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Improving Effects of Epigallocatechin-3-Gallate
on Hemorheological Abnormalities
of Aging Guinea Pigs

Huey-Chuan Cheng, MD; Chi-Ming Chan, MD*; Hsin-Sheng Tsay, PhD**;
Hong-Jen Liang, PhD¥; Yu-Chih Liang, PhDt; Der-Zen Liu, PhD?*

Background Epigallocatechin-3-gallate (EGCG) is the most potent antioxidant of all the green tea catechins.
The objective of the present study was to find out whether it improved the age-induced hemorheological abnor-
malities or not.

Methods and Results Twenty-four-month-old aging guinea pigs were used to test the effects of EGCG on
hemorheolohgical properties. Orally feeding EGCG at 30 mg-kg-!-day-! for 28 days resulted in a decrease in
erythrocyte membrane malondialdehyde, and further improved erythrocyte deformability and blood viscosity at
high and middle shear rates. In addition, it also significantly reduced erythrocyte aggregation, and improved
blood viscosity at low shear rates and viscoelasticity at oscillatory flow. Consequently, efficiency of blood oxy-

gen transport in aged guinea pigs increased after administration with EGCG.

Conclusions Orally feeding EGCG 30mg-kg-1-day-! for 28 days significantly improves the abnormal hemorhe-
ological parameters. These results suggest that EGCG has considerable potential as a substantial component for
the development of new drugs or functional foods in improving the age-induced hemorheological abnormalities.

(Cire J 2007; 71: 597 -603)
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flow through the blood vessels in relation to bio-
physical parameters such as blood viscosity, ery-
throcyte deformability, erythrocyte aggregation and platelet
aggregation. During the past 3 decades, strong correlations
have been established between hemorheological abnormali-
ties and cardiovascular diseases!—* cerebrovascular acci-
dent>-7 and hypertension$: Studies have indicated that
hemorheological abnormalities increase the pathology of
nervous system disorders such as Alzheimer’s disease!0:!1
and glaucoma!z-14
Aging is an inevitable process undergone by all living
creatures and it has been shown to be the main cause of
hemorheological abnormalities. Many studies, using both
animal and human models, have reported aging-induced
hemorheological changes, such as increased fibrinogen
concentrations!:16 blood viscosity!7!18 plasma viscosity!®
and impaired erythrocyte deformability20-21 Furthermore, it
was believed that these abnormal hemorheological parame-
ters might be etiologically related to the cumulative impacts

Hemorheology is the study of properties of blood
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of oxidative stress?2

Our previous studies have showed the possible mecha-
nism of the anti-tumor effect of epigallocatechin-3-gallate
(EGCGQG). This effect is associated with EGCG’s ability to
block epidermal growth factor (EGF)23 and inhibit EGF-
induced cell transformation independently of AP-1 activa-
tion?* By investigating the antioxidant activity through
oxygen-radical absorbance capacity assay, regarding the
tea extracts and tea polyphenols, EGCG has been shown to
be the most potent radical scavenger? Although these re-
sults show that EGCG indeed has considerable anti-tumor
and antioxidation activities that can potentially prevent
microvascular disorders caused by oxidative stress, studies
for the relationship between EGCG and microvascular
disorders in terms of hemorheological abnormalities is
relatively scarce. The present study aimed to assess the
effects of EGCG on improvement of the hemorheological
abnormalities of aging guinea pigs with the feeding treat-
ment of EGCG at 10mg-kg-!-day-!, 20mg-kg-!-day-! or
30mg-kg-!-day-!, for 28 days, respectively. Hemorheologi-
cal measurements such as blood viscosity at high, medium
and low shear rates, and blood viscoelasticity under oscilla-
tory flow were carried out. In addition, we also analyzed the
erythrocyte deformability, lipid peroxidation of erythrocyte
membrane, erythrocyte internal viscosity, erythrocyte aggre-
gability and oxygen transport efficiency in attempt to obtain
any correlations among them. Furthermore, the mechanism
of EGCG in improvement of hemorheological abnormali-
ties is discussed.
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Table 1 Comparison of the Biochemical Parameters of Blood in 4-Month-Old Guinea Pigs (n=12) and 24-Month-Old
Aging Guinea Pigs (n=12)
4-months-old guinea pigs  24-months-old ageing guinea pigs Faired t-test
Parameters meantSD (n=12) meantSD (n=12) p value
MCV (f1) 80.6£0.98 81.6+1.63 NS
Hemoglobin (g/dl) 15.2+1.41 14.4%1.83 NS
Hematocrit (%) 45.213.6 43.613.5 NS
RBC (1012/dl) 5.610.44 5.310.46 NS
Fibrinogen (mg/dl) 258155 339+31 <0.05
Cholesterol (mg/dl) 45+14.3 52+11.7 NS
MCYV, mean corpuscular cell volume of erythrocytes; RBC, red blood cell or erythrocytes.
Methods were played back off-line, and Po values for ringer solu-
tions and Pi values for erythrocyte suspensions were deter-
Animals mined as previously reported3? Beta values were calculated

Twelve and 48 guinea pigs at age 4 months and 24
months, respectively, were used in the current study. After
1 week of acclimation, the 24-month-old guinea pigs were
randomized and divided into 4 groups. Control group (12
guinea pigs aged 24-month-old) and 12 guinea pigs aged 4
months received a normal diet and sterile water; 3 experi-
mental groups A, B and C (12 guinea pigs aged 24 months,
respectively for each group) were given equal amounts of
a normal diet and water with different additions of EGCG
(Sigma, 95%) dried powder (group A: 10mg-kg-!-day-!;
group B: 20mg-kg-!-day-!; group C: 30mg-kg-!-day-'),
respectively. Duration of the oral administration of EGCG
suspension was 28 days. At the end of the experiment, all
animals were killed and blood samples from hearts were
collected for the subsequent study. These animal experimen-
tal protocols were approved by Animal Ethics Committee
of the Taipei Medical University.

Hemorheological Measurements

Plasma and Blood Viscosity Plasma and blood viscosi-
ty were measured using a Rheostress 1 double cone
viscometer (HAAKE Mess-Technik, Karlsruhe, Germany),
with a cone angle of 1° at 310K. The serial blood viscosities
at different shear rates were determined via a computer-
controlled testing program. Shear rates of 500/s, 250/s, and
5/s, reflecting high, medium, and low shear rates were
given. The viscoelasticity of the blood was tested in an os-
cillatory mode. The oscillatory shear strain was set at a
constant 5% at frequencies ranging from 0.3 to 0.1 Hz2¢

Erythrocyte Membrane Malondialdehyde (MDA ) Analy-
sis  'To measure the oxidative stress of erythrocyte mem-
branes, the level of MDA, a product of lipid peroxidation
which reacts with thiobarbituric acid (TBA), was examined
by estimating the quantity of MDA-TBA complex at 532nm
with a spectrophotometer (Hitachi U2000, Hitachi, Japan)?
The detailed preparation procedure for measuring the MDA-
TBA complex was as an earlier report?8 Quantities of MDA
presented in the results are based on 1010 erythrocytes?8

Flow Resistance of Erythrocytes To measure the flow
resistance of erythrocytes, we used constant flow rate filtra-
tion methods?® After separation from plasma by centrifuging
the sample at 1,500G for 10min, erythrocytes were washed
3 times with phosphate-buffered saline. Then, erythrocyte
suspensions at 5% hematocrit, were filtered through a 544 m
pore size. Nuclepore® membrane at a constant flow rate of
1.5ml/min.The pressure-time data were measured with a
pressure transducer connected to a Validyne digital trans-
ducer indicator. The continuous output data of the indicator
were digitized and recorded on a computer. Recorded data

with the data of Pi/Po and were indexed as the flow resis-
tance of erythrocytes when flowing through the pores3!

The Deformability and Aggregability of Erythrocytes
Erythrocytes deformability and aggregability were mea-
sured by laser diffractometer. The measurement of erythro-
cyte deformability was based on a laser diffraction method
in which the laser beam traversed the diluted blood suspen-
sion (0.8 ml) and was diffracted by erythrocytes. The dif-
fraction pattern was projected on a screen monitored by the
photoelectric sensors, linked to a frame grabber integrated
in the computer. The best fitting ellipse represented the
deformed erythrocyte. The long and short axes, A and B,
respectively, of this ellipse were used to calculate the defor-
mation index: DI=(A-B)/(A+B). Before the measurement,
the erythrocyte suspension was suspended in phosphate-
buffered saline solutions with 5.5% polyvinylpyrrolidone.
Details of the method have been described elsewhere3? For
the erythrocyte aggregation test, 0.8 ml EDTA-blood sam-
ple was poured into the plate for which the diffraction of
the laser radiation on the undiluted blood samples had been
used for the aggregation degree estimation. The signal
obtained from the intensity of the back-scattered light mea-
sured by the photoelectric sensors was further processed by
the computer to estimate the aggregation degree. In our
model, the optional disaggregation shear rate and its dura-
tion before stopping the motor were generally set at 600/s
and 15/s, respectively. With syllectogram analysis for mea-
suring erythrocyte aggregation, we obtain an aggregation
index (AI) of erythrocytes3?

Erythrocyte Rigidity and Oxygen Transport Efficiency of
the Whole Blood The index of eythrocyte rigidity (Tk)
was calculated according to the equation of Dintenfass33
expressed as Equation 1. To avoid the influence of erythro-
cyte aggregation, the shear rate used in the Dintenfass
equation should be greater than 180/s. Therefore, a shear
rate of 250/s and 500/s were chosen in our experimental
system. In addition, oxygen transport efficiency (TE) of the
blood is expressed as Equation 2 at a fixed shear rate34

Tx=[q %4-1)n %4]/Hct (1)
Te=Hcth 2)
Statistical Analysis

Statistical analysis of data were calculated with the SAS
package (version 8.1, SAS Institute, Cary, NC, USA) and
was performed using a one-way analysis of variance fol-
lowed by Duncan’s post-hoc test to compare the experi-
mental groups and control group. A value of p<0.05 was
selected as indicating statistical significance. Variability
was expressed as the mean+standard deviation. Linear
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Table 2 Comparison of Hemorheological Parameters in 4-Month-Old Guinea Pigs (n=12) and 24-Month-Old Aging
Guinea Pigs (n=12)

4-months-old guinea pigs  24-months-old ageing guinea pigs Paired t-test

Parameters meantSD (n=12) meantSD (n=12) p value
n plasma (cp) 1.3410.12 1.3610.13 NS

N blood (cp)s f =500s~) 2.1240.15 2.6510.28 <0.01
N blood (cp)s § =250571) 3.45+0.41 4.1910.31 <0.01
N blood (cp)S§ =5s71) 8.8%1.84 14.5+2.04 <0.01
N’ blood (cp)° 7.94+1.22 11.96£1.85 <0.01
n” blood (cp)° 1.1840.33 1.5510.28 <0.05

N plasma, the plasma viscosity of steadily flow;n| blood, the whole blood viscosity of steadily flow; 5, the steadily flow model of
whole blood;y , shear rate of steadily flow model (s);n’ blood, the whole blood viscosity (oscillatory flow model); ©, the oscillatory

Sflow model of whole blood (0.1 Hz);n” blood, the whole blood elasticity (oscillatory flow model).

Table 3 Comparison of the Biochemical Parameters of Blood in 24-Month-Old Aging Guinea Pigs of Control Group
(No Fed in EGCG) and Experimental Groups Fed With Different Quantities of EGCG

Control group mean+SD A group mean+SD B group meantSD C group meantSD
Parameters g(nzljz) ¢ (l:lzjg) ¢ (1;)1=12) ‘ (lZ=12)
MCV (fl) 81.6£1.63¢ 81.9+1.734 81.4£1.88 81.3+1.85¢
Hemoglobin (g/dl) 14.4£1.832 14.5£1.932 14.6£2.064 14.6+1.934
Hematocrit (%) 43.6£3.5¢ 43.943.8¢ 44.4+3.9a 44.5+4.2a
RBC (102/dl) 5.31£0.462 5.410.482 5.4£0.52a 5.510.564
Fibrinogen (mg/dl) 33931 344443 3231504 31857
Cholesterol (mg/dl) 52+11.74 57+16.6¢ 49+12.64 55+13.6¢
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A group: 10mg-kg!-day-'; B group: 20mg-kg='-day-'; C group: 30 mg-kg-!-day-!.
EGCG, epigallocatechin-3-gallate. Other abbreviations see in Table 1.

Table 4 Comparison of Hemorheological Parameters in 24-Month-Old Aging Guinea Pigs of the Control Group
(No Fed in EGCG) and Experimental Groups Fed With Different Quantities of EGCG

Control group mean+SD A group mean+SD B group meantSD C group meantSD

Parameters (n=12) (n=12) (n=12) (n=12)

N plasma (cp) 1.3610.132 1.35%0.15¢ 1.34%0.192 1.26£0.08*

N bloods (cp) §f =500571) 2.6510.282 2.58%0.34ab 2.3610.26b* 2.2840.26¢ **

N bloods (cp)  =250571) 4.19+0.312 4.1240.322 4.06£0.42ab 3.75£0.33b%%

N bloods (cp) § =5s71) 14.5£2.044 13.3£2.594 12.442.45ab 11.1£1.320.%%

N’ blood® (cp) 11.96%1.852 11.13£2.43a 10.69+2.83ab 8.89+2.02b. %%
n” bloodo (cp) 1.5520.284 1.44£0.494 1.39£0.42a.b 1.19£0.170.%*
Al 2.7240.212 2.55+0.274 2.47+0.37ab 2.1240.25b%*

A group: 10mg-kg!-day-'; B group: 20mg-kg~!-day-; C group: 30mg-kg!-day-.
Al aggregate index of erythrocyte. Other abbreviations see in Tables 2,3.

*Represents p<0.05; **represents p<0.01.

regressions higher than a 95% confidence level were also
calculated by SigmaStat® Statistical Software (Jandel
Scientific, San Rafael, CA, USA).

Results

Table 1 shows a comparison of blood biochemical param-
eters for guinea pigs aged between 4 months old and 24
months old. Except for fibrinogen concentration, no signifi-
cant difference was found in erythrocyte counts, hematocrit
and hemoglobin between the 2 groups. In addition, the cho-
lesterol concentrations of the 24-month-old group were
higher than that of the 4-mouth-old group, although there
was no statistical difference between them. The comparison
of hemorheological parameters listed in Table2 showed
that whole blood viscosity and blood viscoelasticity of the
24-month-old group were higher than those of the 4-month-
old group but not for plasma viscosity.

Table 3 shows the values of blood biochemical parame-
ters for aging guinea pigs after the oral treatment of EGCG.

Circulation Journal Vol.71, April 2007

The results show that the aging guinea pigs in the experi-
mental groups (A, B, C) fed with different quantities of
EGCG did not show any significant change in erythrocyte
counts, hemoglobin, mean corpuscular cell volume of ery-
throcytes (MCV), hematocrit concentrations, cholesterol
concentrations and fibrinogen concentrations compared
with the control group (no fed in EGCG). The hemorheo-
logical parameters shown in Table4 showed that a signifi-
cant reduction in plasma viscosity was found in group C, as
well as the group’s blood viscosity under the steady flow
was significantly reduced at high (shear rate of steadily
flow=500/s), medium (shear rate of steadily flow=250/s)
and low (shear rate of steadily flow=5/s) shear rates as
compared with the control group. The results of oscillatory
flow showed significantly decreasing blood viscosity and
viscoelasticity only in group C. Compared with the control
group, erythrocyte aggregability (AI) of group C was also
significantly decreased.

As the results of erythrocyte properties, aging guinea
pigs in the experimental groups (A, B, C) fed in different
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Table 5 Comparison of Hemorheological Parameters (Including Erythrocyte Rigidity, Deformaibility Index of
Erythrocyte, Flow Resistance of Erythrocytes, MDA of Erythrocyte Membranes) in 24-Month-Old Aging
Guinea Pigs of Control Group (No Fed in EGCG) and Experimental Groups Fed With Different
Quantities of EGCG
Control group mean+SD A group meantSD B group meantSD C group meantSD
Parameters (n=12) (n=12) (n=12) (n=12)
Tk §f =500s71) 0.55+0.182 0.5510.172 0.5410.214 0.5310.212
Tk ff =250s71) 0.85+0.214 0.84£0.134 0.82+0.24 0.8310.182
MDA 5.91%0.40 5.61%0.44ab 5.33%0.45b¢.% 4.71%0.56¢ %
DI =500s1) 0.31£0.024 0.31 £0.024b 0.35£0.04bc.* 0.3910.03¢ %
DI =250s71) 0.2610.044 0.26 £0.034 0.29+0.044 0.32£0.02b*
B 10.11£0.88 9.76 £1.284 9.28+0.99a.b 8.28+0.87b
A group: 10mg-kg~!-day-!; B group: 20mg-kg~-day-'; C group: 30mg-kg!-day-'.
MDA, malondialdehyde of erythrocyte membrane; Tk, erythrocyte rigidity; DI, deformaibility index of erythrocyte; 3, flow resistance
of erythrocytes;y , shear rate (s). Other abbreviations see in Tables 2,3.
*Represents p<0.05; **represents p<0.01.
Tr rise in erythrocyte flow resistance in the control group (p<
25 4 0.05). After the treatment with EGCG 30mg-kg-!-day-! for
I control group *x . . .
B A group = 28 days (group C) as shown in Figs 3a and b, good negative
= B group linear correlations were produced between erythrocyte
201111 ee_—"— cohe MDA concentrations and erythrocyte deformability (p<
0.05), and erythrocyte deformability and erythrocyte flow
) resistance index (p<0.05). Therefore, oral intake of EGCG
i ’L‘ over a period of time significantly decreased erythrocyte
MDA concentrations and further improved erythrocyte
104 deformability impairments.
ol
( . Discussion
5 .
In general, the aging process is believed to produce
changes in the vascular system and in hemorheological pa-
0 . rameters, for example, a rise in blood viscosity and plasma
5 500

Shear rate

Figl. Comparison of the oxygen transport efficiency of whole
blood measured as a function of different shear rates in 24-month-old
aging guinea pigs of control group (no fed in epigallocatechin-3-gal-
late (EGCG)) and experimental groups (group A: 10mg-kg-!-day-!;
group B: 20mg-kg-!-day-!; group C: 30mg-kg-!-day-!) fed with dif-
ferent quantities of EGCG. In the figure, each column from left to
right represents control group and experimental groups A, B and C
groups, respectively. *represents p<0.05; **represents p<0.01. TE,
oxygen transport efficiency.

quantities of EGCG did not show significant change in ery-
throcyte rigidity as compared with the control group
(Table 5). However, lipid peroxidation (MDA) of erythro-
cyte membrane exhibited a significant decrease except for
group A. Similarly, as expected, the erythrocyte deforma-
bility of groups B and C increased significantly at high and
medium shear rates, meanwhile the flow resistance of ery-
throcytes was significantly decreased in the steady flow in
groups B and C (Table 5). Furthermore, in groups B and C,
the oxygen transport efficiency of whole blood was signifi-
cantly increased at high, medium and low shear rates com-
pared with the control group (Fig1).

Figs2a and b showed the linear correlation between
the erythrocyte MDA and erythrocyte deformability, and
between erythrocyte flow resistance index (3 ) and erythro-
cyte deformability for the control group, respectively.
These results indicate that, before oral treatment of EGCG,
increasing erythrocyte MDA concentrations might be cor-
related with decreasing erythrocyte deformability (p<0.05),
and in turn decreasing erythrocyte deformability gives a

viscosity. These cumulative effects of hemorheological
abnormalities appears in the form of a disturbed blood flow
profile in older individuals, leading to the development or
aggravation of various circulatory disorders, such as cardio-
vascular disease, cerebrovascular accident and hyperten-
sion. The results in our animal study show that EGCG
might significantly improve the age-induced hemorheologi-
cal abnormalities. For improving the health and quality of
life of older adults, oral administration of EGCG might have
a vast potential as a therapeutic agent for the prevention of
the age-induced abnormal hemorheological behaviors.

One of the often seen consequences of the aging process
is the alterations in blood biochemical parameters. For
example, Yamarat et al reported that adults had higher
fibrinogen concentration and blood viscosity and lowered
MCYV than newborns3> Coppola et al further indicated that
the elder person not only has higher fibrinogen concentra-
tions but also has lower erythrocyte counts!® However,
except for fibrinogen cocentrations, the biochemical param-
eters of blood in the present study showed no significant
difference between the 24-month-old group and the 4-
month-old group (Table1). In addition, the results also
show that oral intake of EGCG over a period of 28 days did
not cause any significant changes in blood biochemical
parameters (Table 3) in 24-months-old aging guinea pigs.

The correlation between hemorheological properties and
the aging process has been extensively investigated by
numerous studies. Erythrocyte deformability in 150-, 320-
and 710-day-old rats studied by Abe et al has shown that
impaired erythrocyte deformability of ageing rats could re-
sult in increased blood viscosity3¢ Kameneva et al showed
that aging led to a decrease in erythrocyte deformability

Circulation Journal ~ Vol. 71, April 2007



EGCG Improves Hemorheological Abnormalities of Aging Guinea Pigs

a
DI
0.4

R> = 0.9542

0.35 -

0.25 ; !

R =0.876

8 +

7 1 1
0.25 0.3 0.35 0.4

DI

Fig2. (a) Linear correlations between the erythrocyte malondialde-
hyde (MDA) and deformability of erythrocyte (DI) in 24-month-old
aging guinea pigs (control group). (b) Linear correlation between the
erythrocyte flow resistance index (3 ) and DI in 24-month-old aging
guinea pigs (control group).

and an increase in both erythrocyte aggregation and blood
viscosity?7 Ajmani and Rifkind showed that the aging pro-
cess raised erythrocyte rigidity, plasma viscosity and blood
viscosity3® Oder et al showed that erythrocyte aggregation
at a low shear rate was increased by aging3® These findings
were in good agreement with our results (Table2). In the
present study, significant difference in hemorheological
parameters was found between the 24-month-old group and
the 4-month-old group. It is feasible to use 24-month-old
aging guinea pigs as an appropriate animal model to screen
and test new drugs and functional foods for improving the
age-induced hemorheological abnormalities.

In the present study, we used 2 different flow fields of
hemodynamics to simulate blood flow and measure the
blood viscosity and viscoelasticity. In steady flow, our
results show that oral feeding of EGCG for 28 days clearly
improved blood viscosity of aging guinea pigs in group C
(Table?2). It is generally known that decreased blood vis-
cosity at high shear rate was dominated by an increase in
erythrocyte deformability, although decreased blood vis-
cosity at a low shear rate is dependent on reduced erythro-
cyte aggregation. Moreover, the model of oscillatory flow,
shear stress was dominated by frequency-dependent sinu-
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Fig3. (a) Linear correlations between the erythrocyte malondialde-
hyde (MDA) and deformability of erythrocyte (DI) in 24-month-old
aging guinea pigs (group C). (b) Linear correlation between the
erythrocyte flow resistance index (3 ) and DI in 24-month-old aging
guinea pigs (group C).

soidal flow instead of continuous flow. In our results, after
being fed EGCG for 28 days, group C showed a significant
reduction in blood viscosity and elasticity (Table4). We
believe that the main cause for this is probably reduction in
the aggregation of erythrocytes.

Erythrocyte deformability has been thought to have a
detrimental influence on peripheral microcirculation or the
blood’s oxygen transport efficiency. The previous investiga-
tion of Kameneva et al and Terranova et al showed that the
aging process significantly decreases erythrocyte deforma-
bility3740 Tillmann et al reported that the aging-induced
impaired erythrocyte deformability that accompanies aging
was a result of an increase in erythrocyte rigidity#! This sug-
gests that erythrocyte deformability is greatly dependent on
mechanical properties of the membrane and internal vis-
cosity (erythrocyte rigidity) of erythrocytes. However, in
our present study, no significant change was found in the
erythrocyte rigidity of group A, B or C compared with the
control group, but the significant decrease in the MDA con-
centrations of the erythrocyte membrane is quite interesting.
MDA is known to be an end product of lipid peroxidation
and is mainly formed under oxidative stress. The decrease
in MDA concentrations of aging guinea pigs caused by oral
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feeding of EGCG was, we assume, a result of EGCG acting
as an antioxidant by trapping free radicals and inhibiting
lipid peroxidation.

Interestingly, we found (as shown in Fig2 and Fig3)
negative correlations between erythrocyte membrane MDA
and erythrocyte deformability, and between erythrocyte
deformability and the flow resistance of erythrocytes. This
means that either before or after oral administration of
EGCG, lipid peroxidation in erythrocyte membrane leads
to decreased erythrocyte deformability. Subsequently, as
erythrocyte deformability was impaired, the flow resistance
of erythrocytes also inevitably increased. Even more im-
portant is the finding that a high oral intake of EGCG
apparently improved the state of lipid peroxidation in the
erythrocyte membrane, which consequently improved ery-
throcyte deformability and decreased flow resistance of
erythrocytes (Fig3).

High erythrocyte aggregability not only increases the
blood viscosity under low shear rate but it is also a risky
factor for the formation of blood clots. The mechanism of
erythrocyte aggregation is an extremely complicated pro-
cess and depends on the interaction (attractive) force be-
tween fibrinogen and erythrocytes, which is correlated with
erythrocyte surface charge distribution, surface geometry
shape and fibrinogen concentrations. Despite the fact that
oral intake of EGCG did not cause significant reduction in
fibrinogen concentrations, our data show a clear reduction
in erythrocyte aggregability. This reduction is probably as a
result of a more flexible erythrocyte membrane (good defor-
mability) and decreasing interactions in erythrocytes and
fibrinogens, which further decreased erythrocyte aggrega-
tion.

The decreasing blood viscosity or blood viscoelasticity
can be attributed to several possible factors, including de-
creased plasma viscosity, decreased erythrocyte aggrega-
tion, or increased erythrocyte deformability. The present
study suggests that the oral intake of EGCG at 30 mg/day
for 28 days seems sufficient to induce a reduction in the
erythrocyte membrane MDA of aging guinea pigs with a
subsequent improvement in erythrocyte deformability. This
improvement results in decreased resistance of erythrocyte
and blood viscosity at high shear rate. In addition, our
results also show that a high oral intake of EGCG reduces
erythrocyte aggregation, leading to a decrease in blood
viscosity at a low shear rate, and an increase in the oxygen-
carrying capability of whole blood.

In conclusion, EGCG given orally to 24-month-old
aging guinea pigs for 28 days caused no significant differ-
ence in blood biochemical parameters and fibrinogen con-
centrations, but did improved abnormal hemorheological
parameters. EGCG reduced the MDA of erythrocyte mem-
brane and further increased erythrocyte deformability and
improved the flow resistance of erythrocytes. Also, the
increased erythrocyte deformability might subsequently
decrease the blood viscosity at high and middle shear rates.
In addition, the oral intake of EGCG significantly reduced
erythrocyte aggregation, improving blood viscosity at low
shear rates and viscoelasticity at oscillatory flow. Further-
more, the oxygen transport efficiency of blood in aging
guinea pigs also increased after 28 days of EGCG oral
intake.
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