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Ginkgolide A, B, and huperzine A inhibit nitric oxide production
from rat C6 and human BT325 glioma cells
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ABSTRACT

AIM:; To stmdy the effects of ginkgolide A, B (Gin
A, Gin B) and huperzine A (Hup A} on nitric oxide
(NQ?} production from cultured astrocytes. METH-
ODS. Nitrites in supematants were measured with
Griess assay. RESULTS: Hup A 0.001 — 100 pmol
L~! time- and concentration-dependently inhibited the
NO production from rat Cb astrocytoma cells. The NO
production from Cb cells was concentration-dependently
inhibited by the treatment with Gin A or Gin B
0.001 - 10 gemol-L~! for 24 h. The NO production
from human BT325 astrocytoma cells was
concentration-dependently inhibited by Hup A, Gin A,
or Gn B 0.01 - 10 umol - L™' for 24 h,
CONCLUSION: Gin A. Gin B, and Hup A inhibited

astrocytes producing NO.

INTRODUCTION
Recent studies showed that pre-inflammatory
cytokines, complement proteins, activated glia

{microglia and astrocytes) and nitric oxide (NO) play
important roles in Alzheimer disease { AD )V,
Lipopolysaccharides ( LPS ) and pre-inflammatory
cytokines, such as interferon-y ( IFN-y }, tumor
necrosis factor-a { TNF-r), interleukin (IL.)-1, IL-2,
and IL-6 can activate glia { microglia and astrocytes) to
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produce neurotoxic NO'>~%), by which exerting their
neurotoxic effects!™ . Hence. modulating  the NO
synthesis in central nervous system may be a new
method in reducing AD and other neurodegencrative
diseases .

Hup A, a novel alkaloid isolated from Chinese
herb Huperzia serrata, is a potent and selective
cholinesterase inhibitor ( ChEl), and exhibit memory-
enhancing activities in a broad range of animal cognitive
models and patients with AD'*). Whether Hup A
affects NO production from glhia remains unclear. Gin
A (BN52020) and Gin B { BN52021) are compounds
with antagonistic effect on platelet activating factor
{PAF}, and are isolated from Chinese herb Ginkge
Biloba L.. Gin A and Gin B protect neurons against
glutamate neurotoxicity'’-, inhibit IL-1, TNF-a, and
NO production from rat microgilal® , and are effective
in treating patients with multiple sclerosis and AD.
Whether Gin A and Gin B affect NO production from
astrocytes also remains unclear. In this study. the
effects of Gin A, Gin B, and Hup A on NO production
from rat C6 and human BT325 astrocytoma cells were
investigated.

MATERIALS AND METHODS

Reagents Gin A and Gin B ( purity>98 % ),
kindly provided by Prof CHEN Zhong-Liang ( Shanghai
Institute of Materia Medica, Chinese Academy of
Sciences), and Hup A (purity >98 % }, kindly
provided by Prof ZHU Da-Yuan { Shanghai Institute of
Materia Medica, Chinese Academy of Sciences). were
isolated in Shanghai Instimte of Materia Medica,
Chinese Academy of Sciences. Sulfanilamide was
from BDH. N-(1-Naphthyl) ethylene diamine di-
hydrochioride ( NEDA ). phosphoric acid. and sodium
nitrite were dormestic AR grade products.  Griess
reagent was composed of 1 % suolfanilamide and 0.2 %
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NEDA in 4 % phosphoric acid.
Cell culture Rat C6 astrocytoma cells were 18

kindly provided by Dr WANG Shun-You { Fudan - 15F =
University ). Human BT325 astrocytoma cells were 12+ -
from Shanghai Institute of Cell Biology. Chinese E_ 9l 4
Academy of Sciences. Both cells were cultured in = 6F 1
Dulbecco’s modified Eagle’s medium { DMEM ) T 3l 4
supplemented with 10 % heat-inactived new-borm 3 o+ -
bovine serum. I-glutamine 2 mmol + L™', sodium A L . T 4

0O 8 16 24 32 40 48 56

pyruvate 1 mmol-L~', benzylpenicillin 100 kU- L,
and streptomycin 100 mg-L~!. Cells were seeded in
24-well plastic plates { Costar) at 2 x 10° cells+L~! and
incubated at 37 C in a humidified air with 3 % COs.
After a 12-h incubation. the medium was replaced by
new DMEM containing various concentrations of drgs,
and cells were incubated for further 8. 24, and 48 h.

Assay for NO production’® At the end of
incubation. 100 4L of supematants were mixed with
100 4L of Griess reagent. After chromophore was
formed at 25 C for 15 min. the absorbance was
determined at 570 nm with ELISA reader, and the zero
point was adjusted with DMEM medium. NO levels
were represented as nitrite concentration, and were
determined with reference to a standard curve of sodium
nitrite. )

Statistical analysis Data were ex as
X + 5 and compared by 7-test.

RESULTS

The NO production from rat Co cells was time-
and concentration-dependently inhibited by the treatment
with Hup A 0.1 - 100 pmol-L ! for 8, 24, and 48 h
(Fig1).

The NO production from Cé6  cells was
concentration-dependently inhibited by the treatment
with Hup A, Gin A, or Gin B 0.001 — 10 pmol-L~!
for 24 h (Fig 2).

The NO production from human BT325 cells was
concentration-dependently inhibited with Hup A, Gin
A. or Gin B 0.01 - 10 umol-L-! for 24 h (Fig 3).

DISCUSSION

It was reported-” that LPS and pre-inflammatory
cytokines such as IL-1, IL-2, IL-6, TNF-a, and IFN-Y
can activate the central microgha and astrocytes.

Time/h

Figl. NO production from C6 cells untreated (O,
as control) or with Hup A 0.1 (@), 1 (x ), 10 {1},
and 100 () pmol - L-! for differen®time. n =4
i + £, ¥>0.05 P<0.01 vs

experments. X
control.
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Fig 2. NO production from €6 cells treated with Hup
A(O),GinA(®), andGInB (x ) for24 h. n=4
experiments. X x 5. P>0.05, P<0.01 w»s
control.
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Fig 3. NO production from BT325 cells treated with Gin
BiC),HipA(®), and Gin A (x) for2dh. n=4
experiments, ¥+ s. “P<0.01 vs control.
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Activated microglia and astrocytes may hurt the neurons
by releasing NO and other newrotoxic substances. such
as excitatory amine acids, reactive oxygen inter-
mediates, and pre-inflammatory cytokines® . Most of
these cytokines, such as IL-1, IL-6, TNF-¢, have
been shown to exert neurotoxicity through I-arginine-
NO pathway'>°~'J_  The previous works in our
laboratory have proved that LPS and pre-inflammatory
cytokines enhanced NO production from rat microglia
and astocytes. We also found that NO inhibited the
proliferation and induced the apoptosis of cuitured
buman, SK-N-SH neuroblastoma cells ( unpublished
data). The above results suggested that modulating the
NO synthesis in central nervous system may be a new
method in reducing AD and other newrodegenerative
diseases .

This study showed that rat C6 and human BT325
astrocytoma cells produced NO spontaneously, which
was consistent with the results reported by Zhao'** and
Du*. The NO production from C6 and BT325 cells
was concentration-dependently inhibited by Hup A, Gio
A, and Gin B. These results were similar to those
reported by Du'®, indicating that the memory-
enhancing effect of the three compounds may be
partially mediated by decreasing NO level in AD brain,
beside their ChE-inhibiting and PAF-antagonistic
mechanisms.  Further studies are needed to elucidate
whether the inhibiting effects of Hup A, Gin A, and
Gin B on NO production from glia are related to their
CHE-inhibiting or PAF-antagonistic activities.
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