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ABSTRACT: 

The objective of the present investigation is to formulate chitosan grafted PLA nanosuspension containing a 

hydrobhopic drug Ciprofloxacin in an attempt to improve its ophthalmic bioavailability. Ciprofloxacin loaded 

chitosan–PLA nanoparticles were prepared by ionic gelation method, mixing positively charged chitosan and 

negatively charged PLA by dropping method. Various parameters such as particle size, zeta potential, drug content, 

drug entrapment efficiency, and in vitro release have been utilized for the characterization of nanoparticles. The 

yield was obtained to be 55-60% by mass. The average particle size was found to be 788 nm with a PDI of 0.175. 

On loading ciprofloxacin it was found that the average particle size increased to around 831 nm with PDI of 0.212. 

The average drug loading in the nanoparticles was calculated to be 21.6 ± 1.4 % whereas the encapsulation 

efficiency was found to be 79.3 ± 4.9%. It was found that at pH 7.4, around 50% of ciprofloxacin released into the 

solution with 60 min whereas the amount of ciprofloxacin released at pH 4.5 and 3.0 was found to be 31 and 18% 

respectively. 
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1. INTRODUCTION 

          Nanosuspensions have revealed their potential to tackle the problems associated with the delivery 

of poorly water-soluble and poorly water-and lipid-soluble drugs, and are unique because of their 

simplicity and the advantages they confer over other strategies. Nanoscale device can readily interact with 

biomolecules on both the surfaces of cells & inside of cells. 

Nanosuspensions are sub-micron colloidal dispersions of nanosized drug particles stabilized by 

surfactants. Nanosuspensions consist of the poorly water-soluble drug without any matrix material 

suspended in dispersion. These can be used to enhance the solubility of drugs that are poorly soluble in 

aqueous as well as lipid media. As a result of increased solubility, the rate of flooding of the active 

compound increases and the maximum plasma level is reached faster. Nanosuspensions can successfully 

formulate the brick dust molecules for improved dissolution and good absorption. 

Over the past three decades, considerable attention has been focused on the development of an efficient 

topical formulation to improve the bioavailability of ophthalmic drugs.1 One strategy has been to prolong 

the residence time of the drug in contact with the corneal tissue by using biodegradable and biocompatible 

polymeric hydrogels.2 In recent years, researchers have successfully developed various formulations 

based on in situ gelling systems, such as thermosensitive and pH sensitive hydrogels, that can increase the 

ocular residence time through their enhanced viscosity and mucoadhensive properties and thus improve 

the bioavailability of the ophthalmic drug. 
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Another strategy to improve the ocular bioavailability of drugs after topical administration is to use 

nanomedicine and nanotechnology that allow the drug molecules to intimately interact with specific 

ocular tissues, to overcome the corneal barrier, and to increase the penetration of drugs across corneal 

tissue.3-5 

Over the past two decades, nanocarriers, including polymeric nanoparticles/nanospheres, lipid-based 

micro/nano emulsions, liposomes and dendrimers, have been designed and fabricated for ocular drug 

delivery applications. Among these nanocarriers, nanoparticles/nanospheres formed from biodegradable 

polymers, such as polycaprolactone, poly(lactic-co-glycolic acid), poly(ethyleneglycol)-

poly(caprolactone), have attracted considerable attention because they are easy to prepare and the 

preparation methods can be scaled up.6 

The aim of this work was to develop a novel block polymer composed of cationic Chitosan, formulate it 

as nanosuspension encapsulating hydrophobic drugs and evaluate its ability to delivery drugs to the eye. 

2. MATERIAL AND METHODS 

     Ciprofloxacin was obtained as a generous gift sample from Cipla, Mumbai and was identified by IR 

spectroscopy prior to use. Chitosan, type-B, 300 bloom strength was purchased from Sigma, U.S.A. 

Pluronic F127 was purchased from Merck, Mumbai. All other chemicals used were of analytical grade 

and were procured from commercial suppliers (CDH, SD Fine Chemicals and Rankem). Purified water 

was prepared using a millipore DQ3 instrument and was used throughout the study wherever required. 

FTIR spectra was recorded on a Bruker alpha infrared spectrophotometer, magnetic stirrer (Labtronics), 

digital balance (MKOW optics), UV Visible spectrophotometer (Shimadzu UV1700), HPLC (LC 20 

series, Shimadzu) were used in the present study. 

 
2.1 PREPARATION OF CHITOSAN-PLA NANOPARTICLES (NCSPLA) 

 
Chitosan–PLA nanoparticles were prepared by ionic gelation method, mixing positively charged 

chitosan and negatively charged PLA by dropping method.6 Briefly, 1 ml of 0.02% chitosan solution 

(0.02 g of Chitosan hydrochloride in 100 ml of distilled water) was added dropwise into 5 ml 0.02% PLA 

aqueous solution, stirred magnetically, until an opalescent suspension was formed. The obtained 

suspension was filtered and the filtrate was incubated in acetate buffer, pH 4.5 for 24 h using a dialysis 

membrane bag for characterization. 

The nanoparticles were optimized for the concentration of chitosan and concentration of PLA to be used. 

Three different concentrations of chitosan (0.02, 0.05 & 0.1%) and PLA (0.02, 0.05 & 1.0%) were used 

and their effect on particles size, entrapment efficiency and PDI was observed.  
 

                                   Table 1. Ratio of chitosan and PLA used for nanoparticle optimization 

Formulation  

code 

Concentration of 

chitosan (%) 

Concentration of 

PLA (%) 

Volume of 

chitosan 

solution (mL) 

Volume of PLA 

solution (mL) 

NCSPLA 1 0.02 0.02 1 5 

NCSPLA 2 0.02 0.05 1 5 

NCSPLA 3 0.02 1.0 1 5 

NCSPLA 4 0.05 0.02 1 5 

NCSPLA 5 0.05 0.05 1 5 
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NCSPLA 6 0.05 1.0 1 5 

NCSPLA 7 1.0 0.02 1 5 

NCSPLA 8 1.0 0.05 1 5 

NCSPLA 9 1.0 1.0 1 5 
 

2.2 PREPARATION OF CF LOADED NCSPLA 
 

The CF loaded NCSPLA were prepared using the optimized variables using the following 

procedure. 1 ml of 0.02% chitosan solution (0.02 g of Chitosan hydrochloride in 100 ml of distilled 

water) was added dropwise into 5 ml 0.02% PLA aqueous solution, stirred magnetically, until an 

opalescent suspension was formed. To this solution, an accurately weighed quantity of 100 mg CF was 

added slowly while stirring. The mixture was incubated in acetate buffer, pH 4.5 for 48 h. The obtained 

nanoparticles were separated from the aqueous phase by ultracentrifugation at 60000 rpm for 30 min at 

4°C. The obtained nanoparticles were washed thrice with acetone and lyophilized to obtain CF loaded 

NCSPLA. 
 

2.3 CHARACTERIZATION OF CF LOADED NCSPLA 
 

The CF loaded NCSPLA were characterized by evaluating the yield, particle size, size 

distribution and encapsulation efficiency.7 Yield The yield of the CF loaded NCSPLA was calculated 

from the mass of the final product after lyophilization with respect to the initial total mass of drug, 

chitosan and PLA. 
 

2.4 PARTICLE SIZE AND SIZE DISTRIBUTION 
 

The average particle size and poly dispersity index (PDI) of the nanoparticles was evaluated on a 

Malvern Zeta sizer using the dynamic light scattering technique. The nanoparticles were dispersed in 

purified water in a disposable sizing cuvette and analysis was performed at an angle of detection of 90°. 
 

2.5 ENCAPSULATION EFFICIENCY 
 

In order to determine the loading efficiency of the process, 2 mg of freeze dried nanoparticles was 

extracted with 1 ml acetone. The polymer was precipitated by addition of 5 ml methanol. After 

centrifugation at 16,000 × g for 10 min, 3 ml clear supernatant was drawn out and the solvent was 

evaporated. The residue was then diluted with 10 mL of 0.1N HCl solution and the concentration of CF 

was determined by UV spectrophotometry at 276 nm.8  

The drug loading and drug entrapment efficiency were calculated by the following formulas respectively: 

% Drug content = Total drug present in the nanoparticles pellet − amount of free drug in the 

supernatant/weight of nanoparticles measured after freeze drying × 100 

% Entrapment efficiency = Total drug present in the nanoparticles pellet − amount of free drug in the 

supernatant/Total drug present in the nanoparticles pellet × 100 
 

2.6 CALIBRATION CURVE OF CF 
 

A stock solution of ciprofloxacin HCl was prepared by dissolving 100 mg of the drug in 100 ml 

of 0.1 N HCl so as to obtain a final concentration of 1 mg/ml. From this stock solution, subsequent 

dilutions were made with 0.1 N HCl to obtain the series of standard solutions containing 1, 2, 3, 4, 5 and 
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6 µg/ml of solution. The absorbance of above dilutions was measured at 276 nm by using 0.1 N HCl as a 

blank. A graph was plotted by taking concentration on X-axis and absorbance on Y-axis. 
 

2.7 IN VITRO RELEASE OF CF FROM CF LOADED NCSPLA 
 

100 mg CF loaded NCSPLA were re-dispersed in 10 ml distilled water and placed in a dialysis 

membrane bag, tied and placed into 300 ml of water medium with various pH values (pH 3.0, 4.5 & 7.4) 

on sink conditions. The entire system was kept at 37°C with continuous magnetic stirring. After a 

predetermined period, 5 ml of the medium was removed and the amount of CF was analyzed by UV 

spectrophotometry. In order to maintain the original volume, each time 5 ml of the medium was replaced 

with fresh water. The CF release experiments were repeated three times. 
 

2.8 STABILITY OF CF LOADED NCSPLA NANOSUSPENSION 
 

To investigate the physical and chemical stability of the nanosuspension, the samples of CF 

loaded NCSPLA were re-dispersed in purified water and stored in amber colored glass vials at 4°C, 40°C 

and room temperature for 3 months. The samples were analyzed after 3 month for changes in size and 

entrapment efficiency. 

 

3. RESULTS AND DISCUSSION 

3.1 OPTIMIZATION OF NCSPLA 
 

The Chitosan-PLA nanoparticle formulation was optimized for the concentration of chitosan and 

PLA used. The particle size and PDI obtained for each batch of nanoparticles were used as the parameter 

to decide upon the optimal concentration. 

Table 2. Optimization of chitosan and PLA concentration 

Formulation  

code 

Concentration of 

chitosan (%) 

Concentration of 

PLA (%) 

Particle size 

(nm) 

PDI 

NCSPLA 1 0.02 0.02 788 0.175 

NCSPLA 2 0.02 0.05 993 0.721 

NCSPLA 3 0.02 1.0 1216 0.294 

NCSPLA 4 0.05 0.02 854 0.201 

NCSPLA 5 0.05 0.05 938 0.629 

NCSPLA 6 0.05 1.0 1035 0.178 

NCSPLA 7 1.0 0.02 1812 0.365 

NCSPLA 8 1.0 0.05 2415 0.258 

NCSPLA 9 1.0 1.0 3655 0.449 

 

Nanoparticles were easily formed via ionic gelation due to the interactions between positive 

charges of chitosan and negative charges of PLA. It was observed that the equal concentrations of 
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chitosan and PLA were required for obtaining the best nanoparticles. Increasing the concentration of any 

of the polymeric material led to an increase in the particle size and PDI of the nanoparticles. It was 

therefore decided to use 0.02% chitosan and 0.02% PLA for preparing the final batch of the CF loaded 

NCSPLA. 
 

3.2 YIELD 
 

The yield of the nanoparticles was calculated with respect to the mass of CF, chitosan and PLA 

used for preparation and the final mass of the NCSPLA. The yield was obtained to be 55-60% by mass. 

Particle Size and PDI 

The average particle size of NSCPLA was found to be 788 nm with a PDI of 0.175. On loading 

CF to NCSPLA, it was found that the average particle size increased to around 831 nm with PDI of 0.212. 

Particle size plays a vital role in uptake of the particles by the tissues. Smaller particles are known to have 

higher uptake as compared to larger particles. 
 

3.3 ENCAPSULATION EFFICIENCY  
 

In order to calculate the drug content in CF loaded NSCPLA, UV spectrophotometric method was 

employed. A calibration curve of CF was plotted using various dilutions of CF in 0.1N HCl against 0.1N 

HCl solution as blank. A straight line was obtained with a regression coefficient of 0.999. 

The average drug loading in the nanoparticles was calculated to be 21.6 ± 1.4 % whereas the 

encapsulation efficiency was found to be 79.3 ± 4.9%. It was observed that the formulation was able to 

uptake most of the CF available in the solution. The high incorporation of the hydrophobic CF into 

NCSPLA may be attributed to strong hydrophobic interactions between CF and PLA. 

3.4 IN VITRO RELEASE OF CF FROM CF LOADED NCSPLA 
 

The in vitro release study was carried out using dialysis membrane technique in three different 

pH (3.0, 4.5 &7.4) solutions, maintaining the medium in sink conditions. The sample was withdrawn at 5, 

15, 30 & 60 min and subjected to UV spectrophotometry for the estimation of amount of CF released. It 

was found that at pH 7.4, around 50% of CF released into the solution with 60 min whereas the amount of 

CF released at pH 4.5 and 3.0 was found to be 31 and 18% respectively. 
 

3.5 STABILITY OF CF LOADED NCSPLA NANOSUSPENSION 
 

CF loaded NCSPLA was reconstituted in to nanosuspension by dispersing the nanoparticles in 

purified water. The nanosuspension was subjected to stability analysis at various temperature conditions. 

It was found that the particle size and polydispersity of the nanosuspension did not change much over a 

period of 3 months making the formulation stable. The result obtained after 3 month of study in presented 

in Table 3. 
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                                                 Fig. 1 Release of CF from CF loaded NCSPLA 

Table 3. Stability data of CF loaded NCSPLA 

 4°C 40°C Room temperature 

Particle Size 891 1325 1016 

PDI 0.196 0.621 0.298 

It was found that the nanosuspension was stable in refrigerated conditions whereas at high 

temperature the particle size increased significantly. Therefore it was concluded that the nanosuspension 

must be stored in refrigerated conditions once reconstituted.  
 

4. CONCLUSION 
 

   As it was envisioned grafting of hydrophilic polymers like PLA onto chitosan can lead to and 

improved uptake of hydrophobic drugs. Chitosan-PLA copolymer was easily used for the preparation of 

nanoparticles. The nanoparticles were loaded with hydrophobic drug ciprofloxacin and the entrapment 

efficiency, stability and drug release from the nanosuspension was observed. It could be concluded that 

chitosan grafted nanosuspension was indeed a good approach to improve the absorption of hydrophobic 

drugs in aqueous media at pH 7.4. As the pH of eyes is 6.6-7.2, the delivery system would also be helpful 

for ocular drug delivery. 

The in vitro and in vivo studies need to be carried out to ascertain the applicability of the current approach 

for ocular delivery of hydrophobic drugs. 
 

REFERENCES 

[1] Zhou H, Hao J, Wang S, Zheng Y, Zhang W., 2013. Nanoparticles in the ocular drug delivery. Int J Ophthalmol 6: 390-

396. 

[2] Josef E, Zilberman M, Bianco-Peled H., 2010. Composite alginate hydrogels: An innovative approach for the 

controlled release of hydrophobic drugs. Acta Biomateriala 6: 4642-4649. 



International Journal of Pharmacy Practice and Pharmaceutical Sciences , Vol. (1), Issue (2), 2019 

 

85 
 

[3] Zhou W, Wang Y, Jian J, Song S., 2013. Self-aggregated nanoparticles based on amphiphilic poly(lactic acid)-grafted-

chitosan copolymer for ocular delivery of amphotericin B. Int J Nanomed  8: 3715-3728. 

[4] Shelke NB, Kadam R, Tyagi P, Rao VR, Kompella., 2011. UB. ntravitreal Poly(L-lactide) Microparticles Sustain 
Retinal and Choroidal Delivery of TG-0054, a Hydrophilic Drug Intended for Neovascular Diseases. Drug Deliv Transl 
Res 1: 76-90. 

[5] Shi S, Zhang Z, Luo Z, Yu J, Liang R, Li X, Chen H. Chitosan., .2019. grafted methoxy poly(ethylene glycol)-poly(ε-
caprolactone) nanosuspension for ocular delivery of hydrophobic diclofenac. www.nature.com/scientificreports 
5:11337; DOI: 10.1038/srep11337. Last assessed 10.09.2019 

[6] Jeevitha D, Amarnath K. Chitosan ., 2013.PLA nanoparticles as a novel carrier for the delivery of anthraquinone: 
Synthesis, characterization and in vitro cytotoxicity evaluation. Colloids and Surfaces B: Biointerfaces 101: 126-134 

[7] Mishra BJ, Kaul A, Trivedi P., 2015. L-Cysteine conjugated poly L-lactide nanoparticles containing 5-fluorouracil: 
formulation, characterization, release and uptake by tissues in vivo. Drug Delivery  22 (2): 214-222 

[8] Rajendra Prasad A, Vijaya Ratna J., 2018. Development and validation of a simple uv-spectrophotometric method for 

the determination of ciprofloxacin hcl present in taste masked drug resin complex. Internat J Appl Pharmaceut  10(3): 
37-41. 

 

 

 

http://www.nature.com/scientificreports%205:11337
http://www.nature.com/scientificreports%205:11337

