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Abstract: 

Curcumin has been extensively used in medicine, due to its anti bacterial, anti-inflammatory, 

antioxidant, and anticancer effects. However, its clinic application is limited by its instability and low 

solubility. The present work aimed to develop nanoparticles loaded curcumin by spontaneous 

emulsification solvent diffusion method using Glyceryl monostearate & bees wax along with soy 

lecithin and Tween 80, to sustain the drug release and to increase the bioavailability. The prepared 

formulation evaluated for Content Uniformity, Entrapment Efficiency, Particles Size Analysis,                         

In-Vitro Drug Release Studies, Scanning Electron Microscopy. Based on various evaluation 

parameters formulation F5 was selected as optimized formulation. It was observed that Formulations 

F5 gave maximum drug release within time. All formulations were subjected for drug release kinetics 

studies viz. Zero order, First order, Higuchi matrix, Peppas model equations and the formulations F5 

followed zero order release with non-fickian diffusion mechanism. 
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INTRODUCTION 

Even though oral medication is most preferable, produces many issues which includes need to 

take them several times per day to keep the administered drug concentration inside the therapeutically 

efficient range, that results in a vary medicine-level and, as a consequence, unwanted noxious and 

inefficiency 1,2. To address these issues with traditional oral dose forms, the concept of controlled drug 

delivery system (DDS) was developed3. The major complication in mounting a controlled DDS is not 

entirely controlling active ingredient-release, but also expanding the period of the dosage form's 

residence in the absorption-site until every part of the active-ingredient is released completely within 

the desired time frame4,5. Polymers that release the active-ingredient in a synchronized way owing to 

polymer breakdown over time that cast-off to furnish continuous drug release, that possibly 

accomplished by utilizing drug carrying polymer. 

Many literature reports are available on curcumin loaded nanoparticles. The researchers 

reported for different method of preparations for development of curcumin solid lipid nano particles 

for their effective drug delivery. Sri Vishnu Kiran Rompicharla et al., reported that cytotoxic capability 

and induction of apoptosis is improved using Poloxamer-188, cholesterol by enclosing lipid solution 

with curcumin6. Dai et al., developed curcumin-loaded solid lipid nanoparticles using Emulsion-

evaporation and low temperature-solidification technique and reported on maximium entrapment 

efficiency has been achieved7. Tiantian Chen et al., proved that Curcumin-SLNs could be a potential 

chemotherapeutic formulation in the treatment of breast cancer therapy8-9. 

 The objective of the present work is to develop Nanoparticles loaded curcumin by 

‘spontaneous-emulsification-solvent-diffusion-method’ using polylactin-co-glycolic acid & D-alpha-

tocopheryl poly (ethylene glycol) 1000-succinate as a polymer, to sustain the drug-release to increase 

the bioavailability.  

http://www.jst.org.in/
http://www.jst.org.in/
mailto:nimmathota.madhavi@gmail.com


Journal of Science and Technology 

ISSN: 2456-5660 Volume 7, Issue 01 (JAN-FEB 2022) 

 

www.jst.org.in                                                 DOI: https://doi.org/10.46243/jst.2022.v7.i01.pp17-27 

Published by: Longman Publishers                                  www.jst.org.in               18 | P a g e  

 

Materials: Curcumin obtained from Ramkem, Mumbai, Poly Vinyl Alcohol (PVA) purchased from 

Akshar Enterprises, Mumbai, (polylactin-co-glycolic acid) PLGA purchased from Ash land chemicals 

Pvt Ltd., Dicholromethane obtained from Thermo Fischer scientific India Pvt. Ltd., Mumbai 

Methods: Nanoparticles loaded curcumin by ‘spontaneous-emulsification-solvent-diffusion-method’ 

using different polymers. 

  Solubility of Curcumin was performed in methanol, ethanol, pH 1.2, pH 7.4 phosphate and pH 

6.8 phosphate buffers. To test the solubility of curcumin, excess Curcumin was placed in beakers 

containing the solvents. The mixture was shaken at regular intervals for 24 hours and filtered the solution 

mixture by using Whattmann's filter paper grade no.41 The filtered solutions are spectrophotometrically 

examined. 

  The drug and excipient compatibility studies were done using Bruker FTIR Germany (Alpha T) 

and to analyze the possible interactions between the pure drug and the solid-state excipients. The KBr 

pellets are prepared on KBr press by grounding the solid powder sample with 100 times the quantity of 

KBr in mortar. The finely grounded powder was then added to stainless steel die and was compressed 

between polished steel anvils at a pressure of about 8t/in2. The spectra were recorded over the wave 

number of 4000 to 400cm-1. Calibration curve of curcumin was determined in both 1.2 HCl buffer, 6.8 

pH 7.4 phosphate buffer and pH 7.4 phosphate buffer. The final concentrations are 4,8,10,12,24µg/ml 

and determined in UV spectroscopy at a wavelength of 288nm. 

Nanoparticles were prepared using spontaneous emulsification solvent diffusion method. 

Required amounts of polymer and drug were added into the mixture of DCM/ethanol (1:1) and stirred 

the mixture for 15 min to ensure until unless all materials get dissolve. The organic phase solution was 

slowly poured into an aqueous solution containing emulsifier using a high-speed homogenizer at 

14000rpm for 5 min and stirring can be continued up to complete evaporation of the internal phase. 

The polymer was then precipitated and the nanoparticles were isolated by using a centrifuge at 1000 

RPM for 15 min and washed trice with deionized water. The obtained suspension was then freeze dried 

for 48h to obtain a fine powder of nanoparticles, which was kept in a desiccator.  The prepared 

nanoparticles were evaluated for various parameters such as % entrapment efficiency, particles size 

analysis by SEM, Zeta potential, in-vitro drug release studies. The composition was stated in Table.1. 

     % Entrapment efficiency: 

Formulated nanoparticles were subjected to centrifugation (10,000rpm) for 20 min. The amount of drug 

incorporated in nanoparticle dispersion was measured by taking absorbance at 288nm 

against blank nanoparticles. The % EE was calculated by following equation 

 
The morphology of prepared nanoparticles was determined by using Scanning electron 

microscopy (SEM) at different magnifications. The particle size and shape of the prepared 

nanoparticles was determined by using Malvern Particle size Analyzer. Zetapotential can be measured 

using Zeta sizer and it was working on the principle of electrophoresis which is running on 

electrophoretic mobility data. 
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Table.1: Composition of Nanoparticles 
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In vitro drug-release-studies: 

In vitro drug release studies were determined by dialysis method. The drug release was conducted in 

pH 7.4 phosphate buffer. This complete system was situating on a R-shaker rotating at 50 

revolution/minute at 37±0.5°C. In pre-estimated time interim the interregnum of receiver chamber was 

withdrawn, above content is replaced with equal volume of fresh phosphate buffer. Finally, the 

quantity of Curcumin that diffused into the acceptor compartment was quantified by UV- 

spectrophotometer at 288 nm respectively. The obtained results of in-vitro release profiles for the 

formulations were fitted into four models such as zero order, first order, Higuchi and Peppas model. 

The obtained best fit with higher correlation (r2) was calculated. The suggested drug transport 

mechanisms are shown in Table.2. 

Table. 2: Drug transport mechanisms suggested based on ‘n’ value. 

S. No Release exponent Drug transport mechanism Rate as a function of time 

1 0.5 Fickian diffusion t -0.5 

2 0.45 < n = 0.89 Non -Fickian transport t n-1 

3 0.89 Case-II transport Zero order release 

4 Higher than 0.89 Super case-II transport t n-1 

     To establish exponent of n the section of the release curve, where Mt / M∞ < 0.6 should only be 

used. To cram the release kinetics, statistics obtained from in-vitro drug release studies were plotted 

as log %CDR versus log time. 

Results and Discussion: 

Curcumin loaded nanoparticles were developed successfully and the results are described below. 

Saturation solubility was obtained at 250C using 0.1N HCl, 6.8 and 7.4 phosphate buffer, ethanol, and 

methanol. Graph was plotted by taking solvents on X-axis and solubility (mg/mL) on Y-axis.  

           

 
Fig.1: Graphical-representation of solubility studies  

The linearity was found to be in the range of 5-30µg/ml in pH 7.4 phosphate buffer.  The regression 

value was closer to 1 indicating that the method obeyed Beer-lambert’s law. 
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Fig.2: Calibration curve of curcumin in 7.4 pH buffer 

The linearity was initiate to be in the range of 5-30 µg/ml in pH 7.4 buffer. The regression value was 

closer to 1 indicating the method obeyed Beer-lamberts’ law.  

 
 Fig.3: Calibration curve of curcumin in 6.8 pH buffer 

The linearity was initiated to be in the range of 5-30 µg/ml in pH 7.4 buffer. The regression value was 

closer to 1 indicating the method obeyed Beer-lamberts’ law.  

Drug and Excipients compatibility studies: 

 

 

 

 

A) 

 
 

 

 

 

B) 

 
Fig.4: FTIR Spectrum of A) Curcumin B) optimized formulation (F13) 

From the compatibility studies it was concluded that the functional groups that were presented in the 

pure drug were present in the optimized formulation with very minute changes, from this we can 

concluded that the drug and excipients have no interactions. 

DSC Studies: 

The thermal behavior of pure drug and the optimized formulation were determined using differential 

scanning calorimeter. The thermal curve of pure curcumin exhibited an initial flat peak followed by a 

sharp endothermic peak. For the formulation also there will be no elaborated changes. The graphs are 

shown in Fig.5 
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B) 

 
Fig.5: DSC of A) Curcumin B) Optimized formulation 

 

The Nanoparticles were evaluated for parameters such as drug content uniformity, scanning electron 

microscopy, particle size analysis, zeta potential, in-vitro release, Drug release kinetics. 

Drug Entrapment Efficacy: 

The drug entrapment efficiency results are shown in Table.  

Table.3: % Entrapment efficiency 

Formulation code 

Entrapment efficiency (%) 

 

F1 91.62 

F2 90.05 

F3 92.16 

F4 92.32 

F5 90.95 

F6 91.26 

F7 93.65 

F8 93.18 

F9 89.32 

F10 83.26 

F11 88.95 

F12 93.12 

F13 90.24 

F14 85.25 

F15 89.35 

Each value representing Mean±SD 

The percentage of drug entrapment efficiency of formulation F1-F15 (curcumin) was initiate to be 

within the range of 83.26% to 93.65%. 

Particle size and size distribution 
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Fig.6: SEM Image of Optimized NP formulation 

 

Particle size analysis: 

 

Fig.7: Particle size of optimized formulation 

 

Zeta Potential:  
The estimation is a particle electrophoresis in which the particle velocity is estimated by the doppler 

shift of laser light scattered by moving particles. The applied field strength was 20 V/cm. Using the 

Helmholtz-Smoluchowski equation, the electrophoretic mobility was translated to the zeta potential in 

mV. At conventional testing circumstances (25 °C room temperature, water), this equation may be 

reduced to a factor of 12.8 multiplication of the observed electrophoretic mobility (m/cm per V/cm), 

providing the ZP in -53.8mV. 

 

Fig.8: Zeta potential of optimized formulation 

             In vitro drug release studies: 
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Fig.9: Percentage Cumulative drug release of Nanoparticles formulations (F1-F9) 

Discussion:  

Formulation F1 to F9 was developed using 1% PVA and various ratios of Drug:PLGA:TGPS: TGPS: 

TGPS, from the above drug release studies it was found that F1 formulation showed  maximum drug 

release of 57.36% at the peroration of 12th hour. Whereas F2 formulation showed maximum drug 

release of 65.96% at the peroration of 12th hour. While F3 formulation showed maximum drug release 

of 50.14% at the peroration of 12th hour. While F4 formulation showed maximum drug release of 

45.98% at the peroration of 12th hour. Whereas F5 formulation showed maximum drug release of 

39.68% at the peroration of 12th hour. While F6 formulation showed maximum drug release of 62.41% 

at the peroration of 12th hour. Whereas F7 formulation showed maximum drug release of 68.07% at 

the peroration of 12th hour. While F8 formulation showed maximum drug release of 77.61% at the 

peroration of 12th hour. But F9 formulation showed maximum drug release of 89.42% at the peroration 

of 12th hour. Finally, F9 formulation shows better drug release than other formulations as per our 

criteria. So, to optimize the formulation further F9 formulation was formulated by varying the 

concentration of poly vinyl alcohol. 

F10, & F11 formulation was formulated as mentioned above by varying the concentrations of PVA. 

From the results it was found that F10 formulation containing 0.5%w/w PVA showed maximum drug 

release of 92.34 % at last 11th hour. F11 formulation containing 1.5%w/w PVA showed maximum 

drug release of 83.65 % at last 12th hour. 

F12, F13, F14, F15 formulations was developed by varying the Centrifugation time. 

F12 formulation showed maximum drug release of 92.04% at last 10th hour. F13 formulation showed 

maximum drug release of 93.16% at last 12th hour. F14 formulation showed maximum drug release of 

85.94% at last 12th hour. F15 formulation showed maximum drug release of 79.25% at last 12th hour. 

From the above in vitro drug release studies, F13 formulation was optimized as it shows 93.16% of 

DR at peroration of 12th hour. So further processed for kinetic studies.  

 
 Fig.10: % Cumulative drug release of Nanoparticles formulations (F10-F15) 
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Fig.11: % Cumulative drug release of Nanoparticles formulations (F1-F15) 

Drug Release kinetics:  

  

Zero order 

 

First order 

 

  

Higuchi plot Peppas plot 

The optimized nanoparticles formulation follows zero order release and follows super case II 

transport mechanism. 

Conclusion: 

Nanoparticulate carriers may provide a better therapeutic output by targeting drugs specifically to their 

site of action and by improving the pharmacokinetic profile of effective drugs. In present investigation 

Nanoparticles were prepared by spontaneous emulsification solvent diffusion method. New 

Nanoparticulate drug carrier that combines the benefits of polymeric nanoparticles to enhance the 

bioavailability of drugs, retain the drug in the absorption site, reduce dose frequency, toxicity and 

patient compliance. Form the drug excipient compatibility studies we observe that there are no 

interactions between the pure drug and optimized formulation (drug and excipients) which indicates 

there are no physical changes. 

Zeta potential value for the optimized formulation (F13) was found to be within the   acceptable limits. 
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Average particle size of Nanoparticles of optimized formulations (F13) was initiate to be 128 nm. From 

the in vitro studies we can say that formulation F13 shows best drug release within 12 hrs to release 

the drug. The drug release from the Nanoparticles was explained by the using mathematical model 

equations such as zero order, first order, and equation methods.  Based on the regression values it was 

concluded that the optimized formulation F13 follows Zero order drug release with super case II 

transport mechanism. 
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