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INTRODUCTION 

Now a days modern drug therapy is designed to 

optimize the pharmacological action of drugs coupled 

with the reduction of their toxic side effects in vivo. 

With the use of colloidal drug carriers that can provide 

site specific or targeted drug delivery combined with 

optimal drug release profiles. Among these carriers, 

liposomes and nanoparticles have been the most 

extensively investigated. Liposomal formulations face 

some technological limitations including poor stability 

and low drug entrapment efficiency, polymeric 

nanoparticles were proposed as alternative drug 

carriers.  

“Nanoparticles are solid colloidal particles ranging in 

size from 10 to 1,000 nm. They are made of a  

 

macromolecular material which can be of synthetic or 

natural origin”. Depending on the process used for  

their preparation, two different types of nanoparticles 

can be obtained i).Nanospheres ii). Nanocapsules. 

Nanospheres have a matrix type structure in which a 

drug is dispersed, whereas nanocapsules exhibit a 

membrane-wall structure with an oily core containing 

the drug. Because these systems have very high surface 

areas, drugs may also be adsorbed on their surface (1-3).  

Diclofenac Sodium is Sodium 2-[(2,6-dichlorophenyl)- 

amino]phenylacetate use d as anti-inflammatory drug. 

iclofenac Sodium is one of the NSAIDs that 
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subchondral bone alterations and synovitis. This synovitis is due to decreased synovial fluid volume at joints, 

this leads to friction develops between joints and inflammation also occurred. To reduce this inflammation 

NSAIDs are drug of choice. Since the half-life of Diclofenac Sodium is 3 times greater in synovial fluid than 

compared to plasma and having good anti inflammation activity. Diclofenac Sodium is having some 

disadvantages, this drug causes gastric hemorrhage, gastric irritation and the dosing frequency is twice or thrice 

a day. To avoid these complications, reduce dosing frequency and for controlled release and localized action of 

drug, nanoparticles in suspension form is suitable for therapeutic efficacy. In this present work, nanoparticles 

were prepared by ionic gelation method using Chitosan as polymer. This cationic polymer forms gel like 

structure when interact with negatively charged hyaluronic acid present in synovial fluid. This formed gel 

increases the viscosity and reduce friction between synovial joints with increase in flexibility of moment. 

Nanoparticles were prepared by using different concentrations of polymer. The best formulation was optimized 

and evaluated by using different parameters. F1 formulation showed 92.33±3.50% entrapment efficiency, 

64.90±2.29% loading efficiency and 80.6±3.50% drug release for 14 days. In vivo study was conducted in 

osteoarthritis induced (carrageenan and kaolin) rats.      

 

Key words: Diclofenac Sodium, Chitosan, Osteoarthritis, Synovial fluid Nanoparticles, Intraarticular route, 

Entrapment efficiency, loading efficiency, Drug release. 

Author for correspondence: 

Durga Srinivasarao. M, 

Sri Padmavathi School Of Pharmacy, 

Tiruchanoor, Tirupathi. 

 

Email:cool.vasu2050@gmail.com                                    

 

 INTERNATIONAL JOURNAL OF   
PHARMACEUTICAL  

RESEARCH AND NOVEL SCIENCES                             
 

IJPRNS 
 



   

Durga Srinivasarao. M et al                                                International Journal of Pharmaceutical Research and Novel Sciences 

                                                                                                                                ISSN: 2395-0536  

www.ijprns.com                                                                                      Vol - 3, Issue - 1, 2016             310 

 

accumulates in synovial fluid with half-life in this 

compartment is triple that of the plasma. 

The main aim of the present work is to prepare 

Chitosan based Diclofenac Sodium nanoparticles and 

optimizes the formulation. To perform physical and 

chemical evaluation studies like entrapment efficiency, 

loading efficiency, in vitro drug release studies and in 

vivo studies for the optimized formulation in the form 

of injectable dosage form administered by intra-

articular route. 

MATERIALS AND METHODS 

MATERIALS 

Diclofenac Sodium (APEX lab, Chennai),  Chitosan 

(Otto Chemicals and Bio reagents), Sodium tri 

polyphosphate (STPP) (LOBA chemicals,Pvt. Ltd), 

Tween 80 (MERCK (Inia) Limited), Ketamine HCl 

500mg Inj (Nean Laboratories LTD),  Xylazine Inj 

10ml (Indian Immunologicals LTD) λ-Carrageenan 

(Sd fine Chem Limited) and Methanol (Merck 

Specialities Pvt Ltd). 

METHODS 

Preparation of Nanoparticles 

Nanoparticles were prepared by ionic gelation method. 

In this method mainly 4 steps are involved Step 1: 

Chitosan was dissolved in 1 per cent glacial acetic acid 

and stirred under magnetic stirrer until a clear solution 

was formed. A concentration of 0.5 per cent w/v was 

prepared for the formulation. Step 2: Diclofenac 

Sodium was dissolved in distilled water and mixed 

with Chitosan solution drop wise using syringe in the 

rate of 1 ml/min under constant stirring rate of 1500 

rpm. Stirring was continued to form an uniform 

solution. Step 3: 10 ml of 0.1 per cent w/v Sodium 

tripolyphosphate was added to the above solution and 

stirring was continued for 1 hr.Step 4: After stirring 

the solution was centrifuged at 16,000 rpm for 30 min. 

the sediment formed were collected by repeated 

washing with distilled water. Finally the particles were 

subjected to freeze drying for 24 hrs and stored for 

further studies. Formulations were made with different 

concentrations of Chitosan solutions like 0.5%, 1.0%, 

1.5%, 2.0%, 2.5% and 3.0% w/v as given in the table 8 

and stored for further studies (4).  

Characterization of Nanoparticles (5-7) 

The prepared nanoparticles were subjected to various 

evaluation studies. Determination of zeta potential 

The zeta potential of the drug loaded Chitosan 

nanoparticles were measured by using Zetasizer. 

(Malvern Instrument LTD, Model: Zetasizer 3000). 

Measurement of particle size and morphology 

The particle size and surface morphology of the 

nanoparticles was measured by using Scanning 

Electron Microscopy (SEM). 

In vitro drug release studies 

Construction of Calibration Curve of Diclofenac 

Sodium in Phosphate buffer pH 7.4 

Accurately weighed 100 mg of Diclofenac Sodium was 

transferred into 100 ml volumetric flask and the 

volume was made upto 100 ml with Phosphate buffer 

pH 7.4. This solution was labeled as primary stock 

solution. From this stock solution 1 ml was taken and 

transferred into 100 ml volumetric flask and the 

volume was made upto 100 ml with Phosphate buffer 

pH 7.4. From this secondary stock solution, solutions 

of various concentrations of 2, 4, 6, 8, 10 µg/ml were 

prepared. Absorbances of these concentrations were 

observed at 277 nm by using UV-Visible 

spectrophotometer.  

Procedure 

100 mg of nanoparticles were dispersed in 100 ml of 

Phosphate buffer saline pH 7.4 in a sealed jacketed 

beaker at 37 ± 0.5
0
C.

 T
he suspension was stirred 

continuously at a constant rate using magnetic bead 

and stirrer aliquots of 1 ml were taken at various time 

intervals upto 14 days. The drug content in the 

dissolution medium was determined using the 

sedimenting the nanoparticles by centrifugation at 

16,000 rpm for 15 min then the supernatant was 

collected and analyzed by using UV-Visible 

spectrophotometer at 277 nm. The sediment was 

replaced with 1ml of buffer solution to maintain the 

sink condition.  

The % drug release of Diclofenac Sodium in the 

nanoparticles was calculated (8-10) 

In Vivo Studies 

Adult male albino rats of wristar strain weighing about 

(200-250 g) were purchased from Raghavendra 

enterprises, Bangalore. The animals were divided into 

three groups(3x4=12), housed in an air conditioned 
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room under standard conditions (25 ± 2
0
C) and 12 hrs light, 12 hrs dark cycle. Rats had free access to 

standard diet and purified drinking water. All experiments described in the present study were approved by the 

Institutional Animal Ethical Committee (IAEC) of Sri Padmavathi School of Pharmacy (NO: 

1016/a/06/CPCSEA/012/2012). 

Diclofenac Sodium nanoparticles were made for suspension by using saline solution before administration. Healthy 

adult male wistar rats were randomly divided into 3 groups (n=4) as Normal, Control, Test (Table-1).  

Table-1 Grouping of animals for In vivo studies  

S.No. GROUP TREATMENT PURPOSE 

I Normal Saline solution Serves as normal 

II Control Kaolin(4% w/v) + Carrageenan(2% 

w/v) 

To induce OA 

III Test Drug loaded nanoparticles To study the effect of 

formulation on osteoarthritis 

Induction of Osteoarthritis 

The rats (Group II & III) were anesthetized with ketamine (50 mg/kg bw) and xylazine (12 mg/kg bw) inj. through 

intraperitoneal route. The skin over the knee was disinfected with povidone iodide, and arthritis was then induced 

with a single intra-articular injection of 75 μl of a mixture of 2% λ-carrageenan and 4% kaolin in saline. The 

contralateral knees were injected with saline. After recovering from the anesthesia, the animals were returned to 

their cages. After 48 hrs group II and group III rats were exposed to X-Ray radiation for identification of 

osteoarthritis (11, 12). 

Injection of nanoparticle suspension in intra-articular space 

After confirmation of osteoarthritis was developed, group III rats were anesthetized. The prepared nanoparticle 

suspension was given in intra-articular route which was previously prepared with buffer pH 7.4. All group III rats 

were injected with dose of 30 μl/kg body weight. After recovering from the anesthesia, the animals were returned to 

their cages. These were examined for gel formation in the knee joint area under        X-Ray radiation (13, 14).  

RESULTS AND DISCUSSION 

Preformulation studies 

In this study the characteristic peaks observed were similar to that of pure drug and polymer. Shifting of NH band 

from 2920.58 – 3586 was observed in physical mixture due to increase in hydrogen bonding. Based on the 

information from the drug excipient compatibility studies, there was no incompatible found between drug and 

polymer.  

Zeta Potential 
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Figure-1 Zeta potential of drug loaded Chitosan Nanoparticles 

The particle surface charge distribution ranged from 20.33 mV (Chitosan) to 23.17 mV (Diclofenac Sodium). The 

positive surface charge is indicative that Chitosan is organized at the surface of the nanoparticle (Fig-1). 

Structural Morphology and Size 

 
  15a      15b 

 
15c 

Figure-2 SEM images of nanoparticles 

Scanning electron microscope (SEM) (Fig-2) revealed that the nanoparticles were in nano size range (600-1000 nm) 

with the magnification of 3.00kx and at higher magnification of 4.00kx particles were observed in irregular shape. 

Stirring speed and time depends on particle size and shape of nanoparticles in range. Thickness of the magnetic bead 

or shaft may also affect the morphology of the nanoparticles. It has been found that particle size affects the drug 

release. Smaller particles offer larger surface area. As a result, most of the drug loaded onto them will be exposed to 

the particle surface leading to fast drug release. As a drawback, smaller particles tend to aggregate during storage 

and transportation of nanoparticle dispersion. Hence, there is a compromise between a small size and maximum 

stability of nanoparticles. 

Entrapment Efficiency and Loading Efficiency 

Entrapment efficiency and Loading efficiency results were shown in the table -2 and 3. From this data, it was 

confirmed that formulation F1 has more entrapment efficiency (92.33 ± 3.05) and more Loading efficiency (64.90 ± 

2.29). The encapsulation efficiency of Chitosan nanoparticles has been shown to be inversely proportional to 

Chitosan concentration and viscosity and drug concentration. To increase the loading efficiency of hydrophobic 

drugs and controls the release of drug from various Chitosan nanoparticle preparations. 

 

 

 



   

Durga Srinivasarao. M et al                                                International Journal of Pharmaceutical Research and Novel Sciences 

                                                                                                                                ISSN: 2395-0536  

www.ijprns.com                                                                                      Vol - 3, Issue - 1, 2016             313 

 

 

 

Table-2% Entrapment efficiency (At different stirring speeds) 

S. 

No 

Stirring 

Speed 

(RPM) 

% Entrapment efficiency 

F1 F2 F3 F4 F5 F6 

1 1500 93.46±1.56 85.67±0.65 94.67±2.44 89.33±2.34 84.31±0.77 83.45±1.09 

2 2000 89.54±1.39 79.65±0.87 86.29±0.67 86.16±1.06 83.38±1.87 80.12±0.54 

3 2500 84.31±1.87 71.89±0.77 91.04±2.32 88.90±0.93 81.56±1.90 79.59±2.89 

4 3000 81.45±3.05 68.24±1.78 85.52±1.76 83.93±3.90 76.15±4.01 77.46±3.78 

Table-3 % Loading efficiency (At different stirring speeds) 

In vitro release studies:Incorporation of Diclofenac Sodium in the nanoparticle formulation had a significant effect 

on the rate of drug release from nanoparticles. Various concentrations of Chitosan formulations of nanoparticles like 

F1(0.5%), F2(1.0%), F3(1.5%), F4(2.0%), F5(2.5%), F6(3.0%) had significant effect on rate of release of 

Diclofenac Sodium from the nanoparticles. According to the results obtained, it was noted that, the percentage 

release at the end of 14
th

 day was 80.6±3.50, 70.11±4.32, 51.12±2.98, 41.9±1.90, 33.4±2.34, 29.17±6.98 

respectively. This showed that the order of rate of release of various formulations was found to be 

F1>F2>F3>F4>F5>F6 formulations. It can be concluded that F1 formulation had a highest release than the other 

formulations. 

Release Kinetic studies:Release kinetics of drug shows initially first order effect. Gradually, the effect limits to 

zero order release. We can conclude that the formulation has both first order and zero order release effect to 

maintain the therapeutic efficacy and decreased toxic effect (Table-4).  

                                                            Table-4 Release kinetics data 

S. No Sampling intervals (Days) Cumulative % Drug release Log Cumulative % Drug remaining 

1 0 0 2.0000 

2 1 10.8 1.9563 

3 2 17.9 1.9143 

4 3 21.3 1.8959 

5 4 27.5 1.8603 

6 5 34.6 1.8155 

7 6 41.7 1.7656 

8 7 48.6 1.7109 

9 8 55.6 1.6473 

10 9 62.1 1.5786 

11 10 69.5 1.4842 

12 11 77.2 1.3579 

13 12 78.9 1.3242 

S. No 
Stirring Speed 

(RPM) 

% Loading efficiency 

F1 F2 F3 F4 F5 F6 

1 1500 62.3±0.45 41.92±2.99 36.34±1.87 28.45±0.92 23.50±2.78 19.83±1.50 

2 2000 59.68±1.33 38.97±3.33 35.00±0.93 27.44±2.43 23.24±2.09 19.03±2.78 

3 2500 56.20±1.89 35.17±1.87 34.10±1.39 28.31±1.87 22.73±3.05 18.91±0.84 

4 3000 54.29±2.43 33.39±2.54 33.50±2.34 26.73±3.05 21.22±3.11 18.40±1.54 
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14 13 79.6 1.3096 

IN VIVO studies 

From the X-Ray pictures of knee joint it was observed 

that Group II rats (OA induced rats) develop some 

cartilage destruction and swelling at knee region than 

compared to normal after 48 hr of induction. Group III 

rats showed that gel like appearance at joint region 

after injection of nanoparticles, this gel like 

appearance was gradually decreased and rats also 

shown free movement within 14 days (Fig-3). 

 
Normal knee                          OA induced knee 

 
After administration        7

th
 day                     14

th
 day                

of nanopartcles 

 

Figure-3 X-Ray images of knee joint 

CONCLUSION 

Intra-articular drug delivery systems for OA or RA 

represent a valuable means to administer drugs 

directly in the joint cavity, while circumventing 

systemic toxicity and reducing leakage or exposure of 

other tissues and organs. Due to its encapsulation in a 

delivery system, the active substance is gradually 

released, and it can act locally to diminish joint 

inflammation, in the case of nonsteroidal or steroidal 

drugs, to remove the synovial lining. Clinical 

efficiency is required for any novel drug delivery 

system. Chitosan-TPP Nanoparticles have a novel 

controlled targeted drug delivery which offer several 

potential benefits. The aim of the present study was to 

develop Diclofenac sodium loaded Chitosan-TPP 

Nanoparticles. Drug/polymer ratio in the 

nanoparticles, stirring speed influence the 

physiochemical characteristics such as zeta potential, 

average particle size diameter or percentage 

encapsulation efficiency and percentage loading 

efficiency of Diclofenac sodium. Chitosan 

nanoparticles had shown an excellent capacity for the 

association of Diclofenac sodium. The average 

particle size range was found between 600-1000 nm 

with zeta potential of 20mV. The percentage 

entrapment efficiency, percentage loading efficiency 

was found to be 92.33±3.05% and 64.90±2.29% 

respectively and the drug release was found to be 

80.6±3.50% due to its physical entrapment. Previous 

studies on Chitosan nanoparticles have reported 

encapsulation of several compounds, their in vitro 

release profiles and in vivo applications. In this study, 

we have encapsulated Diclofenac sodium with 

Chitosan polymer which has not been formulated in a 

drug delivery system for intra-articular administration. 

 

REFERENCES 

1. James Swarbrick. A Text book of Encyclopedia of 

Pharmaceutical Technology. Informa health care:  1 

(2007)1183-1200.  

2. Alexander T. Florence, Juergen Siepmann. A Text 

book of Modern Pharmaceutics informa health care: 2 

(2005) 453-492. 

3. Catarina Pinto Reis, PhD, Ronald J. Neufeld, Anto nio 

J. Ribeiro, Francisco Veiga. Nanoencapsulation - 

Methods for preparation of drug-loaded polymeric 

nanoparticles. Nanomedicine: Nanotechnology, 

Biology, and Medicine: 2 (2006) 8– 21. 

4. .Sushmitha Sundar, Joydip Kundu and Subhas C 

Kundu. Biopolymeric nanoparticles. Sci. Technol. 

Adv. Mater: 11 (2010) 1-13. 

5. .Kamlesh Dashora, Shailendra Saraf and Swarnlata 

Saraf. Effect of Processing Variables on Micro 

Particulate System of Nimesulide. The Chinese 

Pharmaceutical Journal: 58 (2006) 67-74 

6. .Mohammad Reza Saboktakin, Roya M.Tabatabaie1, 

Abel Maharramov,  Mohammad Ali Ramazanov. 

Synthesis and Characterization of Biodegradable 



   

Durga Srinivasarao. M et al                                                International Journal of Pharmaceutical Research and Novel Sciences 

                                                                                                                                ISSN: 2395-0536  

www.ijprns.com                                                                                      Vol - 3, Issue - 1, 2016             315 

 

Thiolated Chitosan Nanoparticles as Targeted Drug 

Delivery System. Nanomedic Nanotechnol: 4 (2011) 

7. .Bhaskar mazumder, Mrinal kanti sarkar, Sanjay dey, 

Nibedita roy. Effect of formulation and process 

variables on the characteristics of Microspheres of 

antiviral Drug (stavudine) prepared by oil in oil 

Solvent Evaporation technique. International journal 

of pharmacy and pharmaceutical sciences: 2 (2010) 

52-59. 

8. S. Bozdag, S. Çaliş, H. S. Kaş, M. T. Ercan, I. Peksoy, 

A. Hincal. In vitro evaluation and intra-articular 

administration of Biodegradable microspheres 

containing naproxen sodium. J. Microencapsulation: 

18 (2001) 443-456. 

9. Dhanya K P, K Santhi, S. A. Dhanaraj, I sajeeth. 

Formulation and evaluation of chitosan nanospheres 

as a carrier for the targeted delivery of lamivudine to 

the brain. Pharmacie globale (ijcp):  5 (2011) 1-5.  

10. Suvakanta Dash, Padala Narasimha Murthy, Lilakanth 

Nath. Kinetic modeling on drug release from 

controlled drug delivery system. Actapoloniac 

Pharmaceutica-Drug research: 67 (2010) 217-223. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11. S. Kelly , J.P. Dunham , F. Murray , S. Read , L.F. 

Donaldson , S.N. Lawson. Spontaneous firing in C-

fibers and increased mechanical sensitivity in A-fibers 

of knee joint-associated mechanoreceptive primary 

afferent neurones during MIA-induced osteoarthritis 

in the rat. Osteoarthritis and Cartilage: (2012)  1-9.  

12. C.B. Little, S. Zaki. What constitutes an “animal 

model of osteoarthritis” the need for consensus. 

Osteoarthritis and Cartilage: (2012) 1 – 7.  

13. Petra Hartmann, Andrea Szabo, Gábor Eros, Dora 

Gurabi, Gyongyi Horvath, Istvan Németh, Miklos 

Ghyczy, Mihály Boros. Anti-inflammatory effects of 

phosphatidylcholine in neutrophil leukocyte-

dependent acute arthritis in rats. European Journal of 

Pharmacology: 622 (2009) 58–64. 

14. N. Butoescu, O. Jordan, E. Doelker. Intra-articular 

drug delivery systems for the treatment of rheumatic 

diseases: A review of the factors influencing their 

performance. European Journal of Pharmaceutics and 

Biopharmaceutics: 73 (2009) 205–218. 

 

 

 

 

 


