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Neuroprotective effects of naturally occurring biflavonoids
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Abstract—We examined neuroprotective effects of naturally occurring biflavonoids on oxidative stress-induced and amyloid B pep-
tide-induced cell death in neuronal cells. Among the nine biflavonoids tested, amentoflavone, ginkgetin, and isoginkgetin exhibited
strong neuroprotection against cytotoxic insults induced by oxidative stress and amyloid B, suggesting their therapeutic potential
against neurodegenerative diseases, including ischemic stroke and Alzheimer’s disease.

© 2005 Elsevier Ltd. All rights reserved.

Naturally occurring flavonoids are polyphenolic com-
pounds present in a variety of fruits, vegetables, and
seeds. They can be classified into flavanones, flavones,
flavonols, and biflavones.! Flavonoids show many bio-
logical and pharmacological activities, including anti-
oxidative, anti-inflammatory, antitumor, and antiviral
effects.? Recently, growing lines of evidence have sug-
gested that flavonoids have neuroprotective effects in
many models of neurodegenerative diseases in vitro
and in vivo.>® For example, wogonin protected the
rat brain against ischemia-reperfusion brain injury via
inhibition of inflammatory activation of microglia.?
Apigenin and kaempferol protected rat cortical neurons
against amyloid B (Ap)-induced neurotoxicity by inhibi-
tion of the caspase pathway, regardless of their anti-ox-
idative capacity.” Recently, we have reported that
flavones, apigenin and luteolin, protect SH-SYS5Y neu-
roblastoma cells from oxidative stress-induced neuro-
toxicity by inhibition of the caspase pathway,
independent of their free-radical scavenging activity.°
Therefore, flavonoids’ neuroprotective action can be
attributed to a variety of their biological activities.

Naturally occurring biflavonoids literally consist of a di-
mer of flavonoids linked to each other by either a C-C
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or a C—O-C covalent bond. Although biflavonoids are
known to display a variety of biological activities, such
as anti-inflammatory activity,® inhibition of cytochrome
P450 enzymes,” and antiviral activity,'® their neuropro-
tective roles have not been known. In the present study,
we explored whether natural biflavonoid protected neu-
ronal cells against oxidative stress- and Ap-induced
neurotoxicity in cell-based assay systems.

Hinokiflavone was purchased from Extrasynthese (Gen-
ay Cedex, France). The rest of the biflavonoids were pre-
pared as previously reported.'!'!? Briefly, bilobetin,
ginkgetin, isoginkgetin, and sciadopitysin were purified
from Gingko biloba. Ochnaflavone and 4'-O-meth-
ylochnaflavone were isolated from Lonicera japonica.
Amentoflavone and isocryptomerin were purified from
Selaginella tamariscina. As shown in Figure 1, these
biflavonoids can be classified as three types: the amen-
toflavone-type (apigenin-C3’-C8"-apigenin), the ochnaf-
lavone-type (apigenin-C3’-0-C4"”-apigenin), and the
hinokiflavone-type (apigenin-C4’-O-C6"-apigenin).

We first tested whether biflavonoids had cytoprotective
effects on oxidative stress-induced cell death in SH-
SY5Y neuroblastoma cells.!?> Oxidative stresses caused
by the abnormal regulation of reactive oxygen species
(ROS) and reactive nitrogen species (RNS) in cells and
tissues have been implicated in many neurodegenerative
diseases, such as Alzheimer’s disease, Parkinson’s dis-
ease, and ischemic and hemorrhagic stroke.!*!” More-
over, in experimental models, oxidative stress plays a
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1: amentoflavone R'=R’=R’=H, 2: bilobetin R'=R’=H, R’=CH,
3: ginkgetin R'=R’=CH,, R’=H, 4: isoginkgetin R'=H, R’=R’=CH,
5: sciadopitysin R1=RZ=R3=CH3

OH

OH

8: hinokiflavone R1=R2=H, 9: isocryptomerin R1=CH3, R’=H

Figure 1. Structure of biflavonoids.

critical role in neurodegeneration induced by a variety of
insults, including excitotoxicity, AP, ischemia, and nerve
growth factor withdrawal.

Similar to a previous study,® oxidative stress by treat-
ment with 0.3mM hydrogen peroxide resulted in
~50% cell death 24 h after the treatment, as determined
by the MTT reduction assay in SH-SYSY cells (data not
shown). To test the neuroprotective effects, we treated
cells with 0.4-10 uM biflavonoids dissolved in dimethyl-
sulfoxide (DMSO) 1 h prior to the addition of 0.3 mM
H,0,, followed by determination of the cell viability at
24 h later. We found that DMSO at a final concentra-
tion of 0.5% in media did not affect the solubility of fla-
vonoids or the cell viability. As shown in Table 1, all
tested biflavonoids at a concentration of 10 uM signifi-
cantly reduced the H,O,-induced cell death. Overall,
the order of potency for cytoprotection was amentoflav-
one-type (Compd 1-5) > hinokiflavone-type (Compd
8-9) > ochnaflavone-type (Compd 6-7) biflavones.
Within the amentoflavone-type biflavones, either —H
or —CHj; groups at the R', R%, and R® position did

Table 1. Protective effects of biflavonoids on H,O,-induced cell death

Compound % Inhibition (uM)*
0.4 2 10

1 27.0+1.5" 39.9+2.7" 629+ 1.6"
2 253+53 304+5.5 329+ 14"
3 113+29 122+22 357+23"
4 40.1+1.2" 28.7+2.0" 55.1+2.6"
5 39.5+3.2" 52.1+53" 69.5+4.5"
6 -3.6+09 —12.1£05 32.7+0.6"
7 1.8+1.3 —12+03 12.1+25"
8 78420 19.8+0.9 56.0 +3.7"
9 —35+22 239+19 68.1+22"

#Protective effects of test compounds on hydrogen peroxide-induced
cell death in SH-SYSY cells. Data are presented as means + SEM
from triplicate samples.

*p <0.05 as compared to the group treated only with H,O,.

not affect the neuroprotective effects because they
showed similar inhibitory effects on ROS-induced cell
death.

Since biflavonoids showed such robust neuroprotection
against ROS-induced insult, we asked further whether
the anti-oxidative activity was attributed to their neuro-
protective action. We observed that none of the nine bif-
lavones we tested exhibited a free-radical scavenging
activity up to 100 uM when assessed by 1,1-diphenyl-
2-picrylhydrazyl (DPPH) assay as described (data not
shown).®!8 Thus, it did not appear that biflavones per
se acted as antioxidants or free-radical scavengers, at
least in a cell free system. These results suggested that
biflavonoids’ neuroprotection might be mediated by a
direct blockade of the cell death cascades, but not by
their anti-oxidative activity. To test this idea further,
we examined the neuroprotective effects of biflavonoids
against cytotoxic insult induced by staurosporine, which
has been known to mediate apoptosis via the caspase-
dependent mitochondrial pathway. Similar to neuropro-
tection against H,O, insult, all biflavones, except for
ochnaflavone, significantly reduced the staurosporin-in-
duced cell death at a concentration of 10 uM (data not
shown). Thus, these data further supported that biflavo-
noids’ neuroprotection appeared to be mediated, in part
if not all, by direct blockade of the signaling events lead-
ing to apoptosis upon cellular stresses.

Next, we examined the neuroprotective effects of biflav-
ones against reactive nitrogen species (RNS)-induced
cytotoxicity in SH-SYSY cells. Nitric oxide (NO), pro-
duced by NO synthases in many types of cells, acts as
a neurotransmitter in the central nervous system in the
normal physiologic condition. In the pathologic condi-
tion, however, excessive generation of NO has been
implicated in neuronal cell death in neurodegenerative
diseases, such as following ischemic stroke.!”?* NO is
thought to generate highly cytotoxic free radicals, such
as peroxynitrite, which causes oxidative damage to
intracellular functional, such as proteins, lipid, and
DNA. These oxidative damages, in turn, trigger intracel-
lular signaling events, leading to neuronal cell death.
Treatment of SH-SYS5Y cells with a NO donor, sodium
nitroprusside (SNP) at a concentration of 1.2 mM for
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Table 2. Protective effects of biflavonoids on SNP-induced cell death

Compound % Inhibition (uM)?*
0.4 2 10

1 52%0.9 164+22" 405+2.1"
2 25+0.8 48+0.8 11.0+1.9"
3 —0.1%12 78+2.5 324+32"
4 69+24 10.5+2.7 235%33

5 28+ 1.5 8.1%+2.6 46+18

6 100+12° 7.7%0.6 9.3+22"
7 29+1.5 0.1+2.6 1.6+0.9

8 25+0.6 —94+12 150+1.2"
9 —16.0+0.6" —148+0.8" —25.6+0.17

#Protective effects of test compounds on SNP-induced cell death in
SH-SYSY cells. Data are presented as means + SEM from triplicate
samples.

" p <0.05 as compared to the group treated only with SNP.

24 h, resulted in a reduction by ~50% in cell viability, as
determined by the MTT assay (data not shown). Under
these conditions, inhibitory effects of biflavones on SNP-
induced cytotoxicity were determined as described (Ta-
ble 2). We found that amentoflavone, bilobetin, ginkge-
tin, ochnaflavone, and hinokiflavone at a concentration
of 10 uM significantly reduced the SNP-induced cell
death by 405%+2.1, 324%+32, 93%22 and
15.0 £ 1.2, respectively, whereas the rest of the biflav-
ones failed to demonstrate any significant neuroprotec-
tion. Although bilobetin and sciadopitysin showed
strong neuroprotection against H,O, insult, they failed
to demonstrate neuroprotection against SNP insult.

We wanted to examine further whether biflavones
showed protective effects against Ap-induced cytotoxic-
ity. Alzheimer’s disease (AD) is a chronic neurodegener-
ative disease and is characterized by dystrophic neurites,
neurofibrillary tangles, and senile plaques composed pri-
marily of aggregated AB.21"23 The AP peptide, a 40-42
a.a. peptide, is generated from the amyloid precursor
protein (APP) by proteolytic cleavage. Recent studies
have demonstrated that AP fragments (ABi_s2, ABi_40,
and AP,s_3s) cause neuronal cell death via both apopto-
sis and necrosis in vitro.?*?> AB-induced neurotoxicity
appears to be mediated by multiple mechanisms includ-
ing oxidative stress, intracellular calcium, and activation
of the stress-activated protein kinase cascades.?®?’ Un-
der our experimental conditions, treatment of rat
PC12 cells with 1 uM APB,s 35 peptide resulted in a
reduction by ~50% in the cell viability, as assessed by
the MTT assay (data not shown). We found that the
amentoflavone-type biflavones, except for bilobetin, sig-
nificantly reduced AP,s_3s-induced cytotoxicity with
higher protective effects at 2 uM (Table 3). In contrast,
the ochnaflavone- and hinokiflavone-type biflavones
seemed to rather exacerbate the A,s 3s-induced neuro-
toxicity in PCI12 cells.

We then tested neuroprotective effects of biflavonoids
against neuronal cell death induced by a DNA-damag-
ing agent, etoposide, of which neurotoxicity involved
the multiple intracellular signaling events including
p53 and caspase-dependent and -independent cell death
pathways.?®?° We found that in contrast to neuropro-

Table 3. Protective effects of biflavonoids on Ap,s_3s-induced cell
death

Compound % Inhibition (uM)?
0.4 2 10

1 3.6+1.1 254+1.7 31.8£2.3"
2 98+1.9 19+1.2 -75%03
3 295+1.1" 43.6+13" 5.6%0.5
4 19.7+0.5" 59.1+1.2" 438 +0.7"
5 27.1+0.9" 38.1+0.5 35.1+1.3"
6 —127+0.7 —32.1+0.5" -19+05
7 13.0£0.2" 0.9%0.9 —14.8 0.1
8 8.7+ 1.4 —19.9+22" —10.0+22
9 18.1+13" 11.5+0.9" —-02%04

4 Protective effects of test compounds on Ap,s 3s-induced cell death in
SH-SYSY cells. Data are presented as means = SEM from triplicate
samples.

*p <0.05 as compared to the group treated only with APys_3s.

tection against oxidative stress, only the amentoflavone
reduced the etoposide-induced cell death by
15.9 £ 1.0%, 21.7 £ 2.0%, and 12.3 £ 1.0% at concentra-
tions of 0.4, 2, and 10 puM, respectively (data not
shown). Besides amentoflavone, the other biflavonoids
(0.4-10 uM) rather potentiated the etoposide-induced
SH-SYSY cell death. These data have suggested that
the —H groups at the R!, R? and R? position appeared
to be essential for keeping neuroprotective action
against cytotoxic insult by the DNA-damaging agent.

To our knowledge, this is the first report to suggest
that naturally occurring biflavonoids protect neurons
against a variety of cytotoxic insults, including oxida-
tive stress, AP, and DNA-damaging agents. The amen-
toflavone-type biflavonoids consisting of an apigenin
dimer linked by a C3’-C8” covalent bond are more po-
tent than the ochnaflavone and hinokiflavone deriva-
tives in neuroprotective effects on oxidative stress-
induced cell death. Furthermore, amentoflavone in
the amentoflavone derivatives reveals the widest spec-
trum of neuroprotection against the diverse cytotoxic
insults. Thus, it will be of interest to test further
whether amentoflavone protects neurons in animal
models of neurodegenerative diseases in vivo to explore
its therapeutic potential as a neuroprotective agent.
Our data suggest that the molecular mechanisms
underlying these biflavones’ neuroprotection appear to
involve multiple molecular and cellular events which
lead to apoptosis and necrosis. Further study is neces-
sary to elucidate the molecular target(s) at which bif-
lavones exert their neuroprotective action. This will
provide further insight into the design of new therapeu-
tic agents for neuroprotection.
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