ng, 300 ng and 360 ng) were added to the wells. Then MTT (3-[4,5-dimethylthiazol-2-yl] 2,5-

diphenyl-tetrazolium bromide) cell viability assay solution was added to each well in a concentration of 5 mg mL–1, and the plates 

were incubated at 37 °C for 4 h. The supernatant was aspirated and the resulting formazan crystals were washed with 100 μL of 

isopropanol. Plates were read at 570 nm (MR 700 Dynatech, UK) and the mean cell survival for free Adriamycin and nano 

encapsulated Adriamycin treated cells were quantized for each concentration and expressed as a percentage of control (cells not 

treated) cell survival values [36]. Cell viability was calculated by the following formula: 

 

𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (%)  =
Average absorbance of treated group     ∗ 100%

Average absorbance of the control group
 

 

3. RESULTS AND DISCUSSION 
3.1 Particle Size and Zeta Potential Analysis 

 

The size of chitosan nanoparticles ranges from 78.3 to 91nm, an average particle size of chitosan nanoparticles was 90.27 nm (figure 

1. a) [37]. Whereas, the zeta potential of chitosan nanoparticles have an overall positive surface charge of about 62.5mV (figure 1.b) 

which may be due to the free amine groups of chitosan. The zeta potential values of chitosan nanoparticles have a positive charge 

which shows that the nanoparticles can cross the cell membrane easily. 

 
Fig. 1: Particle size (a) and Zeta potential (b) distribution for chitosan nanoparticles 

 

The mean diameter of the drug loaded chitosan nanoparticles was found to be 439.1 nm. At the low TPP concentration (0.05%), 

combined drug loaded chitosan nanoparticles are in the size range from 412 nm to 553 nm (figure 2.a). The mean diameter and the 

size of the drug loaded chitosan nanoparticles was found to be increased compared to the chitosan nanoparticles alone. This may be 

due to the crosslinking of the Adriamycin molecules and free acid groups present in the particles. The observed drug loaded 

nanoparticles size was larger than the hydrodynamic diameter of the chitosan nanoparticles from the DLS experiment. The zeta 

potential of Adriamycin loaded chitosan nanoparticles decreased, with a surface charge between -9.63 mV to 14.6mV. 

(figure2.b)[38]. 

 
Fig. 2: Particle size (a) and Zeta potential (b) distribution for drug loaded chitosan nanoparticles 

(3) 
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The adriamycin loaded chitosan nanoparticles have a positive charge and a negative charge which makes the nanocarriers to diffuse 

easily and deliver the drugs deep into the tissues. 
 

Nanoparticles effectively deliver drugs deep inside tumour tissue if the particles are positively electrically charged because a positive 

charge allows better uptake of the nanoparticles across the cell membrane which controls delivery to the proliferating cells. The 

negative charge of the nanoparticles diffuses faster into the tissues and delivers drugs deeply [39]. 
 

3.2 FT-IR analysis 

FTIR studies of chitosan, chitosan nanoparticles and drug-loaded chitosan nanoparticles were performed to characterize the chemical 

structure of nanoparticles (figure 3). [40-42] 
 

There are three characteristic peaks of chitosan at 3449 cm−1, 1271 cm−1 and 1739 cm−1. A band at 3449 cm-1 corresponds to the 

combined peaks of the NH2 and OH group stretching vibration in chitosan. The band at 1739 cm-1 is attributed to the CONH2 group. 

The 1540cm-1 peak corresponds to the C (NH2) group. 
 

A shift from 3314 to 3345 cm-1 is shown, and the peak is wider in the chitosan nanoparticles, which indicates that the hydrogen 

bonding is enhanced. The intensities of (CONH2) band at 1739 cm-1 and (NH2) band at 1540cm-1, which can be observed clearly in 

pure chitosan, decrease dramatically, and two new sorption bands at 1638 and 1550 cm-1 appear which shows that the ammonium 

groups are cross-linked with tripolyphosphate molecules. Thus it is postulated that polyphosphoric groups of sodium polyphosphate 

interact with the ammonium groups of chitosan, which serves to enhance both the inter- and intra-molecular interaction in chitosan 

nanoparticles. 

 
Fig. 3: FT- IR spectrum of chitosan, chitosan nanoparticles, adriamycin loaded chitosan Nanoparticles 

 

The FT-IR spectra of drug loaded chitosan nanocarrier attributed to the linkage between phosphoric and ammonium ions concluding 

that the di polyphosphate groups of TPP are linked with ammonium groups of chitosan. Moreover, the emergence of the prominent 

peaks in adriamycin loaded chitosan nanoparticles were quite similar with nanoparticles without the drug, suggesting the possibility 

of the conjugation of the drug with chitosan nanoparticles. 

 

The compatibility between the drug loaded chitosan nanoparticles and the drug loaded chitosan nanoparticle was evaluated using 

FTIR peak matching method which shows the characteristic peaks of chitosan nanoparticles, adriamycin and drug loaded chitosan 

nanoparticles. 

 

3.3 AFM analysis 

Figure.4 (a) and figure. 4(b) represents the 3D image and histogram of chitosan nanoparticles and gives information about the 

particle size distribution. The nanoparticles in the scanned region possess near-spherical shape or ellipsoidal shape with an average 

particle size of 7.5 nm. 

 
Fig. 4: (a) 3D image of chitosan nanoparticles and (b) Histogram of chitosan nanoparticles. 
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The histogram curve figure 4(b) of the chitosan nanoparticles, the mean particle size of the chitosan nanoparticles was 7.5 nm. 

 

After adriamycin encapsulation (figure. 5. a) the particles size increases and have a spherical morphology. The increase in size may 

be due to the crosslinking of the amine group of the adriamycin molecules and free acid groups present in the particles. The observed 

nanoparticles size was smaller than the hydrodynamic diameter obtained from the DLS experiment. 

 

 
Fig. 5: (a) 3D image of adriamycin chitosan nanoparticles and (b) Histogram of adriamycin chitosan nanoparticles. 

 

From the histogram curve figure 5(b) the mean particle size of the drug loaded chitosan nanoparticles were 100 nm. 

 

3.4 Drug Loading Efficiency and Encapsulation Efficiency 

The maximum quantity of the drug loading capacity of the nanocarrier has been evaluated from the drug loading studies which were 

followed spectrometrically (figure 6). From the standard graph, the drug Encapsulation Efficiency (EE) and the Drug Loading 

Capability (DL) of the chitosan nanocarrier was calculated to be 91.9 % and 0.59 % respectively [40] 
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Fig. 6: UV spectra of Drug loaded chitosan nanoparticles 

 

3.5 In Vitro Release 

The controlled agitation of the drug loaded chitosan nanocarrier released the drug in a controlled manner into the PBS medium 

through the cut off pore size of the dialysis membrane. The quantity of drug released with time has been analyzed spectrophotometric 

ally. Figure .7 shows the in vitro drug release profile of drug loaded chitosan nanocarrier in PBS in the first 60 h. It is clear from the 

figure that the release of the drug started with a burst initially during the first 10 h. The drug release from the medium is further 

enhanced to 60% within the next 48h. More or less the same quantity of the drug has been released from the system in a sustained 

manner, once it crosses the initial 10 h time. 

 

 
Fig. 7: Release profile of adriamycin loaded chitosan nanoparticles. 
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3.6 Cytotoxicity Analysis: MTT Assay 

The cytotoxicity of the Adriamycin and the Adriamycin-loaded chitosan nanocarrier were treated with DLA cells in vitro. The 

percentage of cell survival with respect to untreated control cells is shown in Table1. A significant reduction in the DLA cells 

viability was observed when the cells containing the same concentration of the direct administration of the Adriamycin were exposed 

to the Adriamycin-loaded chitosan nanoparticles. A gradual decrease in the viability of the DLA cells was observed as 64.48% at 

120 ng and 51.49% at 300 ng of Adriamycin, respectively. The results demonstrate a concentration-dependent response of 

Adriamycin-loaded chitosan nanoparticles. In contrast, the viability of the cells was 107.92%, 90.25%, 48.57%, and 25.32% for 

cells administered with adriamycin loaded chitosan nanoparticles at 120ng, 180ng, 240ng and 300ng respectively. Adriamycin-

loaded chitosan nanoparticles were found to have higher cell toxicity than free Adriamycin. The graphical representation (Fig.8) 

shows that Adriamycin loaded chitosan nanoparticles exhibited considerable anticancer effects than free Adriamycin [43]. 

 

Table 1: % of cell viability for various concentrations of Adriamycin and adriamycin Chitosan treated cell lines 

 
 

 
Fig. 8: Graphical representation showing the cell viability for various concentrations of free drug and drug loaded 

chitosan nanocarrier 

 

4. CONCLUSION 
In conclusion, this work showed the feasibility of using chitosan nanoparticles as colloidal carriers for delivery of the small, cationic 

anthracycline drug, adriamycin. Specifically, to eliminate the side effects of adriamycin, the Adriamycin-loaded degradable chitosan 

nanoparticles were developed in this study. The nanocarrier imparts excellent stability in an aqueous medium with reasonably good 

hydrodynamic size. After adriamycin loading in the nanoparticles, their size increases. Adriamycin loaded chitosan nanoparticle has 

a spherical shape and its particle sizes were around 412–553 nm. Release behaviors of adriamycin from nanoparticles showed a 

sustained release pattern. The nano-particle cytotoxicity to the cells was measured by MTT assay. There was a significant difference 

in cell viability between cells treated with and without nanoparticles. It was observed that survival in cancer cells treated with 

adriamycin loaded nanoparticles was lower than that of a normal cell in similar concentrations. The adriamycin loaded chitosan 

nanoparticles showed enhanced cytotoxicity. In this study, a simple process has been developed to synthesize chitosan–adriamycin 

conjugate nanoparticles and due to high specific intracellular uptake, and surface positive charge, this drug loaded chitosan system 

may further be explored for its applications for targeted delivery of the drug. The data presented here suggest that further in vivo 

studies are warranted to define the therapeutic index of this polymeric carrier for tumor targetting and will constitute the basis for 

the next generation of drug delivery devices. 
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