
 

© 2008 The Authors

 

Doi: 10.1111/j.1742-7843.2008.00354.x

 

Journal compilation

 

 © 2008 Nordic Pharmacological Society

 

. Basic & Clinical Pharmacology & Toxicology

 

, 

 

104

 

, 138–144

 

Blackwell Publishing Ltd

 

Dual Effects of 

 

Ginkgo biloba

 

 Leaf Extract on Human Red Blood Cells

 

Jing He

 

1,2

 

, Juan Lin

 

2

 

, Jing Li

 

2

 

, Jian-Hong Zhang

 

1

 

, Xue-Min Sun

 

1

 

 and Cheng-Ming Zeng

 

1,2

 

1

 

College of Chemistry and Material Science, Shaanxi Normal University, Xi’an, and 

 

2

 

College of Life Sciences, 
Sichuan University, Chengdu, China

(Received June 11, 2008; Accepted September 1, 2008)

 

Abstract:

 

Extracts from the leaves of  

 

Ginkgo biloba

 

 have been used in Chinese medicine for thousands of  years. Today,
various standardized preparations from 

 

G. biloba

 

 leaf extract have been developed. 

 

G. biloba

 

 leaf extract, which contains
flavonoids and terpenoids as the major biologically active components, has become one of  the most popular and
commonly used herbal remedies due to its wide spectrum of beneficial effects on health. In this study, we investigated the
effects of 

 

G. biloba

 

 leaf extract on the properties of human red blood cells in the presence and absence of amyloid peptide
(A

 

β

 

25-35), peroxide and hypotonic stress. The results suggest that 

 

G. biloba

 

 leaf extract has a dual action, both protective
and disruptive, on red blood cells, depending on whether an exogenous stress is present. 

 

G. biloba

 

 leaf  extract has a
protective role on red blood cells against A

 

β

 

- and hypotonic pressure-induced haemolysis, peroxide-induced lipoperoxidation,
as well as glutathione consumption and methaemoglobin formation. On the other hand, 

 

G. biloba

 

 leaf  extract also
exhibited damage to red blood cells by increasing cell fragility, changing cellular morphology and inducing glutathione
consumption and methaemoglobin formation, especially when applied at high doses. These anti- and pro-oxidative
activities of polyphenolic substances are thought to be involved in the dual function of 

 

G. biloba

 

 leaf extract. The results of

 

this study suggest that high doses of herbal remedies and dietary supplements can be toxic to cells.

 

Extract of 

 

Ginkgo biloba

 

 leaves has been used in Chinese
medicine for thousands of years. It has been ingested to
improve intelligence and treat a number of  pathological
conditions, including neurological disorders, inflammatory
diseases, and heart and lung dysfunction [1]. Today, standardized

 

G. biloba

 

 leaf extract with well-defined components have been
developed and are widely consumed as herbal remedies and
dietary supplements.

 

Ginkgo biloba

 

 leaf  extract has attracted widespread
attention both in the pharmaceutical and tonic markets and
in research laboratories due to its broad spectrum of beneficial
effects on health [2,3]. The major pharmacological substances
in 

 

G. biloba

 

 leaf  extract include flavonoids, terpenoids and
proanthocyanidins [4]. The flavonoid fraction is primarily
composed of quercetin, kaempferol, isorhamnetin and their
glycosides. The terpenoid fraction includes the ginkgolides
A, B, C and J as well as bilobalide. These major components,
effective as antioxidants and oxygen free radical (ROS)
scavengers, along with other specific actions, are responsible
for the unique pharmacological properties of 

 

G. biloba

 

 leaf
extract. Compared with manufactured or synthesized drugs,
most of which have only one target in their mechanism of
action, 

 

G. biloba

 

 leaf extract has many components and is
involved in both up- and down-regulation of  cellular
metabolism, increasing toxicity in carcinoma cells, protecting
cells against toxins and assisting in balancing the physiological
status under a variety of stresses [5,6]. As the general public
is now turning to the use of  natural substances for the

prevention and treatment of  diseases and disorders,

 

G. biloba

 

 leaf extract and other naturally sourced ingredients,
most of  them containing polyphenols as their major con-
stituents, are promoted as an ‘ideal drug’ and are often
taken without medical advice.

However, there is increasing evidence to suggest that some
herbal and dietary ingredients [7–11] as well as elementary
nutrients [12–14] can act as pro-oxidants 

 

in vitro

 

 and 

 

in vivo

 

,
including the 

 

G. biloba

 

 extract components quercetin [10,11]
and procyanidins [8]. The pro-oxidative effects of  these
compounds involve the generation of ROS and phenoxyl
radicals which attack proteins, DNA strands and membrane
lipids, triggering a cascade of events leading to cytotoxicity
and eventually cell death.

Recently, in an assay of the inhibitory effects of 

 

G. biloba

 

leaf extract on the cytotoxicity of the 

 

β

 

-amyloid peptide
fragment A

 

β

 

25-35, the induction of haemolysis in human
red blood cells by this extract was observed, suggesting that

 

G. biloba

 

 leaf extract may disrupt the structure of biological
membranes. In the present study, the dual effects of 

 

G. biloba

 

leaf extract on the properties of human red blood cells were
investigated in terms of haemolysis, lipid peroxidation,
methaemoglobin and reduced glutathione (GSH) levels,
osmotic fragility, membrane fluidity and cell morphology.

 

Materials and Methods

 

Chemicals.

 

A

 

β

 

25-35, tert-butyl hydroperoxide (tBHP), reduced GSH,
1,6-diphenyl-1,3,5-hexatriene (DPH), 5,5

 

′

 

-dithio-bis(2-nitrobenzoate)
(DTNB), haemoglobin and methaemoglobin were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Standardized 

 

G. biloba

 

leaf  extract, containing 24% ginkgo-flavone glycosides and 6%
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terpenoids, was obtained from the Tian-Yi Bio-Tech Inc. (Xi’an,
China) and dissolved in 50% ethanol–water solution (20 mg/ml) as
a stock solution. Quality control of  

 

G. biloba

 

 leaf  extract was
performed by high-performance liquid chromatographic fingerprint
analysis according to the method reported previously [15]. Other
reagents were of analytical grade.

 

Isolation of  red blood cells.

 

Fresh blood was drawn from the
antecubital vein of healthy volunteers using sodium citrate as an
anticoagulant. Serum and buffy coats were removed by centrifugation
at 1000 

 

×

 

g for 10 min., and the packed red blood cells were washed
three times in cold isotonic phosphate-buffered saline (140 mM
NaCl, 5 mM KCl and 5 mM glucose in 10 mM phosphate buffer,
pH 7.4). The suspensions of red blood cells used in this study were
freshly prepared daily.

 

Effects of G. biloba leaf extract on haemolysis induced by A

 

β

 

25-35.

 

A stock solution of A

 

β

 

25-35 in water (1 mg/ml) was used in the
haemolysis experiments. Suspensions of red blood cells (3% haematocrit)
were incubated with A

 

β

 

25-35 in the presence and absence of

 

G. biloba

 

 leaf extract (0–200 

 

μ

 

g/ml) at 37

 

°

 

 for 30 min. in a shaking
water bath. Incubation was terminated by cooling the tubes to 4

 

°

 

.
The reaction mixtures were centrifuged at 1000 

 

×

 

g for 10 min. and
the absorbance of the supernatants were measured at 540 nm using
a Shimadzu UV-240 spectrophotometer (Kyoto, Japan). The
haemolytic rate was calculated in relation to haemolysis of red
blood cells in 10 mM phosphate buffer, which was taken as 100%.
Unless otherwise stated, all the control samples contained the same
volume of ethanol but were devoid of 

 

G. biloba

 

 leaf extract.

 

Ginkgo biloba leaf extract-induced haemolysis.

 

Red blood cells were
mixed with 

 

G. biloba

 

 leaf extract (0–200 

 

μ

 

g/ml) and incubated at 37

 

°

 

for 1 and 2 hr. Incubation was terminated at 4

 

°

 

, then the red blood
cells were centrifuged (1000 

 

×

 

g for 10 min.) and the haemolytic
rates were determined.

 

Morphological evaluation of red blood cells.

 

Red blood cells were
incubated in an isotonic saline buffer with 

 

G. biloba

 

 leaf extract (0–
100 

 

μ

 

g/ml) at 37

 

°

 

 for 30 min. in a shaking water bath. After cooling
to room temperature, the cells were observed and analysed under a
light microscope. Normal and deformed cells were classified
according to the method of Bessis [16]. In each preparation, an
average of 200 cells were counted and classified, and the percentage
of deformed cells was calculated. For scanning electron microscopy
determinations, red blood cells (3% haematocrit) were incubated at
37

 

°

 

 for 30 min. in the presence and absence of 

 

G. biloba

 

 leaf extract
(0–100 

 

μ

 

g/ml) and A

 

β

 

25-35 (20 

 

μ

 

g/ml). After incubation the samples
were centrifuged at 1000 

 

×

 

g for 10 min. and the packed cells were
resuspended in isotonic phosphate buffer containing 1% glutaralde-
hyde. After fixation, the samples were dehydrated through graded
acetone, critical point dried and gold-coated by sputtering. The
morphological changes in the erythrocytes were visualized with a
Quanta 200 scanning electron microscope (FEI Company, Eindhoven,
The Netherlands) at an accelerating voltage of 20 kV.

 

Fluorescent probing of red blood cell membrane fluidity.

 

Alterations
in red blood cell membrane fluidity induced by A

 

β

 

25-35 and

 

G. biloba

 

 leaf extract were measured using steady-state fluorescence
anisotropy of the probe DPH incorporated into the red blood cell
membranes at 37

 

°

 

 with a PerkinElmer LS-55 spectrofluorimeter
(Waltham, MA, USA). A suspension of  red blood cells (3%
haematocrit) was incubated in the presence and absence of 

 

G. biloba

 

leaf extract (0–50 

 

μ

 

g/ml) and A

 

β

 

25-35 (20 

 

μ

 

g/ml) at 37

 

°

 

 for 30 min.,
followed by dilution to a haematocrit of  0.05%. The final con-
centration of DPH in samples was 1 

 

μ

 

M. Excitation and emission
proceeded at 356 and 428 nm, respectively.

 

Osmotic fragility measurements.

 

The osmotic resistance of  red
blood cells was measured in the presence and absence of 

 

G. biloba

 

leaf extract (0–200 

 

μ

 

g/ml). After incubation of red blood cells with
or without 

 

G. biloba

 

 leaf extract at 37

 

°

 

 for 1 hr, the samples were
centrifuged and the packed cells were resuspended and diluted
either with water or isotonic buffer to obtain a NaCl concentration
ranging from 0 to 140 mM. The cell suspensions were left to
equilibrate at room temperature for 30 min. and then centrifuged at
1000 

 

×

 

g for 10 min. Haemolysis was determined at 540 nm, 100%
haemolysis being that of red blood cells in water. Osmotic fragility
curves were constructed by plotting the percentage of haemolysis
against the NaCl concentration. The effective concentration of
NaCl inducing 50% haemolysis of red blood cells was defined as
EC50 and was calculated from the corresponding osmotic fragility
curve.

 

Lipid peroxidation.

 

Red blood cell lipid peroxides were measured
as thiobarbituric acid reactive substances. Red blood cells were
pre-incubated with 

 

G. biloba

 

 leaf extract (0–200 

 

μ

 

g/ml) for 30 min.
at 37

 

°

 

. The samples were then divided into two groups: one received
treatment with 1.0 mM tBHP for 30 min. at 37

 

°

 

; the other was
incubated for a further 30 min. After incubation, trichloroacetic
acid was added to the cell suspension to a final concentration of
10%, and the precipitate was removed by centrifugation. The
supernatant was then heated with thiobarbituric acid reagent
(1% thiobarbituric acid in 0.05 M NaOH) for 15 min., and cooled
to room temperature followed by extraction with n-butanol. The upper
layer was determined spectrometrically and the malonyldialdehyde
concentration was calculated.

 

Levels of reduced GSH.

 

The level of GSH in red blood cells was
determined using DNTB as a chromophore. Briefly, the cells were
treated with 

 

G. biloba

 

 leaf extract and divided into two as above.
The resultant cell suspensions were then treated or untreated with
1.0 mM tBHP and subsequently 10% trichloroacetic acid was
added. After centrifugation, DTNB was added to the supernatant
to a final concentration of 0.47 mM and the absorbance was measured
at 412 nm. The concentrations of GSH were calculated from a
standard curve of absorbance versus concentration of GSH.

 

Formation of methaemoglobin.

 

The percentage of methaemoglobin
present in red blood cells treated with 

 

G. biloba

 

 leaf extract and/or
1.0 mM tBHP was calculated from the absorbance change upon
addition of potassium cyanide (KCN), compared with the sample
fully converted to methaemoglobin by the addition of K3[Fe(CN)6]
as described by Stolze 

 

et al

 

. [17]. Briefly, after treatment, an aliquot
of the cell suspension was taken and haemolysed with water fol-
lowed by centrifugation for 5 min. at 4500 

 

×

 

g. The optical density
of the solution was adjusted with phosphate-buffered saline and the
absorbance was read at 540 nm.

 

Statistical analysis.

 

Unless otherwise indicated, values are presented
as means ± standard deviation of five independent experiments.
Student’s t-test was utilized when two samples were compared.

 

Results

 

Effects of 

 

G. biloba

 

 leaf extract on haemolysis induced by 
A

 

β

 

25-35.

 

As shown in fig. 1A, A

 

β

 

25-35 induced haemolysis of red
blood cells in a dose-dependent manner. A dual effect of

 

G. biloba

 

 leaf extract on the A

 

β

 

-induced haemolysis was
observed (fig. 1B). In the presence of 

 

G. biloba

 

 leaf extract,
the haemolytic rate decreased to a minimum at a dose of
approximately 25 

 

μ

 

g/ml. Higher doses of  

 

G. biloba

 

 leaf
extract increased the haemolytic rate significantly, leading to
a U-form haemolytic curve. These findings indicated that
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high doses of 

 

G. biloba

 

 leaf extract can disrupt red blood cell
membranes. No synergetic haemolysis was observed when
high doses of  

 

G. biloba

 

 leaf  extract were applied with
A

 

β

 

25-35, suggesting that these two substances interact with
red blood cells through different pathways.

 

Haemolysis of red blood cells induced by 

 

G. biloba

 

 leaf 
extract.

 

As shown in fig. 1C, haemolysis was induced by increasing
concentrations of 

 

G. biloba

 

 leaf extract from 0 

 

μ

 

g/ml to
100 

 

μ

 

g/ml, over an exposure period of up to 1 hr. The

 

G. biloba

 

 leaf extract-induced haemolysis was exposure-time-
dependent. However, further incubation of red blood cells

with high concentrations of 

 

G. biloba

 

 leaf extract (

 

≥

 

200 

 

μ

 

g/ml)
did not increase the haemolytic rate, probably due to the
formation of cell aggregates when high doses of 

 

G. biloba

 

leaf extract were applied.

 

Morphological analysis of red blood cells.

 

For the evaluation of shape changes in red blood cells
induced by A

 

β

 

25-35 and 

 

G. biloba

 

 leaf extract, light and
scanning electron microscopy were used. Results from both
light microscopic analysis and scanning electron microscopy
imaging show that 

 

G. biloba

 

 leaf extract induced significant
morphological alterations in red blood cells. Among the
cells pre-incubated with 

 

G. biloba

 

 leaf extract, irregular cells
with numerous extrusions on their surface and cells with
ruffled edges were observed (fig. 2B–D), in contrast to the
control cells which exhibited a normal biconcave appearance
(fig. 2A). The number of deformed cells was 

 

G. biloba

 

 leaf
extract dose-dependent. The ratio of deformed red blood
cells was 18.5%, 35.9%, 87.6% and 97.3% when the cell
suspension contained 10, 25, 50 and 100 

 

μ

 

g/ml 

 

G. biloba

 

leaf  extract, respectively, whereas in the control sample
(untreated cells), only 4.7% of cells had a deformed appearance
(fig. 2G).

In contrast to its strong haemolytic effect, A

 

β

 

25-35
(20 

 

μ

 

g/ml) induced only a small number of deformed red blood
cells (fig. 2E). The deformed cells were mainly echinocytes
and a few stomatocytes. A typical feature of the A

 

β

 

-treated
cells was the formation and release of small spherical vesicles
from the extrusions on the cell surface, as shown by the
arrowheads in fig. 2E. In the presence of  

 

G. biloba

 

 leaf
extract (25 

 

μ

 

g/ml), the formation and release of spherical
vesicles were eliminated (fig. 2F).

 

Membrane fluidity.

 

Membrane fluidity was evaluated by the fluorescence anisotropy
of DPH at 37

 

°

 

. A

 

β

 

25-35 significantly decreased membrane
fluidity of red blood cells by enhancing the fluorescence
polarization of membrane-bound DPH, as demonstrated by
the values in table 1. The anisotropy values of A

 

β

 

-treated
cells increased by 13.7% with respect to the control after
exposure to 10 

 

μ

 

g/ml of the peptide (P < 0.05). 

 

G. biloba

 

 leaf
extract at 5–50 

 

μ

 

g/ml did not significantly modify the DPH
fluorescence anisotropy, but suppressed the A

 

β

 

-induced
alteration in membrane fluidity (P < 0.05). These results
indicate that 

 

G. biloba

 

 leaf extract attenuated the interaction
of A

 

β

 

25-35 with the cell membrane. In accordance with this,
G. biloba leaf extract inhibited Aβ-induced haemolysis at
low concentrations. G. biloba leaf extract had a tendency to
increase the membrane fluidity of red blood cells, although
the difference was not significant in comparison with the
control sample (P > 0.05).

Effect of G. biloba leaf extract on the osmotic fragility of red 
blood cells.

G. biloba leaf  extract had a dual effect on the membrane
fragility of red blood cells. Fig. 3A shows the typical
osmotic fragility profiles of treated and untreated red blood

Fig. 1. Haemolysis of red blood cells (RBC) induced by amyloid
peptide (Aβ25-35) and Ginkgo biloba leaf extract (GbE). (A) Dose-
dependent haemolysis of RBCs induced by Aβ25-35. RBCs of 3%
haematocrit were incubated with Aβ25-35 at 37° for 30 min. The
lysate was centrifuged and the supernatant was determined at
540 nm. (B) Haemolysis induced by Aβ25-35 (20 μg/ml) in the
presence of GbE. RBCs of 3% haematocrit were incubated with
GbE at 37° for 30 min. prior to Aβ treatment. aControl sample in
the absence of Aβ. (B) Haemolysis of RBCs induced by GbE. Cells
of 3% haematocrit were incubated with GbE at 37° for 1 and 2 hr,
respectively. Haemolysis rates were calculated in relation to 100%
lysis of RBCs in 10 mM phosphate buffer. Data are shown as
means ± standard deviation (n = 5).
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cells with 100 μg/ml G. biloba leaf extract. The starting point
at which haemolysis occurred in untreated cells was approx-
imately 80 mM NaCl, whereas the G. biloba leaf extract-treated
cells started to lysis in isotonic buffer (140 mM NaCl),
suggesting that G. biloba leaf extract increased membrane
fragility. On the other hand, G. biloba leaf extract increased
the hypotonic resistance of red blood cells, or decreased
membrane fragility in the hypotonic environment. The two
curves in fig. 3A are crossed at 63 mM NaCl, which changed
the order of  osmotic resistance. The EC50 value, the
concentration of NaCl corresponding to 50% haemolysis,
was 53.5 mM in the untreated cells and was significantly
different from that in cells treated with 100 μg/ml G. biloba
leaf extract (45.6 mM, P < 0.05). The EC50 value decreased

with increasing G. biloba leaf extract concentration (fig. 3B),
suggesting that G. biloba leaf extract afforded red blood cell
membrane osmotic resistance against hypotonic pressure.

Effects of G. biloba leaf extract on membrane 
lipoperoxidation in red blood cells.

The cellular level of  malonyldialdehyde, which resulted
directly from membrane lipid peroxidation, was measured

Fig. 2. Morphological changes in red blood cells (RBC) induced by Ginkgo biloba leaf extract (GbE) and amyloid peptide (Aβ25-35). RBCs
were incubated with GbE in the presence and absence of Aβ25-35 for 30 min. at 37°. After fixation, cells were visualized under a scanning
electron microscope. (A) Control RBCs; (B) RBCs after treatment with 25 μg/ml, (C) 50 μg/ml and (D) 100 μg/ml GbE; (E) RBCs remained
in the haemolysate after incubation with 20 μg/ml Aβ25-35; (F) RBCs incubated with 20 μg/ml Aβ25-35 in the presence of 25 μg/ml GbE.
The scale bar at the lower left corner represents 10 μm. (G) Morphological analyses of RBCs treated with GbE. After incubation, the cells
were counted and analysed under a light microscope. Results are presented as the percentage of deformed cells (mean ± standard deviation;
n = 5).

Table 1.

Effects of amyloid peptide (Aβ25-35) and Ginkgo biloba leaf extract
(GbE) on the 1,6-diphenyl-1,3,5-hexatriene (DPH) fluorescent
anisotropy of red blood cell membrane.*

Sample DPH anisotropy

Control 0.205 ± 0.009
Aβ (10 μg/ml) 0.233 ± 0.007†

Aβ (20 μg/ml) 0.239 ± 0.010†

Aβ (30 μg/ml) 0.251 ± 0.012†

Aβ (20 μg/ml) + GbE (5 μg/ml) 0.219 ± 0.008‡

Aβ (20 μg/ml) + GbE (20 μg/ml) 0.212 ± 0.013‡

Aβ (20 μg/ml) + GbE (50 μg/ml) 0.209 ± 0.010‡

GbE (5 μg/ml) 0.198 ± 0.008
GbE (20 μg/ml) 0.195 ± 0.009
GbE (50 μg/ml) 0.191 ± 0.011

*Values represent mean ± standard deviation (n = 5). †Differs
significantly (P < 0.05) from the control sample. ‡P < 0.05 compared
with the Aβ (20 μg/ml) sample.

Fig. 3. Alteration of osmotic fragility in red blood cells (RBC)
treated with Ginkgo biloba leaf extract (GbE). (A) Typical curves of
osmotic fragility in RBCs after incubation in the absence (open
square) and presence of 100 μg/ml GbE (filled square). (B) Dose–
response relationship between concentrations of GbE and the effect
on osmotic fragility in RBCs. EC50 value is defined as the effective
concentration of NaCl inducing 50% haemolysis. Values are shown
as mean ± standard deviation (n = 5). *indicates significantly
different (P < 0.05) from the sample untreated with GbE.
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as a marker of cellular injury when attacked by ROS and
other oxidants. To verify whether G. biloba leaf  extract
induced haemolysis through membrane lipoperoxidation,
malonyldialdehyde levels were assessed in cells treated with
various doses of G. biloba leaf extract. Malonyldialdehyde
was unchanged in the samples (table 2), suggesting that
membrane lipoperoxidation was not involved in the
membrane damage induced by G. biloba leaf extract, which
can act as an antioxidant to protect red blood cells against
tBHP-induced oxidative stress. In the presence of G. biloba
leaf extract, the tBHP-induced formation of malonyldialdehyde
was markedly suppressed (table 2).

Depletion of reduced GSH and formation of 
methaemoglobin.

To determine whether the G. biloba leaf  extract-induced
membrane disruption involved pro-oxidant activity, GSH
depletion and methaemoglobin formation in red blood cells
were evaluated. As shown in table 2, the cellular level of
GSH decreased whereas the cellular level of methaemoglobin
increased upon co-incubation of red blood cells with
G. biloba leaf extract, and both were dose-dependent. This
finding indicates that oxidative stress in red blood cells can
be induced by G. biloba leaf extract and as a consequence
haemolysis can occur. In contrast, G. biloba leaf extract
acted as an antioxidant when an exogenous oxidative stress
was added to the red blood cells. In the presence of 1 mM
tBHP, the depletion of GSH and the formation of methae-
moglobin in red blood cells were markedly enhanced.
G. biloba leaf extract protected red blood cells against the
insult from the external-sourced peroxide, significantly
decreasing the GSH consumption and the methaemoglobin
formation.

Discussion

The main pharmacological constituents of G. biloba leaf
extract are polyphenolic compounds, of which flavonoids
are popularly accepted as effective antioxidants and ROS
scavengers. Such properties provide these natural products

with protective effects against haemolysis, cell membrane
fragility and lipid peroxidation induced by broad chemical/
physical stresses [18,19]. However, increasing evidence has
demonstrated that the actions of natural polyphenols on
biomembranes are dual and obscure. In addition to anti-
oxidative effects, polyphenols also show pro-oxidative toxicity
towards cells, which contributes to tumour cell apoptosis,
cancer chemoprevention [20,21], mitochondrial respiration
inhibition [22] and haemolysis simultaneously with GSH
and haemoglobin oxidation [23]. The dual effects of quercetin,
one of  the constituents of  G. biloba leaf  extract, on the
haemolysis of  red blood cells have also been addressed,
where heat-induced haemolysis was promoted and hypotonic
haemolysis was inhibited by quercetin [10]. As yet there have
been no reports on the pro-oxidative effects of G. biloba leaf
extract, although a causal relationship between haemorrhagic
complications and the intake of  G. biloba preparations
has been observed [24]. The results of  the present study
demonstrate that G. biloba leaf  extract has a dual action,
and is both protective and disruptive in red blood cells,
depending on whether an exogenous stress is present. These
findings indicate that G. biloba leaf extract and natural
polyphenols may have polyvalent target sites and several
functions in cells.

Amyloid-β peptides are known to be the major com-
ponents deposited in the brain parenchyma of patients with
Alzheimer’s disease. The 11-residue fragment Aβ25-35
retains the activities of  the full-length peptide, forming
fibrillar aggregates and is highly toxic to neuronal cells. It
is widely accepted that Aβ exerts cytotoxicity by self-
assembling the monomer into oligomers and fibrils which
are rich in β-pleated structures. These assemblages that have
exposed hydrophobic domains bind to cellular membranes
with high affinity, resulting in an increased rigidity and
other membrane damage leading to apoptosis. The uptake
and binding of Aβ by red blood cells cause swelling of the
cells, a decrease in cell deformability and an increase in
oxidative stress [25]. In this study, Aβ25-35 showed strong
haemolytic effects on red blood cells and G. biloba leaf
extract attenuated the Aβ-induced haemolysis. In another

Table 2.

Malonyldialdehyde, glutathione and methaemoglobin levels in red blood cells incubated with Ginkgo biloba leaf extract in the presence and
absence of tert-butyl hydroperoxide (tBHP).†

Ginkgo biloba leaf 
extract (μg/ml)

Malonyldialdehyde (μM)‡ Glutathione (mM)‡ Methaemoglobin (%)§

No tBHP 1 mM tBHP No tBHP 1 mM tBHP No tBHP 1 mM tBHP

Control 1.9 ± 0.6 2.43 ± 0.31 1.3 ± 0.3
0 41.5 ± 3.8 0.52 ± 0.13 58.5 ± 4.7
25 2.2 ± 0.5 39.6 ± 2.6 2.38 ± 0.22 0.97 ± 0.12* 1.6 ± 0.3 53.0 ± 5.4
50 2.1 ± 0.4 37.2 ± 4.1 2.24 ± 0.25 1.25 ± 0.16* 1.8 ± 0.4 43.2 ± 4.6*
75 2.3 ± 0.6 33.6 ± 3.7* 2.15 ± 0.23 1.38 ± 0.19* 2.9 ± 0.7* 39.9 ± 2.9*
100 2.5 ± 0.5 28.5 ± 2.3* 2.01 ± 0.17* 1.54 ± 0.20* 5.1 ± 0.5* 30.5 ± 2.9*
200 2.8 ± 0.6 21.7 ± 2.7* 1.95 ± 0.20* 1.76 ± 0.26* 11.5 ± 1.8* 23.1 ± 2.5*
†Each value represents the mean ± standard deviation (n = 5). Means within a column followed by * indicate significantly different (P < 0.05)
from that of the control sample or the sample without Ginkgo biloba leaf extract. ‡Concentration of the packed red blood cells. §MetHb is
expressed as percentage of total haeme.
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experiment, we found that incubation of Aβ25-35 with
G. biloba leaf extract resulted in the conversion of amyloid
fibrils to amorphous aggregates (data not shown). The
formation of amorphous aggregates was accompanied by a
decrease in the haemolytic effect of the peptide, suggesting
that G. biloba leaf extract disrupted the fibrillar structure of
Aβ and therefore inhibited haemolysis.

The molecular structure of natural polyphenols contains
both hydrophobic and hydrophilic moieties. The hydrophobic
parts insert into the lipid bilayers and modify the core
structure of the cellular membrane, leading to changes in
the cytoskeletal structure, fluidity and permeability of the
red blood cell membrane. In the present study, G. biloba leaf
extract induced morphological alterations in red blood cells.
These shape changes were probably produced by G. biloba
leaf extract binding to the outer layer of the cell membrane
and consequently altering the surface tension of the two
leaflets of the membrane [26].

The osmotic fragility assay suggests that G. biloba leaf
extract caused an increase in red blood cell permeability in
the isotonic range, whereas the data corresponding to 50%
lysis (EC50) show that G. biloba leaf extract afforded red
blood cells an increased osmotic resistance against hypotonic
stress. This phenomenon may be a consequence of the
multi-morphological states of red blood cells induced by
G. biloba leaf extract binding. Some of the irregularly
shaped cells, embedded with G. biloba leaf extract, probably
had more osmotic resistance than normal cells under
hypotonic conditions.

The oxidation of polyphenolic compounds can be triggered
or catalysed by a number of substances including oxygen
and oxides, metal ions, free radicals, oxidases and peroxidases.
In some circumstances polyphenols can be oxidized to form
semiquinone or quinone metabolites and phenoxyl radicals
which are sufficient for pro-oxidative effects. In this study,
G. biloba leaf extract had a pro-oxidative effect on red blood
cells when applied at high doses (≥25 μg/ml). This finding is
consistent with previous reports which state that some
conventional antioxidants induced oxidative stress when
applied in high doses [13,20,27–29]. We suggest that the
beneficial or toxic effect of G. biloba leaf extract exhibited in
a cellular system depends on the condition of the assay and
the dose used. High doses can induce cell damage particularly
in the absence of exogenous stress. This was demonstrated
by the fact that G. biloba leaf extract (≥25 μg/ml) exhibited
damage to red blood cells by increasing membrane fragility,
changing cellular morphology and inducing GSH consumption
and methaemoglobin formation.

The biological function of  herbal remedies, including
Ginkgo biloba leaf  extract and natural polyphenols, have
been extensively investigated. The beneficial health effects of
these remedies are promising in many aspects. In contrast to
their antioxidative activity and ability to scavenge ROS, the
pro-oxidative effects and cytotoxicity of these products have
rarely been evaluated. In this study, the pro-oxidative and
membrane disruptive activity of G. biloba leaf extract in red
blood cells were demonstrated. Our results suggest that

detailed mechanistic studies on the dual effects of G. biloba
leaf  extract and natural polyphenols should be performed
in vivo to evaluate the safety of  ingesting high doses of
herbal remedies and dietary supplements.
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