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The polymer composites based on Polyvinyl alcohol loaded with different concentrations of commercial 

curcumin were prepared to be applied forcontrolled release drug delivery system to overcome the growth 

promotion of tumor cells. The prepared composites were subjected to drug release in aqueous media at room 

temperature. It was found that the amount of the released curcumin changed according to different pH media 

and the concentration of the loaded drug onto the polymer carrier. The diffusion coefficient of the released 

curcumin from the prepared composites was found to be 2.739X10
-2

, 1.638X10
-2

, and 5.777X10
-4

 in basic, 

acidic and neutral solution respectively according to Higuch's equation. The results of the in/vitro cytotoxic 

activity of the released curcumin showed sustained antiproliferative potency up to 30 % growth inhibition 

against the human liver cancer cell line (HEPG2) which extended to 25 days, to overcome hepatocarcinoma. 
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INTRODUCTION 
 

The polymer composites were developed  as drug 

carriers for along time ago.Their applications have tremendously 

enlarged due to their enhanced loadingpossibilities, stability and 

the control of the physicochemical properties (Parida
 
et al., 2011; 

Sahoo et al., 2010).
 

Ideally, polymer composites played a 

considerable role because it can deliver directly to the targeted 

site with  outstanding efficacy. The localized drug release may 

be  carried outusing macroscopic loaded drug close to the target 

site. For this approach, in-situ forming biomaterials in response 

to environmental stimuli have gained significant attention, due to 

the expanded properties, the decreaseof side effects related 

toregular administration, and improve the biodistribution of the 

drug (Mallapragada and Peppas, 1996; Helaly et al., 2015). 

Polyvinyl alcohol (PVA) is not only considered as a nontoxic 

hydrophilicpolymer but alsoit is a water soluble and has the 

ability for thefilm-forming. Likewise, it has a  good physical and  
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chemical properties (Chandy and Sharma, 1992 ). It is attracted 

tremendous attention due to high hydrophilicity, flexibility, and 

biocompatibility. PVA has advantages of being a host polymer due 

to its cost effectiveness, availability, good optical properties, high 

hydrophilicity, non-toxicity and good mechanical strength as well 

as high-temperature resistance. Other reasons for choosing PVA as 

host polymer are the greater extent of polar groups (hydroxyl 

group) and high chain flexibility (Clemons et al., 2013). Curcumin 

is a phytochemical compound used as antioxidant, anti-

inflammatory, and anticarcinogenic activities (Cikrikci et al., 2008;  

Nagpal and Sood, 2013). Curcumin is obtained from the rhizome 

of the plant Curcuma longa, its color is golden yellow. It can be 

applied for varioustherapeutic effects due to their outstanding 

properties (Sharma et al., 2012; Ravichandran, 2013;  Dutta and 

Ikiki, 2013). Curcumin has shown a variety of biological activity 

for various human diseases including cancer in thepreclinical 

setting. Its poor oral bioavailability shows significant 

pharmacological barriers to its clinical application (Douglass and 

Clouatre, 2015). The curcumin  is hydrophobic in nature and has 

an absorption band at awavelength around 420 nm (Steffi and 

Srinivasan,  2014; Mandal et al., 2007). 
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The aim of the present work focus on film prepared 

frompoly (vinyl alcohol) (PVA)/curcumin composites by solution 

casting technique. Study the release rate of  curcumin at different 

aqueous media as well as the release kinetics and diffusion 

mechanism according to Fick’s law. Also, study the cytotoxic 

potency against the human liver cancer cell line (HEPG2). 

 

MATERIALS AND METHODS 
 

Materials 

Commercial Curcumin, tetrahydrofuran (THF), was 

supplied by BASF (Ludwigshafen, Germany). Polyvinyl alcohol 

(PVA) purchased from Aldrich Co., Germany and Pluronic was 

purchased from BASAF as a surfactant. 

 Sulfuric acid with density 1.84 g cm
-3

 and boiling point 

337 °C was supplied by Aldrich Company, Germany. 

 Sodium hydroxide pellets are odorless, white, solid 

hemispheres of uniform diameter and thickness with 

melting point 318.4 °C was supplied by Sigma-Aldrich. 

 

Preparation of films with drug loading 

The PVA was dissolved in aqueous solution by using 

THF, heated in a water bath and stirred for 30 min. The solution 

was casted into a Petri dish and different concentrations of 

curcumin 1, 2 and 3% w/w solid were added to the PVA solution, 

all the samples were prepared in the presence of a pluronic 

surfactant. The resulting solution was stirred thoroughly for few 

hours until a homogeneous yellow color solution is obtained. The 

solution was eventually poured on glass Petri dish and dried in an 

oven at 60
o
C to obtain a free-standing film. The structure formula 

of curcumin is shown in Figure 1 in the enol and diketones forms. 

 

 
Fig. 1: The structure of Curcumin. 

 

Drug Release Mechanism from Matrices  

From time to time, various authors have proposed several 

types of drug release mechanisms from matrices. It has been 

proposed that drug release from matrices usually implies water 

penetration in the matrix, hydration, swelling, diffusion of the 

dissolved drug (polymer hydro fusion), and/or the erosion of the 

gelatinous layer. Several kinetic models relating to the drug release 

from matrices, selected from the most important mathematical 

models, as illustrated equations from (1-7). However, it is worth to 

mention that the release mechanism of a drug would depend on the 

dosage from selected polymer, pH of aquatic media, and nature of 

the drug and polymer type.  

 

1. Zero - Order Kinetics (Xu and Sunada, 1995).  

W = K1t                                             (1) 

2. First - Order Kinetics (Xu and Sunada, 1995, Ritger and 

Peppas, 1987).  

Ln (100 – W) = Ln 100 – k2t             (2) 

3. Hixon-Crowel’s Cube- Root Equation (Erosin Model) 

(Ritger and Peppas, 1987). 

(100 – W) 1/3 = 100 1/3 – k 3t          (3) 

4. Higuchi’s Square Root of Time Equation (Diffusion 

Model) (Higuchi, 1963).  

W = k4t                                              (4) 

5. Power Law Equation (Diffusion/ Relaxation model) 

(Kulkarni et al., 1999).  

Mt/M∞ = k5tn                                    (5) 

The empirical equation for analyzing both Fickian and non-Fickian 

release of drug from polymeric delivery systems is represented as 

(Chime et al., 2013):  

Mt/M∞ = ktn                                      (6) 

The logarithm form of equation 6 could be written as: 

Log (Mt/M∞) = Log k + n Logt         (7) 

Where Mt/M∞ is a fraction of drug released at time t, n is 

diffusion exponent indicative mechanism of transport drug through 

the polymer, K is kinetic constant depends on incorporating 

structure and geometric characteristics of the delivery system. The 

release exponent n ≤ 0.5 accordingto Fickian diffusion release 

from the slab, 0.5 < n < 1.0 for non-Fickian release (anomalous), 

this means that drug release followed both diffusion and erosion 

controlled mechanism and n = 1 for zero order release, where drug 

release is independent of time  as described previously (Parida et 

al., 2011, Chime et al., 2013). Also, 0.45 < n < 1.0 for non-Fickian 

release (anomalous) and 0.43 < n < 1.0 for non-Fickian release 

(anomalous). 

 

Characterization techniques 

Fourier-transform infrared (FTIR) spectroscopy 

The FTIR spectra of samples were obtained using a 

Jascow (Japan) FTIR 430 series infrared spectrophotometer 

equipped with KBr discs. 

 

Leaching rate 

The leaching rate technique used was similar to that 

described by Marson 1969. The prepared composites of poly 

(vinyl alcohol) (PVA)/ curcumin were used in the form of films of 

1x0.5x1.5 mm side lengths and total surface area of about 5.5 

mm
2
. Each sample was immersed in 50 ml of different aquatic 

media, distilled water, acidic and alkaline solutions, at room 

temperature and it was kept at specific PH. The amount of drug 

released was determined spectrophotometrically at a wavelength  

416 nm for the investigated drug in distilled water, acidic and 
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alkali solutions, respectively. The used spectrophotometer was 

UV-240 1PC Visible VIS. The calibration standard is shown in 

Figure 2. 

 

 
Fig.  2: The standard curve of curcumin at absorbance 416 nm 

 

Anti-proliferative assay of the released curcumin against 

HEPG2 cell line 

Measurement of potential cytotoxicity was done using 

SRB assay (Skehan et al., 1990). The timely released curcumin 

was subjected to a screening system for evaluation of its anti-

proliferative activity against human liver cancer cell line HEPG2. 

 

RESULTS AND DISCUSSIONS 
 

FTIR Spectroscopy  

FTIR was utilized to evaluate the prepared polymer 

composites. In Figure 3, the strong peak observed at the range of 

800-1100 cm
-1

 which was corresponding to the stretching mode of 

vinyl bonds. 

 

 
Fig 3: The FTIR of PVA-pluronic/curcumin 

 

The –CH stretching vibration of the polymer backbone is 

manifested through peaks at 2936- 2969 cm
-1
.  

The peak at 1625 and 3407 cm
-1
 corresponding to C=O 

and O-H bending vibrations respectively (Liandong et al., 2012). 

The presence of peaks at 1625 cm
-1
 showed the presence of 

carbonyl groups C=O of curcumin and the vibrational bands at 

around 1034 cm
-1

 can be due to C-O stretching. The broad band 

showed in the range from 3200 to 3550 cm
–1

 is correlated to the 

stretching O-H. The ether bands of the pluronic can be obtained 

near 1100 cm
−1

 spectral region. 

 

Study the release rate of curcumin from the investigated 

composites 

It is interesting to evaluate the release rate of curcumin 

loaded with different concentrations on PVA. The synthesized 

PVA/ curcumin composites were examined by immersing samples 

in distilled water (50 ml) at 25 °C for various time periods. Figure 

4 represents the leaching rate of curcumin according to the time of 

exposure. The leaching rate was expressed by µg/mm
2
 day

-1
. The 

results illustrated that fast release was observed in the first days, 

their sustained release was extended at a higher rate for 17 days. 

After that, the rate of release was decreased up to 25 days 

(Gadekar et al., 2012). Although, the release behavior of the 

investigated formulas is similar to each other, the released amount 

was changed according to the curcumin content through the tested 

composites. The amount of release was increased as the loading of 

curcumin increased. 

The type of release depended on the diffusion of distilled 

water inside the samples and dissolution of the soluble drug 

outside upon immersed in distilled water. The curcumin particles 

readily migrate from the matrix into the solution. The pore-like 

structures and some tortuous path were formed into the composite 

matrix and consequently, sufficient rapid curcumin release was 

obtained. These lead to the increase of the dispersion of water to 

the pore structures. This process was continued although the rate 

of lose usually varied according to the tortoise passes and growing 

pore structure (Rahman et al., 2014; Suresh et al., 2014). 

 

 
Fig. 4: The release rate of curcumin from the investigated PVA/ curcumin 

composites in distilled water 

 

Study the release rate in aqueous media of different pH values 

Figures 5 and 6 show the release pattern of curcumin. It 

is shown that the amount of release rate varied as the pH values of 

the media changed. The basic media and acidic media were 

adjusted using sodium hydroxide (NaOH) and sulfuric acid 

(H2SO4), respectively. The sustained release extending to about 25 

days. The release rate was increased in basic, acidic and decreased 

in the neutral one. The release was decreased according to the 

following order: pH 9 >pH 4 >pH 7. 
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Fig 5: The release rate of curcumin from the investigated PVA/ curcumin 

composites in alkaline aqueous media 

 

These behaviors were due to the lower solubility of 

curcumin in distilled water but the solubility increased in both 

acidic and alkaline media (Shah
 
et al., 2008). 

 

 
Fig. 6: The release rate of curcumin from the investigated PVA/ curcumin 

composites in acidic aqueous media 

 

Also, it was observed that the release obtained from the 

sample containing   (3 %) curcumin was higher than that released 

from the sample containing   (1 %). 

 

The release kinetics of the curcumin 

The release kinetics of the PVA loaded with curcumin 

was studied according to the Higuchi’s equation. Higuchi 

developed models (Kalam et al., 2007, Helaly et al., 2013) to 

determine the soluble dispersed curcumin material in the polymer 

matrix according to the following equation (8): 

Mt = A (2DTCsCo) 1/2                           (8) 

Where, Mt is the accumulated amount of release curcumin at time 

T; A is the surface area; D is the diffusion coefficient; Cs is the 

solubility of curcumin; Co is the initial dose of the drug; T, the 

time. The leaching rate of curcumin was measured 

spectrophotometrically at varies aqueous media and the observed 

data are presented in Table 1. From Table 1, it can be shown that 

(D) of the investigated compounds are arranged as follows:  

Basic medium >acidic medium> neutral. 

The more the diffusion coefficient is, the higher the 

release rate will be (Helaly et al., 2013). Consequently, the higher 

solubility of curcumin improved its diffusion coefficient and 

increased its release rate. Additionally, the higher                          

degree of solubility of the drug is, the higher the release                       

of the drug molecules will be (Helaly et al., 2013).                   

Therefore, the diffusion was highly attributed to the  

characteristics of the composition of materials and the type of 

aqueous media. 

 

Table 1: The diffusion coefficient (D) of curcumin released from theprepared 

PVA/curcumin compositesin different media and different concentrations 

Mediums Curcumin 

 1 % 2 % 3% 

NaOH 2.346x10
-2
 2.499x10

-2
 2.739X10

-2
 

H2SO4 

Distilled H2O 

1.559x10
-2
 

3.745x10
-4
 

1.609x10
-2
 

5.639x10
-4
 

1.638X10
-2 

5.777X10
-4

 

 

The Kinetics of Drug Release  

The kinetic of the drug release was estimated from the 

relation between the cumulative release and time period (Vimala et 

al., 2011), according to an exponential equation (6) as shown in 

Figure 7a, b and c. Where, Mt/M∞ represents the fractional drug 

release for t time, k is a constant which characterizes the drug-

polymer system and n is an empirical parameter portraying the 

release mechanism. 

 

 
Fig. 7: The cumulative release of curcumin from the prepared composites 

according to time in a- alkaline medium b- acidic medium     c- distilled water 
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The amounts of n and k for all the investigated 

composites are estimated and these data are given in Table 2. 

The values of k and n are depended on the percentage of 

drug loading and the polymer content of the matrix.  It was found 

that, the values of ‘k’ for the prepared composites containing 

various amount of drug ranging from 0.415 to 0.659 for alkaline 

medium, 0.332 to 0.608 for acidic medium and 0.022 to 0.101 for 

neutral medium, respectively. However, the composites which 

loaded with drug exposed ‘n’ values ranging from 0.401 to 

0.475foralkaline medium and 0.445 to 0.49for acidic medium 

(Table 2). It is indicated that, the release exponent n ≤ 0.5 

according to Fickian diffusion release from the sample. The n 

values for neutral solution varying from 0.503 to 0.732which 

shows that 0.5 < n < 1.0 for non-Fickian release (anomalous), this 

means that release of drug go ahead both diffusion and erosion 

controlled mechanisms (Chime et al., 2013) as well as when n = 

0.5, the drug diffused and released from the polymeric matrix with 

a quasi-Fickian diffusion mechanism (Parida et al., 2011; Chime et 

al., 2013). 

 

Table 2:  Release kinetic parameters of the prepared composites in different 

media and different concentrations. 

Mediums 
K                                                       n 

1 % 2 % 3% 1% 2% 3% 

NaOH 0.415 0.605 0.659 0.475 0.469 0.401 

H2SO4 

Distilled H2O 

0.332 

0.022 

0.519 

0.062 

0.608 

0.101 

0.49 

0.732 

0.466 

0.589 

0.445 

0.503 

 

The bioassay study of the released curcumin from the 

investigated polymer 

The antiproliferative activity of curcumin release from 

PVA loaded with curcumin was tested against human liver cancer 

cell line HEPG2. 

Table 3 represents the efficacy of curcumin leached from 

the prepared composites on the growth inhibition and survival of 

HEPG2 liver cell line. 

It is clear from the table that in vitro cytotoxic activity of 

the released curcumin showed sustained antiproliferative potency 

up to 30 % growth inhibition against the human liver cancer cell 

line (HEPG2) which extended to 25 days. These results are in 

accordance with previous work indicated that curcumin selectively 

kills tumor cells (Ravindran et al., 2019). 

 

Table 3: Effect of curcumin released from the prepared PVA/curcumin 

compositeson human liver cancer cell line (HEPG2). 

Release time Days Surviving % Inhibition 

3 70 30 

4 70 30 

5 73 27 

10 73 27 

13 72 28 

17 72 28 

25 71 29 

 

CONCLUSION 
 

Slow release technique is a good mean for fighting 

cancer cell line. PVA was recommended as a good carrier for 

curcumin to sustained release over 25 days. The release rate for 

curcumin was affected by pH values of the aqueous media. The 

investigated biodegradable polymer loaded with curcumin 

composites (PVA/curcumin) gave a promising result on human 

liver cancer cell HEGP2. 
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