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Abstract  

Curcumin (CUR), an active constituent of turmeric which is capable of forming complexes with metal 

ions. Even though CUR metallocomplexes displayed better biological activities compared to the free CUR, their 

application in medicine is limited by their poor aqueous solubility. This research aimed to develop self-

microemulsifying drug delivery systems (SMEDDSs) to improve the solubility and the antioxidative activity of 

CUR metallocomplexes. Mononuclear (1:1) CUR metallocomplexes (CUR-Cu, CUR-Mg and CUR-Fe) were 

synthesized with Cu2+, Mg2+ and Fe3+ salts. The CUR and CUR metallocomplexes were loaded into the 

microemulsions (MEs) which contains palm oil, Tween 80 and polyethylene glycol (PEG) 400 at the ratios of 

1:7:2 and 1:8:1. All of the MEs formulations appeared to be monophasic and clear, where the pH values were in 

the range of 6.55-6.78. In both formulations, the solubility of all metallocomplexes were 1.3-3.4-folds higher than 

the CUR, where CUR-Cu MEs (1:7:2 and 1:8:1) exhibited the highest solubility (965.99 ± 102.59 µg/mL and 

986.49 ± 75.31 µg/mL, respectively). In both formulations, CUR-Cu MEs displayed ~2-folds higher %RSA 

compared to CUR MEs, meanwhile; CUR-Fe displayed the lowest %RSA (~6-7%) which may be due to the 

instability of the coordination of ligand-metal complex resulted from the high oxidation state in Fe3+ ion. 
Keywords: Antioxidative Properties, Curcumin, Physicochemical Properties, Metallocomplexes, SMEDDS.
 

Introduction  
CUR presents as a diketone tautomer and a 

keto-enol tautomer (Figure. 1), where the latter form 

is the most stable form (1). The diketone group of 

CUR undergoes keto-enol tautomerism, which 

allows CUR to chelate many metal ions (2). Studies 

showed that formation of CUR metallocomplexes 

destabilized the diketo (C=O) bond strengths due to 

the charge transfer from the oxygen atoms to the 

metal ions (2). The instability of CUR in biological 

media is closely associated with the presence of the 

diketo site of CUR undergoing tautomeric 

equilibrium (3). The formation of metallocomplexes 

causes the tautomeric equilibrium to shift toward the 

keto-enol form, increasing the in vitro stability of 

CUR at physiological pH (3).CUR forms stable 

metallocomplexes with 1:1 and 1:2 metal: ligand 

chelating modes by reaction between CUR with 

divalent or trivalent metal ions (Figure. 2). Also, the 

antioxidant activity of the 1:1 CUR-Cu2+ complex 

was found to be superior compared to the 1:2 metal 

complex because it demonstrates a significant 

tetrahedral distortion from square planar geometry 

when reacted with the superoxide radicals. This 

enables the 1:1 CUR-Cu2+ complex to remain 

integral and go through multiple redox cycles. In  

 

contrast, the planar but rigid structure in 1:2 CUR-

Cu2+ complex (Figure. 2) makes it a less potent 

antioxidant due to its inability to undergo distortions 
(4). A series of complexes of CUR with Mg2+, Mn2+, 

Fe2+, Cu2+, B2+, Se2+ and Zn2+ ions have been 

synthesized to study their antioxidant activity by 

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 

scavenging assay. The study revealed that CUR-Zn 

complex imparted the strongest antioxidant activity 

(IC50 = 0.41 mM) compared to free CUR (IC50 = 

1.15 mM) (5). Another in vitro study also 

demonstrated that the antioxidant activity of CUR-

Cu was 3-folds higher than the free CUR and 

displayed a comparable activity to butylated 

hydroxytoluene (6). The antioxidative activity of 

CUR is greatly contributed by the presence of 

methoxylated phenols in the structure of CUR. The 

acetylated CUR metallocomplexes at the hydroxyl (-

OH) of the aromatic rings of CUR resulted in 

reduced in antioxidant capacity compared to CUR 

metallocomplexes with free phenolic OH the 

aromatic rings (7). The objectives of this study are to 

synthesize mononuclear 1:1 CUR metallocomplexes 

by complexation of CUR with metal ions (Cu2+, 

Mg2+ and Fe3+) and load the CUR and CUR 
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metallocomplexes into SMEDDSs. By this end, the 

solubility and antioxidative activity of CUR and 

CUR metallocomplexes in SMEDDSs were 

evaluated.

 
Figure 1. Tautomerism of CUR into keto-enol form 

 

 
Figure 2. Chemical structures of mononuclear (1:1) and binuclear (1:2) metal:CUR complexes  

 

SMEDDS has been developed as an 

alternative oral formulation to circumvent the 

problems of poor aqueous solubility and oral 

absorption of hydrophobic compounds, such as 

celecoxib (8), simvastatin (9), and ferulic acid (10). It is 

a thermodynamically stable nanocarrier with an 

isotropic combination of oil, surfactant and co-

surfactant which spontaneously forms a self-

assembling oil-in-water (O/W) ME when diluted 

with gastrointestinal tract fluids (11). Studies have 

shown that the incorporation of a drug into 

SMEDDS improves drugs’ distribution into the 
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brain, liver, lung and spleen (10,12,13). SMEDDS 

provides long-term physical and/or chemical 

stability due to the absence of water content outside 

the body (14). SMEDDS is a lipid-based nanocarrier 

known for its solubility, stability, improved 

absorption and facilitated bioavailability. It may be 

an effective carrier system to improve the 

pharmacokinetic profile of CUR metallocomplexes. 

Nevertheless, there is a lack of literature on the 

physicochemical and antioxidative properties of 

CUR metallocomplexes in SMEDDSs. In this study, 

the pH, solubility and antioxidative properties of 

CUR metallocomplexes (CUR-Cu, CUR-Mg and 

CUR-Fe) were compared to the metallocomplexes 

in SMEDDS formulations.

 

 

Materials and Methods 
Materials  

CUR (95%) and 2,2-diphenyl-1-

picrylhydrazyl (DPPH) were procured from Alfa 

Aesar, United Kingdom. Copper (II) sulphate 

pentahydrate (CuSO4.5H2O), magnesium sulphate 

heptahydrate (MgSO4.7H2O) and Tween 80 were 

procured from Systerm, Malaysia. Iron (III) chloride 

anhydrous (FeCl3) and methanol were procured 

from Chemiz, Malaysia). PEG 400 and palm oil 

were procured from ChemSoln, Malaysia and 

Bendosen Laboratory Chemicals, Norway, 

respectively.  
 

Synthesis and characterization of CUR 

metallocomplexes  

A mononuclear (1:1) CUR-Cu complex 

was prepared by dissolving 1 mol of CUR and 1 mol 

of CuSO4.5H2O in 70% methanol and stirred for 2 

hours at 40°C. The precipitate was vacuum filtered, 

washed with cold water and dried overnight in an 

oven at 40°C (15). The procedures were similar for 

the synthesis of CUR-Mg and CUR-Fe complexes. 

All of the metallocomplexes were characterized by 

Fourier Transform Infrared (FTIR) spectrometer 

(PerkinElmer Spectrum 100, US) where the spectra 

were scanned on the wave number range of 4000-

650 cm-1. The max of CUR and CUR 

metallocomplexes in methanol were determined by 

UV–Vis spectrophotometer (Shimadzu UVmini-

1240) with the wavelength range of 300-650 nm. 

Preparation of CUR metallocomplexes in 

SMEDDSs   

CUR in SMEDDSs were prepared as 

described by Muniandy and Chong (16). 10 mg CUR 

was loaded into 1 mL palm oil and stirred overnight. 

The mixture was filtered through a 0.45 µm 

millipore membrane filter. The palm oil containing 

CUR was added to Tween 80 and PEG 400 at 

different ratios (Table 1), with a total volume of 10 

mL and stirred overnight (16). The procedures were 

similar for the preparation of CUR 

metallocomplexes in MEs. All of the CUR 

SMEDDSs were charecterised by FTIR 

spectroscopy which shows the presence of 

encapsulated compound in SMEDDSs by analyzing 

the functional groups. 

Table 1. Composition of SMEDDS formulations for CUR and CUR metallocomplexes. 

Formulation Weight Ratio 

Palm oil Tween 80 PEG 400 

SMEDDS (1:7:2) 1 7 2 

SMEDDS (1:8:1) 1 8 1 

pH of CUR metallocomplexes in SMEDDSs  

The pH of all SMEDDSs were determined 

by pH meter (Eutech Instruments CyberScan 

pH/mV/°C meter pH 510). All measurements were 

done in triplicates. 

 Concentration of CUR metallocomplexes in 

SMEDDSs   

The concentrations of CUR and CUR 

metallocomplexes presence in SMEDDSs (1:7:2 and 

1:8:1) were determined from the calibration curve of 

CUR and CUR metallocomplexes. The samples 

were diluted with methanol within the linear range 

of the calibration curve (1.25, 2.5, 5, 10 and 20 

µg/mL) and their absorbances were measured at 420 

nm using ultraviolet-visible (UV–vis) 

spectrophotometer (Shimadzu UVmini-1240, 

Japan).  

Solubility of CUR and CUR metallocomplexes in 

water and SMEDDSs   

Excess CUR and its metallocomplexes 

were added to 2 mL of distilled water to ensure the 

solution is saturated. The mixtures are agitated 

overnight and centrifugated at a speed of 14,000 rpm 

for 10 minutes. The mixtures were filtered to collect 

the residue. The residue is then diluted with 

methanol within the linear range of the calibration 

curve using UV-Vis spectrophotometer at 420 nm 

(Shimadzu UVmini-1240, Japan). The procedures 

were repeated for the study of the solubility of CUR 

and its metallocomplexes in SMEDDSs (1:7:2 and 

1:8:1) where excess CUR and its metallocomplexes 

were added to 2 mL of SMEDDSs.  
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Antioxidative activity of CUR and CUR 

metallocomplexes in SMEDDSs   

0.2 mM DPPH solution was freshly prepared 

with methanol. 1 mg/mL solutions of CUR, CUR-

Cu, CUR-Mg and CUR-Fe were dissolved in 

methanol, and 50 μL of each of these solutions was 

added to 2950 μL of DPPH solution. The DPPH 

solution was served as a blank. The mixtures were 

shaken and incubated for 15 minutes in the dark. The 

absorbance was quantified spectrophotometrically 

at 517 nm against the DPPH solution (17). The 

procedures were repeated for SMEDDS where 50 

μL of CUR, CUR-Cu, CUR-Mg and CUR-Fe 

SMEDDSs were added to 2950 μL of DPPH 

solution for analysis. The % radical scavenging 

activity (RSA) was calculated using the following 

equation:   
%𝑅𝑆𝐴 = 
(𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑙𝑎𝑛𝑘 –  𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒)

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑙𝑎𝑛𝑘 
× 100 

 

Statistical analysis  

The statistical analysis was conducted using 

a two-tailed t-test to determine the difference 

between the two groups’ means, where p<0.05 was 

regarded as statistically significant. All data were 

analyzed using Microsoft Excel (Microsoft Office 

Professional Plus 2019, Washington, United States). 

 
 

Results and Discussion 
Synthesis and characterization of curcumin 

metallocomplexes  

CUR and the metals should be dissolved in a 

solution in order for the chemical reaction to take 

place (18). In this study, 70% methanol were used to 

dissolve the metal salts and CUR which is poorly 

soluble in water. The reactants are readily dissolved 

in methanol as methanol has a middling polarity 

index of 5.1 (19). In the methanolic solution, the 

predominant form of CUR exists as the keto-enol 

tautomeric form (20). The -OH group in the keto-enol 

site of CUR is deprotonated, leading to the 

formation of a β-diketonate which coordinates to an 

ion in a bidentate fashion (Figure. 2) (21). The 

stability of metallocomplexes is also modulated by 

the electronic and steric factors in the chemical 

structure of CUR, wherein the latter factor can 

prevail. The three oxygen atoms in CUR potentially 

act as an electron donor to interact with the metals. 

However, the steric repulsion between ortho-oxygen 

atoms in the phenyl ring reduces the binding of 

metals to these positions, thus, it is the oxygen atoms 

in the C=O is a site of interaction to the metals (22). 
Three CUR metallocomplexes of Cu2+, Mg2+ and 

Fe3+ appeared as powders with distinct colours. The 

% of yield for all of the CUR metallocomplexes 

were >80% (Table 2). 

Table 2. Percent yield and physical appearance of CUR and CUR metallocomplexes.  

Compound % yield Physical appearance 

CUR - 
Orange-yellow 

powder 

 

CUR-Cu 99.81 Brown powder 

 

CUR-Mg 86.67 
Bright yellow 

powder 

 

CUR-Fe 81.04 Black powder 

 
 

The FTIR spectrum of CUR and CUR 

metallocomplexes are shown in Figure. 3. The 

stretching vibration of C=O moiety in CUR, CUR-

Mg, CUR-Cu and CUR-Fe complexes were detected 

at 1626, 1627, 1625 and 1621 cm-1, respectively. A 

slight decline in the intensity of the C=O band 

implies that the C=O groups were involved in the 

conjugation with the metal ions (23).  The vibrational 

stretches of C=C were expressed at 1509 cm-1. The 

peaks detected at 1429 cm-1 and 1282 cm-1 indicated 

vibrational bending of C-H groups and stretching 

vibrations of aromatic C-O groups, respectively. 

Stretching of the -OCH3 groups was observed at 

1026 cm-1 (22,24). Moreover, the aromatic C-O 

stretching vibrations were shifted from 1282.39 cm-

1 to 1281.37, 1282.21 and 1283.36 cm-1 for CUR-

Cu, CUR-Mg and CUR-Fe, respectively; which 

indicating the formation of metallocomplexes. The 

UV-Vis absorption of CUR showed a maximum 

absorption peak at 420 nm in methanolic solution, 
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which is consistent with previous reports (20,25). The 

keto-enol tautomer of CUR predominates in the 

presence of polar organic solvent (methanol) (26) 
which results in the existence of intramolecular 

hydrogen bonding in the keto-enol site that makes 

the π conjugation remain intact within the molecule. 

The π→π* electronic transition of the extended 

conjugation system gives rise to a maximum 

absorption peak at 420 nm (6).  The formation of 

metallocomplexes caused a shift in the maximum 

absorption band to a higher wavelength, suggesting 

that the C=O group of CUR participates in metal 

chelation. CUR metallocomplexes in methanolic 

solution exhibited a maximum absorption band at 

420 nm and a weak absorption peak at nearly 445 

nm (Table 3), corresponding to the strong 

complexation between CUR and metal ions (24). The 

two absorption peaks are associated with the charge 

transfer from the ligand to metals (27).  

 

 
Figure 3. FTIR spectra of CUR and CUR metallocomplexes 

Table 3. UV-vis spectra data of CUR and CUR metallocomplexes in methanol. 

Compound UV-Vis peak (nm) 

CUR 420.0 - 

CUR-Cu 420.0 ~ 445.0 

CUR-Mg 420.0 ~ 445.0 

CUR-Fe 420.0 ~ 445.0 
 

Formulation of curcumin metallocomplexes in 

SMEDDSs 

A high surfactant/co-surfactant-to-oil ratio of 

9:1 produces thermodynamically stable CUR-

containing SMEDDS formulations with high drug 

solubilization capacity to enhance the shelf-life and 

physicochemical properties of CUR. In this study 
(16), the SMEDDS formulations were composed of 

palm oil, Tween 80 and PEG 400 as oil, surfactant 

and co-surfactant, respectively, at ratios of 1:7:2 and 

1:8:1. Palm oil is a natural oil which consists of a 

long triglycerides chain that makes it capable of 

solubilizing the hydrophobic CUR (28). A SMEDDS 

employing an oil with long hydrocarbon chains 

exhibits superior resistance to lipolysis compared to 

a SMEDDS with medium-chain triglycerides (13). To 

microemulsify the palm oil, a high amount of 

surfactant (Tween 80) is used (28) as the unsaturation 

in the C18 fatty acid chain facilitates the formation 

of SMEDDS (29). The choice of surfactant and co-

surfactant are based on their hydrophilic–lipophilic 

balance (HLB) values. The water-soluble 

surfactants (HLB value >12) are usually utilized in 

formulating a SMEDDS owing to their enhanced 

micelle-forming capabilities (14). Meanwhile, 

surfactants with a HLB value of <10 are essential for 

reducing the interfacial tension of films between the 

oil and water phases and increasing the flexibility of 

the films (12). Thus, a combination of surfactants, 

PEG 400 and Tween 80 with HLB value of 8.5 and 
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15, respectively; were used to strengthen the 

stability of the formulation.Self-emulsification can 

be evaluated through visual assessment. After 

dilution of samples with water at a 1:10 ratio, the 

formation of SMEDDS is denoted by the 

monophasic and clear appearance, while a solution 

with a cloudy appearance signifies the formation of 

macroemulsion (30). In this study, all SMEDDS 

formulations appeared as monophasic and 

transparent liquids at room temperature without 

signs of physical instability such as phase 

separation. Visual assessment is also a method of 

evaluating drug precipitation in a diluted SMEDDS, 

which commonly happens if a formulation includes 

a water-soluble co-solvent such as PEG 400 (30). All 

SMEDDS formulations were stable as the 

precipitation of the drug was not evident. No crystal 

liquid was observed, which could take place due to 

the high amount of surfactant in  SMEDDSs (31). 

Characterization of curcumin metallocomplexes 

in SMEDDSs  

As depicted in the FTIR spectra of PEG 400, 

palm oil and Tween 80, the absorption peaks at 

~2900-2800 cm-1 corresponded to the C-H 

stretching vibrations of methylene groups. Palm oil 

and Tween 80 showed peaks at 1746 cm-1 and 1735 

cm-1, representing the stretching vibration of the 

C=O group in palm oil and Tween 80 (Figure. 4). 

The FTIR spectra of CUR and CUR 

metallocomplexes in SMEDDSs 1:7:2 (Figure. 5) 

and 1:8:1 (Figure. 6) were similar to one another. All 

of the SMEDDSs formulations exhibited peaks at 

~2923-2860 cm-1 (C-H stretching) and 1738 cm-1 

(C=O stretching). The characteristic peaks of CUR 

and CUR metallocomplexes (C=O stretching at 

~1626 cm-1, C=C stretching at ~1509 cm-1, C-H 

bending at ~1429 and ~1282 cm-1, and aromatic C-

O bending at ~1280 cm-1) were absent in all 

SMEDDSs, corroborating that the compounds were 

encapsulated in the SMEDDSs due to solubilisation 

by Tween 80 (32).  

 
Figure 4. FTIR spectra of PEG 400, palm oil and Tween 80 
 

 
Figure 5. FTIR spectra of CUR and CUR metallocomplexes in SMEDDSs (1:7:2) 
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Figure 6. FTIR spectra of CUR and CUR metallocomplexes in SMEDDSs (1:8:1) 

 

pH of CUR metallocomplexes in SMEDDSs 

The free CUR was highly unstable under 

neutral-basic pH (pH> 7.5) conditions and 

undergoes extensive degradation (33) while CUR 

metallocomplxes were very stable under pH 6.5-7 

compared to free CUR. (7,35) Both free CUR and its 

metallocomplexes were unstable under acidic 

condition (pH 2) but the metallocomplexes were 

generally more stable compared to free CUR (5,33). 

All of the SMEDDSs displayed pH in the range of 

6.55 -6.78, which are near to neutral which is ideal 

for the stability of CUR and CUR 

metallocomplexes. (Table 4). This indicated that the 

drug dissolves in the oil and remains in the dispersed 

phase (oil) and does not disperse into the external 

phase (34).  

Concentration of CUR metallocomplexes in 

SMEDDSs 

As shown in Table 4, all of the 

metallocomplexes displayed higher amount in 

SMEDDSs than the free CUR. The concentration of 

metallocomplexes in either SMEDDSs composition 

decreased in the order of: CUR-Cu > CUR-Fe > 

CUR-Mg > CUR. In both formulations, CUR-Cu, 

CUR-Fe and CUR-Mg exerted ~3-, 2.6–3-, and 1.3–

1.5-folds, respectively; increase in concentration 

compared to free CUR. The two-tailed t-test showed 

significant differences in concentrations between 

CUR, CUR-Cu and CUR-Fe in both formulations 

(p<0.05). 

 

Table 4. pH, concentration of CUR or CUR metallocomplexes in SMEDDSs, and folds of increased in 

concentration of CUR metallocomplexes in SMEDDSs (1:7:2 and 1:8:1). 

Formulation pH 

Concentration of CUR or 

CUR metallocomplexes in 

SMEDDSs (µg/mL) 

Folds of increased in CUR 

metallocomplexes in 

SMEDDSs compared to CUR 

SMEDDS 

(1:7:2) 

CUR 6.75 ± 0.27 57.68 ± 3.14 - 

CUR-Cu 6.55 ± 0.17 193.20 ± 20.52* 3.3 

CUR-Mg 6.72 ± 0.14 76.64 ± 9.91 1.3 

CUR-Fe 6.56 ± 0.10 149.49 ± 11.33* 2.6 

SMEDDS 

(1:8:1) 

CUR 6.78 ± 0.19 57.46 ± 4.09 - 

CUR-Cu 6.78 ± 0.19 197.30 ± 15.06* 3.4 

CUR-Mg 6.73 ± 0.24 84.81 ± 7.97 1.5 

CUR-Fe 6.70 ± 0.16 177.78 ± 5.87* 3.1 

Note: * indicates statistically significant difference at p<0.05 between CUR and CUR metallocomplexes. 
 

Solubility of CUR and CUR metallocomplexes in 

water and SMEDDSs   

As shown in Figure 7, CUR and its 

metallocomplexes are practically insoluble in water 

(<1 µg/mL) but they were ~287-986-folds more 

soluble in both SMEDDSs. The solubility of CUR 

and its metallocomplexes in both SMEDDSs (1:7:2 

and 1:8:1) decreased in the order of CUR-Cu > 

CUR-Fe > CUR-Mg > CUR. The solubility of CUR-

Cu, CUR-Mg and CUR-Fe in both SMEDDSs were 

3.4-, 2.8- and 1.4-times, respectively; higher than 

that of CUR in both SMEDDSs.  
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Figure 7. Solubility of CUR and CUR metallocomplexes in water and SMEDDSs (1:7:2 and 1:8:1).  
 

Antioxidative activity of CUR and CUR 

metallocomplexes in SMEDDSs 

The antioxidative potential of CUR and CUR 

metallocomplexes is evaluated by DPPH assay to 

determine their potential to scavenge free radicals. 

When free radical DPPH receives a hydrogen atom 

from an antioxidant, it is reduced to a hydrazine, 

leading to a drop in the absorbance of the reaction 

along with discolouration of violet to yellow (35). The 

antioxidative activity of non-SMEDDS samples 

(1mg/mL) decreased in the order of CUR ≈ CUR-

Mg > CUR-Cu > CUR-Fe. The antioxidative 

activity of CUR metallocomplexes (µg/mL) in 1:7:2 

SMEDDSs decreased in the order of: CUR-Cu > 

CUR-Mg > CUR > CUR-Fe. Meanwhile, the 

antioxidative activity for CUR metallocomplexes in 

1:8:1 SMEDDSs decreased in the order of: CUR-Cu 

> CUR-Mg ≈ CUR > CUR-Fe (Table 5). In both 

formulations, CUR-Cu SMEDDSs displayed ~2-

folds higher %RSA compared to CUR SMEDDSs, 

meanwhile; CUR-Mg and CUR displayed 

comparable %RSA. In both formulations or non-

SMEDDS, CUR-Fe displayed the lowest %RSA 

(~6-7%) and this could be attributed to its instability 

in the 1:1 metal-ligand stoichiometry. The 

coordination bond distance between a metal and a 

ligand increases with increasing number of unpaired 

electrons (36). The Fe3+ ion has five unpaired 

electrons, giving rise to its high oxidizing properties. 

Fe3+ must stabilize itself by attracting more 

electrons, thus, using a metal-to-ligand 

stoichiometry of 1:3 might render Fe3+ less reactive 

and form a stable complex with CUR (37). There are 

no significant differences (p>0.05) were found in the 

%RSA between both formulations (1:7:2 and 1:8:1) 

of SMEDDSs, therefore, the %RSA is not 

influenced by the concentrations of surfactant and 

co-surfactant. 
 

Table 5. %RSA of CUR and CUR metallocomplexes 

Samples  %RSA 

Non-SMEDDS 

CUR 53.41 ± 2.21 

CUR-Cu 41.95 ± 2.00 

CUR-Mg 50.28 ± 3.47 

CUR-Fe 20.41 ± 3.24 

SMEDDS (1:7:2) 

CUR 9.60 ± 1.20 

CUR-Cu 24.70 ± 2.69* 

CUR-Mg 12.37 ± 1.95 

CUR-Fe 7.17 ± 0.42 

SMEDDS (1:8:1) 

CUR 11.31 ± 0.58 

CUR-Cu 22.68 ± 2.25* 

CUR-Mg 11.21 ± 2.30 

CUR-Fe 6.52 ± 0.89 

Note: * indicates statistically significant difference at p<0.05 between CUR and CUR metallocomplexes. 
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Conclusion  
In summary, CUR metallocomplexes 

(CUR-Cu, CUR-Mg and CUR-Fe) were synthesized 

and characterized by FTIR and UV-vis 

spectroscopies. The SMEDDSs consisting of 

varying amounts of palm oil (oily phase), Tween 80 

(surfactant) and PEG 400 (co-surfactant) (1:7:2 and 

1:8:1) were used to encapsulate CUR and CUR 

metallocomplexes. All of the SMEDDSs were 

monophasic, clear and neutral in pH (6.55 - 6.78). 

CUR-Cu exhibited the highest solubility in both 

SMEDDSs which were ~3-folds higher than CUR in 

SMEDDSs. The antioxidative activity decreases in 

the manner of: CUR-Cu > CUR, CUR-Mg > CUR-

Fe in both SMEDDSs formulations. This research 

indicates that the SMEDDS could be a promising 

approach for delivering CUR metallocomplexes.  
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