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Abstract

Purpose: The aim of this study was to investigate the
cytotoxicity effect, iron chelator and antioxidant activities
of iron (III) ions with curcumin ligand that may be used in
the treatment of iron overload.

Materials and Methods: The cytotoxic activities of the
ligand and the complex were evaluated by the MTT assay.
The SOD activity of the complex of curcumin was
determined by using its ability to inhibit the reduction of
NBT. The catalytic activity studies of Fe(III) complex in
DMSO towards the disproportionation of hydrogen
peroxide were also performed.

Results: The IC50 values ate found in 6.8 uM catalase
activity was measured. Where at a concentration of 2.0
mM, the activity was equivalent to 183.30 U/L. The
complex shows a catalase activity. The complex showed
minimal toxicity. IC50 values found 5.3 mg/ml. The
observed cytotoxicity could be pursued to obtain a
potential drug. The iron chelator effects were determined
by Ferrozine reagent. Curcumin, the most active extract
interfered with the formation of ferrous and ferrozine
complex. It demonstrated strong chelating activities. The
result showed that the complexes possess considerable
SOD activity. This finding indicates that the iron complex
is capable of removing free radicals.

Conclusion: The study results revealed that the iron(I1I)
complex of curcumin with an appropriate potential drug
may act as a protector against oxidative stress. Therefore,
all results suggest that curcumin may represent a new
approach in the treatment of iron overload.
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Oz

Amag: Bu calisgmanin amaci, asir1 demir yiiklenmesinin
tedavisinde kullanilmast muhtemel olan kurkumin ligandi
ve demir(Ill) iyonlarnin sitotoksik etkisini, demir
selatoriint ve antioksidan etkinligini arastirmaktir.

Gereg ve Yontem: Ligandin ve kompleksin sitotoksik
etkileri MTT yontemi kullanidarak — degerlendirildi.
Kurkumin kompleksinin SOD etkinligi, kompleksin NBT
azalumini inhibe etme kabiliyetine gére belirlendi. Buna
ilaveten, demir(IlI) kompleksinin DMSO’daki hidrojen
peroksitin disproporsiyonu reaksiyonuna yonelik katalitik
etkinligi de calisild1.

Bulgular: IC50 degetleri, 6.8 pM katalaz etkinliginde
Sleildi. Konsantrasyonun 2.0 mM, oldugu durumda
etkinlik seviyesi 183.30 U/L olarak ol¢ildi. Kompleksin
katalaz etkinligi gosterdigi ve minimal seviyede toksisiteye
sebep oldugu goruldi. IC50 degetlerinin, 5.3 mg/ml’ye
denk geldigi gorildi. Goézlenen sitotoksisitenin  takip
edilmesiyle, potansiyel bir ilacin elde edilmesinin muhtemel
oldugu gorildi. Demir selatériin etkileri Ferrozin reaktif
bilesigi ile belirlendi. Demir ve Ferrozine kompleksinin
olusmasina miidahale eden en aktif ekstraktin kurkumin
oldugu gorildi. Ayrica, kurkuminin glicli  selasyon
etkinligine sahip oldugu gériildi. Elde edilen bulgular bu
komplekslerin 6nemli derecede SOD  etkinligine sahip
olduklart  gériildii.  Dolaysiyla  bu  bulgular  demir
kompleksinin serbest radikalleri yok etme giliciine sahip
olduguna isaret etmekteditler.

Sonug: Bu calismada elde edilen bulgular, uygun bir
potansiyel ila¢ ile beraber kullanildiginda demir(II)
kurkumin kompleksinin oksidatif strese karst bir koruyucu
olarak islev gorebilecegini géstermektedir. Dolayistyla elde
edilen bitin  bulgular, kurkuminin a1 demir
yiklenmesinin tedavisinde yeni bir yaklasim olabilecegine
isaret etmekteditler.
Anahtar kelimeler:
demir(IIT)

Kurkumin, demir yiiklenmesi,
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INTRODUCTION

Iron is an essential micronutrient incorporated into
proteins responsible for cellular respiration, survival,
and growth. At the systemic level, iron is required as
a component of heme, including in hemoglobin and
myoglobin, which are vital for the delivery and
storage of oxygen. Iron is an essential element for
cellular metabolism with a major role in redox
cycling. Since it functions both as an electron donor
and an acceptor, iron is also a co-factor in the active
site of several key enzymes via critical biochemical
pathways including ATP generation, oxygen
transport, cell cycling, and DNA synthesis!->>.

Iron overload could be defined as an increase of
storage iron. Iron overload disorders represent a
heterogenous group of conditions resulting from
inherited and acquired causes. Iron can accumulate in
human in a variety of conditions, including
congenital,  systemic  iron-loading  conditions
(hereditary hemochromatosis), conditions associated
with  systemic macrophage iron accumulation
(hemolytic conditions, transfusions, etc), in some
hepatitidies (hepatitis C), and liver-specific iron
accumulation of uncertain  pathogenesis  in
cirrhosis*>. Excess iron forms insoluble complexes
that are deposited in, and cause damage to, internal
organs®.

Although iron is an essential component of life, an
excessive amount may become extremely toxic to the
human body both in its ability to generate reactive
oxygen species such as the hydroxyl radical’. The
highly reactive hydroxyl radical is able to induce cell
death through initiating a series of chemical reactions,
resulting in DNA oxidation, mitochondrial damage
and the peroxidation of membrane lipids®°.

Iron overload can be largely prevented by the use of
iron specific chelation ligands 101, Currently, three
iron chelators are licensed for clinical use. Of these,
Desferrioxamine B, a  naturally  occurring
trihydroxamic acid derived from cultures of
Streptomyces pilosus, is the only drug currently
available for clinical use as an iron chelator
Desferoxamine is highly expensive and poorly
absorbed from the gastrointestinal tract, and these
disadvantages limit its regular use in the clinic®!2.

Over the past twenty years there has been a growing
interest in the orally active iron chelators, deferiprone
and exjade, both having been extensively studied.
Deferiprone has been the first orally active iron
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chelator used in clinical practice. Deferiprone, a
typical 3-hydroxypyridine-4-one (HPO), has emerged
as a prominent therapeutic, able to remove
accumulated excess iron from the heart. Although the
oral administration route is associated with better
patient compliance deferiprone therapy may be
associated with several adverse effects. These drugs
are extremely useful in the treatment of iron
overload, but they too present some disadvantages.
Accordingly, a new avenue is required to provide
more effective treatment with lesser side effects to
patients with iron ovetload!3-16.

Curcumin is the main constituent of the Curcuma
longa. It is a natural phenolic compound which has
antioxidant, antibacterial and anti-inflammatory
properties. Curcumin can chelate numerous metal
ions and form metal curcumin complexes!72!. It is
shown that the coordination of metal ions, and so
forth, with bioactive ligands can actually improve the
pharmaceutical activity of drugs. Unfortunately, the
chelation of iron(III) in the iron overload of
curcumin action has been very less investigated?>2,

Today, some drugs are extremely useful in the
treatment of iron overload. These drugs are
extremely useful in the treatment of iron ovetload,
but they too present some disadvantages, which make
urgent the need for new chelation agents more
suitable from a clinical point of view 2°. The aim of
this study was to investigate the cytotoxicity effect,
iron chelators and antioxidant activities of iron (III)
ions with curcumin ligand that may be used in the
treatment of iron ovetload.

MATERIALS AND METHODS

Iron chelating activity

The chelation of ferrous ions by sample was
estimated by method of Dinis et al. It was measured
as described previously, by adding 0.1 mM FeSO4
(0.2 ml) and 0.25 mM ferrozine (0.4 mlL)
subsequently into 0.2 mL of curcumin. After
incubating at room temperature for 10 min,
absorbance of the solution was there after measured
at 562 nm.

Chelating activity was calculated using the following
formula: Iron chelating activity = (Acontrol — Asample)/
Acontrol X 100. Where A control is the absorbance of
control reaction (without curcumin), and A sample is
the absorbance in the presence of a curcumin.
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Superoxide dismutase (SOD) activity

The superoxide activity of the complex was
determined by using its ability to inhibit the reduction
of chromophoric nitrotetrazolium blue choride
(NBT). Briefly, superoxide radicals were generated 77
situ by the xanthine/ xanthine oxidase system, and
they subsequently react with the NBT. They were
followed spectrophotometrically by measuring the
absorbance at 560 nm. Complex with SOD activity
inhibit reaction by abstracting the superoxide
reactant. Therefore SOD performance of a complex
can be given as IC50 wvalue. This value is
concentration of the complex where inhibition of the

reaction NBT — NBT-diformazan is 50%.

Catalase activity

Catalase activity was measured using Biodiagnostic
Kit which is based on the spectrophotometric
method described by Aebi. The catalases-like
activities of different concentrations of complex was
done by reacting with known quantity of H202
catalase reacts with a known quantity of hydrogen
peroxide and the reaction is stopped after 1 min with
catalase inhibitor. In the presence of peroxidase, the
remaining hydrogen peroxide reacts with 3,5-
Dichloro-2- hydroxybenzene sulfonic acid and 4-
aminophenazone to form a chromophore with a
color intensity inversely proportional to the amount
of catalase in the sample. The absorbance was
measured at 510 nm.

Cytotoxicity assay (Cell culture and MTT
assay)

Cytotoxic effects of the compounds on the HUVEC
cell lines were evaluated by the MTT assay. The cells
were cultured in a humidified atmosphere with 5%
CO2 at 37 °C. After 24 h of the incubation of the
cells, the medium was replaced with 100 pl. medium
containing various doses of ligand and complex (50,
10, 5,1, 0.1, 0.01 mg/ml). After 72 h of the treatment,
cell viability was determined by the MTT assay. The
absorbance was measured at 570 nm on a microplate
reader (Elisa 2100C). Cell proliferation was calculated
as the ratio of absorbance in the treated group
divided by the absorbance in the control group,
multiplied by 100 to give a percentage proliferation.
IC50 is defined as the concentration of an agent
inhibiting cell survival by 50% compared with the
treated control. The IC50 values were calculated from
the dose cutrves by a computer program (CalcuSyn).
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Statistical analysis

Statistical analyses were performed by SPSS statistical
software. Data were analyzed using one way
ANOVA and expressed as mean £ SD. The data are
expressed as mean * standard deviation in triplicate
for each experimental point. The percentages of cell
growth were used to obtain the full dose response
cutves and to determine the IC50
(concentration inhibiting of 50% the cell growth
compared with control). The IC50 values were
calculated from the dose curves.

values

RESULTS

Due to its ability to undergo cyclic oxidation and
reduction, iron generates reactive oxygen species
(ROS). In the presence of molecular oxygen, the
“loosely-bound” iron is able to undergo redox cycling
between its two most stable oxidation states, namely
iron (II) and iron (III), thereby generating oxygen-
derived free radicals such as hydroxyl radicals.
Hydroxyl radicals are highly reactive and capable of
interacting with most types of biological molecules 7.
We tested my curcumin in a iron chelating assay.
Tested in the concentration range of 1 to 10 mg/mlL.
Curcumin, the most active extract interfered with the
formation of ferrous and ferrozine complex. It
demonstrated strong chelating activities. In this study
We reported for the first the strong iron chelating
activity of curcumin (IC50= 0.46, 95% CI
(Confidence Interval)= 0.39-0.43 mg/ml).

Firstly, the cytotoxic potential of ligand and complex
was investigated in HUVEC endothelial cells by the
colorimetric MTT assay. The cells were exposed to
different concentrations of complex for 72 h at 37°C.
The data were calculeted % cytotoxicity formula and
expressed as mean + S.D. against HUVEC cell line is
summarized in Table 1. It showed minimal toxicity.
IC50 values found 5.3 mg/ml.

The SOD activity of iron(III) complex of curcumin
was determined by using its ability to inhibit the
reduction of NBT. The SOD activity of the complex
prepared in this thesis were measured and IC50 and
Kcat values. In this colorimetric based assay,
superoxide is generated by xhantine-xhantine oxidase
enzyme The superoxide then converts NBT to
formazan, a colored product that absorbs light at 560
nm. The result showed that the complexes possess
considerable SOD activity with IC50 value 6.8 pM.
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The catalytic activity studies of Fe(IlI) complex in
DMSO towards the disproportionation of hydrogen
peroxide were also performed. The studies showed
that complex is catalytically active. Where at a
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concentration of 2.0 mM, the activity was equivalent
to 183.30 U/L. The complex shows an catalase
activity It may constitute a new and interesting basis
for the future search of new potential drugs.

Table 1. Cytotoxicity results for HUVEC cell lines (mean * standard deviation of n=8 experiments).

Cell line 50 mg/ml 10 mg/ml 5 mg/ml 1 mg/ml 0.1 mg/ml 0,01 mg/ml
HUVEC 56.30% 9.55 39.16x+ 3.85 18.35+ 15.62 9.43+12.75 -12.10%6.25 -7.45% 6.98
Control 7.25 + 11.30 225+ 3,12 -2.56* 5.15 -4.85% 6.42 2.55+ 3.52 1.95+ 3.45
(DMSO)
radicals. The observed cytotoxicity could be pursued
DISCUSSION ’ ! P

Iron overload is a serious clinical condition which can
be largely prevented by the use of iron specific
chelating agents. The failure to find the ideal iron
chelator can be ascribed to inherent difficulties
deriving from the biological and clinical restraints.
Curcuminoids are organic compounds existing in
turmeric, a popular spice. Curcumin is (bis[4-
hydroxy-3-methoxyphenyl]-1,6-heptadiene-3,5-
dione) a yellow spice and pigment from Curcuma
longa. While curcumin has been well-recognized as a
compound and extensively studied in experimental
cancer models, e.g. in the therapeutic models of
Alzheimer, the chelation of iron(I1I) in the biological
activity of curcumin has been studied in a limited
number of studies.

Curcumin can chelate vatious metal ions and form
metal curcumin complexes. Curcumin is also
promising because it can bind iron. Unfortunately,
the chelation of iron(Ill) in the iron overload of
curcumin action has been very less investigated?>-30.

We investigated that coordination of iron(IlI) ions
with curcumin ligand that may be used in the
treatment of iron overload. Curcumin reacted with
iron in high concentrations at physiological pH at
room temperature. Subsequently, a brown-red
complex was formed. Data regarding magnetic
susceptibility showed that the complexes with a 1:2
(metal/ligand) mole ratio had octahedral geometry.
The complex showed higher anti-oxidant effect
towards the cell line ECV304 at IC50 values of 4.83
compared to curcumin. Electrochemistry studies
showed that Fe’"/Fe?* couple redox process
occurred at low potentials. This value was within the
range of compounds that are expected to show
superoxide dismutase activity. This finding indicates
that the iron complex is capable of removing free
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to obtain a potential drug’.

In this study, the cytotoxic activities of the ligand and
the complex were evaluated by the MTT assay. The
SOD activity of the complex of curcumin was
determined by using its ability to inhibit the reduction
of NBT. The catalytic activity studies of Fe(III)
complex in DMSO towards the disproportionation
of hydrogen peroxide were also performed. The
cytotoxic activities of the ligand and the iron(III)
complex were studied on the HUVEC cells using the
MTT viability test. It showed minimal toxicity. An
IC50 value was found 5.3 mg/ml. The obsetved
cytotoxicity could be pursued to obtain a potential
drug. The catalytic activity studies of iron (III)
complex in DMSO towards the disproportionation
of hydrogen peroxide were also performed. Where at
a concentration of 2.0 mM, the activity was
equivalent to 183.30 U/L. The complex shows a
catalase activity It may constitute a new and
interesting basis for the future search for new and
more potent drugs. When the coordinate iron(I1I) ion
is present in the structure, the catalytic reactivity
greatly enhances. The SOD activity of iron(III)
complex of curcumin was determined by using its
ability to inhibit the reduction of NBT. The 1C50
values are found in 6.8 pM. The iron(I1I) complex of
curcumin shows a significant increase in the SOD
activity was found. The chelation of ferrous ions by
the sample was estimated by the method of Dinis et
al. curcumin demonstrated strong chelating activities.
In this study, we reported for the first the strong iron
chelating activity of curcumin.

In conclusion, our study confirms previous reports
on the therapeutic potential of curcumin. My results
confirm the hypothesis that curcumin acts as an iron
chelator. We in-vitro results demonstrated that
curcumin has the potential to exhibit a positive effect
on iron overload. Therefore, our results suggest that
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treatment of iron overload.
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