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Terpene-Strengthened Ginkgo biloba Extract as a Platelet-Activating
Factor Antagonist
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Abstract — Since platelet-activating factor (PAF) is involved in inflammation, allergic response and anaphylactic
shock, PAF receptor antagonists may have potential for controlling these disease conditions. The extract of the
leaves of Ginkgo biloba having a higher content of terpenoids (12%) with flavonoids (24%) (YY1224) was pre-
pared in order.to obtain the increasing PAF antagonistic activity. As expected, YY1224 showed a higher PAF
antagonistic binding affinity (IC5, = 0.09 pg/ml) using [*H]PAF and rabbit platelets as ligand and receptor source,
compared with an ICy, of > 100 pg/ml by Egb 761, a standardized extract. YY1224 also showed a higher inhib-
itory activity against PAF-induced platelet aggregation and NO production from lipopolysaccharide-treated RAW
264.7 cells. In addition, it protected PAF-induced death in mice by oral administration at 15 mg/kg. All these
results suggest that YY1224 may show favorable effects on PAF-related disorders.
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INTRODUCTION

Platelet-activating factor (PAF) (1-O-alkyl-2-acetyl-sn-glyc-
ero-3-phosphocholine) exerts a number of biological actions,
including platelet aggregation, chemotaxis of inflammatory
cells, provoking inflammation, allergic response and anaphy-
lactic shock in mice (Hanahan et al., 1987; Prescott et al., 1991
Koltai et al., 1996). Therefore, PAF receptor antagonists may
show some beneficial effects on these pathologic reactions.
According to this background information, many PAF antago-
nists have been developed and they show anti-inflammation,
antiallergy and prevention of PAF-induced anaphylactic shock.

The standardized extract of Ginkgo biloba leaves (Egb 761)
contains 24% flavonoid glycosides and 6% terpenoids like
ginkgolides and bilobalide (DeFeudis, 1991). Although ginkgolide
B among these constituents is found to be a powerful PAF
receptor antagonist (Bourgain et al., 1992), Egb 761 has only a
weak PAF antagonistic activity. Since enhancing PAF antago-
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nistic activity may be favorable against some PAF-related dis-
eases, G biloba extract containing a higher amount of terpenoids
has been prepared by Yuyu Inc. (Korea). This extract
(YY1224) comprises 12% terpenoids with same amount of fla-
vonoids (24%). Here in this investigation, the pharmacological
propetties of this newly prepared extract were evaluated based
on PAF antagonistic activity.

MATERIALS AND METHODS

Materials

PAF (C,¢), 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazo-:
lium bromide (MTT) and lipopolysaccharide (LPS, Escheri-
chia coli 0127:B8) were purchased from Sigma Chem. (St.
Louis, MO). Ginkgolide B was a product of Roth (Germany).
CV-6209 was from Biomol. (Plymouth Meeting, PA). ABT491
was obtained from Takara (Japan). [’HJPAF (1-O-[*H]-octade-
cyl, 200 Ci/mmol) was from Amersham Chem. Egb 761 and
YY1224 were provided from Yuyu Inc. LipofecAMINE
PLUS, DMEM and other cell culture reagents including FBS
were products of Gibco BRL (Grand Island, NY). Protein assay
kit was purchased from Bio-Rad Lab. (Hercules, CA).
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Animals

Male New Zealand white rabbits and ICR mice were pur-
chased from Orient Co. (Seoul, Korea). Animals were main-
tained in a specific pathogen-free facility under the conditions
of 22+1°C, 40 - 60% relative humidity and 12 h/12 h (light/
dark) cycle feeding with pellet chow and water ad libitum. Ani-
mals were used after acclimatization at least 7 days.

PAF receptor binding assay

From the neck vein of rabbits, blood was withdrawn in
sodium citrate solution (5:1). After centrifugation at 230 g for
10 min, platelet rich plasma (PRP) was obtained. PRP was cen-
trifuged again at 800 g for 15 min and platelet pellet was mixed
with Tris-tyroide buffer (pH 7.3, 10 mM). After centrifugation,
platelets were diluted to 2x108 cells/ml with Tris-tyroide buffer
containing 0.25% BSA. The binding assay was essentially fol-
lowed by the slightly modified procedure of the original
method of Valone ef al. (1982). In brief, [P'HJPAF was dried
under N, and 10 mM Tris-tyroide buffer with 0.25% BSA was
added, followed by sonification for 2 min. From the prelimi-
nary experiments with different concentrations of [*H]PAF for
various incubation periods, 1.5 nM [?’HJPAF and 50 min incu-
bation time were found to be optimum. Thus, the following
experiments were carried out under this condition. For a total
binding experiment, test samples including reference com-
pounds (25 pl) were added to platelet suspension (200 ) and
pre-incubated for 5 min. Then, [*H]PAF (1.5 nM) was added
and the tubes were incubated further for 50 min. For a nonspe-
cific binding, [*H]PAF and cold PAF (300 nM) were added to
platelet suspension in the presence or absence of test samples,
and the tubes were incubated for 50 min. The solution was fil-
tered on GF-C glass fiber filters using Skatron cell harvester.
The filters were dried and radioactivity was counted in toluene-
based cocktail. Specific binding and % inhibition were calcu-
lated as below:

Specific binding = total binding — nonspecific binding

coa.  SC-Ss ~ (Tc—Nc) — (Ts ~ Ns)
% inhibition =S x100= Te—No) %100

Sc: specific binding of control, Ss: specific binding of sam-
ple, Tc: total binding of control, Ts: total binding of sample, Nc:
nonspecific binding of control, Ns: nonspecific binding of sam-
ple

All experiments were triplicated and arithmetic means were
represented. The same experiments were carried out three times

in the measurement of antagonistic activity of G biloba
extracts.

Measurement of platelet aggregation

The platelet aggregation in vitro was performed as previ-
ously described (Akiba et al., 2000). In brief, PRP from rabbit
blood was centrifuged at 800 g for 15 min, and then washed
twice with HEPES buffer (137 mM NaCl, 2.7 mM KCl, 1 mM
MgCl,, 5.6 mM glucose and 3.8 mM HEPES, pH 6.5) contain-
ing 0.35% BSA and 0.4 mM EGTA. The washed platelets were
resuspended in the same buffer (pH 7.4) without EGTA to 3x
108 cells/ml. Platelets were incubated at 37°C for 3 min with
test samples in the presence of 1 mM CaCl, in an aggrometer
(470-vs, Chrono-log Co., PA, USA), and platelet aggregation
was induced by an addition of PAF (2 nM). The resulting
aggregation, measured as the change of light transmission, was
recorded for 10 min. Each inhibition rate was obtained from the
maximal aggregation induced by respective PAF at the concen-
trations using the following equation. Inhibition rate = (maxi-
mal aggregation rate (MAR) of vehicle-treated platelets - MAR
of sample-treated platelets/MAR of vehicle-treated platelets)x
100.

RAW 264.7 cell culture and measurement of NO concen-
tration

RAW 264.7 cells (mouse macrophage cell line, American
Type Culture Collection) were routinely cultured with DMEM
supplemented with 10% FBS and 1% antibiotics under 5%
CO, at 37°C according to the previously described procedure
(Chi et al., 2001). Briefly, cells were plated in 96-well plates (2
x10° cells/200 ml/well). After pre-incubation for 2 h, various
concentrations of test samples and LPS (1 pg/mi) were added
and incubated for 24 h, unless otherwise specified. Test sam-
ples were dissolved in DMSO and diluted with serum-free
DMEM into appropriate concentrations. Final concentrations
of DMSO in the culture never exceeded 0.1% (v/v). Cell viabil-
ity was assessed with MTT assay. For determination of NO
concentration, the stable conversion product of NO, nitrite
(NO,"), was measured using Griess reagent [1:1 mixture (v/v)
of 1% sulfanilamide and 0.1% naphthylethylenediamine dihy-
drochloride in 5% H;PO,]. Optical density was measured with
a microplate reader (Spectra Max, Molecular Devices) at 550
nm.

Western blot of inducible nitric oxide synthase (iNOS)
For measuring the protein level of iNOS, Western blotting
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technique was used (Chi et al., 2001). RAW cells were cultured
in 6-well plates (5x10° cells/well) in the presence or absence of
LPS (1 pg/ml) with/without test samples for 20 h. After prepar-
ing cell homogenate, the supernatant was obtained by centrifu-
gation at 15,000 g for 30 min. Using Tris-glycine gel (4-15%,
Novex Lab.), electrophoresis was carried out and the bands
were blotted to PVDF membranes. iNOS antibody (N32030,
Transduction Lab.) was incubated and the bands were visual-
ized by the treatment of secondary antibody and DAB reagent
(Vector Lab.).

Reverse transcriptase-polymerase chain reaction (RT-
PCR) analysis

RAW cells were cultured in 6-well plates (5x10° cells/well)
in the presence or absence of LPS with/without test samples for
5 h. After preparing cell homogenate, total RNA was extracted
using RNeasy mini kit (Quiagen) according to the supplier's
protocol. The concentration of RNA content was determined at
260 nm and 280 nm. cDNAs were synthesized using RT reac-
tion at 42°C, 5 min and 99°C, 5 min in Gene Cycler thermal cycler
(Bio-Rad). Primers were synthesized on the basis of the repeated
mouse cDNA sequence for iNOS and glyceraldehyde-3-phos-
phate dehydrogenase (G3PDH). The primer sequences used for
PCR were as follows: iNOS: sense, 5°-CCC TTC CGA AGT
TTC TGG CAG CAG C-3, antisense, 5-GGC TGT CAG
AGC CTC GIG GCT TTG G-3', 469 bp; G3PDH: sense, 5'-
TGA AGG TCG GTG TGA ACG GAT TTG GC-3, antisense,
5'-CAT GTA GGC CAT GAG GTC CAC CAC-3', 983 bp. The
amplification was performed at 94°C for 15 - 60 sec, 50 - 68°C
for 30 - 60 sec, and 72°C for 45 - 90 sec with 25 -30 cycles
under saturation, in 25 pl reaction mixture. After amplification,
5 ul of reaction mixture was analyzed on 1.5% agarose gel
electrophoresis and the bands were visualized by ethidium bro-
mide staining for 10 min.

PAF-induced death in mice

For measuring the protective effect against PAF-induced tox-
icity, PAF-induced death model was used as previously
described (Terashita ez al., 1992). Test samples were dissolved
in 0.1% carboxymethyl cellulose (CMC)/0.9% NaCl solution.
PAF (1 mg/ml ethanol) was dissolved in Tris-tyroide (5 mM
Tris-HCI, pH 7.4) containing 0.8% NaCl/0.019% KCl/1% glu-
cose/0.1% BSA without Ca** and Mg**. Test samples were
orally administered to ICR mice. Thirty minutes later, PAF (10
pg/kg) was injected via tail vein. And % survival was calcu-
lated from survival mice/total mice within each group.

RESULTS

The PAF antagonistic activity was measured using [°HJPAF
as a ligand and rabbit platelets as a receptor source. As shown
in Fig. 1, each test compound showed antagonistic receptor
binding activity. CV-6209, a synthetic PAF antagonist, most
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Fig. 1. Inhibition of PAF receptor binding. Rabbit platelets and
[PHIPAF were used for PAF receptor source and agonist,
respectively. The cpm values for total and nonspecific binding
were 7,765 + 120 and 4,361 + 102 cpm, respectively (n = 3).
Each data point represented the arithmetic mean of each
experiment.
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potently inhibited PAF binding (ICs, < 0.001 pg/ml), showing
78% ihibition at 0.001 mg/ml. Ginkgolide B also showed a
potent inhibition (IC, = 0.06 pg/ml). When G biloba extracts
were corfnpared, YY1224 showed a higher antagonistic activity
than Egb 761 as expectéd. The ICy, values for YY1224 and
Egb761 were found to be 0.09 and > 100 pg/ml, respectively.
When the inhibitory activity against platelet aggregation was
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Fig. 2. Inhibition of PAF-induced platelet aggregation. Rabbit
platelets were used for platelet source and 2 nM PAF was used
to induce aggregation. Each inhibition rate was obtained from
the maximal aggregation induced by respective PAF using the
formula described in experimental section. Each data point
represented the arithmetic mean of each experiment.

examined, the similar responses were found. Against PAF-
induced aggregation, YY1224 showed a stronger inhibitory
activity than Egb 761 as shown in Fig. 2. The IC;; values were
10.1 and 17.35 pg/ml for YY 1224 and Egb 761, respectively.
In this experiment, the ICs, of the reference molecule
(ginkgolide B) was 0.16 pig/ml. These two experiments clearly
demonstrated that YY 1224 possessed a higher PAF antagonis-
tic activity than Egb 761.

To extend the PAF antagonistic action to other cellular sys-
tem, the effect on iNOS-mediated NO production from LPS-
treated macrophage cell line, RAW 264.7, was examined. As
shown in Fig. 3A, these extracts inhibited iINOS-induced NO
production in somewhat different sensitivities. The ICs, values
were found to be 64.0 and 478.9 ug/ml for YY1224 and Egb
761, respectively. In this experiment, approximately 8-fold
higher potency was observed in YY sample, compared with
that of Egb 761. To unveil the cellular mechanism of inhibition,
iNOS mRNA and protein levels were checked. Fig. 3B and 3C
have clearly shown that iNOS down-regulation at transcrip-
tional as well as translational levels was at least in part the cel-
lular mechanism of NO reduction by YY1224. In these
experiments, YY 1224 showed a higher inhibitory activity of
iNOS mRNA expression, compared to Egb 761. In iNOS pro-

~tein level, Egb 761 showed the comparable inhibitory activity

with YY sample.

Finally, in vivo effect was examined using PAF-induced
death model in mice. Table I demonstrated that PAF treatment
to ICR mice gave approximately 76% lethality, while an orally
active synthetic PAF antagonist (ABT491) completely pro-
tected lethal effect of PAF at 0.3 - 0.4 mg/kg. YY 1224 showed
some protection against PAF-triggered death at 15 mg/kg. Egb
761, however, did not show any protective activity at 5-30 mg/
kg. Treatment of YY1224 and Egb 761 at 30 mg/kg exerted
toxic effect (instead of protection), showing increase of lethality.

DISCUSSION

This study has proven that the terpene-strengthened G
biloba extract (YY1224) possesses a higher PAF-antagonistic
activity in vitro and in vivo, compared with the activity of Egb
761. The ICy, value of Egb 761 on PAF receptor binding inhi-
bition could not be obtained since maximum inhibition did not
exceed 50%. On the other hand, Egb 761 inhibited PAF-
induced platelet aggregation in comparable potency with YY
sample, suggesting that some other constituents such as fla-
vonoids may also participate in interfering this biological
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Fig. 3. Inhibition of iNOS-mediates NO production. RAW 264.7
cells were incubated with LPS (1 pg/ml) and test materials. (A)
Inhibition of NO production from LPS-treated RAW 264.7
cells. YY1224 showed the significant cytotoxic effects by MTT
assay, 17.9 £ 2.6% at 1000 PM. Data points and bars represented
the arithmetic means + S.D. (n = 2). YY1224 (O), Egb 761 (@).
(B) Western blotting. (C) RT-PCR analysis.

response.

. Previously, Egb 761 and its terpenoids such as ginkgolide A,
B and bilobalide were reported to inhibit iNOS-mediated NO

production from macrophage cell line, THP-1 (Cheung e al.,

2001). Our results were in accordance with this previous obser-

vation in that Egb 761 showed inhibition and the terpene-

Table 1. Inhibition of PAF-induced death

Dose Survival/total % Survival
(mg/kg) animals rate
Control(PAF) - , 17/50 34
Egb 761 s 2/10 20
" 15 C310 30
30 0/10 0
YY1224 5 39 33
15 5/10 50
30 2110 20
ABT491 0.3 10/10 100
0.4 10/10 100

PAF (10 ug/kg) was injected via tail vein. Mortality was deter-
mined 24 h after PAF injection.

strengthened extract had a higher inhibitory activity than Egb
761. And they inhibited NO production at least in part by
down-regulation of iNOS expression.

Enhancing PAF-antagonistic activity may be favorable to
treat several disease conditions including septic shock, inflam-
mation, allergy, etc. (Tesch and Konig, 1979; Myers et al.,
1988; Redl et al., 1990). However, the results of the present
investigation indicate that the newly prepared extract
(Y'Y 1224) may not be beneficial against septic shock since they
showed toxic effects at the higher dose used in PAF-induced
death model, instead of protection. It is not understood at
present why these extracts including Egb 761 showed toxic
effect in this model, but the concomitant administration of PAF
and G biloba extracts gave deleterious effect. Nonetheless,
YY1224 showed the significant protection of PAF-induced
lethality at an appropriate dose (15 mg/kg), while Egb 761 did
not exert any protection at all doses tested.

In conclusion, it is found that YY 1224 possesses PAF antag-
onistic activity in vitro and in vivo. Its potency of PAF antago-
nistic action is substantially higher than that of Egb 761.
Therefore, it is suggested that YY1224 may show favorable
property against PAF-related diseases.
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