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Summary Background & Aims: Abnormal haemorrheological property changes in
erythrocyte deformability, plasma and blood viscosity, and blood viscoelasticity may
play very important roles in the development of microangiopathies in diabetes mellitus
(DM). In this study, we demonstrate the improvement in abnormal haemorrheological
parameters in DM with ingestion of Ginkgo biloba extract 761 (Egb 761).
Methods: Haemorrheological parameters before and 3 months after Egb 761 oral

ingestion were determined in 25 type 2 DM patients with retinopathy. These parameters
included lipid peroxidation stress of erythrocytes, erythrocyte deformability, plasma
and blood viscosity, blood viscoelasticity, and retinal capillary blood flow velocity.
Results: After taking Egb 761 orally for 3 months, the blood viscosity was significantly

reduced at different shear rates, by 0.4470.10 (g ¼ 400), 0.5270.09 (g ¼ 150) and
2.8870.57 (g ¼ 5). Viscoelasticity was significantly reduced in diabetic patients by
3.0870.78 (0.1Hz). The level of erythrocyte malondialdehyde (MDA) was reduced by
30%; however, the deformability of erythrocyte was increased by 20%. And lastly, retinal
capillary blood flow rate was increased from 3.2370.12 to 3.6770.24 cmmin�1.
Conclusion: In this preliminary clinical study, 3 months of oral administration of Egb

761 significantly reduced MDA levels of erythrocytes membranes, decreased fibrinogen
levels, promoted erythrocytes deformability, and improved blood viscosity and
viscoelasticity, which may facilitate blood perfusion. Furthermore, it effectively
improved retinal capillary blood flow rate in type 2 diabetic patients with retinopathy.
& 2003 Elsevier Ltd. All rights reserved.
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Introduction

Therapy of diabetic patients has centred on
controlling blood sugar. However, diseases in
peripheral circulation, retinopathy and foot ulcer,
could still develop in the long run. In general,
abnormalities of haemorrheological parameters in
diabetic patients have usually been attributed to
factors such as increments in plasma and blood
viscosity,1,2 erythrocyte aggregation,2 erythrocyte
rigidity (TK),

3 and lipid peroxidation,4,5 and reduc-
tion in the deformability of erythrocytes and
leucocytes.2,6,7

Ginkgo biloba extract 761 (Egb 761) has been
widely used to improve peripheral blood circula-
tion.8 It has been reported that Egb 761 could
increase peripheral circulation,9 decrease erythro-
cyte aggregation,10 and enhance deformability of
erythrocyte.9 Furthermore, for Alzheimer’s dis-
ease, Egb 761 has also been demonstrated to
increase blood flow rate and cerebral blood
perfusion11 and even has been ingested in diabetes
mellitus DM based on the same rationale. However,
some critical issues need to be considered if the
Egb 761 is given; first of all, how does Egb 761
improve erythrocyte deformability; secondly, what
are the effects of Egb 761 on blood viscosity and
viscoelasticity; and thirdly, how the blood viscosity
and the viscoelasticity of diabetic patients corre-
late to retinal capillary blood flow velocity.
Unfortunately, there is no report yet regarding
the change in haemorrheologic parameters in
diabetic patients. Thus, this study was conducted
to determine the effectiveness of the Egb 761 for 3
months in type 2 diabetic patients. The assess-
ments of whole blood viscosity of steady flow and
viscoelasticity of oscillatory flow, erythrocyte de-
formability and oxygen transport efficiency (TE)
of erythrocytes in vitro were examined. The
retinal capillary blood flow velocity also was
examined by the Scanning Laser Ophthalmoscope
(SLO) to evaluate the improvements of peripheral
circulation in diabetic patients after Egb 761
administration.

Subjects and methods

Patients

This open-labelled self-controlled pilot study was
conducted from March to August of 2002 in an
ophthalmology clinic. Subjects were outpatients of
the Department of Ophthalmology, Taipei Municipal
Ho-Ping Hospital in Taipei, Taiwan. Subjects diag-

nosed with type 2 DM by the 1998 American
Diabetes Association (ADA) guideline, aged from
54 to 64 years old and followed up for diabetic
retinopathy, were enrolled in this study. Oral
hypoglycaemic agents (5mg Euglucon and 500mg
Glucophage 1# t.i.d) were given for each type 2 DM
patient and all type 2 DM patients were under well
diabetic controlled. The exclusion criteria include
history of hypertension, other systemic diseases,
hypersensitivity to the test drug, and not being able
to comply with the study protocol.

All subjects gave informed consent for this study.
Haemorrheological characteristics and biochemical
measurements were determined at the baseline.
Each patient received a daily dose of 240mg Egb
761 (three times with two film-coated tablets,
40mg Egb 761/per tablet). A film-coated table of
the active product contains 40mg of dry extract of
Ginkgo biloba leaves, adjusted to 9.6mg Ginkgo
flavone glycosides and 2.4mg terpene lactones
(ginkgolides, bilobalide). The baseline measure-
ments were repeated after 3 months of active
treatment.

Methods

Haematological measurements
Fresh blood samples were collected from patients
by venipuncture into EDTA-contained test tubes.
Blood cell counts and other haematological data
such as mean cell volume (MCV), mean corpuscular
haemoglobin (MCH), mean corpuscular haemoglo-
bin concentration (MCHC), haematocrit (Hct), etc.
were determined by an automatic cell counter
(SYSMEX NE-800, TOA Medical Electronic Co., Kobe,
Japan). Plasma was separated under centrifugation
at 1500g for 10min. Plasma fibrinogen and glyco-
sylated haemoglobin (HbA1c) were determined by
the thrombin clot technique12 and by agar gel
electrophoresis,13 respectively.

Haemorrheological measurements
Plasma and blood viscosity were measured using a
Rheostress 1 double cone viscometer (HAAKE Mess-
Technik, Karlsruhe, Germany), with a cone angle of
11 at 310 K. The serial blood viscosity under various
shear rates was determined via a computer
controlled testing program. We provide data
measured at shear rates of 400, 150, and 5 s�1 that
reflect high, medium, and low shear rates, respec-
tively.

In terms of the viscoelastic properties of blood,
the viscoelasticity of blood was tested in an
oscillatory mode. The oscillatory shear force was
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set at a constant 0.01 Pa and the frequencies
ranged from 0.3 to 0.1 Hz.

For erythrocyte deformability, we used constant
flow rate filtration methods to prepare the ery-
throcyte suspensions.14,15 After being separated
from plasma by centrifuging the sample at 1500g
for 10min, erythrocytes were washed three times
in PBS. And then, erythrocyte suspensions at 5%
Hct, in which leucocyte concentrations were
usually less than 100 cellsmm�3, were filtered
through a 5 mm pore size Nuclepores membrane
with a disc diameter of 13mm and an effective area
of 0.8 cm2 at a constant flow rate of 1.6mlmin�1.

The pressure–time data were measured with a
pressure transducer (Model DP45, Validyne Engi-
neering Corp, Northridge, USA) connected to a
Validyne digital transducer indicator (Model CD-
23). The continuous output data of the indicator
were digitized and recorded on a computer.
Recorded data were played back off-line, and Po
values for ringer solutions and Pi values for
erythrocyte suspensions were determined as re-
ported.14 b values were calculated using the data
of Pi=Po and were indexed as the resistance of
erythrocytes when flowing through the pores. The
value of 1=b was selected as an index of erythro-
cyte deformability. Erythrocyte rigidity (TK) was
calculated at a shear rate of 400 s�1 by the
equation of Dintenfass.16 Furthermore, the oxygen
transport efficiency (TE) of the blood was calcu-
lated as the ratio of the Hct to blood viscosity at a
fixed shear rate.17

Erythrocyte malondialdehyde (MDA) analysis
To measure the oxidative stress of erythrocyte
membranes, the level of MDA, a product of lipid
peroxidation which reacts with thiobarbituric acid
(TBA), was examined by determining the quantities
of the MDA–TBA complex at 532 nm with a spectro-
photometer (Hitachi U2000, Hitachi Corp. Japan);18

the detailed preparation procedures for measuring
the MDA–TBA complex are described elsewhere.19

Quantities of MDA presented in the results are
based on 1010 erythrocytes.19 Both biochemical
analyses were determined in a blinded manner.

Retinal capillary blood flow velocity
measurements
Retinal capillary blood flow velocity was examined
by using a scanning laser technique.20,21 Video
fluorescent angiography with an SLO (Rodenstock
SLO 101, Rodenstock Instrument Corp., Germany)
was performed on all patients. The video image was
generated and recorded in digital form by a frame
grabber and was saved in an image storage unit.
The blood flow velocity in capillaries was calcu-

lated off-line using frame-to-frame analysis. De-
tailed descriptions of the method are available
elsewhere.21 The retinal capillary blood flow
velocity for each patient was a mean value of
velocities of four different perifoveal vessels in
different quadrants.

Statistical analysis

Data are presented as the mean7SD. All data were
normally distributed; pre- and post-treatment data
were compared by paired t-tests (a ¼ 0:05). Linear
regressions with higher than a 95% confidence level
were also calculated. All calculations were ana-
lysed by SigmaStats Statistical Software (Jandel
Scientific, San Rafael, CA, USA).

Results

Twenty-five (14 males, 11 females) type 2 DM
patients who had neither a history of nor evidence
of systemic hypertension, but only background
retinopathy. Retinopathy was diagnosed by opthal-
moscopic and fluorescent angiographic examina-
tions. Their mean weight was 7275 kg (male),
5874 kg (female) and mean age was 60 (range, 54–
64) years with a mean duration of diabetes of 8
(range 6–11) years and patients had a mean HbA1c
of 5.170.3%.

There were no significant changes in haemoglo-
bin contents, Hct, and HbA1c in these type 2 DM
patients after taking 3 months of oral Egb 761
(Table 1). Moreover, except for a significant
improvement in fibrinogen levels, neither total
proteins nor lipoproteins significantly differed after
treatment (Table 1).

However, erythrocyte rigidity TK (or internal
viscosity of red cells), and plasma viscosity were
decreased and blood viscosity was reduced at all
tested shear rates after treatment (Table 2).
Furthermore, both the dynamic viscosity (Z0) and
elasticity (Z00) of the blood viscoelasticity had
significantly improved after treatment (Table 2).
In terms of lipid peroxidation stress of erythrocyte
membranes, the results indicate that there was a
significant reduction in MDA of erythrocyte mem-
branes after treatment (Table 2). As for erythro-
cytes deformability, we used the flow resistance (b)
model, and results indicate that thedvalue signifi-
cantly decreased (i.e. erythrocyte deformability
index increased by 1=b) after treatment. This
phenomenon might associate with the decrease
in erythrocyte rigidity and MDA in erythrocyte
membranes.
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To assess peripheral circulation in type 2 DM
patients, SLO video fluorescent angiography was
used to observe retinal capillary blood flow
velocity. The results indicate that retinal capillary
blood flow velocity in diabetic patients increased
from 3.2 to 3.7mm s�1 after treatment (Table 2).
Lastly, the oxygen transport efficiency (TE) of
blood, we found that the TE value in type 2 DM
patients was increased at high, medium, and low
shear rates (Table 2).

Discussion

Impairment of haemorrheological properties has
been documented in diabetes.1–7 Some studies

reported abnormalities in erythrocyte membrane
properties of diabetic patients.2,3,6 The concur-
rence of blood abnormality was partially attribu-
table to lipid peroxidation stress or reduced
vitamin E content of cell membranes. The MDA is
one of lipid peroxidation products and may play a
role as an oxidative trigger that contributed to the
haemorrheological alternation. Concerning the
relationship between MDA values and erythrocyte
deformability in diabetic patients, it has been
reported that higher HbA1c may increase the
quantities of phospholipid–MDA adduction, and that
HbA1c levels were inversely correlated with ery-
throcyte deformability in diabetic patients.22 How-
ever, in our study, there were no significant changes
in HbA1c after the supplementation; the range of
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Table 1 Haematogical parameter of type 2 DM patients before and after Egb 761 supplementation.

Parameter Before treatment After treatment Differences Paired t-test P value

MCV (f1) 90.9070.95 90.8570.99 �0.0570.38 NS
MCHC (g dl�1) 33.1771.18 33.1071.25 �0.0670.32 NS
Hct (%) 42.2571.27 42.1171.17 �0.1471.21 NS
Globulin (mg l�1) 3.4370.09 3.4370.08 0.0070.05 NS
Albumin (g l�1) 4.3970.09 4.4170.08 0.0170.05 NS
Fibrinogen (mg l�1) 326.3742.3 283.6725.5 �42.7723.6 o0.001
HBA1c (%) 5.0470.29 5.0670.22 0.0170.13 NS

Results are mean7SD (n ¼ 25). Differences between before and after treatment determined by t-test. Significantly different
from control, Po0:001:
NS: non-significant.

Table 2 Haemorrheological characteristics and oxygen transport efficiency of blood, MDA of erythrocyte
membranes, and retinal capillary blood flow velocities for the pre- and post-treated on type 2 DM.

Parameter Before treatment After treatment Difference Paired t-test P value

Z plasma (cp) 1.3170.02 1.2370.03 �0.0870.03 o0.05
Z blood (cp)a (g ¼ 400 S�1) 4.3270.04 3.8870.11 �0.4470.10 o0.05
Z blood (cp)a (g ¼ 150 S�1) 4.7470.05 4.2270.07 �0.5270.09 o0.05
Z blood (cp)a (g ¼ 5 S�1) 11.2370.37 8.3570.57 �2.8870.57 o0.01
Z0 blood (cp)b 11.5470.46 8.4670.89 �3.0870.79 o0.01
Z00 blood (cp)b 3.6570.07 3.1370.33 �0.5270.35 o0.05
b 1.4170.06 0.9670.10 �0.4570.12 o0.01
MDA (� 1010 nmol cell�1) 4.8970.07 3.9770.14 �0.9270.16 o0.05
Blood flow (mms�1) 3.2370.12 3.6770.24 0.4470.24 o0.05
TK (g ¼ 400 S�1) 0.9070.03 0.8970.03 �0.0170.04 NS
TK (g ¼ 150 S�1) 0.9670.03 0.9470.03 �0.0270.04 o0.05
TK (g ¼ 5 S�1) 0.9670.03 0.9470.03 �0.0270.04 o0.05
TE (g ¼ 400 S�1) 9.8170.31 10.6070.43 0.7970.49 o0.05
TE (g ¼ 150 S�1) 8.8170.33 9.7470.36 0.9370.39 o0.05
TE (g ¼ 5 S�1) 3.7670.25 4.7870.67 1.0270.59 o0.01

Results are mean7SD (n ¼ 25). Differences between before and after treatment determined by t-test. Significantly different
from control, Po0:05: NS: non-significant.
Z0: the whole blood dynamic viscosity; Z00: the whole blood elasticity viscosity; g: shear rate.
aThe steadily flow model of blood.
bThe oscillatory flow model of blood (0.1Hz).
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HbA1c is an index of blood glucose levels. Therefore
the stable glucose levels could have played a minor
role in improving erythrocyte deformability.

From the nutrition point of view, vitamin E, an
antioxidant located in the cellular membrane
structure, plays an important role by acting as a
physiological antioxidant and membrane stabilizer.
Malnutrition of vitamin E reduces erythrocyte
deformability and survival, as well as increases
susceptibility to oxidan.t damage and adhesive-
ness.23 In patients with chronic diabetes, long-term
hyperglycaemia may result in an increase in both
lipid peroxidation in erythrocyte membranes19 and
oxidation of membrane spectrin,22 and the oxida-
tive stress may cause abnormalities in erythrocyte
membranes and alter the haemorrheological prop-
erties of erythrocytes.24 We have found blood
vitamin E concentration declined in DM patients
received placebo in an ongoing 13-week vitamin E
interventional study; furthermore, the activity of
erythrocyte glutathione peroxidase in DM patients
showed inversed correlation to RBC vitamin E
content (unpublished data). Sushil et al.25 demon-
strated that supplementation with vitamin E
(100 IU day�1) significantly increased glutathione
and lowered lipid peroxidation in erythrocytes of
type 1 diabetic patients. In our study, we observed
that oral ingestion of Egb 761 significantly reduced
the level of MDA at the cell membrane of
erythrocytes. These phenomena implied that the
lipid oxidation in type 2 DM patients could be
lowered by the Egb 761 ingestion attributed to its
antioxidative property.

In this study, we correlated the erythrocyte
deformability index (1=b) with the value of MDA
before and after treatment. The data demon-
strated that there was an inverse correlation
between 1=b and the MDA value (Fig. 1). These
results showed a solid correlation between ery-
throcyte deformability and lipid peroxidation stress
of erythrocyte membranes in type 2 DM patients.
Meanwhile, the results also indicated the erythro-
cyte TK value significantly decreased after treat-
ment. Thus, we logically summarize that the
improvement in erythrocyte deformability might
attribute to molecular structure of Egb 761 that
presents antioxidative capability, such as the
radical scavenger effectiveness26–28 and the trans-
ited metal ion quenching property29 and improves
the internal viscosity of red cells in type 2 DM
patients.

Concerning the effect of Egb 761 on blood
viscosity, Witte’s study reported that Egb 761
decreased blood viscosity in type 2 DM patients
with arterial circulatory disorders.30 In order to
discuss the effects of Egb 761 on blood viscosity and

viscoelasticity, we designed two in vitro blood flow
models such as steady flow and oscillatory flow
study. In steady flow assessment, blood viscosity of
diabetic patients decreased under high, medium,
and low shear rates after ingestion. It implied that
the decrease of blood viscosity should highly relate
to erythrocyte rheological property, especially in
lipid profile characteristics, e.g. the membrane
integrity. Under a high shear rate, the decreases of
blood viscosity might attribute to the decreases of
erythrocyte rigidity and the increases of erythro-
cyte deformability, vice versa under a low shear
rate. Therefore, the lowering blood viscosity in
treated subjects highly correlated to decreases in
erythrocyte aggregation and decreasing fibrinogen
levels in plasma may play a critical factor (Table 1).

Limited literature in oscillatory blood flow of
diabetic patients is available.31–33 Thus, in order to
obtain a better illustration of interaction between
blood stream and stimulator in vivo, we designed
an oscillatory assessment to illustrate the simula-
tion of blood stream. In this test, we measured the
blood viscoelasticity (dynamic viscosity and dy-
namic elasticity) in diabetic patients under
oscillatory shear force at the constant 0.01 Pa
and with different frequencies which ranged from
0.3 to 0.1Hz. In general, the viscoelasticity of
blood is primarily determined by the aggregation
and disaggregation of erythrocytes at low shear
rates. The parameters Z0 (dynamic viscosity)
and Z00 (dynamic elasticity) of blood reflect the
ability of erythrocytes to aggregate and adjust
their shape in low shear flow rate and the elastic
properties of erythrocytes as they aggregated,
respectively. It is possible to obtain qualitative
information on blood when it flows in large vessels
in pulsation,33 and of rouleaux formation in micro-
circulation. Our studies not only decreased the
value of Z0 and Z00 but also reduced the status of
erythrocyte aggregation after Egb 761 treatment in
type 2 DM patients (Table 2). Based on these data,
we logically hypothesized that the Egb 761 im-
proves the fibrinogen levels in plasma, decreases
the interaction between erythrocytes and fibrino-
gen, and avoids the erythrocytes aggregation in
blood stream.

According to the results of the SLO study, an
increasing trend of retinal capillary blood flow
velocity was observed after Egb 761 treatment.
One of the possible reasons for these results could
be the reduction of the blood viscosity and
viscoelasticity or the induction of the extension of
the blood vessels. Clinically, Hct is a useful factor
to judge the oxygen capacity in a certain blood
unit. In our study, the result indicates no significant
difference in Hct levels after treatment (Table 1).
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However, since erythrocyte deformability was
increased and the viscosity was decreased after
treatment, these factors may further enhance the
oxygen transport efficiency of blood to tissues.
Therefore, enhancement of the retinal capillary
blood flow velocity and oxygen transport efficiency
of blood can decelerate the deterioration of
retinopathy or microangiopathy in DM.

In our study, we concluded that 3 months of oral
ingestion of Egb 761 for type 2 DM patients with
retinopathy can reduce the MDA (i.e. reduce lipid
peroxidation stress) of erythrocyte membranes,
fibrinogen levels, and plasma viscosity, and in-
crease erythrocyte deformability, which improves
the blood viscosity and viscoelasticity and further
increases blood flow velocity and the TE value of
the blood. These factors could all contribute to
improving or lowering peripheral circulation dis-
orders among diabetic patients. Therefore, we
believe that providing Egb 761 to type 2 DM
patients could result in a meaningful impact on
their blood circulation and reduction of retinopathy
occurrence.
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