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Abstract

Antioxidants are the substrates which can prevent free radicals generation and protect the
cells from membrane oxidation that cause cells damage and tissue injury. In this study, we
attempted to compare between tannic acid (TA) and ascorbic acid (AS) antioxidative activity in
vitro. The study included fifty healthy subjects, and serum lipid peroxidation (LPO) was
promoted by incubation with copper ions(copper sulphate).The results illustrated that the
optimum concentration of copper to promote lipid peroxidation in sera was (0.1 M) with
incubation at 37°C for (1 hr). The concentrations of (AS) (10°and 10 M) could not inhibit
(LPO), whereas the concentrations (103, 10, 10, 0.2) had a certain effect on (LPO) and could
not decrease malondialdehyde (MDA),LPO marker, levels to the normal values with negative
correlation coefficient ( r=-0.72 ).Yet all TA concentrations(10®°, 10%, 103, 10? 10?, 0.2, 0.3)M
were able to inhibit (LPO) and decrease (MDA) levels to the normal values at concentrations
(10" M and up ), also TA concentrations were correlated negatively with ( MDA) levels (r =-
0.90).
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Introduction

Reactive oxygen species including free radicals are naturally occurring in the body as a
result of biochemical reactions during normal cellular processes (1-3). They can be increasingly
formed in response to many factors such as excess pollution, too much UV sunlight, exposure to

cigarette smoke, as well as inflammation processes (4-7). Additionally several in vivo and in vitro
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studies had been reported that human free radicals formation processes can promoted by
copper, Habber — Weiss reaction,(8-10). It is well known that the high amounts of free radicals in
human body have implicated in certain chronic and aging disease such as cancers, heart disease,
stroke, rheumatoid arthritis, and Alzheimer's disease(11-15). Yet free radicals generation could
prevent by antioxidants that help to inhibit the many oxidation reactions caused by free radicals
thereby preventing or delaying damage to the cells and tissues. Generally some antioxidants are
synthesized within the cells (endogenous antioxidants) such as albumin, transferrin,
ceruloplasmin...etc. While the others need to be provided in the diet (exogenous antioxidants)
such as vitamins, C,E,A, and polyphenolic compounds(15,16). Natural polyphenols such as
ellagic acid, tannic acid, and gallic acid are a class of phytochemicals found in high
concentrations in tea, nuts, berries, cocoa, and a wide variety of other plants(18-20). The
antioxidant activity of polyphenols may account for the results of a number of clinical and
epidemiological studies suggesting that they may have a protective role in conditions such as
cardiovascular disease.(21-26), wide variety of cancer types, antibacterial effects, and dental
caries(27-29). It is known that vitamin C is a water soluble antioxidant and it is able to trap and
scavenge the aqueous peroxyl radicals .Truly vitamin C has a complementary role for vitamin
E, the lipid soluble antioxidant (30),.

From such a serious situation it is important to study the effects of tannic acid, one of
polyphenols, on oxidation promoted by copper ions in vitro in this research, and to compare
these effects with vitamin C activity, exogenous antioxidant,.

Design of the Study

The study was conducted in college of science in Thi-Qar University during the period from
October, 20, 2005 to January, 10, 2006. The blood samples were collected from fifty healthy
subjects (28 male and 22 female) aged (16-41) year.

Blood Sampling

(6 mL) of blood were withdrawn by venipuncture from each subjects at (9-11) a.m. and

transferred into disposable tube. At once the samples were used in the experiments and analysis.

Materials and Methods

Blood Treatment with Copper Sulphate
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Each (2 mL) of blood samples were treated with several different concentration of CuSO4
(BDH,England) (0.01, 0.025, 0.05, 0.075, 0.1, 0.15, 0.2 ) M in presence of phosphate buffer(
Randox Laboratories, England ) (2 mL, pH = 7.5) . The treated samples were incubated at 37 C
for one hour. After centrifugation of samples for 10 min at 600 g, malondialdehyde concentration

was measured in serum according to (Fong et. al 1973) which is described below.

Blood Treatment with Tannic Acid and Vitamin C (L-Ascorbic Acid)

After treatment of samples with copper sulphate(according to the above method), each one
of them was treated with one concentration of tannic acid (Segma Co. Germany) (10°, 10*, 107,
102, 10") M .Another samples were also treated with the same concentrations of vitamin
C(Segma Co. Germany). The treated samples then were incubated at 37 C for one hour. Serum
malondialdehyde was measured after centrifugation of samples.
Determination of Serum Malondialdehyde

Determination of serum malondialdehyde level that consider as a lipid peroxidation marker
were performed according to the method of Fong et a1.1973(31).1n this method MDA reacts with
thiobarbituric acid (TBA) (Segma Co. Germany) in shaking water bath for 90 min at 60 C to
developed a colored complex MDA (TBA), which measured at 532 nm after cooling and

centrifugation for 10 min at 600 g.

Statistical Analysis

The data presented were the means and standard deviations. Correlation coefficient(r) was

used to illustrate relations among certain parameters.

Results & Discussion

It is well known that free radicals and reactive oxygen species, when they formed in the body,
attack the normal cells to damage them and lead to tissue injury(2). Lipid peroxidation is one of
several processes which is initiated by free radicals activities on lipids of cell membranes.
Therefore, in this study, malondialdehyde (MDA) (an end product of lipid peroxidation) was
depended to evaluate free radicals generation and lipid peroxidation status.

Table (1) and figure (1) showed a significant elevation in serum MDA concentration when
different concentrations of copper sulphate were added to sera. However the highest elevation in
MDA levels was reported at 0.1 M of CuSO4.Also the incubation time, after addition, was found

to be effective on MDA level as shown in table (2) and figure (11). Truly the highest concentration



of MDA was observed after one hour of incubation at 37 C. It is notable that the MDA levels

were found to increase with time of incubation.

The role of transition metals such as copper ion as a promoter of lipid peroxidation was
reported in several studies and investigations (8-10). Generally, transition metals remain tightly
bound to binding protein in vivo and are not available to participate in the oxidative biological
reactions. However, in the presence of free copper ions, a sequence of two reaction steps can
occur that results in hydroxyl radical ((OH) generation. In the first step, hydrogen peroxide
(H20,) can produce the hydroxyl radical by removing an electron from the participating copper
ion. In the second step, involving the superoxide radical ("O; ), the original copper ions are
regenerated so that they are again available for reaction with the hydrogen peroxide(32). This
combination of two chemical reactions appears to account for most of the hydroxyl radical
production in biological systems and explains, at least in part, why copper produce lipid

peroxidation which assured in the present study.

The investigation of the effect of vitamin C on lipid peroxidation status in vitro illustrated that
the mentioned vitamin has a certain role as antioxidant agent against copper mediated oxidation
as shown in table (3) and figure (Il11).Furthermore the data in table (3) of ascorbic acid
concentrations (107, 10, 10®) were found to be ineffective on lipid peroxidation status, serum
MDA levels (51, 52, 49) nmol/mL respectively reflect this foundation,. Whereas the
concentrations of ascorbic acid (102 and up) were able to decrease serum MDA levels
significantly compared to the lower concentrations of it.

Vitamin C (found in two forms shown in figure IV) acts as a potent antioxidant by
scavenging physiologically relevant reactive oxygen, chlorine, and nitrogen species. Several
studies have shown that antioxidant nutrient supplementation, especially vitamin C was effective
in protecting the lipids, proteins and DNA against oxidation in vitro and in vivo.(33-35).Generally

ascorbic acid (AscH;) scavenges free radicals by a known mechanism as shown below:-
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The produced radical (Asc”) could be removed by the reaction below which represents the
principal route to eliminate the Asc-- in vitro.As for in vivo it is thought that reducing enzymes
are involved in the removal of this radical, resulting in the recycling of ascorbate (36 )

ZASC"_-I-_H_>' AscH + DHA

In this study the results assured the antioxidant role of tannic acid against copper mediated lipid
peroxidation in vitro. Table (4) and figure (V) illustrate that all used concentrations of tannic

acid have the ability to decrease serum MDA levels.

Tannic acid is a typical hydrolyzable tannin (a mixture of gallotannin figure V). It consists of a
glucose core, which covalently links to 3-5 gallic acid residues through ester bonds. In addition,
each gallic acid residue can covalently link to other gallic acid molecules as shown in the
mentioned figure (37). In fact this asteriated structure of tannic acid may be the essential factor
by which it has the antioxidant activity(37). Furthermore the high inhibition activity of tannic
acid for copper mediated lipid peroxidation might ascribe to two characteristics: the first is the
chelating ability of tannic acid to transition metals including copper that promotes free radicals
generation as shown above. The second is the presence of multiple phenolic groups which are
able to donate their hydrogens to neutralize the free radical groups and convert them to stable
molecules. The results of the present study reported that lipid peroxidation marker (MDA)
correlates negatively to tannic acid concentrations with good correlation coefficient ( r=-0.90 ),
this truly demonstrates that tannic acid has an effective role as in vitro free radicals scavenger
more than vitamin C as shown in figure (VIII). These results are compatible with the results of
several studies which have demonstrated the antioxidative features of polyphenols such as tannic
acid as the primary mechanism of cell rescue from membrane lipid peroxidation, and the

reported values of effective polyphenols concentration in the range of (5-50 uM)(38-41).
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Conclusions

Serum lipid peroxidation can be promoted in vitro by copper ions when incubated for 1 hr at
37 °C . Ascorbic acid has a certain role as antioxidant and it is capable of minimizing lipid
peroxidation marker (serum MDA) to median levels. However tannic acid has ability to inhibit
copper mediated lipid peroxidation more than ascorbic acid in vitro and it can minimize serum
MDA to the normal value. More studies must perform for in vivo antioxidant activity of tannic

acid in the future.
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Table(1)

Effect of different concentrations of copper sulphate on serum lipid peroxidation(MDA) levels

n. of samples | CuSO4 Conc. (M) Serum MDA

Conc.(nmol/mL)
5 0 13.2+2.1
5 0.01 20.7 £2.8
5 0.025 27.0+19
5 0.05 38.7+4.1
5 0.075 46.5 £3.3
5 0.1 45.1 4.7
5 0.2 52.3+4.1
5 0.3 51.1 +3.8

Table(2)

Effect of incubation time on serum lipid peroxidation(MDA) levels in presence of (0.1) m of

copper sulphate

n. of samples | Incubation Time Serum MDA

Conc.(nmol/mL)
5 Immediately 18.2 1.2
5 10 min. 295+14
5 15 min. 31.1+1.1
5 30 min. 40.2 £1.8
5 1 hr. 49.2 £1.5
5 2 hr. 52.7 1.2
5 4 hr. 51.9+19
5 8 hr. 50.1+1.7




Table(3)
Effect of different concentrations of ascorbic acid on serum lipid peroxidation(MDA) levels in

presence of (0.1) m of copper sulphate

n. of samples | Ascorbic Acid Conc. | Serum MDA

(M) Conc.(nmol/mL)
5 0 52.3 +3.0
5 107 51.5+3.1
5 10™ 52 .1+2.4
5 103 49.8 +1.7
5 102 26.2 +1.9
5 10" 27.5+2.7
5 0.2 25.4 +2.1

Table(4)

Effect of different concentrations of tannic acid on serum lipid peroxidation(MDA) levels in

presence of (0.1) m of copper sulphate

n. of samples | Tannic Acid Conc. Serum MDA

(M) Conc.(nmol/mL)
5 0 52.3+3.0
5 10° 49.2 +2.1
5 10 43 1427
5 107 40.1 #2.1
5 107 22.7+2.5
5 107 13.0 +1.4
5 0.2 11.5+1.8
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