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ABSTRACT 

Curcumin, a BCS Class IV drug exhibiting poor solubility possesses its wound healing property 

owing to its anti-inflammatory, antioxidant and anti-infectious activities. The objective of the 

current study was to load Curcumin on porous silica Aeroperl ® 300 Pharma for solubility 

enhancement. The Curcumin loaded silica was further incorporated into a Chitosan-Xanthan 

gum polyelectrolyte complex gel with final application for wound healing activity. Curcumin 

was loaded on Aeroperl® 300 Pharma in 3 ratios of 1:1, 1:2 and 1:5 and the Curcumin loaded 

silica was evaluated for solubility, drug contentand in vitro drug release in Phosphate buffered 

saline PBS pH 7.4. Curcumin loaded silica in ratio 1:5 was found to show highest solubility of 

0.68±0.02 µg/ml in PBS pH 7.4  and drug content of 88.3±0.17% and in vitro drug release 1.48 

times higher than plain Curcumin. The Chitosan Xanthan gum polyelectrolyte complex based 

gel containing Curcumin loaded silica when evaluated was found to show desirable  pH of 
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6.67, particle size of 260.6 ± 1.25 nm, in vitro release similar to drug loaded silica in ratio 

1:5and high anti-infective wound healing efficacy against Pseudomonas denitrificans. 

KEYWORDS: Chitosan, Xanthan gum, polyelectrolyte complex, Curcumin, wound healing, 

silica 

INTRODUCTION: 

Poor solubility of New chemical entities has posed a serious challenge in designing suitable 

bioavailable dosage forms. About 40% of New chemical entities face problems in 

commercialization owing to poor solubility [1,2].  The issue of poor solubility of drug has been 

addressed by several physical and chemical meansout of which drug amorphization is the most 

promising technique.[3] Amorphous drugs exhibit high free energy state and a higher 

molecular mobility as compared to crystalline compounds which exist with an ordered 

structure. [4,5]. The higher free energy and mobility aids to enhance the solubility and 

dissolution rate thus ultimately enhancing the bioavailability of the compound. Drug loading 

on porous carrier materials like silica has been widely attempted technique for amorphization 

thus leading to enhanced solubility and bioavailability of drug. The extent to which drug 

loading aids to enhance solubility depends on the nature of porous carrier, the concentration of 

drug and the method of drug loading [6].  Drug loading on silica is advantageous owing to the 

presence of larger number of pores on the silica which makes the existence of the drug inside 

the pore to be in a disordered state, a more thermodynamically favourable process without 

creating issues of recrystallization and instability [7]. Silica has been widely studied in drug 

delivery in solubility enhancement by formulation of solid dispersions using silicas like 

Aeroperl® 300 Pharma. [8,9] 

Skin provides barrier activity against environment and shows several protective functions. 

Acute or chronic injuries lead to compromise in the skin integrity. This leads to initiation of a 

multistep dynamic process by the body which leads to tissue healing and restoration of barrier 

properties of the skin. Wound healing comprises of four stages namely haemostasis, 

inflammation, proliferation and remodelling. Curcumin has been studied to be a promising 

herbal agent in wound healing. Curcumin is present as one of the three curcuminoids present 

in Turmeric plant Curcumin is a BCS Class IV drug exhibiting poor solubility and poor 

bioavailability [10]. It exhibits poor absorption, stability and bioavailability issues.  Owing to 

its lipophilic nature, it shows limited transmembrane permeability.  Curcumin exhibits its 

wound healing property owing to its anti-inflammatory, antioxidant and anti-infectious 

activities.[11] It increases cutaneous wound healing by its role in tissue remodelling, collagen 

deposition, granulation tissue formation etc. It increases epithelial regeneration and fibroblast 
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proliferation. It reduces oxidation which is a major cause of inflammation. It accelerates wound 

healing by enhancing the wound contraction rate. [12,13]. Topical application of larger doses 

of Curcumin are found to induce topical toxicity. 

Polyelectrolyte complex networks are results of self-assembly and association owing to 

formation of strong reversible electrostatic linkage by mixing of oppositely charged 

polyelectrolytes in solution. [14] These polyelectrolyte networks result in biocompatible 

hydrogels which are very well tolerated and sensitive to environmental factors. Polyelectrolyte 

complexes may be stoichiometric or non-stoichiometric in nature. Stoichiometric 

polyelectrolyte complexes form precipitates whereas non-stoichiometric ones are soluble. 

Some of the parameters that determine the successful formation and stability of polyelectrolyte 

complexes include density of charges on polyelectrolytes, the mixing order and ratio, the nature 

of the ionic groups, the order of addition, the intensity of interaction etc. [15,16] 

Chitosan comprises of deacetylated polymer derivative of chitin, a natural polysaccharide. 

Chitosan is available in different degree of deacetylation and molecular weights. It comprises 

of β-1,4-linked glucosamine and N-Acetyl-D-glucosamine which are present at varying degree 

of deacetylation between 70-95 % and with molecular weights varying between 10-1000 kDa. 

It has been extensively studied as a carrier material for drug delivery systems. Xanthan Gum 

chemically is an exopolysaccharide consisting of cellulosic backbone comprising of -(1,4)-

D-glucopyranose glucan, with a (3,1)--D-mannopyranose-(2,1)--D-glucuronic acid-(4,1)-

-D-mannopyranose, on every second glucose residue. Chitosan has cationic amino groups on 

the C2 position of repeating glucopyranose units which show the ability to electrostatically 

interact with anionic groups of polyanions like Xanthan Gum. The interaction leads to 

coacervation leading to formation of a hydrogel with a quasi-ordered network. The hydrogel 

exhibits a structural modification after mixing leading to formation of a solid-state compound. 

Chitosan-xanthan gum polyelectrolyte complexes form a matrix that shows a unique 

application of dissolution enhancement of poorly-water soluble drugs. [17-20] 

The objective of the present study was to modulate the solubility and dissolution profile of 

Curcumin byloading it on silica and further encapsulatingit in polyelectrolytecomplex gel 

comprising of Chitosan and Xanthan gum. The Curcumin loaded silica was evaluated for 

solubility, drug content, and in vitro drug release .and the polyelectrolyte complex gel 

containing Curcumin loaded silica was evaluated for pH, particle size, Scanning electron 

microscopy,  viscosity,  and  in vitro release Further the polyelectrolyte complex gel containing 

Curcumin loaded silica was evaluated for anti-infective potential in wound healing.  
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MATERIALSAND METHODS 

Curcumin was gifted by K. Patel Phyto extractions Pvt Ltd (Gujrat). Aeroperl ®300 Pharma 

was obtained as a gift sample from Evonik Industries, Mumbai, India. Sodium hydroxide, 

Sodium chloride, Sodium bicarbonate, Calcium chloride dihydrate, methanol waspurchased 

from S.D. Fine-Chem, Limited, Mumbai, India.  All other chemicals and solvents used were 

of analytical grade. 

Drug loadingon Aeroperl® 300 Pharma 

Drug loaded silica -Aeroperl® 300 Pharma was formulated by wetness impregnation method.A 

solution of Curcumin in acetone was prepared by adding Curcumin in 5ml of acetone and the 

solution was stirred. Aeroperl® 300 Pharma was added to the drug solution inthe ratios of 1:1, 

1:2, and 1:5 of drug: silica.The solvent from the clear solution was allowed to evaporate by 

covering the solution with aluminium foil and piercing 5–6 little holes in the foil. The 

evaporation was conducted at room temperature with continuous stirring. The process was 

continued till the final product was obtained.[21] 

Formulation of polyelectrolyte complex gel: 

Ionic gelation method was used to prepare polyelectrolyte complex gel using chitosan and 

xanthan gum.Solution A was made up of a cationic Chitosan solution comprising of 3 mg/ml 

of Chitosan in a 1% (v/v) acetic acid solution with a pH of 3.5.  0.5 mg/ml anionic solution of 

xanthan gum was prepared in distilled water and marked as B.  Solution B was added to solution 

A with magnetic stirring at constant 800 rpmat 250 °C temperature. This mixture was 

continuously stirred for additional 10 minutes for the completion of ionic gelation process to 

create the complex. [22] 

Incorporation of drug loaded silica into polyelectrolyte complex gel 

5mg of drug loaded silica powder was added into the polyelectrolytedispersion under 

magneticstirring. This solution was kept under constant stirring for 15 minutes in order to get 

finalpolyelectrolyte dispersion. 

Characterization of drug loaded silica system: 

Solubility studies of drug loaded silica system: 

Saturation solubility was measured by using the standardised water bath shaker method 

maintaining the sample at 37°C with a 20-rpm speed for 48 hours. The apparent solubility was 

evaluated in deionized water and phosphate buffer pH 7.4. For the solubility study, an excessive 

amount of CUR and CUR-loaded silica sample (ratio 1:2, 1:3, 1:5) were dispersed in 10 ml of 

deionized water and phosphate buffer pH7.4. Samples were filtered through 0.2μm membrane 
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filters after shaking for 48 hours, and the filtrate was then properly diluted with the medium 

used for solubility testing. The measurement was conducted using UV-visible 

spectrophotometer (Shimadzu UV-9000) at wavelength of 422 nm.[23] 

Drug Content of drug loaded silica system 

10 mg of the material was precisely weighed and dissolved in 10 ml of glacial acetic acid (AR). 

The sample solution was sonicated for 10 minutes and was centrifuged at 10,000 rpm for 5 

minutes. An appropriate amount of methanol was added to the supernatant to dilute it. Using a 

UV-Visible Spectrophotometer, the absorbance was measured at 422 nm. By plotting an 

absorbance versus concentration standard curve, the drug content was calculated. 

Studies on Optimised Drug: Silica System  

In-vitro release study of drug loaded silica system 

The dialysis bag method was used to conduct release study for drug solution and drug-loaded 

silica systems. The dialysis bags (Dialysis Membrane- 50Av. Flat-24.26 mm, Av. diameter- 

14.3 mm, capacity approximately-1.61 ml/cm) are soaked in filtered, distilled water for an 

entire night in order to open the pores and permit the passage of solute molecules through the 

dialysis membrane. In the dialysis bag, 1mg/mL of the drug solution and prepared drug-loaded 

silica powder were placed, and the bags were tied at both ends with strings. These bags were 

then gently shaken on a magnetic stirrer while being immersed in 50 ml of PBS pH 7.4 as a 

release medium, at 37± 0.5 °C. at  0, 5, 10, 15, 30, and 45 minutes, and  1, 2, 4, 6, and 8 and 

10 hours, 1ml aliquots were withdrawn from the release medium and replaced with 1ml of new 

release media. Then the samples were analysed using UV –visible spectroscopy and the 

cumulative release was computed. For each sample, the tests were run in triplicate.[24] 

Characterization of PEC gelling system 

Appearance and pH measurement- 

The optimized topical gel formulation was examined for appearance, colour, texture and 

odourqualitatively. The gel was analysed for pH using pH meter. 

Particle size and Polydispersity index (PDI) 

After measuring and transferring 0.1g of gel into an Eppendorf, 1ml of filtered, distilled water 

was added. This system was allowed to stand for 30 min. Particle size and polydispersity index 

was measured using Malvern ZS UK at room temperature.[25] 

Scanning Electron Microscopy (SEM) 

Scanning electron microscopy is used to characterize the size, shape, and surface morphology 

of sample by scanning them with a high-energy electron beam in a raster scan pattern. To 

eliminate remaining moisture, samples are put on a piece of carbon fibre and kept in a 
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desiccator. After that, the sample is sputtered with a thin coating of gold to reduce charge and 

increase picture quality. The sample's atoms and electrons interact to produce a variety of 

signals, each of which contains details on the sample's surface topography and chemical 

composition.[26] 

Viscosity  

The Viscosity of gel was measured by using a Brookfield viscometer.250 mg of developed 

formulation was placed onto theplate below the cone spindle and solvent trap. Thetemperature 

control was set to temperature 25°C. The temperature of cone was allowed to equilibratewith 

the plate for 10 mins. The spindle was rotatedin the formulation at shear rates of 20, 30, 40, 

60and 80 rpm and corresponding dial readings onthe viscometer were noted so as to obtain an 

up curve. The visosity of the gel was determined using factor.  

In-vitro release study 

In-vitro release study for gel was carried using dialysis bag method. In this method, dialysis 

bags (Dialysis Membrane- 50Av.flat-24.26 mm, Av. diameter- 14.3 mm, capacity approx.-1.61 

ml/cm) were soaked overnight in filtered distilled water in order to open the pores and to allow 

movement of solute molecules across the dialysis membrane. 1mg/mL of the drug solution and 

prepared formulations were taken in the dialysis bag and the bags were secured at both ends by 

means of strings. These bags were then dipped in 50 ml of PBS pH 7.4 as a release medium, at 

37 ± 0.5°C and provided with gentle shaking on the magnetic stirrer. 1ml aliquots were 

withdrawn from the release medium at 0, 5, 10, 15, 30, 45 minutes and after 1, 2, 4, 6, 8 and 

10 hours and were replaced with 1ml of fresh release medium. These aliquots were then 

analysed by UV Spectroscopy at 422nm and its cumulative release was calculated. Plot of 

cumulative release versus time were used to determine the release of drug from the formulation. 

The studies were performed in triplicate for each sample.[27] 

Antimicrobial assay 

The antimicrobial assay of Curcumin was performed by comparing the zone of inhibition. To 

conduct the microbiological assay, a cup and plate method was used.The zone of inhibition is 

generated around the cylinder cavity using this technique, which involves diffusion of 

antibiotic from the cylindrical cavity to the agar layer containing microorganism.The main 

objective of this experiment was to evaluate the antimicrobial efficacy of the optimized 

formulations using Pseudomonas denitrificans and compare with standard using cup-plate 

method[28] 

Pseudomonas D. was grown on agar at 30℃-35℃ for 18- 24 hrs. Growth was suspended in 

standard saline and culture density was adjusted. Suggested inoculum composition 
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1.0ml/100ml medium.20 ml media and 0.2 ml of culture suspension were poured in a sterile 

petri plate and allowed it to solidify. A well was bored in the plate with cork borer of 8mm 

diameter. 100 µl of sample was filled as such in a well. The test was carried out in duplicate. 

The plates were incubated at 30℃ to 35℃ for 18-24 hrs. Diameter of zone of inhibition was 

measured and reading were taken in triplicate. 

RESULT AND DISCUSSION 

Solubility studies of drug loaded silica system:  

The solubility of Curcumin was found to increase with the concentration of silica in the order 

of 1:2, 1:3 and 1:5 respectively when measured in water and Phosphate buffered saline pH 

7.4.respectively.(Table 1) The ratio having highest concentration of silica ie 1:5 was found to 

show highest solubility of Curcumin in water and PBS pH 7.4 The previously existing 

crystalline Curcumin transforms into molecular dispersed Curcumin which  gets entrapped in 

the pores of porous silica and exists in amorphous form thus enhancing the solubility of 

Curcumin. [29] 

Table 1. Solubility of Curcumin loaded silica in 3 ratios in water and PBS pH 7.4 

Ratio (Drug: Silica) Solubility in water (mg/ml) Solubility in PBS  pH7.4 

(mg/ml) 

1:2 0.18±0.01 0.38±0.04 

1:3 0.20±0.05 0.45±0.01 

1:5 0.24±0.03 0.68±0.02 

 

Drug Content of drug loaded silica system:  

By employing a standard curve plotted as an absorbance versus concentration plot, the amount 

of drugwas calculated. Curcumin loaded on silica in ratio of 1:5 was found to show highest 

drug content of 88.3% .(Table 2) 

Table 2. Drug content of Curcumin loaded silica in 3 ratios  

Ratio (Drug: Silica) Drug Content (%) 

1:2 75.4±0.24 

1:3 82±0.31 

1:5 88.3±0.17 

Based on the solubility data, the drug:silica ratio of 1:5 was found to be most optimised and 

considered for further studies.  

Studies on Optimised Drug loaded Silica system 
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In-vitro drug release study:  

The drug loaded silica system in ratio of 1:5 of Curcumin to Aeroperl ® 300 Pharma was found 

to show a 1.48 times enhancement in release of drug when compared to Curcumin solution 

(Figure 1). 

 

Figure 1. In vitro release profile of Curcumin solution and Curcumin loaded silica in 1:5 

Characterization of polyelectrolyte complex gel 

Appearance and pH measurement 

The curcumin-loaded silica in the PEC gel was uniform and appeared faintly yellow.(Figure 2) 

 

Figure 2: Curcumin loaded Chitosan-Xanthan gum polyelectrolyte complex gel 

The xanthan gum-containing gel pH was determined to be 6.67, indicating that the gel is 

suitable for topical application.The pH of the polyelectrolytes play a very important role in 

success of polyelectrolyte complexation.The extent to which Chitosan protonates and Xanthan 

gum anionises depends on the pH of the solution. The cross linking density of the 

polyelectrolyte complexes depends on the pH of chitosan solution. 

 Particle size and Polydispersity index (PDI) 

The particle size and polydispersity index of  the blank PEC gel formulation and  the curcumin-

loaded PEC gel formulation were found to be 179.8 ± 0.56 nm, 0.282 ± 0.015 nm and 260.6 ± 

1.25 nm, 0.318 ± 0.02 nm respectively.  Curcumin loading on the PEC gel was found to enhance 

the particle size of blank PEC gel.  

 Scanning Electron Microscopy (SEM) 

Curcumin was found to show  a flat, rod-like structure whereas Curcumin loaded PEC gel was 

found to show broken spherical porous morphology. (Figure 3) 
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Figure 3. SEM Image of Curcumin and Curcumin loaded Polyelectrolyte complex gel 

.Viscosity 

Viscosity of the PEC gel measured by Brookfield viscometer was found to be 153 cPs. The 

viscosity values higher than plain Chitosan and Xanthan gum indicated successful formation 

of gel suitable for topical application. The extent to which the cationic polyelectrolyte interacts 

with anionic polyelectrolyte is dependent on the viscosity of the individual solutions. The 

viscosity of the solution determines the architecture of polymeric chain and the distribution of 

charge of the polymeric chain available for electrostatic interaction.  

In-vitro release study 

The invitro release profile of Curcumin from PEC gel was found to be 1.43 times higher to 

plain drug solution. The encapsulation of drug loaded silica in PEC gel was found to show 

comparable drug release as compared to drug loaded silica. (Figure 4) 

 

 

Figure 4. Comparative in vitro release profile of Curcumin solution, Curcumin loaded silica 

1:5, and Polyelectrolyte complex gel containing Curcumin loaded silica 1:5 

 

Antimicrobial Assay: 

Distinct zone of inhibition was observed in the petri plate containing dispersion of the drug 

loaded silica  and PEC gel. Petri plate with 0.9% saline did not show any zone of inhibition 

whereas in the petri plate containing the drug-loaded silicaand PEC gel, higher zone of 

inhibitions  wereobservedi.e. 31.18 mm and 34.88 mms (Figure 5). These zone of inhibitions  
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was found to be greater than the standard value of 18 thus indicating higher antibacterial 

efficacy of Curcumin against Pseudomonosdenitrificans from drug loaded silica and 

Polyelectrolyte gel. Thus the Chitosan Xanthan gum polyelectrolyte complex gel containing 

Curcumin loaded Aeroperl ® 300 Pharma was found to show antiinfective potential against 

Pseudomonas denitrificans which is infectious agent in wound formation.  

 

Figure 5. Zone of inhibition of saline, positive control, Curcumin loaded silica system and 

PEC gel containing Curcumin loaded silica 

CONCLUSION 

Curcumin was successfully loaded on Aeroperl®300 Pharma. The drug loading on porous 

silica was found to enhance the drug release in Phosphate buffered saline pH 7.4 by 1.48 times 

as compared to plain Curcumin. A polyelectrolyte complex gel was successfully formulated 

using Chitosan and Xanthan gum. The polyelectrolyte gel was found to show drug release 

comparable to drug loaded silicaAeroperl ® 300 Pharma . Both the Curcumin loaded silica and 

the Polyelectrolyte complex gel containing drug loaded silica were found to show enhanced 

antibacterial efficacy of Curcumin against Pseudomonas dentrificans. Thus drug loading on 

silica can be considered as a prospective strategy for solubility enhancement. Chitosan Xanthan 

gum Polyelectrolyte complex based gels  as suitable carrier systems for Curcumin loaded silica 

with enhanced Curcumin solubility and permeation can be considered as promising systems 

for Wound healing.  
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