
 

 
Binding Studies and Effect of Light on the Conductance of Intercalated 

Curcumin into DNA 
 
M. A. Subhan*

Curcumin is one of the most valuable ingredients for scientific research in view of 
medicinal and therapeutic importance. Curcumin is reported to have antitumor and 
anticancer activities. It can easily be extracted from Turmeric by solvent extraction 
methods. At first, dye was extracted through reflux and trituration process. Then curcumin 
was isolated from dye using column chromatography, which was investigated by infrared 
spectroscopy and melting point. Curcumin formed a complex with Ce3+, Ce(C21H20O6)n, 
which was confirmed by comparing the IR spectrum of complex with that of ligand. We 
observed the effect of light on the curcumin intercalated into DNA and found that the 
electrons in curcumin excited by absorption of light and the conductance of the solution 
increased gradually when irradiated by UV-light. The result may indicate the electron 
conducting property of DNA in solution. We focused on the binding of curcumin with 
DNA. Our investigations also showed that both curcumin and Ce3+ complex have 
luminescence properties upon irradiation by UV-light. 
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1. Introduction 
 
Turmeric is a member of the curcuma botanical group, which is a part of the ginger family 
of herbs, the zingiberaceae. The root and rhizome (underground stem) of the curcuma 
longa plant is crushed and powdered into ground turmeric. Ground Turmeric is used as a 
source of curcumin for its therapeutic effect. Turmeric is an ancient spice and a traditional 
remedy that has been used as medicine, condiment and flavoring. Turmeric contains a 
variety of bioactive substances called curcumoids. The major curcumoids are curcumin, 
demethoxycurcumin and bis-demethoxycurcumin [1]. The most active component is 
curcumin. These substances comprise 3 to 6% of curcuma longa. Curcumin makes up 70 
to 75% of the curcuminoids, demethoxycurcumin 15 to 20% and bis-demethoxycurcumin 
about 3% [2]. 
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      Curcuminoids are obtained from turmeric by column (Silica gel, 20-270 mesh) 
extraction with dichloromethane. Curcumin is the most studied of the curcumoids. In its 
pure form, it is an orange-yellow crystalline powder that is insoluble in water. Its chemical 
name is (E, E)-1,7-bis (4-hydroxy-3-methoxyphenol)-1,6-heptadiene-3,5-dione. The 
structure of the curcumin was elucidated in 1910 and it was first known as diarylheptanoid 
[3]. The structures of curcumin in enol and keto forms are shown as: 
 
 
 
 
 
 
          Enol form 
 
 
 
 
 
 
         Keto form 
 

13C NMR spectral data show that curcumin exists primarily in the enol form and not as 
the diketone. Curcumin exhibits a wide range of biological activities, e.g. anti-bacterial, 
anti-inflammatory, hypolipidemic, hepatoprotective, lipoxygenase, cycloxygenase, 
protease inhibitory effects, besides being effective active oxygen species scavengers and 
lipid peroxidase (a class of oxidoreductase enzymes) inhibitors [4, 5]. Curcumin and the 
curcuminoids also lower cholesterol, reduce platelet aggregation, inhibit proliferation of 
cancer cells and improve digestion by increasing the flow of bile from the gallbladder [6]. 
Extracts of curcuma longa rhizomes exhibit good preventive activity against carbon 
tetrachloride induced liver injury in vivo and in vitro. Curcumin inhibits intestinal gas 
formation by Clostridium perfringens at 0.05% concentration [7]. Its effect was evaluated 
at 0.005, 0.013, 0.025 and 0.05% on gas formation by C. perfringen of intestinal origin. 
Gas formation decreased gradually as the curcumin concentration increased and there was 
no gas when curcumin concentration was 0.05%, the level at which bacterial growth was 
inhibited completely. Oral administration of curcumin and curcuminoids (750 mg/kg) has 
been reported to prevent the formation and dissolution of urinary calculi. Turmeric 
powder extracts and curcumin also exhibit antioxidant property [8, 9]. 

Self-assembled dye-DNA network and its photo induced electrical conductivity have 
been investigated [10]. Design of successive ion conduction path in DNA films with ionic 
liquids has also been studied [11]. In our work we attempted to investigate the dye-DNA 
network and its photo induced electrical conductivity, because electrons in curcumin may 
be excited by absorption of UV-light and may influence the conductance of the system. 
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      There is a wide range of applications of fluorescence in the field of biochemistry and 
medicine. Large biological molecules can have a fluorescent chemical group attached by a 
chemical reaction, and the fluorescence characteristic of the attached tag enables very 
sensitive detection of the molecule. Aquarian, from the jellyfish Aequorea victoria, 
produces a blue glow in the presence of Ca2+ ions [12]. It has been used to image calcium 
flow in cells in real time. The success with aequorin spurred further investigation of A. 
victorria and led to the discovery of Green Fluorescent Protein (GFP), which has become 
an extremely important research tool. GFP and related proteins are used as reporters for 
many biological events including sub-cellular localization. Levels of gene expression are 
sometimes measured by linking a gene for GFP production to another gene. Binding and 
cleavage of DNA is at the heart of cellular transcription and translation, it is an obvious 
goal for therapeutic intervention and the development of diagnostic structural probes [13, 
14]. In this paper, we report on the electrical properties, binding studies of intercalated 
curcumin into DNA and also the synthesis, characterization and luminescent properties of 
cerium-curcumin complex, Ce (C21H20O6)n.  

 
2. Experimental 

 
2.1.  Dye extraction  
 
Ground turmeric (40 g) was crushed and mixed with dichloromethane (100 mL) in a 
conical flask, which was stirred with a magnetic stirrer on a hot plate. It was then 
transferred into a 500 mL round-bottom flask and heated to reflux for 2 h. The mixture 
was filtered and the filtrate was concentrated in a hot water bath at 50°C. The reddish-
yellow oily residue was triturated with hexane (30 mL). The resulting solid was collected 
by filtration. TLC analysis was carried out with preparative TLC plates coated with silica 
gel by using a solvent mixture (3% methanol: 97% dichloromethane), which showed the 
presence of three components. 
 
2.2.  Isolation of curcumin by column chromatography 
 
The crude material obtained after trituraion with hexane was dissolved in a minimum 
amount of 99% dichloromethane and 1% methanol (v/v) mixture and loaded on to a 
column packed with of silica gel (30 g). The column was eluted with the same solvent. 
Elutents were taken into various conical flasks successively, 5 mL in each case. Then TLC 
analysis was carried out for each collection. Some elute which was collected at the 
beginning of the elution process showed the presence of only one component. Other 
collections showed the presence of two components. The elutants, which showed the 
presence of only one component in TLC analysis, were collected and transferred into a 
100 mL round-bottom flask and then evaporated in a rotatory evaporator to dryness. The 
melting point of the solid sample was found to be 165-169°C. 
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2.3 IR analysis 
 
The IR spectrum of the isolated and dried curcumin (C21H20O6) was recorded by 
SHIMADZU, IP Prestige-21, and FTIR Spectrophotometer with KBr pellet.  
 
2.4.  Synthesis of Ce (C21H20O6)n  complex 
 
0.001 M solution of Ce(NO3)3 was prepared by dissolving 0.04342 g into 100 mL of 
absolute ethanol in a beaker. 0.003 M solution of curcumin was prepared by dissolving 
0.04416 g into 100 mL of absolute ethanol in a separate beaker. Then curcumin solution 
was added to metal solution slowly with stirring. Orange color precipitate formed was 
separated by filtration and air-dried. The IR spectrum of the complex was recorded.  
 
3. Results and Discussions 

 
3.1. IR study of curcumin and Ce (C21H20O6)n   
 
Curcumin can form strong chelate with metal ions[15].There have been recent studies on 
metal complexes of curcumin[16]. We have synthesized Ce(C21H20O6)n and characterized 
by IR spectra. IR spectrum of curcumin, C21H20O6 showed peaks at 751 cm-1, which was 
due to C-H deformation of disubstituted (ortho) aromatic ring; at 805 cm-1 for C-H 
deformation of para disubstituted aromatic ring; at 958 cm-1  for C-H deformation of 
disubstituted (trans) alkene; peaks at 1072 cm-1 for C-O stretching of secondary alcohol; at 
1122 cm-1  for C-O stretching of ether; at 1278 cm-1 for C-O stretching of C=C-O-C 
group; at 1200 cm-1 for phenolic C-O stretching and 1457 cm-1 for alcohol C-O-H 
bending; at 1656 cm-1 for conjugation of double bond C=C-C=C stretching and 1782 cm-1 

for unsaturated ketone; at 2940 cm-1 for C-H stretching in CH2; at 2969 cm-1 for Ar-H 
stretching, at 2862 cm-1 for C-H stretching of C-O-CH3 group. For the complex, 
Ce(C21H20O6)n the IR peaks observed were at 805 cm-1, 1026 cm-1, 1095 cm-1, 1278 cm-1, 
1734 cm-1, 2343 cm-1, 2358 cm-1, 2862 cm-1, 2923 cm-1, 2970 cm-1 and 3740 cm-1.  IR 
showed characteristic peaks for the curcumin ligand and Ce (C21H20O6)n  complex also 
showed similar IR spectra with shift in some peaks. A clear observation of the spectral 
changes in finger print region of Ce (C21H20O6)n complex compared to that of curcumin 
ligand also indicates the formation of Ce3+ -complex. 
 
3.2. Effect of light on conductance of intercalated curcumin into DNA 
 
DNA was extracted from brinjal (Solanum Melongena) by solvent extraction method [17]. 
The intercalated curcumin into DNA was irradiated either by mercury lamp or tungsten 
filament bulb at room temperature to study the effect of light. A 30 mL solution of DNA 
was taken in a beaker and conductance was measured to be 0.018. Curcumin solutions 
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were then added, 1 ml each time. After addition of 3 mL of curcumin solution, the 
solution was irradiated with UV-visible light. Results are shown in Figs. 1 and  2. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

With the addition of curcumin into DNA solution up to 3 mL, no or little change in pH 
and/or conductance were observed at around neutral pH values as shown in Fig. 1. While 
irradiation took place, an increase in conductance was observed with little or no change in 
pH values of the solution as shown in Fig. 2. 

 
3.3. DNA–curcumin binding studies 
 
DNA was extracted [17] from brinjal for the binding studies with curcumin. DNA 
contains four kinds of smaller building blocks or monomers called deoxyribotides or 
deoxyribonucleotides [18]. Hundreds of thousand of nucleotides are hooked to form a 
chain, and two chains are paired together and twisted into a double helix to form the 
finished DNA molecule. The interaction of the DNA and curcumin can be examined from 
the UV-Vis spectra (UV-Vis spectrophotometer, Model: UV-9100, China) of curcumin-
DNA intercalated complexes with the successive addition of curcumin. By monitoring the 
change in absorbance with increasing concentration of curcumin, the intrinsic binding 
constant can be evaluated by Eq. (1) [19, 20]. The intrinsic binding constant, Kb was 
determined form the plot of [Cur]/(εa-εf) vs [Cur] according to the equation (1) where 
[Cur] is the concentration of curcumin, єa, the apparent extinction coefficient is obtained 
by calculating Aobsd/[DNA], єf corresponds to the extinction coefficient of the DNA in its 
free form and єb refers to the extinction coefficient of the curcumin-DNA complex in the 
fully bound form.                  

  

 [Cur]/(εa-εf) = [Cur]/(εb-εf)+1/Kb(εb-εf)                                                                       (1) 
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Fig. 1. Effect on conductance ( ) and 
pH ( ) of the DNA solution due to the 
addition of 3 mL curcumin solution.   
 

Fig. 2. Effect of light on the conductance ( ) 
and pH ( ) of the solution of curcumin 
intercalated into DNA.  
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 Each set of data, gave a straight line with a slope of 1/(εb-εf) and a y-intercept of 
1/Kb(εb-εf). Kb was determined from the ratio of the slope to intercept. The absorbance of 
[DNA] solution was 0.080 and molar extinction coefficient of DNA solution, ε was 6600. 
According to Beer-Lambert law, C = A/ε, and the initial concentration of DNA solution 
was [DNA], 1.212×10-5. By using Table 1 and Fig. 3 the intrinsic binding constant of  
DNA-curcumin complex, Kb, was found to be 1.51.  
 
Table 1. Binding studies of curcumin with DNA.     
 

Conc. of 
curcumin 
solution,  
[Cur] 

Observed 
absorbance of 
DNA-
curcumin 
solu. at 420 
nm (Aobs) 

Apparent 
extinction 
coeff.(εa)    
=Aobs/[DNA 

Extinction 
coefficient 
of the DNA 
in its free 
form  (εf) 

│(εa-εf)│ 
 

3.2 ×10-4 
2.4 ×10-4 
1.6 ×10-4  
0.8 ×10-4 

0.4 × 10-4 

0.072  
0.070 
0.059 
0.019 
0.010 

5940.60 
5775.57 
4860.87 
1567.65 
825.08 

 
 
 
6600 

  695.41  
  824.43 
  1739.13 
  5032.35  
  5774.9 

4.85 ×10-7 

2.91 ×10-7 

0.92 ×10-7 

0.15 ×10-7 
0.069×10-7 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3. A plot of  [Cur]/(εa-εf) ×107  vs [Cur] ×104  for curcumin intercalated with DNA. 

 
3.4. Curcumin: a potent complexing agent for metals 
 
The antioxidant activity of curcumin derivatives are greater than that of vitamin E, and 
particularly identical to that of curcumin in a Fe(II)-linoleic acid peroxidation test. 
Curcumin is a very intresting substance because it generates phototoxic oxidizing species 
including HO· and H2O2, when exposed to light, but it also protects against lipid 
peroxidation as radical scavenger [21]. This compound is a potent complexing agent for 
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metal ions such as iron (III) [21], it can acts as phototoxicant and protective agent. 
Curcumin, like other β-diketones, exists partly in the enol form, which may also help to 
explain many of its unusual anti- and prooxidant properties [21]. Curcumin forms a 
complex with cerium, Ce(C21H20O6)n , whose structure was confirmed by comparing the 
IR spectrum of both complex and ligand in solid form. Curcumin is a β-diketone, can act 
as uninegative bidented ligand. Coordination number of Ce3+ would be eight, but for the 
formation of neutral complex and also because of the bulky substituent in the curcumin, in 
the complex, Ce(C21H20O6)n, n = 3 might be suitable for complexation. 
  
3.5. Luminescent properties of curcumin and its metal complex 
 
When irradited with UV-light, a mercury lamp at 380 nm both curcumin (orange) and Ce 
(C21H20O6)n (deep orange) showed green fluorescence emission in CH2Cl2 solution at room 
temperature, which is disappeared when removed from light source. Both curcumin and 
Ce3+ complex had luminescence properties. It was clearly observed that the fluorescence is 
greatly enhanced when Ce3+ formed a complex with curcumin. 
 
4.  Conclusion 
 
Yellow dye was extracted from dried turmeric herb and curcumin was separated from this 
dye and characterized by IR and UV-visible spectra. Complex of curcumin with cerium, 
Ce3+ may be used for medicinal purpose. Intercalated curcumin into DNA showed 
conductivity when irradiated either by mercury lamp or tungsten filament bulb at room 
temperature. This may be due to the conducting DNA-curcumin solution. Binding studies 
of curcumin with DNA was performed to calculate binding constant, Kb, which was found 
to be 1.51. This might be an important parameter for the application of DNA–curcumin 
intercalated compound in medicine. The cerium-curcumin complex has enhanced 
luminescence; showed green luminescence upon UV-irradiation in solution  at room 
temperature. 
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