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Brain-derived neurotrophic factor (BDNF), a cognate ligand for the
tyrosine kinase receptor B (TrkB) receptor, mediates neuronal sur-
vival, differentiation, synaptic plasticity, and neurogenesis. However,
BDNF has a poor pharmacokinetic profile that limits its therapeutic
potential. Here we report the identification of 7,8-dihydroxyflavone
as a bioactive high-affinity TrkB agonist that provokes receptor
dimerization and autophosphorylation and activation of down-
stream signaling. 7,8-Dihydroxyflavone protected wild-type, but
not TrkB-deficient, neurons from apoptosis. Administration of 7,8-
dihydroxyflavone to mice activated TrkB in the brain, inhibited kainic
acid-induced toxicity, decreased infarct volumes in stroke in a TrkB-
dependent manner, and was neuroprotective in an animal model of
Parkinson disease. Thus, 7,8-dihydroxyflavone imitates BDNF and
acts as a robust TrkB agonist, providing a powerful therapeutic tool
for the treatment of various neurological diseases.
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DNF, a member of the neurotrophin family, exerts its bio-
logical functions through two transmembrane receptors: the
p75 neurotrophin receptor and the tyrosine kinase receptor B
(TrkB) (NGF binds to TrkA, BDNF and NT-4/5 bind to TrkB,
and NT-3 preferentially binds to TrkC) (1). BDNF binding to
TrkB triggers its dimerization and autophosphorylation, result-
ing in activation of the three major signaling pathways involving
MAPK, PI3K, and phospholipase C-yl. BDNF protects hippo-
campal neurons from glutamate toxicity (2) and reduces ischemic
injury (3). BDNF is of particular therapeutic interest because of
its neurotrophic actions on neuronal populations involved in
several disorders, including amyotrophic lateral sclerosis (4),
Parkinson disease, and Alzheimer’s disease (5). However, clinical
trials using recombinant BDNF have been disappointingly neg-
ative (6), presumably because of poor delivery, short half-life, and
other limitations. Although efforts have been made to circumvent
these problems (7, 8), no exogenous agents have been identified
that act as potent and selective in vivo agonists of TrkB.
Flavonoids, present in fruits and vegetables, are a diverse class
of plant secondary metabolites and exert diverse biological
effects, including acting as antioxidants and cancer-preventing
agents (9). Flavonoids may improve cognitive performance by
protecting vulnerable neurons, enhancing existing neuronal
function, and stimulating neuronal regeneration (10). Flavonoids
exert effects on long-term potentiation underlying learning and
memory, on and consequently memory and cognitive perform-
ance, through their interactions with the signaling pathways
including PI3K/Akt (11) and MAPK (12).

Results

A Cell-Based Screen for Protecting TrkB-Expressing Cells from
Apoptosis. To identify small molecules that activate TrkB, we
prepared stably transfected TrkB murine cell lines T48 and T62,
which originally were derived from basal forebrain SN56 cells
that expressed negligible TrkB. BDNF provoked strong Trk-
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Y490 phosphorylation and Akt activation in both T48 and T62
cell lines, whereas only faint Trk activation and no Akt phos-
phorylation were demonstrated in T17 clones that stably express
TrkA. As expected, BDNF substantially decreased apoptosis in
T48 cells compared with the parental SN56 cells. Even in the
absence of BDNF, T48 cells were slightly resistant to apoptosis,
indicating that overexpression of TrkB weakly suppresses cas-
pase activation. BDNF substantially enhanced the antiapoptotic
effect (Fig. S14). To screen a large number of chemicals, we
developed a cell-based apoptotic assay using a cell-permeable
fluorescent dye MR(DEVD)2, which turns red upon caspase
cleavage in apoptotic cells (13). The positive compounds were
validated further for TrkB activation in primary hippocampal
neurons. The screening strategy scheme is depicted in Fig. S1B
(Upper). The apoptotic cells are red, whereas the live cells have
no signal. Using the caspase-activated fluorescent dye as a visual
assay, we screened 2,000 biologically active compounds from the
Spectrum Collection Library. Sixty-six compounds selectively
protected T48 but not SN56 cells from staurosporine (STS)-
initiated apoptosis, indicating that these compounds might act
either directly through the TrkB receptor or through its down-
stream signaling effectors. The representative results from the
screening are shown in Fig. S1B (Lower). The positive com-
pounds were validated by an independent cell-viability assay.

Identification of Flavone Derivatives as Survival Enhancers. In our
initial screening, 5 of 66 positive compounds were derivatives of
flavone or its relative compounds. The library also contained
numerous flavone derivatives that were inactive. The chemical
structures of the nine representative compounds are depicted in
Fig. 14. To compare their activity in inhibiting apoptosis, we
preincubated these flavone derivatives (0.5 pM) with T48 and
SN56 cells, followed by 0.75 pM STS for 8 h. Quantitative
analysis of the apoptosis inhibitory activities revealed that all
these compounds barely protected SN56 cells from apoptosis. By
contrast, 7,8-dihydroxyflavone, cianidanol, diosmetin, mena-
dione, and pinocembrin strongly suppressed apoptosis in T48
cells. However, epiafzelechin, fisetinidol, and epicatechin failed
to suppress apoptosis in T48 cells (Fig. 1B). The ECs, for 7,8-
dihydroxyflavone, cianidanol, pinocembrin, and diosmetin was
35, 100, 100, and 500 nM, respectively (Fig. 1C). 7,8-Dihydrox-
yflavone displayed even stronger protective effect than BDNF,
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Fig. 1.
mate-triggered apoptosis. Hippocampal neurons were pretreated with 500 nM

lysates were analyzed by immunoblotting. (E) 7,8-Dihydroxyflavone protects r
seeded on coverslips in a 24-well plate. The neurons were pretreated with vari

and cianidanol, menadione, and pinocembrin exhibited anti-
apoptotic activity comparable to that of BDNF (Fig. 1D). To
explore whether 7,8-dihydroxyflavone exerts any neuroprotective
effect, we pretreated the primary preparations with BDNF or
various compounds 30 min before oxygen-glucose deprivation
(OGD). 7,8-Dihydroxyflavone exhibited the most potent pro-
tective effects among the compounds (Fig. 1E, Left). The titra-
tion assay revealed that it protected neurons in a dose-dependent
manner (Fig. 1E, Right). Human neurons are much less vulnerable
than rodent neurons to apoptosis, and caspase-6 but not -3 is
essential for human neuronal apoptosis (14). 7,8-Dihydroxyflavone
protected primary human neurons from ES cells from H,O,-
induced apoptosis (Fig. S2). Thus, 7,8-dihydroxyflavone selectively
protects primary rodent and human neurons from apoptosis.

7,8-Dihydroxyflavone Provokes TrkB Activation. Immunofluorescent
staining in hippocampal neurons revealed that 7,8-dihydroxyflavone,
but not other flavone derivatives, specifically provoked TrkB ty-
rosine phosphorylation as well as BDNF (Fig. 24). Immunoblot-
ting validated this finding. Both Akt and Erk1/2 were robustly
activated by 7,8-dihydroxyflavone. Although diosmetin barely
activated TrkB, it triggered demonstrable Akt and Erk phos-
phorylation (Fig. 2B), perhaps explaining why it partially protected
T48 and primary hippocampal neurons from apoptosis. K252a, a
Trk receptor inhibitor, potently blocked TrkB phosphorylation by
7,8-dihydroxyflavone, indicating that the stimulatory effect is
mediated mainly through TrkB autophosphorylation (Fig. 2C).
7,8-Dihydroxyflavone provoked Erk1/2 and Akt activation with a
time course comparable to that of BDNF (Fig. 2D) and stimulated
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7,8-Dihydroxyflavone protects hippocampal neurons from apoptosis. (A) Chemical structures of flavones. (B) Flavone derivatives prevent apoptosis in
T48 but not SN56 cells. (C) Titration of the ECso for suppressing apoptosis in T48 cells. (D) 7,8-Dihydroxyflavone protects hippocampal neurons from gluta-

flavone derivatives for 30 min, followed by 50 pM glutamate for 16 h. The cell
odent neurons from apoptosis triggered by OGD. Hippocampal neurons were
ous flavones for 30 min followed by OGD at 37 °C for 3 h. Neuronal apoptosis

was quantitatively analyzed (Left). 7,8-Dihydroxyflavone displayed a dose-dependent protection on neurons (Right). Data are expressed as mean + SEM.

both Erk1/2 and Akt to activation in a dose-dependent manner.
Pretreatment of primary cultures with either MEK1 inhibitor or
PI3K inhibitors substantially blocked 7,8-dihydroxyflavone’s pro-
survival activity (Fig. S34). Moreover, infection of neurons with
adenovirus expressing dominant-negative Akt (T308AK179A-
S473A) significantly impaired 7,8-dihydroxyflavone’s neuro-
protective effect (Fig. S3B). Thus, 7,8-dihydroxyflavone—provoked
PI3K/Akt and MAPK activation is necessary for its neuronal
prosurvival actions. I.p. administration of 7,8-dihydroxyflavone
provoked TrkB but not TrkA activation in mouse brain (Fig. S4),
indicating that 7,8-dihydroxyflavone can penetrate the brain—
blood barrier and provoke TrkB activation. Administration of 7,8-
dihydroxyflavone into BDNF conditional knockout mice also
triggered TrkB activation in the BDNF-depleted cortex (Fig. 2E).
Hence, 7,8-dihydroxyflavone induces TrkB activation in mouse
brain in a BDNF-independent manner.

7,8-Dihydroxyflavone Is a TrkB Receptor Agonist. Receptor dimeri-
zation assay demonstrated that 7,8-dihydroxyflavone provoked
TrkB dimerization as potently as BDNF, whereas the inactive
flavone pinocembrin and DMSO did not. By contrast, the
cotransfected TrkB receptor failed to dimerize with TrkA (Fig.
34), supporting the notion that 7,8-dihydroxyflavone, like
BDNF, selectively induces TrkB homodimerization. The com-
pound also elicited phosphorylation in TrkB but not in TrkA or
TrkC. Kinase-dead TrkB-KD displayed negligible phosphor-
ylation compared with wild-type TrkB (Fig. 3B), indicating that
TrkB phosphorylation by 7,8-dihydroxyflavone is through the
receptor autophosphorylation but not by any other tyrosine

Jang et al.
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neurons. Immunofluorescent staining was conducted with anti-phospho-TrkB Y816. (B) Immunoblotting shows 7,8-dihydroxyflavone triggers TrkB phos-
phorylation in hippocampal neurons. (C) K252a blocks 7,8-dihydroxyflavone’s agonistic effect on TrkB. Hippocampal neurons were pretreated with K252a (30
nM) for 30 min, followed by BDNF (100 ng/mL) or 7,8-dihydroxyflavone (500 nM) for 30 min. Cell lysates were analyzed by immunoblotting. (D) 7,8-Dihy-
droxyflavone stimulates Akt and ERK phosphorylation. (E) 7,8-Dihydroxyflavone induces TrkB phosphorylation in cortex of BDNF conditional knockout mice.
Mice were injected i.p. with 5 mg/kg 7,8-dihydroxyflavone or vehicle. After 2 h, the mice were killed, and cortex lysates were analyzed by immunoblotting. (F)
7,8-dihydroxyflavone induces TrkB phosphorylation in cortex of BDNF conditional knockout mice. Mice were intraperitoneally injected with 5 mg/kg 7,8-

dihydroxyflavone or vehicle. After 2 h, mouse cortex lysates were analyzed by immunoblotting.

kinases. A binding assay demonstrated that increasing concen-
trations of [3H]7,8-dihydroxyflavone progressively bound TrkB
extracellular domain (ECD) but not intracellular domain (ICD).
Scatchard analysis revealed that the ratio of ligand to the
receptor is 1:1 with binding constant Ky = 320 nM (Fig. 3C). By
contrast, neither the ECD nor the ICD from TrkA receptor
bound to 7,8-dihydroxyflavone or to p75SNTR, supporting 7,8-
dihydroxyflavone binding specificity. Glutathione bead-based
column chromatography revealed that increasing concentration
of GST-ECD, but not GST-ICD, retarded the elution of 7.8-
dihydroxyflavone (Fig. 3D). A truncation assay showed that 7,8-
dihydroxyflavone strongly associated with cysteine cluster (CC)-2
domain and partially interacted with leucine-rich motif domain
but did not bind to the CC-1 or ICD domain (Fig. 3E). Hence,
7,8-dihydroxyflavone mimics BDNF in binding the ECD of TrkB
and provoking its dimerization and autophosphorylation.

7,8-Dihydroxyflavone Protects Neurons from Apoptosis in a TrkB-
Dependent Manner. TrkB F616A knockin mice, when treated with
INMPP1, exhibit an effective TrkB-null phenotype (15). We
injected 5 mg/kg 7,8-dihydroxyflavone into TrkB F616A mice that
were pretreated with saline or INMPP1, followed by kainic acid
(KA). KA induced widespread apoptosis in the hippocampus; this
apoptosis was substantially diminished by 7,8-dihydroxyflavone.

Jang et al.

Blocking TrkB F616A by 1INMPP1 significantly abolished the
protective effect of 7,8-dihydroxyflavone (Fig. 44), suggesting
that TrkB activation by 7,8-dihydroxyflavone is essential for its
neuroprotective action. The transient middle cerebral artery
occlusion (MCAO) model of stroke showed that 7,8-dihydroxy-
flavone largely reduced infarct volumes, whereas inhibition of
TrkB by INMPP1 abrogated the neuroprotective actions (Fig.
4B). Because BDNF has been shown to be protective in animal
models of Parkinson disease, we administered the dopaminergic
toxicant 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
to mice that had been treated with 7,8-dihydroxyflavone. 7,8-
Dihydroxyflavone attenuated the neurotoxic effects of MPTP as
measured by preservation of tyrosine hydroxylase expression and
reduction of activated caspase-3 (Fig. 4C). 7,8-Dihydroxyflavone
specifically activated TrkB but not TrkA in wild-type but not in
TrkB™'~ cortical neurons. Glutamate-provoked caspase-3 activa-
tion was blocked substantially by 7,8-dihydroxyflavone in wild-
type but not in TrkB~~ neurons. However, the control diosmetin
weakly and nonselectively suppressed caspase-3 activation in both
neurons (Fig. 4D). Moreover, 7,8-dihydroxyflavone provoked
TrkB but not TrkA activation in both wild-type and TrkC-
knockout neurons. Glutamate-triggered caspase-3 activation was
significantly diminished by 7,8-dihydroxyflavone (Fig. S54),
demonstrating that 7,8-dihydroxyflavone represses neuronal
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Fig. 3. 7,8-Dihydroxyflavone binds ECD of TrkB and provokes its
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apoptosis in a TrkB-specific manner. TrkC was robustly tyrosine
phosphorylated by NT-3 but not by 7,8-dihydroxyflavone (Fig.
S5B), supporting the specificity of 7,8-dihydroxyflavone for TrkB.

To determine if 7,8-dihydroxyflavone can mimic BDNF in vivo,
we prepared cortical neurons from TrkB F616A knockin mice.
7,8-Dihydroxyflavone- and BDNF-provoked TrkB phosphor-
ylation was selectively blocked by INMPP1 but not by K252a (Fig.
4E). Because INMPP1 selectively inhibits TrkB F616A activation
by 7,8-dihydroxyflavone, we reasoned that blockade of TrkB
F616A signaling by INMPP1 in mice would make the neurons
vulnerable to KA-provoked neuronal cell death. As expected,
treatment with INMPP1 alone, with 7,8-dihydroxyflavone alone, or
with INMPP1 plus 7,8-dihydroxyflavone had no effect on apoptosis
in TrkB F616A mice. KA caused significant caspase-3 activation,
and pretreatment with INMPP1 elevated KA-provoked apoptosis
in TrkB F616A, underscoring that TrkB signaling is essential for
neuronal survival. 7,8-Dihydroxyflavone markedly suppressed KA-
provoked apoptosis, whereas INMPP1 pretreatment abolished 7,8-
dihydroxyflavone’s protective effect in F616A mice (Fig. 4F).
Hence, 7,8-dihydroxyflavone selectively activates TrkB and en-
hances neuronal survival in mice.

Discussion

BDNF is a homodimer and binds amino acid residues 103-181
that contain the third leucine-rich motif and the CC-2 domain
and the Ig2 domain in TrkB receptor and stimulates the receptor
dimerization (16). Here, we show that 7,8-dihydroxyflavone
strongly associates with the same region in the TrkB ECD and

2690 | www.pnas.org/cgi/doi/10.1073/pnas.0913572107

A HA-Trk A HA-Trk B B e Tik B
& & = <o < U
& 3 s % % g ¥ %
& & 2 2 £ & B8 % & B
s & s & + 4+ 4+ + - - - - 78dihydroxyflavone
$ § § §
S S s & & §x - i
SELFTSESS &
Q ] AR QN ‘Whb: Anti-pTrk B
-—_-“-——-
Pulldow.n:GST beads Wb : Anti-HA-HRP
Whb: Anti-HA-HRP
C 200000 -
m ECD
= e ICD -
Wb: Anti-HA-HRP s u
. ot 82 “
& 2 £ 100000
Wb: Anti-pTrk B E
s
Wb: Anti-pTrk A
[ o TN el 150 100 500 10° 10° (nM)
P _— = (7,8-dihydroxyflavone conc.)
Pull down : GST beads 450 -
Whb: Anti-p-Trk B = ECD
8
s o e S o e D D gzoo
o
Pull down : GST beads 5 150
Wb: Anti-GST-HRP 2 :
D 14 0 )
500 1000 1500 2000 (10%)
s (Bound, cpm)
g
g
=
£ E 120
2
< 100
< 80
2
0 100 200 300 400 500 2
(Immobilized GST-ECD/GST) :a
Z
Z 40
£
20
0
E a - = a4 a
& 9 o 4 &) o
= = o = 197 =

dimerization and phosphorylation. (A) 7,8-Dihydroxyflavone provokes
TrkB dimerization. mGST-TrkB and HA-TrkA or HA-TrkB were
cotransfected into HEK293 cells and treated with 0.5 pM pinocembrin
or 7,8-dihydroxyflavone for 30 min. GST-TrkB was pulled down and
analyzed with anti-HA-HRP. (B) 7,8-Dihydroxyflavone induces TrkB
autophosphorylation. (C) [3H]7,8-dihydroxyflavone binds the ECD but
not ICD of TrkB. In vitro binding assay with purified TrkB ECD or ICD
and [3H]7,8-dihydroxyflavone (Upper). Scatchard plot analysis of 7,8-
dihydroxyflavone binding to TrkB (Lower). (D) In vitro binding assay
with immobilized GST-TrkB ECD or ICD and 7,8-dihydroxyflavone.
Gradual increments of GST-TrkB ECD but not ICD decreased 7,8-dihy-
droxyflavone in the eluted fractions. (E) Mapping assay with various
ECD truncates and [3H]7,8-dihydroxyflavone. Data are expressed as
mean + SEM.

induces TrkB dimerization. It remains unknown exactly how 7,8-
dihydroxyflavone provokes TrkB dimerization and autophos-
phorylation. Presumably, it provokes TrkB conformational
change and reduces the autoinhibitory effect by the Ig2 domain,
which can block TrkB dimerization in the absence of BDNF (17).
It is noteworthy that 7,8-dihydroxyflavone can provoke only wild-
type TrkB but not TrkB-KD tyrosine phosphorylation, suggesting
that TrkB tyrosine phosphorylation is exerted by the receptor
itself and not by any other tyrosine kinases.

Because of their neurotrophic activities in promoting neuronal
survival and preventing neurodegeneration, neurotrophins and
their receptors are targets for therapeutic intervention in neu-
rodegeneration (18, 19). Nevertheless, neurotrophin clinical tri-
als have been disappointing. Through screening chemical library
and follow-up validation, we obtained a few potent and selective
TrkB agonists that virtually mimic BDNF’s biochemical and
physiological actions, and 7,8-dihydroxyflavone is one of them.
The hits obtained from screening the 2,000 drugs and the natural
product library are the most noteworthy, because such a pilot
screen can be expanded to the larger and more complex chemical
libraries. Furthermore, the relatively low cellular ECs, for this
drug in neuronal survival and its robust neuroprotective effect
with a 5-mg/kg dosage make it an ideal candidate to follow up in
animal or clinical studies. The structure-activity relationship
study reveals that chrysin (5,7-dihydroxyflavone) fails to activate
TrkB receptor, indicating that the 8-position hydroxy group is
essential for flavone derivatives to bind TrkB receptor (Fig. S6).
Chrysin and 7,8-dihydroxyflavone have been proposed as aro-

Jang et al.
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Fig. 4. 7,8-Dihydroxyflavone is neuroprotective in models of neuronal injury. (A) 7,8-Dihydroxyflavone decreases KA-induced apoptosis in mouse brain in a
TrkB-dependent manner. TrkB F616A mice were injected with various indicated solutions, and the brain slides were analyzed with TUNEL assay. Results are
expressed as mean + SEM (ANOVA; n = four to five mice/group; #, P < 0.005; *, P < 0.01; **, P < 0.1;). (B) 7,8-Dihydroxyflavone diminishes stroke damage in a
TrkB-dependent manner. Infarct volumes after 24 h MCAO were substantially decreased by 7,8-dihydroxyflavone. Pretreatment with 1INMPP1 impaired the
protective effect of 7,8-dihydroxyflavone. Results are expressed as mean + SEM (One way ANOVA, n = 8-12 mice/group; #, not significant; *, P < 0.01; **, P <
0.02). (C) 7,8-Dihydroflavone is neuroprotective in a model of Parkinson disease. Mice were administered 7,8-dihydroxyflavone in drinking water for 14 days.
On day 7, the mice were given two doses of MPTP (20 mg/kg, i.p.) 2 h apart. On day 14, mice were killed. Immunostaining (substantia nigra, striatum) (Upper
panels) and immunoblotting (striatal homogenates, lanes from the same gel at the same exposure) of tyrosine hydroxylase (TH) (Lower panels), and fluo-
rescence microscopy of activated caspase-3 in TH+ nigral neurons revealed reduced toxicity in 7,8-dihydroxyflavone-treated mice (Lower panels). (D) 7,8-
Dihydroxyflavone prevents glutamate-triggered neuronal apoptosis in wild-type but not TrkB-null neurons. Cortical neurons were prepared from the PO pups.
The neurons were pretreated with indicated compounds, followed by glutamate (50 uM). The cell lysates were analyzed by immunoblotting. (E) 7,8-Dihy-
droxyflavone selectively activates TrkB F616A, which can be blocked by TNMPP1. The primary cortical cultures were pretreated for 30 min with either K252a
(100 nM) or 1INMPP1 inhibitor (100 nM), followed by 7,8-dihydroxyflavone. Immunoblotting with cell lysates was performed. (F) 7,8-Dihydroxyflavone
suppresses KA-induced neuronal cell death in TrkB F616A mutant mice, which can be blocked by 1NMPP1.
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penetrate the brain-blood barrier. 7,8-Dihydroxyflavone showed
great therapeutic potential in animal models of excitotoxicity,
stroke, and Parkinson disease. Because BDNF possesses a broad
spectrum of physiological activities, and its dysregulation is
involved in numerous neurological disorders, flavonoid-based
TrkB agonists have the potential to be developed into a powerful
class of therapeutic drugs.

Materials and Methods

Cells, Reagents, and Mice. Mouse septal neuron x neuroblastoma hybrid SN56
cells were created by fusing N18TG2 neuroblastoma cells with murine (strain
C57BL/6) neurons from postnatal day 21- septa. SN56 cells were maintained
at 37 °C with 5% CO, atmosphere in DMEM medium containing 1 mM
pyruvate and 10% FBS. T48 and T62 cells stably transfected with rat TrkB
were cultured in the same medium containing 300 pg/mL G418. NGF and
BDNF were from Roche. Phospho-Akt-473 or 308, Akt, and lamin A/C anti-
bodies were from Cell Signaling. Anti-phospho-Erk1/2, anti-phospho-TrkA
Y490, and anti-phospho-Akt 473 antibodies were from Upstate Bio-
technology, Inc. Anti-TrkA antibody was from Santa Cruz. Anti-TrkB anti-
body was from Biovision. The chemical library containing 2,000 biologically
active compounds was from the Spectrum Collection (MicroSource Discovery
System). TrkBF616A mice and TrkB*'~, TrkA*'~, and BDNF*~ C57BL/6 mice
were bred in a pathogen-free environment in accordance with Emory
Medical School guidelines. All other chemicals were purchased from Sigma.

Cell-Based Screen. T48 cells were seeded in a 96-well plate at 10,000 cells/well
in 100 pL complete medium. Cells were incubated overnight, followed by 30
min pretreatment with 10 pM compounds in DMSO (10 mM stock concen-
tration from the Spectrum Collection library). The cells then were treated
with 0.75 pM STS for 9 h. One h before the termination of the experiment,
10 pM MR(DEVD)2, a cell-permeable caspase-3-activated fluorescent dye,
was introduced. Cells were fixed with 4% paraformaldehyde for 15 min.
Cells were washed with PBS and incubated with 1 ug/mL of Hoechst 33342
for 10 min. Cover slides were washed with PBS, mounted, and examined
using a fluorescence microscope.

Binding Constant Determination. Purified TrkB ECD or ICD proteins (10 pg/
each) were incubated with different concentrations of [3H]7,8-dihydroxy-
flavone in 1 mL binding buffer [0.05 M Na/K phosphate buffer (pH 7.1), 200
mM Nacl] (1 nM [3H]7,8-dihydroxyflavone ~61948 counts per minute [cpm])
at 4 °C for 10 min. After the incubation, the reaction mixture was loaded on
filter paper. The mixture was washed with 3 x 5 mL Tris buffer (100 mM Tris,
pH 7.1). The dried filter paper was put into a small vial and subjected to
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liquid scintillation counter analysis. The value of the dissociate constant and
the number of sites were obtained from Scatchard plots by using the
equation r/[L]free = n/K4 — r/K4, where r is the ratio of the concentration of
bound ligand to the total protein concentration and n is the number of
binding sites.

7,8-Dihydroxyflavone Suppresses KA-Induced Neuronal Death in TrkB F616A
Mice. TrkB F616A knockin mice (2-3 months old) were fed with INMPP1 (25
uM) in drinking water 1 day before pharmacological reagent treatment. On
the next day, the mice were injected i.p. with KA (20 mg/kg) or with 7,8-
dihydroxyflavone (5 mg/kg) 4 h before KA treatment. The control mice
without 1NMPP1 were injected with either KA or 7,8-dihydroxyflavone
alone or were given 7,8-dihydroxyflavone 4 h before KA administration.
After 4 days, the mice were killed, and the brains were extracted, homo-
genized, and ultracentrafuged. The supernatant was used for SDS/PAGE and
immunoblotting analysis.

Stroke Experiment: The MCAO Model. Eight TrkB F616A knockin male mice in
each group were treated with saline or 5 mg/kg 7,8-dihydroxyflavone 2 h
before the experiment. Twelve mice were treated with INMPP1 (20 pM) in
drinking water 1 day before the experiment. The mice were injected with
5 mg/kg 7,8-dihydroxyflavone 2 h before the experiment. The mice were
anesthetized with 4% chloral hydrate, and rectal and masseter muscle
temperatures were controlled at 37 °C with a homeothermic blanket. Cer-
ebral perfusion in the distribution of the middle cerebral artery was moni-
tored throughout the surgical procedure with a laser Doppler (Perimed Inc.),
and only animals with a >80% decrease in cerebral perfusion were included
in this study. After 48 h, MCAO mice were killed, and brains were cut onto 5-
pm sections and stained with TUNEL assay.

MPTP Administration. 7,8-Dihydroxyflavone or water was administered to 8-
week-old C57BL/6 mice for 14 days. On day 7, mice (n = 5 per group) were
treated with either saline or MPTP-HCI (2 x 20 mg/kg, 2 h apart; Sigma). On
day 14, the mice were killed, and brains were prepared for immunochemical
analysis. Briefly, one hemisphere was taken for immunoblotting of tyrosine
hydroxylase on striatal homogenates, and one hemisphere was drop-fixed
and sectioned (40 pm) for tyrosine hydroxylase and activated caspase-
3 immunohistochemistry.
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