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Inhibition by ginkgolides and bilobalide of the production of nitric
oxide in macrophages (THP-1) but not in endothelial cells (HUVEC)
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Abstract

Nitric oxide (NO) is a principal mediator in many physiological and pathological processes. NO produced by constitutive nitric oxide
synthase in endothelial cells (eNOS) acts as a vasodilator, whereas excess NO production due to elevated expression of inducible nitric 0
synthase (iNOS) may produce cytotoxic effects to cells in the vascular wall. We demonstrated in our previous work that the extract c
Ginkgo bilobaleaves (EGb) inhibits INOS-mediated NO production. The objective of the present study was to investigate the effects of
several active EGb components on iNOS-mediated NO production in macrophages derived from a human monocytic cell line (THP-1), :
well as on eNOS-mediated NO production in human umbilical vein endothelial cells (HUVEC). Ginkgolide A, ginkgolide B, or bilobalide
(0.25 to 1.0ug/mL) caused a 30—65% reduction in the levels of NO metabolites released by THP-1 macrophages after 4 hr of incubatior
with a corresponding decrease in iINOS activity. Western immunoblotting analysis coupled with a nuclease protection assay and revel
transcription—polymerase chain reaction revealed a concomitant reduction in the levels of INOS protein mass and mRNA in ginkgolide A
ginkgolide B-, or bilobalide-treated macrophages. On the other hand, these compounds did not affect eNOS-mediated NO production or 1
expression of eNOS protein and mRNA in HUVEC. Taken together, these results suggest that ginkgolide A, ginkgolide B, and bilobalid
may contribute to the selective inhibitory effect of EGb on INOS expression without affecting eNOS-mediated NO production. © 2001
Elsevier Science Inc. All rights reserved.
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1. Introduction thesis is impaired in atherosclerotic lesions and in cells
treated with atherogenic factors, such as oxidized lipopro-
The production of NO is regulated by NOS [1-3]. In the teins and homocysteine [9-13]. The INOS is expressed
presence of co-substrates and co-factors, NOS conwverts mainly in macrophages, and its expression is regulated
arginine to NO and citrulline. The isoforms of NOS include largely at the transcriptional level by many factors, such as
endothelial constitutive NOS (eNOS or ecNOS), inducible various cytokines, growth factors, and endotoxins [14-18].
NOS (iNOS), and neuronal NOS (nNOS) [4,5]. Both eNOS Upon induction, a high level of NO production can be
and nNOS are constitutive types of NOS that require cal- sustained for a prolonged period of time. The excessive
cium for activation, whereas iNOS is calcium-independent production of NO may lead to cell injury in the vascular
[3-7]. NO derived from eNOS, in low levels, regulates wall [13,16,17]. Much attention has been paid to identifying
physiological vasodilatation [8,9]. eNOS-catalyzed NO syn- factors that can selectively regulate individual types of NOS
expression [18-20]. We reported previously that EGb se-
lectively inhibits INOS expression in cultured mammalian
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leaves; THP-1, a human monocytic cell line; HUVEC, human umbilical production in Var.IOUS types of cells [21'24’25,]’ the compo-
vein endothelial cells; and RT-PCR, reverse transcription—polymerase N€nNts or me.tab0|ltes .Of EGb that are respon5|ble for Such. an
chain reaction. effect remain to be identified. Standardized EGb contains
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24% flavonoid glycosides, 6% terpenoids, 7% proanthocya- tion [34,35], and were cultured in M199 medium supple-
nidines, and other uncharacterized compounds [22]. Fla- mented with 10% fetal bovine serum and 30 mg/L of en-
vonoid glycosides and terpenoids are regarded as majordothelial cell growth supplement (Sigma).

active constituents of EGb [22]. Some components of EGb

have been identified. For example, terpenoids consist of 2.3. Determination of nitrite and nitrate levels in the
bilobalide and ginkgolides. Bilobalide accounts for about culture medium

2.9% of the total EGb (about 48% of terpenoids) [22].

Bilobalide was shown to have anti-ischemic properties and  After cells were incubated with or without ginkgolide A,
can prevent the hypoxia-induced decrease in ATP content inginkgolide B, or bilobalide, the culture media were col-
endothelial cells [28]. Both bilobalide and ginkgolide B lected, and the amount of NO metabolites (nitrite and ni-
have been suggested to possess an anti-apoptotic propertirate) was determined by a modified Griess reaction [21,36].
[29]. Ginkgolide B was also shown to act as a specific Briefly, the nitrate in the culture media was first converted
platelet-activating factor (PAF) receptor antagonist [30,31]. to nitrite by the action of NADPH-dependent nitrate reduc-
It was suggested that the superoxide scavenging effect oftase. The Griess reaction was initiated by the addition of a
ginkgolide B and bilobalide contributes to the antioxidant reagent that contained 1% (w/v) sulfanilamide and 0.1%
properties of EGb [32]. Although these studies support the (w/v) N-[1-naphthyl]-ethylenediamine. The absorbency of
notion that ginkgolides and bilobalide may have a protective the reaction mixture was read at 540 nm.

effect on cardiovascular function, little information is avail-

able regarding the effect of these individual constituents of 2.4. Determination of NOS activity

EGb on NO production. Because eNOS is expressed mainly

in endothelial cells while INOS is expressed mainly in After THP-1 macrophages were treated with ginkgolide
macrophages, in the present study we investigated the ef-A, ginkgolide B, or bilobalide, the activity of INOS was
fects of ginkgolide A, ginkgolide B, and bilobalide on determined as described previously [21]. Briefly, the cells
iINOS-mediated NO production in THP-1-derived macro- were lysed in 30 mmol/L of HEPES buffer (pH 7.4) con-
phages and on eNOS-mediated NO production in HUVEC. taining 0.1 mmol/L of EDTA, 1umol/L of leupeptin, 2
Ginkgolide A, ginkgolide B, and bilobalide were found to mg/L of aprotonin, 1 mmol/L of dithiothreitol, 1 mmol/L of
inhibit INOS expression, leading to reduced NO production phenylmethylsulfonyl fluoride, and 0.1% (v/v) Triton
in THP-1 macrophages. However, these compounds did notX-100. The reaction mixture contained 30 mmol/L of
affect the eNOS-mediated NO production in endothelial cells. HEPES buffer (pH 7.4), 1 mmol/L of EGTA, 1Q@mol/L of
NADPH, 300 umol/L of tetrahydrobiopterin (Bg), 1
mmol/L of dithiothreitol, 10 umol/L of FAD, and 40
wmol/L of L-[*H]arginine (37 kBg/reaction mixture) as sub
strate. The reaction was carried out af 8t 1 hr, and was
terminated by the addition of 200L of stop buffer con-
taining 100 mmol/L of HEPES (pH 5.5). The mixture then
was applied to a column of Dowex cation exchange resin to
EGb (Shanghai Luyuan Industry Company Ltd.) [21] were separate the reaction product-[>H]citrulline, from
dissolved in 5% ethanol (5Qg/mL). The final concentra-  L-[*H]arginine. The eluent was collected, and the radioac
tions of ethanol present in the culture media (0.01 to 0.05%) tivity associated with citrulline was determined by liquid
had no effect on NO production in cultured cells. EGb is a scintillation counting.

standardized extract that contains 24% flavonoid glycosides
and 6% terpenoids [21].

2. Materials and methods
2.1. Materials

Ginkgolide A, ginkgolide B, bilobalide (Sigma), and

2.5. Western immunoblotting analysis of NOS protein

2.2. Cell culture The effects of ginkgolide A, ginkgolide B, and bilobalide

on NOS protein mass were determined by western immu-

THP-1 cells, a human monocytic cell line, were pur-
chased from the American Type Culture Collection
(ATCC). Cells were cultured in RPMI 1640 medium con-

noblotting analysis [21]. Briefly, 10p.g of cellular protein
from control or treated cells was separated by electrophore-
sis on a 7.5% SDS polyacrylamide gel. Proteins on the gel

taining 10% fetal bovine serum. For the experiments, cells were then transferred to a nitrocellulose membrane. The
were cultured in 35-mm dishes in the presence of phorbol specific NOS band was identified by either anti-eNOS or
12-myristate 13-acetate (PMA) for 24 hr to induce differ- anti-iNOS antibodies (Transduction Laboratories), which
entiation of these cells into macrophage-like cells (THP-1 recognized 140 kDa human eNOS and 130 kDa human
macrophages) [33]. THP-1 macrophages were activatediNOS, respectively. Horseradish peroxidase-conjugated sec-

with a combination of lipopolysaccharide (2y/mL) and
tissue necrosis factat- (0.1 pg/mL) for 12 hr. HUVEC

were isolated from the umbilical vein by collagenase diges-

ondary antibodies were used to develop the membranes.
Bands corresponding to NOS proteins were identified by
positive controls of purified NOS protein according to the
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similarity in relative mobility on the gel. The specific NOS T ' - _
protein bands were visualized using ECL reagents (Amer- M control

sham) and analyzed with a gel documentation system (Bio- 1 ?2:
Rad Gel Doc1000 and Multi-Analy8tversion 1.1). 10 oBio | |

2.6. Nuclease protection assay and RT-PCR analysis

Total RNA was isolated from cultured THP-1 macro-
phages or HUVEC with TRIzol reagent according to the
manufacturer’s instructions (Life Technologies). For the
nuclease protection assay, the isolated RNA (X) was |
hybridized with®2P-end-labeled iINOS or eNOS oligonucle | _
O_tlde prObe_s overnight at 30° fonowe_d by m‘_ICIease dlges_ Fig. 1. Time course of the effects of ginkgolides and bilobalide on NO
tion according to the manufacturer’s instructions (Ambion production in THP-1 macrophages. THP-1 macrophages were incubated in
Inc. USA) [37]. A positive control, 28S rRNA oligonucle-  the absence (control) or the presence of ginkgolide A (GA, @8nL),
otide probe was used as an internal control. After digestion, ginkgolide B (GB, 0.5ug/mL), and bilobalide (Bilo, 0.5ug/mL) for
the protected fragments were resolved on a denaturing po|y_various time periods. At the end of the incubation, culture media were

; 0 P collected, and aliquots were used for the determination of NO metabolite
acrylamlde gel (12 /0) containing 8 M urea and transferred (nitrite and nitrate) levels. Results are expressed as mea&b for five

to a filter paper thf’it was later exposed to X-ray film. The separate experiments. Key: ()< 0.05, when compared with the control
bands corresponding to INOS mRNA or 28S rRNA were values.

analyzed using a gel documentation system (Bio-Rad Gel

Doc1000 and Multi-Analy§t version 1.1). Values were

expressed as relative expression of INOS mRNA normal- 3-2. Effects of ginkgolides and bilobalide on NOS

ized to 28S rRNA levels. The levels of iNOS mRNA and activities in THP-1 macrophages

eNOS mRNA were also determined by RT-PCR as described

previously [21]. Human glyceraldehyde-3-phosphate dehydro- Changes in the amount of NO metabolites released from
genase (GAPDH) was used as an internal standard to verifycultured THP-1 macrophages may be due to a reduction in

Nitrite and nitrate
(nmol / mg protein)

4h 8h

equa| PCR product |Oading for each Samp'e_ NOS aCtiVitieS in these Ce||S. Since macrophages mainly
express iINOS, NOS activity was determined without adding
2.7. Statistical analysis calcium into the reaction mixture. As shown in Fig. 3,

ginkgolide A, ginkgolide B, or bilobalide at concentrations
Results were analyzed using a two-tailed independent©f 0-25, 0.5, and 1.@ug/mL inhibited iINOS activity signif-
Student'st-test. The level of statistical significance was set icantly.

atP < 0.05.
3.3. Combined effects of ginkgolides and bilobalide on
NO production in THP-1 macrophages
3. Results
The combined effects of these compounds on NO pro-
3.1. Effects of ginkgolides and bilobalide on NO duction by THP-1 macrophages also were examined. As
production in THP-1 macrophages shown in Fig. 4, the combinations of (a) ginkgolide A and

ginkgolide B, (b) ginkgolide A and bilobalide, (c) ginkgol-

THP-1 macrophages were incubated with ginkgolide A, ide B and bilobalide, or (d) ginkgolide A, ginkgolide B, and
ginkgolide B, or bilobalide at a concentration of Qu§/mL bilobalide had an inhibitory effect on the release of NO
for various time periods, and NO production was deter- metabolites from THP-1 macrophages, which was similar to
mined. As shown in Fig. 1, ginkgolide A, ginkgolide B, or the effects induced by the individual compounds. As a
bilobalide had an inhibitory effect on the amount of NO comparison, EGb at a concentration of 10@/mL dis-
metabolites released from macrophages after 2, 4, or 8 hr ofplayed an inhibitory effect on NO production (Fig. 4).
incubation with a maximum effect observed after 4 hr of
incubation. Next, cells were incubated with various concen- 3.4. Effects of ginkgolides and bilobalide on the
trations of ginkgolide A, ginkgolide B, or bilobalide for 4  expression of NOS protein in THP-1 macrophages
hr. As shown in Fig. 2A, THP-1 macrophages treated with
ginkgolide A at concentrations of 0.25, 0.5, or u@/mL To examine whether a decrease in iINOS activity in
produced a significantly lower amount of NO metabolites THP-1 macrophages was a result of a change in the level of
than the control. Similar results were observed in THP-1 INOS protein, a western immunoblotting analysis was per-
macrophages treated with ginkgolide B (Fig. 2B) or bilob- formed. As shown in Fig. 5, treatment of THP-1 macro-
alide (Fig. 2C). phages with ginkgolide A (0.pg/mL), ginkgolide B (0.5
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) | Fig. 3. Effects of ginkgolides and bilobalide on INOS activity in THP-1
Bilobalide (ug/mL) macrophages. THP-1 macrophages were incubated in the absence (control)
or the presence of (A) ginkgolide A, (B) ginkgolide B, or (C) bilobalide for
4 hr. After incubation, the assay for INOS activity was carried out in the
absence of calcium. Results are expressed as me&i3 for five separate
experiments. Key: (*P < 0.05, when compared with the control values.

Fig. 2. Effects of ginkgolides and bilobalide at various concentrations on
NO production in THP-1 macrophages. THP-1 macrophages were incu-
bated in the absence (control) or the presence of (A) ginkgolide A, (B)
ginkgolide B, or (C) bilobalide for 4 hr. At the end of the incubation,
culture media were collected, and aliquots were used for the determination
of NO (nitrate and nitrite) levels. Results are expressed as me&i3 for

five separate experiments. Key: (P < 0.05, when compared with the

control values. ing to a reduction in the iINOS protein level in THP-1

macrophages, a nuclease protection assay was performed.

As shown in Fig. 6, ginkgolide A at a concentration of 0.5
wg/mL), or bilobalide (0.5ug/mL) caused a 54, 32, and pg/mL caused a significant reduction in the levels of
43% reduction in the levels of iINOS protein mass, respec- INOS mRNA. A similar inhibitory effect was observed
tively. EGb (100ug/mL) also caused a significant reduction when THP-1 macrophages were treated with ginkgolide
in iINOS protein mass. The eNOS protein was not detectableB or bilobalide. For comparison, EGb at a concentration

in THP-1 macrophages. of 100 nwg/mL also inhibited the expression of INOS
mMRNA in these cells. The RT-PCR analysis also revealed

3.5. Effects of ginkgolides and bilobalide on the an inhibitory effect of these compounds on the expression

expression of NOS mRNA in THP-1 macrophages of INOS mRNA (Fig. 6B). These results indicated that a

reduction in the NO production in THP-1 macrophages

To determine whether ginkgolide A, ginkgolide B, or treated with ginkgolide A, ginkgolide B, or bilobalide
bilobalide affected the expression of INOS mMRNA lead- was due to reduced levels of INOS mRNA.
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Fig. 4. Combined effects of ginkgolides and bilobalide or EGb on NO production in THP-1 macrophages. Cells were incubated in the absence (control) «
the presence of ginkgolide A (GA, 04sg9/mL), ginkgolide B (GB, 0.5ug/mL), and/or bilobalide (Bilo, 0.5wg/mL) or EGb (100ug/mL) for 4 hr. At the
end of the incubation, culture media were collected, and aliquots were used for the determination of NO metabolite (nitrate and nitrite) Ié¢edseResu

expressed as mears SD for three separate experiments. Key: P*< 0.05, when compared with the control values.

3.6. Effects of ginkgolides and bilobalide on NO
production in HUVEC
| (A)
To determine whether these compounds had any effect iNOS . _-s e s
on eNOS-mediated NO production, similar experiments

were performed in cultured HUVEC. As shown in Fig. 7A,
% _sew
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Fig. 5. Effects of ginkgolides and hilobalide on the expression of NOS iNOS —
proteins in THP-1 macrophages. THP-1 macrophages were incubated with
ginkgolide A (GA, 0.5ug/mL), ginkgolide B (GB, 0.5.g/mL), bilobalide GAPDH m
(Bilo, 0.5 ng/mL), or EGb (100ug/mL) for 4 hr. In the control experi-
ments, cells were cultured with medium alone. After the incubation, an :

. Control GA GB Bilo EGb

equal amount of cellular proteins from control or treated cells was sepa-
rated on a 7.5% SDS polyacrylamide gel followed by electrophoretic Fig. 6. Effects of ginkgolides and bilobalide on INOS mRNA expression in
transfer of proteins from the gel to nitrocellulose membrane. (Top) The THP-1 macrophages. After THP-1 macrophages were incubated with
band of INOS was identified by western immunoblotting analysis with ginkgolide A (GA, 0.5ug/mL), ginkgolide B (GB, 0.5ug/mL), bilobalide
anti-INOS antibodies. (Bottom) The immunoblots were analyzed by den- (Bilo, 0.5 ug/mL), or EGb (100ug/mL) for 4 hr, the expression of INOS
sitometry, and the data were generated as integrated density units. ResultsnRNA was determined by (A) the nuclease protection assay, and (B)
are expressed as a percentage of the control and are depicted astmeans RT-PCR. Cells without treatment were used as the control. Results are
SD for three separate experiments. Key:R*¥< 0.05, when compared with expressed as mears SD from five separate experiments. Key: P)<
the control values. 0.05, when compared with the control values.
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(A) effects remain to be investigated. Results from our previous
study suggest that the selective inhibitory effect of EGb on
INOS expression may be therapeutically relevant for bal-
ancing NO production in vascular disorders [21]. In the
present study, we further investigated the effects of several
individual constituents of EGb terpenoids on NO production
in THP-1 macrophages and in endothelial cells. Our results
5 clearly demonstrate that ginkgolide A, ginkgolide B, or
Gb bilobalide alone can inhibit NO production through the

Nitrite and nitrate
(% of control)

Control GA GB E
attenuation of INOS mRNA expression in macrophages.
(B) These individual compounds (at a concentration of 0gb
eNOS protein m mL) exerted an inhibitory effect on NO productioq similar
to that exerted by the EGb extract (at a concentration of 100

pa/mL) [21]. On the other hand, ginkgolide A, ginkgolide
B, or bilobalide treatment did not affect eNOS-mediated NO
production in endothelial cells.

It is well known that NO plays dual roles in physiolog-
ical and pathological processes [1,2,8]. The eNOS-derived
NO plays an important role in regulating vasorelaxation,
while excessive production of NO by INOS can lead to
much cell damage in the vascular walls. The true therapeutic
potential of NOS inhibition will only be defined with INOS-
(C) selective inhibitors that do not affect eNOS activity [20]. In
the present study, THP-1 macrophages were used as a
model system to study the regulation of INOS-mediated NO
production, while HUVEC were used to study the regula-
tion of eNOS-mediated NO production. The results ob-

Combol JGA 08 DI TiEeb tained from the present study suggest that ginkgolide A,
Fig. 7. Effects of ginkgolides and bilobalide on NO production and eNOS  ginkgolide B, and bilobalide may have therapeutic implica-
expression in HUVEC. Endothelial cells were incubated with ginkgolide A {jons for the treatment of disorders due to unbalanced (under

(GA, 0.5 ug/mL), ginkgolide B (GB, 0.5ug/mL), bilobalide (Bilo, 0.5 . .
wng/mL), or EGb (100ug/mL) for 4 hr. At the end of the incubation, (A) or over) production of NO since all of those compounds can

the amounts of NO metabolites (nitrite and nitrate) released from these S€lectively inhit_)it iNOS_'mediat?d NO production. _
cells were measured. (B) The levels of cellular eNOS protein and (C) the ~ The flavonoid constituents in EGb, such as quercetin,

levels of eNOS mRNA were determined by western immunoblotting anal- were shown to have free radical scavenger as well as anti-
ysis and RT-PCR, r_espectively. Results are expressed as meziDdrom oxidant properties [38,39]. A recent investigation also indi-
five separate experiments. cated that certain flavonoids inhibit NO production in li-
popolysaccharide-activated macrophages, and such
inhibitory activity may be due to a reduction of iINOS
enzyme expression [40]. In the present study, we demon-
strated that the terpenoids such as ginkgolide A, ginkgolide
B, or bilobalide were able to inhibit NO production in
cultured THP-1 macrophages by reducing iINOS mRNA
expression. It was interesting to note that the combinations
of ginkgolide A, ginkgolide B, and/or bilobalide did not
exert a further inhibitory effect on NO production in THP-1
macrophages as compared with the effect of the individual
compounds. These results suggest that ginkgolide A,
ginkgolide B, and bilobalide might affect NO production in
THP-1 macrophages via a similar pathway.

The present study demonstrated that individual terpe-
noids (ginkgolide A, ginkgolide B, and bilobalide) in the
4. Discussion EGDb extract are able to exert an inhibitory effect on the

iINOS-mediated NO production similar to that of the EGb

Although some beneficial effects of EGb against cardio- extract. As compared with EGb (1Q8y/mL), much lower
vascular and cerebral disorders have been reported [22,23doses of the individual terpenoids (0.25 to ii¥mL) were
26], the contributions of its active constituents to these required to induce this inhibitory effect. It is possible that

L
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2 i
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GB Bilo

m
o
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eNOS mRNA i —— et

GAPDH mRNA

|

ginkgolide A, ginkgolide B, or bilobalide treatment (0.5
pg/mL) did not alter the amount of NO metabolites released
from HUVEC. Western immunoblotting analysis revealed
that there was no change in the levels of eNOS protein in the
treated HUVEC (Fig. 7B). Furthermore, these compounds
had no effect on the expression of eNOS mRNA in HUVEC
(Fig. 7C). The INOS protein and mMRNA were not detectable
in HUVEC. As a comparison, the effect of EGb on NO
production in HUVEC also was examined. As shown in Fig.
7, EGb (100wg/mL) had no effect on NO production or on
the expression of eNOS protein and mRNA in HUVEC.
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some components in EGb may exert opposite effects on is present within human atherosclerotic lesions and promotes the
NOS expression as compared with ginkgolide A ginkgolide formation and activity of peroxynitrite. Lab Invest 1996;75:77—-85.
. . . . . J 4] lwashina M, Hirata Y, Imai T, Sato K, Marumo F. Molecular cloning
B, or bilobalide. Although ginkgolide A, ginkgolide B, and Lo L .
. . ; ; . of endothelial, inducible nitric oxide synthase gene from rat aortic
bilobalide are the major components in EGb terpenoids endothelial cell. Eur J Biochem 1996:237:668—73.

[22], the effects of other components in EGb on NO pro- [15] Xie QW, Cho HJ, Calaycay J, Mumford RA, Swiderek KM, Lee TD,
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gmk_g()“qe A, ginkgolide B, _and bIIObaI_Ide mh!blt NO pro- toskeleton-dependent activation of the inducible nitric oxide synthase
duction in macrophages via attenuation of iINOS mRNA in cultured aortic smooth muscle cells. Br J Pharmacol 1996;118:
expression. These compounds have no effect on the eNOS-  1085-94.
mediated NO production in endothelial cells. These com- [17] Gow AJ, Thom SR, Ischiropoulos H. Nitric oxide and peroxynitrite-
ponents may play an important role in the EGb-mediated mediated pulmonary cell death. Am J Physiol 1998;274:L.112-8.

selective inhibition of INOS expression in vascular walls [18] Fukuto JM, Chaudhuri G. Inhibition of constitutive and inducible
' nitric oxide synthase: potential selective inhibition. Annu Rev Phar-
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