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Abstract:

The protective effect of epigallocatechin-3-gallate (EGCG) against cigarette smoke (CS) induced alterations in human erythrocyte

was studied using an in vitro model. Hemolysis, carboxyhemoglobin, osmotic fragility, hemin, lipid peroxidation (LPO), protein

thiol, protein carbonyl, glutathione, antioxidant enzymes, membrane bound ATPases and erythrocyte ghost protein were assessed to

investigate the effect of EGCG. Erythrocytes were incubated with CS and/or 10 µM EGCG under physiological conditions of tem-

perature and pH for 2 h. CS significantly increased the percentage of hemolysis, carboxyhemoglobin, hemin, LPO and osmotic fra-

gility in human erythrocytes whereas EGCG pretreatment significantly reduced all the above parameters. The levels of protein

carbonyls significantly increased whereas the level of protein thiol decreased significantly in erythrocytes incubated with CS. EGCG

pretreatment significantly decreased the levels of carbonyls and increased the level of protein thiol. The level of glutathione, antioxi-

dant enzyme and membrane bound ATPases were decreased significantly in erythrocytes incubated with CS. However, EGCG pre-

treatment significantly increased the activities of GSH, antioxidant enzymes and membrane bound ATPases. CS incubated

erythrocytes showed a progressive loss of the cytoskeleton proteins and formation of low molecular weight bands and protein aggre-

gates. EGCG pretreatment of CS incubated erythrocytes showed a near normal protein profile compared to that of control erythro-

cytes. The present study divulges that EGCG can reduce the abnormalities of cigarette smoking by ameliorating the oxidative stress.

This finding raises the possibility that EGCG may provide protection from CS induced toxicity.
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Abbreviations: DTNB – 5,5’-dithiobis(2-nitrobenzoic acid),

GTE – green tea extract, LPO – lipid peroxidation, MDA – ma-

londialdehyde, NADPH – reduced nicotinamide adenine dinu-

cleotide phosphate, OD – optical density, ROS – reactive oxygen

species, TBA – thiobarbituric acid, TCA – trichloroacetic acid

Introduction

Cigarette smoking is one of the most prevalent social

habits practiced worldwide today and is a leading pre-

ventable cause of death and disability. There is an es-

timated 1.3 billion smokers and ~5.4 million deaths

per year attributed to smoking, and this number is ex-

pected to rise to 8 million in 2030. [44]. Smoking is

a well-established cause of lung cancer, chronic ob-

structive pulmonary disease (COPD), cardiovascular

diseases, cereberovascular disease, and other cancers

[42]. Cigarette smoke (CS) exposure, either active or

passive has been epidemiologically established as

a major risk factor for atherosclerotic vascular dis-

eases [6] which operates through its complex effects

on blood rheology as well as erythrocyte morphology

and structural integrity [7, 24]. It is well documented

that CS affects flow properties of blood [14]. Erythro-

cytes contain multitude defense mechanisms against

exogenous free radicals [25] and have been adopted
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as an excellent in vitro model for the study of bio-

membrane toxicity [7, 38, 45].

CS is a complex mixture of over 4800 identified

constituents that include high concentrations of free

radicals, reactive oxygen and nitrogen species, reac-

tive aldehydes, and diverse metals [34]. One of the

prominent deleterious effects of CS is the oxidative

damage of biological macromolecules including pro-

teins and lipids [13, 36]. Antioxidant supplementation

has been proved to be an ameliorator of oxidative stress

in cigarette smoking related diseases [3, 33]. One of such

potentially health-promoting beverages is green tea.

Green tea and its constituent catechins, namely

(–)-epicatechin (EC), (–)-epicatechin-3-gallate (ECG),

(–)-epigallocatechin (EGC), (–)-epigallocatechin-3-gallate

(EGCG), are best known for their antioxidant proper-

ties [10]. The potent antioxidative actions of green tea

are associated with ECG and EGCG because their

chemical structures have galloyl moieties, which is

absent in other catechins. Moreover, only EGCG has

two triphenolic groups in its chemical structure and

therefore, these specific structural characteristics must

affect antioxidative potency [22]. EGCG has received

special attention for its anticancer, anti-oxidant, an-

tiviral, anti-neurodegenerative, anti-apoptotic, vasore-

laxant and hypoglycemic activities [18, 43]. Tea cate-

chins were also shown to reduce the risk of cardiovas-

cular disease due to its potent antioxidative activity

[5]. Numerous studies reveal that EGCG scavenges

a wide range of free radicals, including singlet oxy-

gen, superoxide anions, peroxyl radicals and also the

most reactive hydroxyl radicals, which initiate lipid

peroxidation (LPO) [28]. With all this background,

this study was designed to determine the effect of CS

on human erythrocytes membrane and the possible

protective effect of EGCG on damage induced by CS.

To elucidate the underlying mechanism, investiga-

tions were carried out on hemolysis, carboxyhemo-

globin (CoHb), osmotic fragility, hemin, LPO, protein

carbonyl, protein thiol, GSH, antioxidant enzymes,

membrane bound enzymes and membrane proteins in

human erythrocytes.

Materials and Methods

Chemicals

All fine chemicals including EGCG, butylated hy-

droxytoluene (BHT), thiobarbituric acid (TBA), tetra-

ethoxypropane (TEP), 2,4-dinitrophenylhydrazine

(DNPH), 5,5’-dithiobis(2-nitrobenzoic acid) (DTNB),

tris(hydroxymethy1)aminomethane (Tris), sodium

dodecyl sulfate (SDS), acrylamide, bis-acrylamide,

tetramethylethylenediamine (TEMED), Coomassie

blue, and BSA were purchased from Sigma Chemical

Co., USA. All other chemicals used were of good qual-

ity and analytical grade.

Blood collection

Blood samples were collected into tubes containing

EDTA-2Na from four normal healthy human male

volunteers of age 25–30 years. They were non-obese,

non-smokers and non-consumers of alcohol. They

were free of any medication, drugs or nutrient supple-

mentation. The study was conducted according to the

norms approved by the Institutional Ethical Commit-

tee for the Protection of Human Research Subjects.

Isolation of erythrocytes

Erythrocytes were isolated by centrifugation for 20 min

at 1000 × g. The plasma and buffy coat were removed

by aspiration. The cells were washed three times with

310 mOsm isotonic phosphate buffer, pH 7.4 and finally

suspended in an equal volume of the same buffer. This

constituted the erythrocyte suspension [9].

Experimental design

Erythrocytes suspension was exposed to CS and/or in-

cubated with EGCG as given below and the protocol

was repeated five times.

Group I – Control erythrocytes

Group II – Erythrocytes + 10 µM EGCG

Group III – Erythrocytes + CS

Group IV – Erythrocytes + CS +10 µM EGCG

Smoke exposure of erythrocytes

CS exposure system was a modification of that de-

scribed by Frei et al. [13]. In brief, 20 ml of erythro-

cyte suspensions was placed in a 250 ml glass Erlen-

meyer stoppered flask with a side arm. The side arm

was connected to pipette pump (vacuum suction

pump). An Indian commercial filter-tipped cigarette

scissors (74 mm) with a tar content of 25 mg was

mounted in a 500 µl pipette tip glass tube that pene-

trated the hole in the stopper of the flask and extended
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down past the side arm and ended about half way

from the bottom of the flask containing erythrocyte

suspensions. The cigarette was lit and 25–50 ml

whole phase CS was slowly introduced into the flask

by applying mild suction of pipette suction pump. The

side arm was clamped and the flask was put into

a metabolic shaker at 37°C for 20 min. The process

was repeated for 6 puffs over a 2 h period with 20 min

intervals. The whole process was so devised as to

simulate the manner in which the respiratory tract lin-

ing fluid is exposed to CS during the process of smok-

ing by the smokers. Much as a measure to mimic the

act of smoking, the smoke was permitted to come into

contact with the thin layer of erythrocyte solution in

the bottom of the flask avoiding direct bubbling. Con-

trol erythrocyte samples were incubated in room air in

similar flasks at 37°C and were exposed to fresh room

air every 15–20 min instead of CS.

Isolation of erythrocytes and erythrocyte

membranes

Erythrocytes and their membranes were isolated from

the control and experimental groups according to the

method of Dodge et al. [9] with slight modifications.

Packed cells were washed with isotonic saline to

remove the buffy coat. Different aliquots of packed

cells were thoroughly washed with Tris-buffer,

0.31 M, and pH 7.4. These were used for the determi-

nation of several biochemical parameters. Then, an-

other aliquot of packed cells was subjected to hemoly-

sis by adding hypotonic Tris-buffer, 0.015 M, pH 7.2.

After 4–6 h, the erythrocyte ghosts were sedimented

by high speed centrifugation at 12,000 rpm, for

40–45 min, at 4–6°C. The supernatant (hemolysate)

was used for the analysis of antioxidants. The erythro-

cyte membrane pellets were suspended in 0.02 M

Tris-buffer, pH 7.2, and subjected to various bio-

chemical investigations.

Oxidative stress indices

Hemolysis was determined by the method of Senturk

et al. [41]. The concentration of CoHb was measured

by the method of Salvati and Tentori [39]. Osmotic

fragility was measured by a slightly modified method

of O’Dell et al. [29]. The amount of hemin associated

with erythrocyte membranes was measured in mem-

brane pellet resuspended in 1% SDS in PBS by Shi-

madzu UV–VIS spectrophotometer at 408 nm by the

method of Atamna and Ginsurg [4]. TBARS levels in

the erythrocyte and membrane were determined by

a modified version of the method described by Oh-

kawa et al. [32]. The data are expressed as µmoles of

TBARS produced/mg protein. Conjugated dienes

were estimated by the method of Klein [20]. Protein

carbonyls in red blood cell membranes were deter-

mined as reported by Amici et al. [2]. The results

were expressed as nmol of protein carbonyls/mg

membrane protein, based on the absorbance molar co-

efficient of 22,000 for aliphatic hydrazones at 365 nm.

The concentration of protein-SH groups in the mem-

brane proteins was measured as described by Habeeb

[15]. Sulfhydryl concentration was calculated from the

net absorbance and molar absorptivity, 13,600 mol × l��

× cm��� Nonprotein thiol reduced glutathione (GSH)

was estimated by the method of Ellman [11] and the

amount of glutathione is expressed as µmoles/mg pro-

tein.

Determination of antioxidant enzymes and

membrane bound enzymes

Superoxide dismutase (SOD) was measured by the

method of Misra and Fridovich [27] and the activity

of SOD is expressed as the units/mg protein. Catalase

(CAT) was determined by the method of Aebi [1] and

the activity of CAT is expressed as µmoles of H�O�

decomposed/min/mg protein of tissue. Glutathione

peroxidase (GPx) was assayed by the method of Ro-

truck et al. [37] and the activity of GPx was expressed

as nmoles of glutathione oxidized/min/mg protein. Ac-

tivities of Na�/K�, Ca�� and Mg��-ATPase from eryth-

rocyte membranes were determined by he method of

the Bonting [8], Hjerten and Pan [17] and Ohinishi et

al. [31], respectively. The activities were indirectly

measured by estimating the phosphorous liberated af-

ter the incubation of erythrocytes membrane in a reac-

tion mixture containing the substrate ATP. The phos-

phorus content was then estimated by the method of

Fiske and Subbarow [12] and the activity of ATPases

were expressed as µg of phosphorus liberated/min/mg

protein. The protein content was estimated by the

method of Lowry et al. [23].

Analysis of red blood cell membrane proteins

SDS polyacrylamide gel electrophoresis (SDS-PAGE)

of the membrane was performed by Laemmli [21].

The prepared erythrocyte membranes were solublized
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to a final concentration of 100 µg protein/ml in

Laemmli sample buffer solution (containing 2% SDS,

10% (v/v) glycerol, 0.03% bromophenol blue, 63 mM

Tris-HCl, pH 6.8) and put in a boiling water bath for

10 min. The solubilized membrane proteins were

loaded onto a 4% stacking gel and allowed to run

through a 12% separating gel. Electrophoresis was

carried out for 90 min. Protein bands were visualized

by staining with Coomassie brilliant blue R-250. The

gel system was calibrated for molecular weight deter-

mination by measuring the migration of standard pro-

teins (range 16–205 kDa).

Statistical analysis

All the data were analyzed with SPSS/10 student soft-

ware. Hypothesis testing methods included one way

analysis of variance (ANOVA) followed by LSD. The

values are expressed as the mean ± SD for 5 different

sets of experiments and results were considered sig-

nificantly different if p < 0.05. Statistically significant

variations are compared as follows: control erythro-

cytes vs. erythrocytes + CS; erythrocytes + CS vs.

erythrocytes + CS + 10 µM EGCG; control erythro-

cytes vs. erythrocytes + 10 µM EGCG.

Results

The level of percentages of hemolysis, CoHb and

hemin in control and experimental erythrocytes are

presented in Table 1. CS significantly increased the

percentage hemolysis, CoHb and hemin as compared

to control erythrocytes (p < 0.05). Hemin was not ex-

tracted from membranes of control erythrocytes.

However, EGCG pretreatment significantly (p < 0.05)

reduced the hemolysis, CoHb and hemin in CS ex-

posed erythrocytes.

Mean values of % hemolysis were plotted against

saline concentration and the osmotic fragility curves

of control erythrocytes, CS exposed erythrocytes and

EGCG pretreated-CS exposed erythrocytes are shown
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Tab. 1. Levels (the mean ± SD) of % hemolysis, CoHb and hemin (n = 6) of control and experimental erythrocytes

Parameters Control erythrocytes Erythrocytes + 10 µM EGCG Erythrocytes + CS Erythrocytes + CS + 10 µM EGCG

% Hemolysis 5.4 ± 0.42 5.8 ± 0.37�� 63.2 ± 4.8* 28.7 ± 2.2�

CoHb % 2.81 ± 0.18 2.34 ± 0.24�� 5.92 ± 0.68* 3.54 ± 0.45�

Hemin µmoles/mg protein _ _ 58.5 ± 0.45 36.4 ± 0.22�

�� Non significant vs. control erythrocytes; * p < 0.05 vs. control erythrocytes; � p < 0.05 vs. erythrocytes + CS; – hemin was not extracted from
the control erythrocytes and erythrocytes + 10 µM EGCG
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Fig. 1. The effect of EGCG on osmotic
fragility curves of control and experi-
mental erythrocytes. The mean of %
hemolysis was determined and plotted
against the corresponding saline con-
centration. Fifty % hemolysis of control
erythrocytes, erythrocytes + CS and
erythrocytes + CS + 10 µM EGCG oc-
curred at 4, 7, and 6 g/l of saline. Con-
trol erythrocytes were capable of re-
sisting the hypotonicity until a concen-
tration of 4 g/l. Cigarette smoke ex-
posed erythrocytes could resist itself
until a saline concentration of 7 g/l.
However, erythrocytes + CS + 10 µM
EGCG resist itself until a saline con-
centration of 6 g/l



in Figure 1. Hemolysis in hypotonic saline was high-

est in CS exposed erythrocytes, whereas control eryth-

rocytes showed the lowest percent of lysis (p < 0.05).

Fifty percent hemolysis of CS exposed erythrocytes

occurred at 7 g/l saline concentration. In control

erythrocytes, 50% hemolysis occurred at a low saline

concentration of 4 g/l. EGCG pretreated-CS exposed

erythrocytes, showed 50% hemolysis at a saline con-

centration of 6 g/l. Therefore, the control erythrocytes

were less fragile and able to withstand the hypotonic-

ity whereas CS exposed erythrocytes were more frag-

ile and less resistant to hypotonicity. The EGCG

pretreated-CS exposed erythrocytes showed increased

resistance to hypotonicity.

The levels of lipid peroxides, conjugated diene,

protein carbonyl, protein thiol and GSH in hemo-

lysate of control and experimental erythrocytes are

presented in Table 2. CS exposed showed signifi-

cantly increased (p < 0.05) levels of lipid peroxides,

conjugated diene and protein carbonyl, and signifi-

cantly decreased (p < 0.05) levels of protein thiol and

GSH as compared to control group. EGCG pretreat-

ment protected erythrocytes from CS induced dam-

ages significantly (p < 0.05) by decreasing the levels of

�����������	��� 
������ ����� ��� ������� 895

EGCG and CS injured erythrocytes
���������	 
���������	�	 �	� ���� �����	 �������� ��

Tab. 2. Levels (the mean ± SD) of lipid peroxides, conjugate dienes, carbonyls, thiols and GSH (n = 6) in hemolysate and lipid peroxides, car-
bonyls, thiols in membrane of control and experimental erythrocytes

Parameters Control
erythrocytes

Erythrocytes +
10 µM EGCG

Erythrocytes + CS Erythrocytes + CS +
10 µM EGCG

Hemolysate

Lipid peroxides (µmoles of TBARS formed/l) 2.5 ± 0.08 2.1 ± 0.17�� 16.7 ± 0.84* 7.3 ± 0.33�

Conjugated dienes (ratio of A
���

/A
���

) 0.34 ± 0.01 0.31 ± 0.02�� 0.67 ± 0.07* 0.47 ± 0.02�

Protein carbonyl (nmol/mg protein) 6.23 ± 0.2 5.45 ± 0.6�� 34.6 ± 2.6* 10.4 ± 1.4�

Protein thiols (µmoles/l) 10.53 ± 0.7 10.35 ± 0.6�� 4.62 ± 0.2* 7.82 ± 0.5�

GSH (µmoles/mg protein) 2.33 ± 0.12 2.42 ± 0.08�� 1.62 ± 0.02* 2.42 ± 0.08�

Erythrocyte membrane

Lipid peroxides (µmoles of TBARS formed/l) 5.6 ± 0.38 5.4 ± 0.25 �� 24.6 ± 0.58* 24.6 ± 0.58�

Protein thiols (µmoles/mg membrane protein) 56.3 ± 0.4 55.6 ± 0.3 �� 28.5 ± 0 .7* 41.4 ± 0.6�

Protein carbonyls (nmoles/mg membrane protein) 6.4 ± 0.36 6.1 ± 0.27 �� 28.3 ± 0.18* 12.6 ± 0.78�

�� Non significant vs. control erythrocytes; * p < 0.05 vs. control erythrocytes; � p < 0.05 vs. erythrocytes + CS

Tab. 3. Levels (the mean ± SD) of antioxidant enzymes and membrane bound enzymes of control and experimental erythrocytes

Parameters Control erythrocytes Erythrocytes
+ 10 µM EGCG

Erythrocytes + CS Erythrocytes
+ CS + 10 µM EGCG

Antioxidant enzymes

SOD (units/mg protein) 1.85 ± 0.02 1.81 ± 0.12 �� 1.45 ± 0.02* 1.72 ± 0.08�

CAT (µmol/min/mg protein) 27.28 ± 0.075 26.21 ± 0.058�� 21.12 ± 0.010* 24.21 ± 0.058�

GSH-Px (nmol/min/mg protein) 147.16 ± 0.014 148.6 ± 0.051�� 96.50 ± 0.0187* 112.6 ± 0.012�

Membrane bound enzymes

Na�/K�-ATPases (units/mg protein) 6.66 ± 0.22 6.17 ± 0.41�� 2.56 ± 0.15* 4.83 ± 0.38�

Ca�� -ATPases (µmol/min/mg protein) 12.53 ± 0.82 13.24 ± 0.68�� 5.36 ± 0.41* 9.66 ± 0.51�

Mg��-ATPases (nmol/min/mg protein) 4.68 ± 0.52 4.87 ± 0.18�� 1.33 ± 0.75* 3.50 ± 0.32�

�� Non significant vs. control erythrocytes; * p < 0.05 vs. control erythrocytes; � p < 0.05 vs. erythrocytes + CS



lipid peroxides, conjugated dienes and protein car-

bonyl and increasing the level of protein thiol and

GSH.

The levels of lipid peroxides, protein carbonyl, pro-

tein thiol in membrane of control and experimental

erythrocytes are presented in Table 2. CS exposure

significantly increased (p < 0.05) the levels of mem-

brane lipid peroxides, protein carbonyls and signifi-

cantly decreased (p < 0.05) the level of protein thiols

as compared to control group. However, EGCG pre-

treatment protected erythrocytes from CS by signifi-

cantly (p < 0.05) decreasing the levels of lipid perox-

ides, protein carbonyls and significantly (p < 0.05) in-

creasing the levels of membrane thiols.

The activities of antioxidant enzymes SOD, CAT

and GPx and membrane bound ATPases: Na+/K+-

ATPase, Ca2+-ATPase and Mg2+-ATPase in control

and experimental erythrocytes are presented in Table 3.

The activities of SOD, CAT, GPx, Na+/K+-ATPase, Ca2+

ATPase and Mg2+-ATPase were found to be reduced

significantly in CS exposed erythrocytes as compared to

control erythrocytes (p < 0.05). But EGCG pretreatment

significantly increased (p < 0.05) the activities of SOD,

CAT, GPx, Na+-K+-ATPase, Ca2+-ATPase and Mg2+-

ATPase in CS exposed erythrocytes.

CS exposed erythrocytes showed a progressive loss

of the cytoskeleton proteins and formation of low mo-

lecular weight bands and protein aggregates (Fig. 2).

EGCG pretreatment of CS exposed erythrocytes

showed a near normal protein profile compared to that

of control erythrocytes.

Discussion

In the present investigation, CS was shown to in-

crease percent of hemolysis, CoHb and hemin levels

in human erythrocytes. Earlier experimental evi-

dences suggest that cigarette smoke tar extract expo-

sure caused erythrocytes membrane damage [7].

Smokers have increased CoHb levels than non-

smokers and environmental tobacco smoke has been

shown to increase CoHb levels in non-smokers [40].

Cigarette smoke is a complex milieu possessing an ar-

ray of free radicals and reactive oxygen species

(ROS), namely hydroxyl, peroxyl, nitric oxide, and

superoxide radicals [35], which may oxidize the he-

moglobin. However, supplementation of EGCG re-

duced the percentage of hemolysis, CoHb and hemin

levels. In vitro EGCG was shown to reduce erythro-

cyte hemolysis due to its intracellular scavenging ef-

fect on superoxide anion, singlet oxygen, H�O�, metal

ion chelation and chain interruption of LPO [46]. It is

suggested that the vicinal-trihydroxyl group and 3-

gallate esters in catechins play an important role in

antioxidant activity, radical scavenging and prevent-

ing oxidative destruction of biological compounds

[5].

In our study, CS exposed erythrocytes showed in-

creased osmotic fragility compared to control erythro-

cytes. Further, CS exposed erythrocytes showed in-

creased lipid peroxidation, hemin accumulation and

decreased GSH, being the reason for increased os-

motic fragility. However, EGCG pretreatment signifi-

cantly increased the resistance to hemolysis. Owing to

the number and arrangement of their phenolic hy-

droxyl groups, catechins are excellent electron donors

and efficient scavengers of superoxides, peroxyl, hy-

droxyl and peroxynitrite radicals [5], leading to de-

creased LPO and showed increased resistance to hy-

potonic saline.

The results from the current study show that CS

caused a significant increase in TBARS formation

and decreased GSH level. CS has ROS and toxic

chemical loads including aldehydes which might ele-

vate the level of TBARS and depletes GSH in human

erythrocytes [7, 24]. However, EGCG pretreatment
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Fig. 2. The effect of EGCG on erythrocyte membrane proteins ana-
lyzed by using SDS-PAGE gel electrophoresis. Lane 1: Control eryth-
rocytes; lane 2: Erythrocytes + CS; lane 3: Erythrocytes + CS + 10 µM
EGCG; lane 4: Erythrocytes +10 µM EGCG



reduced lipid peroxidation and restored the GSH level

in CS exposed erythrocytes. Tea catechins has been

shown to quench superoxide effectively and scavenge

the hydroxyl, and peroxyl radicals, by reducing the level

of LPO, which spares GSH in human erythrocytes [16,

28].

In the present study, a significant decrease in pro-

tein thiols and an increase in protein carbonyls in CS

exposed erythrocytes were reported. In vitro exposure

of human plasma to CS causes a decrease in protein

thiols and increases protein carbonyls [36]. The

source of the accumulation of protein carbonyls was

attributed mainly to the volatile aldehydes present in

CS [30]. However, EGCG supplementation signifi-

cantly decreased protein carbonyls levels, and re-

stored the protein thiols level. EGCG has been shown

to quench superoxide radicals, and effectively scav-

enge the hydroxyl, peroxyl and nitric oxide radicals

[28], that might prevent the oxidation of thiol groups

in proteins. By virtue of their hydrogen-donating

properties of the polyphenolic hydroxyl groups, tea

catechins act as reducing agents and causes decreased

protein carbonyls level on in vitro exposure of CS to

bovine serum albumin [26].

Depletion in the activities of SOD, CAT and GPx

in the CS exposed erythrocytes may be due to the in-

creased utilization of these antioxidants to counteract

LPO. It has been reported a decreased activity of

SOD, CAT and GPx, in hemolysates on exposure to

benzo(a)pyrene, the CS product [19]. The superoxide,

peroxyl radicals and lipid hydroperoxides [34] over-

load might inhibit these antioxidant enzymes. EGCG

administration increased the activities of SOD, CAT,

and GPx and these findings are consistent with a re-

cent report that EGCG can induce antioxidant en-

zymes [5]. EGCG by scavenging superoxide, H2O2,

and hydroxyl radical, restored the level of antioxidant

enzymes [28].

Our data also demonstrate that CS exposure inhib-

ited Na+/K+-ATPase, Ca2+-ATPase and Mg2+-ATPase

activities in erythrocytes. The damage to RBC mem-

brane by oxidative agents was reported to alter the ac-

tivities of membrane bound enzymes [45]. The mem-

brane LPO and protein degradation by CS free radi-

cals may be the contributory factor for the decrease in

activities of these membranes bound enzymes. EGCG

significantly increased the activity of membrane

bound ATPases. Saffari and Sadrzadeh [38] have re-

ported that EGCG administration resulted in an in-

crease in the activities of membrane bound ATPases.

The protective effect of EGCG in this system was ei-

ther due to scavenging of peroxides before attacking

the membrane and/or due to the blocking the oxida-

tion of membrane lipids [22, 28].

The SDS-PAGE of the erythrocyte ghosts exposed

to either CS and/or EGCG for 2 h is presented in Fig-

ure 2. Incubation of erythrocytes with CS resulted in

significant changes like aggregation and fragmenta-

tion of protein bands. Previously, aggregation in the

protein bands was documented in CS exposed lung

microsomal protein [33]. However, EGCG prevented

these alterations in the protein caused by CS exposure

in erythrocyte ghosts. Tea catechins efficiently pre-

vent degradation of proteins associated with erythro-

cyte membrane [16]. The preventive effect of EGCG

on the alteration in protein bands indicates the protec-

tive role offered by EGCG on CS induced bio-

molecular damage.

Virtually, one third of the world’s populations are

direct or indirect smokers and the hazardous effect of

smoking is a global public health problem of great

concern. Discouraging smoking would definitely be

the best measure to eradicate this deleterious practice.

In conclusion, the present study indicate that ciga-

rette smoke exposure induces oxidative stress in

erythrocyte by augmenting hemolysis, CoHb, hemin

deposition, LPO, protein oxidation, protein fragmen-

tation and diminishing activity of membrane AT-

Pases, enzymatic and non-enzymatic antioxidants.

EGCG pretreatment restored the above changes in-

duced by CS exposure. Therefore, this study suggests

that EGCG is a potent antioxidant against CS induced

toxicity in erythrocytes, cells highly prone to oxida-

tive stress.
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