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ABSTRACT: Curcumin, an active phytochemical compound of the 

rhizome Curcuma longa, shows several pharmacological activities. 

Curcumin shows high permeability and low dissolution rate, and its 

incomplete absorption leads to very poor oral bioavailability. The 

present study aimed to enhance curcumin's solubility and dissolution 

rate by forming internal ternary solid dispersion using hydrophilic 

polymer PVP K30 and water-insoluble surface modifying carrier 

Syloid XDP in a weight ratio of 1:3:2, 1:3:3, 1:1:3, and 1:2:2 for 

curcumin: PVP K30: Syloid XDP. Saturation solubility of internal 

ternary solid dispersion showed many folds increase in solubility as 

compared to plain curcumin in water, pH 1.2, 4, 6.8, and 7.4. 

Lozenges prepared from internal ternary solid dispersion showed 

excellent solubility and dissolution comparable with the marketed 

product. The lozenges exhibited improved antibacterial activity and 

rapid drug dissolution for a prolonged period of time. Therefore, they 

can be a promising alternative to the marketed product as immunity 

booster, anti-inflammatory, and oral hygiene. The study suggests that 

internal ternary solid dispersion of curcumin prepared using PVPK30 

and Syloid XDP can be used to improve solubility and dissolution 

desired for bio enhancement. 

INTRODUCTION: Curcumin (1, 7-bis (4-

hydroxy-3-methoxyphenyl)-1, 6-heptadiene-3, 5-

dione) is a hydrophobic polyphenol derived from 

the rhizome of turmeric Curcuma longa 
1, 2

. 

Curcumin has good biological activities and 

pharmacological actions, such as anti-

inflammatory, anti-angiogenic, anti-tumor, anti-

oxidation 
1, 3, 4

. 
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It shows no significant toxicity in humans at 

several grams orally daily and for months. It is also 

accounted that curcumin is safe and sounds up to 8 

g/day 
5, 8

. However, according to the Bio 

pharmaceutics Classification System (BCS), 

curcumin belongs to a Class II drug that is poorly 

water-soluble but highly permeable 
1, 9, 10

.  

The oral bioavailability of a drug depends on its 

solubility and/or dissolution rate, and dissolution 

may be a rate-determining step for medicinal 

effect; therefore, efforts to increase drug 

dissolution with limited water solubility are often 

needed. Many methods are developed to improve 

these characteristics, including salt formation, 

micronization and solvent or surface-active agents 
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5, 11
. Solid dispersion is one of the promising 

techniques for improving an effective surface area 

of poorly water-soluble drugs. Major principles of 

solid dispersion to improve drug solubility include: 

(a) solid dispersion of a drug with the inert carrier 

(highly water soluble) in contact with water gets 

dissolved, leaving behind suspension of drug in a 

microcrystalline form gets absorbed rapidly 
12

. (b) 

enhanced surface area and conversion of the 

crystalline form of the drug into its amorphous 

form 
13

. Water-soluble carriers and water-insoluble 

carriers have been used to improve the dissolution 

rate of drugs. Water-soluble carriers being 

moisture-sensitive create handling problems 

compared to water-insoluble carriers 
11

. Solid 

dispersion may give rise to stickiness and/or 

tackiness due to water-soluble polymeric carriers. 

Surface modifying carriers such as porous silica 

materials decrease the crystallinity of drugs and 

therefore show higher drug dissolution rates 
14

.  

In the present research work, Triple “C” solid 

dispersion system, called an internal ternary solid 

dispersion (ITSD) system, represents a promising 

approach that includes benefits of conventional 

solid dispersion and surface solid dispersion by 

virtue of adsorption property of porous fine silica 

materials. Syloid XDP has been chosen as an 

innovative drug carrier with a rationale, as smaller 

particle size (50 μm) provides greater internal 

surface area (300 m2/g), enabling to improve the 

dissolution rate of drug due to its highly adsorptive 

nature and high pore volume (1.7 ml/g) 
15

.  

MATERIALS AND METHODS: The materials 

were received as gift samples. Curcumin (95% 

purity, Konark Herbals Ltd, India), Syloid® XDP 

(average particle size of ∼50 μm, Grace Davison 

Chemicals India Pvt. Ltd., India), Sucrex (Gangwal 

Chemicals Pvt. Ltd., India), F-Melt C (Gangwal 

Chemicals Pvt. Ltd., India), Plasdone® K-30 

(BASF). Other ingredients were purchased from 

HiMedia, Mumbai, India.  

Preparation of Curcumin-Internal Ternary 

Solid Dispersions: Curcumin-Internal Ternary 

Solid Dispersions (Cur-ITSDs) were prepared to 

improve aqueous solubility of curcumin using 

polymer PVP K30. Homogeneous clear solutions 

of curcumin and PVP K30 were prepared in ethanol 

in the ratios 1:1, 1:2, and 1:3. The clear solutions 

were heated gently at 45 ºC until half of the solvent 

evaporated. The carrier, Syloid XDP was added to 

the above clear concentrated solutions in the ratio 

of curcumin: PVP K30: Syloid XDP as 1:3:2, 1:3:3, 

1:1:3, 1:2:2. After suspending the carrier, it was 

mixed thoroughly, and excess solvent was removed 

by gently heating at 45 ºC. The complex was sieved 

through 60 mesh SS sieve. The Cur-ITSD system 

was stored in a dehumidifying chamber at room 

temperature. 

Saturation Solubility of Cur-ITSD: The 

saturation solubility of Cur-ITSD was determined 

by using an orbital shaker at 200 rpm for 24 h at 37 

ºC. Apparent solubility was determined in distilled 

water, pH 1.2, 4, 6.8 and 7.4. An excess amount of 

the samples (10 mg) was dispersed in 5 ml of 

distilled water, pH 1.2, pH 4, pH 6.8 and pH 7.4. 

After 24 h of shaking, samples were filtered 

through 0.2 μm membrane filter, and the filtrate 

was diluted with the respective medium. The 

absorbance was recorded using a UV-visible 

spectrophotometer at λ 428 nm. 

Drug Content of Cur-ITSDS: 750 mg of sample 

was weighed accurately and dissolved in 25 ml 

ethanol. The solution was sonicated for 20 min and 

then centrifuged at 4000 rpm for 10 min. 0.1 ml of 

supernatant was diluted with a suitable quantity of 

ethanol.  

The absorbance of the supernatant solution was 

recorded at λ 428 nm using a UV-visible 

spectrophotometer and the drug content was 

determined using the calibration curve of 

absorbance versus concentration.  

Differential Scanning Calorimetry (DSC): DSC 

analysis was performed using a scanning 

calorimeter (Hitachi 7020). 10 mg of samples were 

weighed and sealed in aluminum pans. The samples 

were scanned at 10 ºC/min from 30 ºC to 300 ºC 

under the nitrogen purge gas flow rate of 25 ml/min 

and the thermal behavior was studied by recording 

the thermograms. 

Fourier Transform Infrared Spectroscopy 

(FTIR): FTIR spectra of samples were performed 

on IRSpirit FTIR spectrophotometer. The scanning 

range was 500-4500 cm
-1

 and the resolution was 4 

cm
-1

. 



Shanbhag et al., IJPSR, 2022; Vol. 13(3): 1338-1343.                                 E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1340 

Development of Lozenges of Cur-ITSD: 

Lozenges were prepared of Cur-ITSDs using 

standard excipients. All excipients, including Cur-

ITSD, were sieved through 60 mesh SA sieve and 

mixed by the geometric dilution method for 10 

min. Lozenges were prepared by direct 

compression technique using Rotary Compression 

Tablet Press with 12.7 mm flat punch and total 

weight 750 mg per lozenge with hardness 9 

kg/sq.cm. Compressed lozenges were evaluated for 

standard evaluation parameters, drug content, in-

vitro disintegration time, in vitro dissolution study, 

and antimicrobial activity. The composition of 

lozenges is shown in Table 1. 

TABLE 1: FORMULATION COMPOSITION OF CUR-ITSD LOZENGES 

S. no. Ingredients F1 (%) F2 (%) F3 (%) F4 (%) 

1. Curcumin: PVP K30: Syloid XDP 79.99 93.33 66.66 66.65 

2. F-Melt C 14.95 1.61 28.28 28.29 

3. Sucrex 2 2 2 2 

4. Flavor 1.06 1.06 1.06 1.06 

5. Sodium stearyl fumarate 2 2 2 2 

Optimized formulation was evaluated for drug content, in vitro disintegration time and in vitro drug release and compared with 

marketed product of curcumin. 

Drug Content of Lozenges: Lozenges were taken 

randomly and crushed in a mortar. Powder weight 

equivalent to one lozenge was dissolved in ethanol, 

and volume made up to 25 ml. The solution was 

sonicated for 10 min. The above solution was 

diluted with a suitable quantity of ethanol. The 

absorbance of the solution recorded at λ 428 nm 

using a UV-visible spectrophotometer was used to 

determine the concentration. 

In-vitro Disintegration Time: In-vitro 

disintegration time was determined using 

disintegration apparatus. Lozenges were placed in 

the tubes of the device containing 900 ml distilled 

water, and the time taken for the lozenges to 

disintegrate completely at 37 ºC was noted.  

In-vitro Dissolution Study: In-vitro dissolution 

study was carried out using six station USP 

Apparatus Type II in 900 ml of 0.1 N HCl with 1% 

SLS at 75 rpm for 6 h at 37 ± 0.5 ºC. Lozenges 

were placed in each of the vessels of the dissolution 

apparatus containing the medium. 5 ml aliquots 

were withdrawn at specified time intervals of 1, 2, 

3, 4, 5 and 6; and same amount was replaced by 

fresh medium. The withdrawn aliquots were 

suitably diluted and analyzed through UV-visible 

spectrophotometer at λ 428 nm. All studies were 

carried out in triplicates. 

Antimicrobial Study: Antibacterial activity of 

optimized formulation was examined using a 

bacterial strain of Staphylococcus aureus. Petri 

plates containing nutrient agar were prepared. 

Bacterial culture was spread over the petri plates 

according to the spread plate technique. Filter paper 

discs were cut in 8 mm diameter. The aqueous 

solution of the optimized formulation was placed 

on the disc and allowed it for proper diffusion. The 

discs were placed in the above petri plates. The 

plates were kept in the incubator for 24 h at 37 ºC. 

The test was performed in triplicates. The zone of 

inhibition was measured after 24 h. 

RESULTS AND DISCUSSION: Hydrophilic 

carriers such as PVP K30 used in preparing solid 

dispersion of curcumin helps to improve the 

wettability of hydrophobic surfaces of the drug 

particle. PVP K30 has an excellent surface 

stabilizing effect and prevents the molecular 

association from forming a protective coat around 

the drug particle, thus rendering hydrophilicity on 

the drug particle surface. Syloid XDP increases 

drug loading in solid dosage forms.  

It helps to release the drug quickly and completely 

from the dosage form and thus improves the 

bioavailability of hydrophobic actives. Syloid XDP 

shows a higher dissolution rate because of the 

ability to decrease the crystallinity of the drug. 

Saturation solubility of Cur-ITSDs showed many 

folds increase in solubility as compared to plain 

curcumin in all the media, as shown in Table 2. 

Solubility profile was dependent on both PVP K30 

and Syloid XDP concentrations. An increase in 

solubility of curcumin might be due to hydrophilic 

nature of PVP K30 along with Syloid XDP that 

enhances dissolution rate. The drug content of 

different batches was found to be uniform and 

within acceptable range from 98.5% to 98.937%. 
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TABLE 2: SATURATION SOLUBILITY & DRUG CONTENT OF CUR-ITSDS 

Media Saturation solubility (mcg/ml) 

Plain Curcumin Cur-ITSD 

(1:3:2) 

Cur-ITSD 

(1:3:3) 

Cur-ITSD 

(1:1:3) 

Cur-ITSD 

(1:2:2) 

Purified Water 0.264 30.24 25.6 20.7 33.36 

pH 1.2 (0.1 N HCl) 0.132 12.58 9.42 5.22 14.56 

pH 4.0 0.198 13.9 10.65 8.44 15.8 

pH 6.8 0.595 18.2 16.4 14.25 20.39 

pH 7.4 0.728 59.24 55.3 50.24 65.47 

 
                         FIG. 1: DSC OF CURCUMIN                                                     FIG. 2: DSC OF CUR-ITSD 

FTIR spectroscopy helps to determine any 

interaction between PVP K30 and Syloid XDP with 

curcumin. FTIR spectrum of plain curcumin 

showed a stretching vibration at 3450 cm
-1

 

indicating the presence of O-H group and at 1650 

cm
-1

 indicating the presence of C=O group, as seen 

in Fig. 3. The FTIR spectrum of Cur-ITSD was 

similar to plain curcumin with no significant 

difference in the spectrum, as seen in Fig. 4. 

  
          FIG. 3: FTIR SPECTRA OF PLAIN CURCUMIN                      FIG. 4: FTIR SPECTRA OF CUR-ITSD 

Satisfactory in-vitro disintegration time was 

obtained with formulation F4. Hence F4 was 

considered to be the optimized formulation for 

further studies. Formulation F4 comprised of Cur-

ITSD with curcumin: PVP K30: Syloid XPD in the 

ratio 1:2:2. The antibacterial study for Cur-ITSD 

against Streptococcus aureus using the disk 

diffusion method showed that the antibacterial 

activity of Cur-ITSD formulation F4 was 

significantly better than plain curcumin against 

Streptococcus aureus as seen in Fig. 5. with a zone 

of inhibition 7.833 ± 0.288 mm. 
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                                                             Water,                                                 Curcumin in Water, 

  
Excipients                                                                             Formulation 

FIG. 5: EVALUATION OF ANTIBACTERIAL STUDY 

Comparative dissolution profiles of plain curcumin 

lozenges, Cur-ITSD lozenge formulation F4 and 

marketed product is shown in Fig. 6. Formulation 

F4 provides a better and rapid dissolution rate 

comparable with that of the marketed product as 

depicted in Table 3 and Fig. 6. The faster release in 

formulation F4 is attributed to the solid dispersion 

prepared using PVP K30 and Syloid XDP. Plain 

curcumin exhibits a poor dissolution rate because 

of its hydrophobic nature, and therefore, curcumin 

floats on the surface of the dissolution medium. 

The enhanced solubility and dissolution rate of 

Cur-ITSD is due to the combined effects of PVP 

K30 and Syloid XDP. Both these drug carriers 

contributed to improving the wettability of 

curcumin that increased drug dispersion in the 

dissolution medium, effectively reduced the surface 

tension between the drug and dissolution medium, 

and increased the effective surface area of the drug 

in solid dispersion.  

TABLE 3: COMPARISON OF OPTIMIZED FORMU-

LATION F4 AND MARKETED PRODUCT 

Parameters Optimized 

formulation F4 

Marketed 

Product 

Drug content (%) 98.9373 ± 0.0360 98.73± 0.750 

In-vitro 

disintegration 

time (mins) 

21.266 ± 1.105 30.1  ± 0.360 

In-vitro drug 

release 

t50% (mins): 5.38 t50% (mins): 4.85 

t90% (mins): 494.47 t90% (mins): 

432.90 

 
FIG. 6: DISSOLUTION PROFILES OF PLAIN 

CURCUMIN LOZENGES, OPTIMIZED FORMU-

LATION F4, AND MARKETED PRODUCT 

CONCLUSION: Hydrophilic polymer PVP K30 

and water-insoluble surface modifying carrier 

Syloid XDP together contributed effectively in 

increasing solubility and dissolution rate of poorly 

water-soluble curcumin. Internal ternary solid 

dispersion of curcumin prepared using these two 

drug carriers improved its surface wettability, 

solubilizing effect and dissolution rate as compared 

to plain curcumin. The optimized lozenge 

formulation of curcumin prepared using internal 

ternary solid dispersion technique showed effective 

antibacterial activity and rapid drug release with 

prolonged action. It therefore can be a promising 

alternative to the marketed product as an immunity 

booster, anti-inflammatory and for oral hygiene. 
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