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ABSTRACT
Lead (Pb++) is known to cause hemolytic changes in the erythrocytes. The objectives of the present study was to
evaluate the protective effect of Green Tea extract on lead acetate induced erythrocyte hemolysis both in vitro and in vivo
condition. Isolated erythrocytes from rat were incubated with lead acetate alone or in combination with Green Tea extract
(GTE) for 90 mins at 37° C. Hemolysis was evaluated by estimating the % of haemoglobin in the supernatant. For in vivo
experiment rats were randomly divided into four groups (n=5) and given only water, 0.1% lead acetate in drinking water and
0.1% Lead acetate + GTE (50 or 100 mgKg-1) continuously for 4 weeks. At the end of 4th week, blood was collected and
analyzed. Spleens from all animal groups were processed for histopathological and biochemical analysis. Exposure of
erythrocytes to lead acetate caused dose dependent increases in the extent of hemolysis and significant alteration in
hematological profile in rats, whereas GTE supplementation minimized this effect. Spleen from lead treated rats exhibited
severe histopathological lesions, whereas in GTE treated rats the severity of splenic lesion was less. Lipid peroxidation, a
marker of oxidative stress was significantly higher in eryhthrocytes and splenic tissue of lead acetate treated rats and GTE
abrogated this effect.The findings of the present study explain the beneficial effect of GTE supplementation in lead acetate
induced hemolytic anaemia and subsequent histopathological effect on spleen of rat.
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INTRODUCTION
Lead (Pb++) has been recognised as one of the
most common environmental toxicants for several years.
The principal sources of Pb++ pollution are due to
anthropogenic activities which include factories [1],
leaded paints, gasoline and lead-contaminated drinking
water [2]. Low level of Pb++ exposure is known to be
associated with behavioral abnormalities, learning
impairment, decreased hearing, and impaired cognitive
functions in humans and in experimental animals [3].
Chemical-induced anemia may be caused by impaired
erythrocyte production in the bone marrow or excessive
erythrocyte destruction in the spleen or liver. Exposure to
Pb++ known to causes intravascular hemolysis and is
known to be a factor behind lead induced anemia.
Exposure to Pb++ decreased life span of circulating
erythrocytes due to intravascular hemolysis [4].

Reduction in RBC antioxidant enzyme activities in leadexposed workers [5,6] and animals [7,8] has been recently
reported to be another cause of intravascular hemolysis
and subsequent anaemia in human and laboratory animals.
Oxidative stress has been reported as a mechanism behind
lead induced hemolytic changes both in human and
laboratory animals. Lead is known to generate free
radicals and hence reduces the antioxidant defence system
in erythrocytes [9].Therefore supplementation of
antioxidant might be beneficial in reducing hemolytic
changes in lead exposed organism. Green tea (Camellia
sinensis, Theaceae) is a popular beverage in many Asian
countries and known to contain polyphenols such as
catechin, epicatechin, epigallocatechin [10]. Catechins are
known as strong scavangers of free radicals and chelator
of metal ions [11].
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Hence the present study investigated the role of
GreenTea Extract (GTE) in lead acetate induced
haemolytic changes in rat erythrocytes.
MATERIALS AND METHODS
Chemicals and reagents
Lead acetate was procured from Sigma (St.
Louis, MO, USA). All other reagents used in the study
were laboratory grade and purchased from commercial
sources. Green tea was purchased from local market and
solutions were prepared in deionized water.
In vitro assay protocol
Heparinized blood was obtained from healthy
male Sprague-dawley rats. Plasma and the buffy coat
were removed after 5 min centrifugation at 700g and the
RBC washed three times with saline.1% RBC suspension
was prepared with 150 mM NaCl, 10 mM sodium
phosphate at the moment of its use. Stock solution of lead
acetate was prepared using the same buffer at the moment
of its use. The incubation of RBC suspension with lead
acetate in the presence or absence of the green tea extract
at different concentrations was performed in a gentleshaking 37° C water bath. After incubation, the samples
were centrifuged for 5 min at 5000 rpm, supernatant and
whole packed RBC was used to investigate the extent of
hemolysis. The level of hemolysis was determined by the
absorbance of hemoglobin at 540 nm. Total hemolysis

(100%) was established with a 0.25% RBC suspension
indistilled water incubated at 37° C for 10 min [12].
In vivo assay protocol
In order to investigate the effect of lead acetate
alone or with GTE on hematology, rats were divided into
four groups (n=5). Group 1 received no treatment and
allowed free access to distilled water and food ad libitum.
Group 2 received 0.1% lead acetate dissolved in double
distilled water as the sole source of drinking water. Group
3 and 4 received 0.1% lead acetate in drinking water +
GTE either 25 or 50 mgKg-1 through oral route dissolved
in distilled water daily. The treatment schedule continues
for 30 days. After that the animals were sacrificed by
exsanguinations under light ether anaesthesia. Blood was
collected in heparinised tubes and processed for
hematological parameters (TEC, Hb). Spleens from all
animals were weighed and fixed in bouins fixatives for
minimum 24 hrs. Paraffin sections were prepared and
stained with H & E. The sections were observed under
light microscope and representative photographs were
taken with a digital image recorder.
Statistical analysis
All the data were presented as mean+SEM of the
number of animals (n=5). Statistical analysis was
performed by ANOVA and post hoc tukey tests. Value
was considered significant for p value<0.05.

Figure 1: (A) In vitro exposure of erythrocytes to lead acetate caused a dose dependent release of haemoglobin,
*p<0.05, **p<0.001; (B) Correlation analysis between lead acetate doses and extent of hemolysis; (C) Effect of GTE
supplementation on lead acetate induced hemolysis in red blood cells of mice. 1% erythrocyte preparation was
incubated with lead acetate (50 µM) alone or with lead acetate (50 µM) + GTE (10 or 25 µgml-1) for 90 mins at 37° C
in an orbital shaker. Hemolysis was estimated in terms of % of hemoglobin released from the erythrocytes at specific
time interval. GTE supplementation caused 50% reduction in haemoglobin release from the erythrocytes treated
with lead acetate. *P<0.05, **P<0.001.
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Figure 2: Effect of in vivo exposure to lead acetate alone or with GTE on hematology of SD rats. Light microscopic
observation of lead acetate alone treated (A) or with GTE (B). lead acetate caused increased in the no. of
acanthocytes (arrowhead), hemolysis (arrow) and changes in the central pallor (blockarrow) of otherwise normal
erythrocytes. Supplementation with GTE attenuated this morphological alteration in the erythrocytes of mice.

Figure 3: Relative spleen weight in control and treated group of animals (1). Histopatholigcal findings in control and
treated group of animals (2 A-D). H & E staining, X 20 magnification.

RESULT AND DISCUSSION
Lead acetate caused a dose dependent
haemolysis in isolated erythrocytes of mice when
incubated in isotonic solution at 37°C for 90 mins (Figure
1.A). It was observed that hemolytic curve was linear
upto 50 µM concentrations and hence this was selected as
the final dose for further haemolysis study induced by
lead acetate exposure. Correlation study exhibited a
positive correlation between dose of lead acetated
exposure and percentage of haemolysis in the in vitro
experiment (Figure 1. B). In order to observe the
protective effect of GTE, dried green tea extracts were
added in different concentration (10 & 25 µgml-1) to
theerythrocyte preparation alone or with lead acetate (50
µM). The highest dose of GTE (25 µgml-1) selected for
the study has been shown to reduce haemolysis up to
50%in lead acetate treated erythrocytes compared to lead

acetate alone treated erythrocytes (Figure 1.C).Lead
acetate administration caused significant changes in the
cellular morpholigcal features of erythrocytes. The
normal discoytes RBC were converted to acanthocytes,
with hyperchromasis, a prominent features of hemolysis
in the circulating erythcocytes (Figure 2A). GTE
supplementation attenuated this alteration in cellular
morphological features of erythrocytes (Figure 2B). Lead
acetate (0.1%) when given in drinking water also caused
significant (p<0.001) reduction in the total no of
erythrocytes and haemoglobin content of erythrocytes in
the peripheral blood of treated animals (figure 2C). GTE
supplementation on the other hand significantly (p<0.01,
0.001) inhibited the adverse effect of lead acetate on
hematological parameters of mice (figure 2D). The spleen
from lead acetate exposed group of mice exhibit
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hypertrophy, congestion and hyperpigmentation of the red
pulp (Figure B-C) when compared to the control group
(Figure 3 A). Treatment with GTE significantly reduces
hypertrophy and congestion in the red pulp of spleen
(Figure D).Erythrocyte toxicity is often manifested in the
form of cell shape changes leading to cellular
deformability [13]. In vitro and in vivo exposure to lead
acetate also found to have similar effect on erythrocyte
morphological alteration and intravascular hemolysis.
Lead acetate induced hemolysis has been observed to be
mediated by damages to erythrocytes membrane structure,
as confirmed by microscopic observation of lead exposed
erythrocytes during present study. Conversion of normal
discocytes to echinocytes makes erythrocytes also might
be related to the reorientation of the phosphatidyl serine
(PS) molecules present on inner leaflets of erythrocytes to
be displayed on the surface [14]. The exposure of PS at
the cell surface provides a signal for their recognition by
macrophages, which stimulates ‘eryptosis’, an apoptotic
like process present in erythrocytes [15]. Macrophages are
equipped with PS receptor, which mediate the engulfment
of the eryptotic/apoptotic cells and trigger their removal
from circulation [16,17].Thus lead acetate induced
hemolytic changes in the erythrocytes makes them more
vulnerable to be removed prematurely from circulation,
causing anemia in the long run. Spleen is one of the target
organs of erythrocytes toxicity. Increased peripheral

destruction of RBCs caused enhanced sequestration of
damaged RBCs in the spleen which finally caused
histopathological changes of splenic architechture as
reported earlier [18].
Lead acetate exposure has reported to reduced
natural antioxidant defence system present within the
erythrocytes during laboratory investigation7 and during
occupational exposure. Lead is known to increase
oxidative stress in different cell culture based study model
as reported previously [19]. Since oxidative stress is a
major pathway of lead acetate induced hemolysis in
erythrocytes, antioxidant treatment must be effective in
ameliorative the toxicological effects of lead. In line with
this observation, several investigators have reported the
efficacy of antioxidant treatment in ameliorating lead
(Pb2++) toxicity [20]. The polyphenols in GTE are known
to possess proven antioxidant properties that can inhibit
oxidative stress in many animal models. The antioxidant
potential of GT polypehonls are reported to be equally as
effective as vitamin C and E. The result of the present
study indicated the protective role of GTE on lead acetate
induced hemolysis both in vitro and in vivo condition
using mice model.
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