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Abstract
Neuroinflammation is now widely accepted as an important pathophysiological
mechanism in neurodegenerative disorders, thus providing a critical target for novel
compounds. In this study, 3-O-[(E)-(2-oxo-4-(p-tolyl) but 3 en 1 yl] kaempferol
(OTBK) prevented the production of pro-inflammatory mediators TNFα, IL-6, PGE2
and nitrite from BV-2 microglia activated with LPS and IFN. These effects were
accompanied by a reduction in the levels of pro-inflammatory proteins COX-2 and
iNOS. Involvement of NF-B in the anti-inflammatory activity of OTBK was evaluated
in experiments showing that the compound prevented phosphorylation, nuclear
accumulation and DNA binding of p65 sub-unit induced by stimulation of BV-2
microglia with LPS and IFN. Exposure of mouse hippocampal HT22 neurons to
conditioned media from LPS + IFN-stimulated BV-2 cells resulted in reduced cell
viability and generation of cellular reactive oxygen species. Interestingly, conditioned
media from LPS/IFN-stimulated BV-2 cells which were treated with OTBK did not
induce neuronal damage or oxidative stress. OTBK was shown to increase protein
levels of phospho-AMPKα, Nrf2 and HO-1 in BV-2 microglia. It was further revealed
that OTBK treatment increased Nrf2 DNA binding in BV-2 microglia. The actions of
the compound on AMPKα and Nrf2 were shown to contribute to its anti-inflammatory
activity as demonstrated by diminished activity in the presence of the AMPK
antagonist dorsomorphin and Nrf2 inhibitor trigonelline. These results suggest that
OTBK inhibits neuroinflammation through mechanisms that may involve activation of
AMPKα and Nrf2 in BV-2 microglia.
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1. Introduction
Neuroinflammation by the immune system in the brain is an important process in the
understanding of neurobiology and therapeutics of neurodegenerative disorders
such as Alzheimer’s disease (AD) [1, 2] and Parkinson’s disease (PD) [3].
Neuroinflammation involves a sustained activation of macrophages in the brain,
known as microglia resulting in the secretion of neurotoxic factors, including
pro-inflammatory cytokines, chemokines and reactive oxygen species (ROS).
Consequently, attention is now focused on the synthesis of novel anti-inflammatory
agents with neuroprotective potential for AD therapeutics.
Adenosine monophosphate-activated protein kinase (AMPK) is a protein kinase that
plays a critical role in regulating energy metabolism. Studies have suggested that
activating AMPK produces anti-inflammatory activity through indirect inhibition of
NF-B. In neuroinflammation, AMPK activation has been proposed to have beneficial
effects [4]. For example, ENERGI-F704 a known AMPK activator was shown to
inhibit neuroinflammation in LPS-stimulated BV-2 microglia by preventing nuclear
translocation and protein levels of NF-B with the subsequent reduction in IL-6,
TNFα, iNOS and COX-2 [5].
The Nrf2 activation pathway is an emerging drug target for the treatment of
neurodegenerative disorders such as AD and PD due to its ability to suppress
neuroinflammation. Reports have shown that Nrf2 activation results in inhibition of
neuroinflammation through transcriptional repression of pro-inflammatory cytokines
such as TNFα, IL‐1, and IL‐6 in microglia [6]. Furthermore, the Nrf2 activator
sulphoraphane has been reported to enhance Nrf2 DNA-binding activity as well as
inducing upregulation of Nrf2 target genes in the microglia, while inhibiting LPSinduced interleukin IL-1β, IL-6, and iNOS production [7].
Previously we reported that tiliroside, a dietary glycosidic flavonoid inhibited
neuroinflammation in LPS-activated BV-2 microglia through multiple mechanisms
involving NF-B, p38 MAPK and Nrf2 activation pathways [8, 9]. Interestingly, a
novel tiliroside derivative, 3-O-[(E)-(2-oxo-4-(p-tolyl)but-3-en-1-yl] kaempferol
(OTBK) (Figure 1) has been shown to enhance glucose consumption by insulinresistant HepG2 cells [10]. In experiments reported by Shi et al. (2011), a closely
related compound to OTBK increased GLUT4 translocation in muscle cells through a
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mechanism linked to AMPK activation [11]. In this study we have investigated effects
of OTBK in BV-2 microglia to determine whether it would inhibit neuroinflammation.
We have also evaluated the roles of Nrf2 and AMPK activation in the
anti-inflammatory activity of the compound.
2. Materials and methods
2.1 Synthesis of 3-O-[(E)-(2-oxo-4-(p-tolyl) but-3-en-1-yl] kaempferol (OTBK)
OTBK was synthesised from the reaction of kaempferol with freshly prepared (E)-1bromo-4-(p-tolyl) but-3-en-2-one [12], in the presence of potassium carbonate in
boiling dioxane (Supplementary Data 1). After 48 h, silica gel chromatographic workup gave a 34% yield of the pure desired product compared to the 13.4% yield
reported previously [10]. Lipopolysaccharide (LPS) derived from Salmonella enterica
serotype typhimurium SL1181 (Sigma) was used in these experiments at a
concentration of 100 ng/ml. Interferon (IFN) derived from E. coli (R and D Systems)
was used at a concentration of 5 ng/ml. In all cases, cells were treated with OTBK
30 min prior to stimulation with LPS and IFN.
2.2 Cell culture
BV-2 mouse microglia cell line ICLC ATL03001 (Interlab Cell Line Collection, Banca
Biologica e Cell Factory, Italy) were cultured in RPMI1640 medium (Gibco). HEK293
(ATCC CRL 1573) cells were obtained from the European Collection of Cell Cultures
(Salisbury, UK) and were cultured in MEM-eagle’s medium (Gibco). HT22 mouse
hippocampal neurons were a kind gift from Dr Jeff Davis and were cultured in DMEM
(Gibco). All culture media were supplemented with 10% fetal bovine serum, 2 mM Lglutamine, 1 mM sodium pyruvate, 100 U/ml penicillin and 100 mg/ml streptomycin.
2.3 Determination of pro-inflammatory cytokines, nitrite and PGE2 in LPS +
IFN-activated BV-2 microglia
This was carried out as described earlier [13, 14]. BV-2 microglia were treated with
OTBK (2.5, 5 and 10 µM) 30 min prior to stimulation with LPS (100 ng/ml) and IFN
(5 ng/ml) for a further 24 h. Levels of TNFα and IL-6 in culture supernatants were
determined using mouse TNFα and IL-6 ELISA kits (Biolegend, UK), while nitrite
production was measured using the Griess assay kit (Promega, UK). Levels of PGE2
were measured using PGE2 EIA kit (Arbor Assays, USA).
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Culture medium in HT22 hippocampal neurons cells were completely removed and
replaced with conditioned media (200 µl) from LPS + IFN-stimulated BV-2 cells This
was incubated for a further 24 h in 5% CO2 at 37°C. Neuronal viability was
determined using MTT cell viability assay, while cellular ROS generation in the
neurons was measured using the fluorescence DCFDA method assay kit (Abcam).
2.4 Immunoblotting
Following treatment, microglia cell lysates were prepared by washing cells with PBS,
followed by addition of lysis buffer and phenylmethylsulfonyl fluoride (PMSF), and
centrifugation for 10 min. Nuclear extracts were prepared using EpiSeeker Nuclear
Extraction Kit (Abcam) according to the manufacturer's instructions.
Twenty-five micrograms of protein was subjected to sodium dodecyl sulfate
polyacrylamide (SDS) gel electrophoresis. Proteins were then transferred to
polyvinylidene fluoride (PVDF) membranes (Millipore, Bedford, MA, USA) for 2 h.
Membranes were then blocked at room temperature for 1 h and then incubated with
primary antibodies overnight at 4°C. Primary antibodies used in the experiments
were rabbit anti-HO-1 (Santa Cruz; 1:500), rabbit anti-COX-2 (Santa Cruz; 1:500),
rabbit anti-iNOS (Santa Cruz; 1:500), rabbit anti-phospho-AMPKα (Santa Cruz;
1:500), rabbit anti-AMPKα (Santa Cruz; 1:500), rabbit anti-lamin B1 (Santa Cruz;
1:500) and rabbit anti-Nrf2 (Santa Cruz; 1:500). Blots were detected with Alexa
Fluor® 680 goat anti-rabbit IgG (Life technologies, UK) using Licor Odyssey. Equal
protein loading was assessed using rabbit anti-actin antibody (Sigma, 1:1000).
2.5 Immunofluorescence microscopy
This was carried out as described elsewhere [9]. Immunofluorescence detection of
rabbit anti-NF-B p65 antibody (Santa Cruz; 1:100) was carried with Alexa Fluor
488-conjugated donkey anti rabbit IgG secondary antibody (Life Technologies;
1:500) and images obtained using EVOS® FLoid® cell imaging station.
2.6 DNA binding assays
DNA binding assays were used to determine the effects of OTBK on DNA binding of
NF-B and Nrf2 transcription factors in BV-2 microglia. Following cell treatment,
nuclear extracts were prepared and assayed using the TransAM NF-B and Nrf2
transcription factor EMSA kits (Activ Motif, Belgium) according to the manufacturer’s
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instructions. The TransAM transcription factor assay kits employed a 96-well plate to
which oligonucleotides containing the NF-B consensus site (5’-GGGACTTTCC-3’)
or the ARE consensus binding site (5’-GTCACAGTGACTCAGCAGAATCTG-3’)
have been immobilised.
2.7 Statistical analyses
Values of all experiments were represented as a mean ± SEM of at least 3
independent experiments. Differences between values from different treatments
were compared using one-way analysis of variance (ANOVA) followed by a post-hoc
Tukey test.
3. Results and discussion
3.1 OTBK reduced the production of pro-inflammatory cytokines, NO/iNOS and
PGE2/COX-2 from LPS + IFN-stimulated BV-2 microglia without affecting
cell viability
Analyses of BV-2 culture supernatants revealed that OTBK produced significant
(p<0.05) reduction in the levels of pro-inflammatory TNFα (Figure 2A), IL-6
(Figure 2B), PGE2 (Figure 2C) and nitrite (Figure 2D) in BV-2 microglia activated with
LPS (100 ng/ml) and IFN (5 ng/ml). Furthermore, results of immunoblotting
experiments in Figures 3A, 3B and 3C suggest that the compound reduced PGE 2
and nitrite production through inhibition of COX-2 and iNOS protein expression,
respectively. These actions are consistent with those shown by natural compounds
such as curcumin [15], and are similar to those earlier observed with tiliroside, which
showed marked inhibition of neuroinflammation in BV-2 microglia by the compound
[8, 9].
We also observed that treatment of BV-2 cells with 2.5, 5 and 10 µM OTBK followed
by LPS + IFN stimulation for 24 h did not affect the viability of these cells, whereas
higher concentrations (20 and 40 µM) of the compound produced significant
(p<0.001) reduction in cell viability (Figures 4A and 4B). This clearly suggests that
the compound was not cytototoxic at anti-inflammatory concentrations of 2.5, 5 and
10 µM. Protective effect of OTBK in microglia conditioned media-induced
neurotoxicity
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Having observed that OTBK inhibited inflammatory mediator release from LPS +
IFN-activated BV-2 microglia, we were interested in determining whether this
compound would prevent microglia-induced neurotoxicity in HT22 mouse
hippocampal neurons. Results in Figure 5A show that exposure of HT22 cells to
microglia conditioned media from cells stimulated with a combination of LPS and
IFN resulted in significant (p<0.001) reduction in neuronal viability. Interestingly,
incubation of conditioned media from BV-2 cells treated with OTBK (2.5-10 µM) prior
to LPS and IFN stimulation resulted in significantly increased (p<0.05) number of
viable neurons. In addition, there was a corresponding significant (p<0.01) increase
in the generation of cellular ROS in neurons incubated with conditioned media from
LPS and IFN only treated BV-2 microglia, while there was a reduction in ROS
production when neurons were exposed to conditioned media from microglia treated
with OTBK prior to LPS and IFN (Figure 5B). These results have confirmed that
inhibition of neuroinflammation involving reactive microglia is a critical target in
achieving neuroprotection in the treatment of neurodegenerative diseases [16].
Furthermore the activity of OTBK in preventing microglia-mediated neurotoxicity has
been demonstrated.
3.3 OTBK inhibited NF-B activation
It is now widely accepted that the production of pro-inflammatory mediators such as
TNFα, IL-6 and expression of proteins like COX-2 and iNOS during
neuroinflammation is regulated by the transcription factor NF-B. We were therefore
interested in establishing whether inhibition of NF-B activation is a mechanism
responsible for the anti-inflammatory activity of OTBK. Initial ELISA experiments
demonstrated that the compound prevented the phosphorylation of p65 sub-unit of
NF-B, which is one of the critical steps in the microglia NF-B activation pathway
(Figure 6A). This was confirmed by results of immunofluorescence experiments
which showed that OTBK prevented LPS + IFN-induced nuclear accumulation of
NF-B p65 sub-unit in BV-2 microglia (Figure 6B). Furthermore, DNA binding assays
revealed that OTBK prevented LPS + IFN-induced DNA binding of NF-B in BV-2
microglia (Figure 6C). Based on these results, we can conclude that OTBK inhibits
neuroinflammation by modulating cellular activities resulting in the activation of NFB in a similar manner as the related compound, tiliroside.
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3.4 Activation of AMPK in BV-2 microglia contributes to anti-inflammatory
activity of OTBK
Based on reports demonstrating the effects of OTBK on glucose metabolism, studies
showing activation of AMPK by a related compound [10, 11], as well as reported role
of AMPK activation in neuroinflammation [4], we used immunoblotting to determine
whether this compound could activate AMPKα in BV-2 microglia. We were also
interested in evaluating the effect of OTBK on LPS + IFN-induced
dephosphorylation of AMPK. Our results revealed that treatment of unstimulated
BV-2 microglia with OTBK for 24 h resulted in significant (p<0.05) elevation in
phospho-AMPKα protein in comparison with untreated control (Figure 7A). Separate
experiments also revealed that stimulation of BV-2 microglia with a combination of
LPS (100 ng/ml) and IFN (5 ng/ml) resulted in significant (p<0.01) suppression of
phospho-AMPKα protein expression in comparison with control cells (Figure 7B).
However, in the presence of OTBK (2.5-10 µM), there was a significant (p<0.001)
reversal of LPS + IFN-induced inactivation of AMPK. This is an interesting outcome
as studies have revealed a link between inflammation and dephosphorylation of
AMPK in mice [17]. It therefore appears that reversal of inflammation-induced
dephosphorylation of AMPK by OTBK and its anti-inflammatory activity are linked.
The role of AMPK activation in the anti-inflammatory activity of OTBK was then
further investigated by treating BV-2 cells with potent and direct inhibitor of AMPK,
dorsomorphin [18] (10 µM) followed by OTBK (10 µM) prior to LPS + IFN stimulation
for 24 h. Analyses of culture supernatants showed that LPS + IFN stimulation
resulted in a significant (p<0.05) elevation of TNFα and IL-6 levels, in comparison
with control cells. Also, OTBK produced a characteristic reduction in the levels of
these cytokines in BV-2 microglia stimulated with LPS + IFN. In cells treated with
dorsomorphin (10 µM) prior to stimulation with LPS + IFN, there was no reduction in
the production of these pro-inflammatory mediators, suggesting a lack of antiinflammatory activity. However, inhibition of neuroinflammation as shown by
reduction in TNFα (Figure 7C) and nitrite (Figure 7D) production by OTBK was
diminished in the presence of dorsomorphin. The loss of anti-inflammatory activity in
the presence of the AMPK antagonist further shows that inhibition of
neuroinflammation by OTBK is related to its ability to activate AMPK. Some studies
have suggested a role for AMPK as a negative regulator of inflammatory signalling
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pathways in macrophages [19]. Taken together, our results appear to suggest that
OTBK possibly targets mechanisms involved in negative regulation of inflammation
by AMPK.
Other studies have linked anti-neuroinflammatory activity to activation of AMPK in
BV-2 microglia [20], indicating that compounds which activate this kinase in the
microglia may inhibit neuroinflammation [21]. An example of such a compound is
thymoquinone found in cumin seed oil which was reported to inhibit
neuroinflammation through mechanisms linked to AMPK and SIRT1 [22]. Similar
activity has been reported for lycopene [23], hydrogen sulphide [24], caffeic acid
phenethyl ester (CAPE) [25] and resveratrol [26].
3.5 Activation of Nrf2 by OTBK contributes to its anti-inflammatory activity in
BV-2 microglia
Research reported by Zimmermann et al. [27] showed that there is a crosstalk
between the AMPK and Nrf2/HO-1 signalling pathways and suggested that
compounds like xanthohumol are able to induce dual activation of both pathways
through mechanisms involving reduced endoplasmic reticulum stress. This led us to
investigate whether OTBK would have any effect on Nrf2 activation in BV-2
microglia. In Figures 8A and 8B, we show that treatment with OTBK induced an
increase in accumulation of Nrf2 in the nucleus in both unstimulated and LPS +
IFN-stimulated BV-2 microglia. Results of DNA binding assays in Figure 8C show
that there was significant (p<0.05) increase in the binding of Nrf2 to ARE consensus
sites following treatment of BV-2 cells with OTBK (5 and 10 µM). Interestingly, at
2.5 µM, the compound did not produce significant effect on Nrf2 activity. Similarly,
treatment of LPS + IFN-stimulated BV-2 cells with 5 and 10 µM of OTBK resulted in
significant increase in DNA binding of Nrf2, while 2.5 µM of the compound did not
produce a significant effect (Figure 8D).
Western blotting experiments revealed that treatment of unstimulated BV-2 microglia
with 2.5 µM of OTBK did not produce significant increase in the downstream HO-1
protein (Figures 9A). On increasing the concentration of the compound to 5 and
10 µM, there was significant (p<0.001) increase in levels of HO-1 protein in BV-2
microglia. In LPS + IFN-stimulated cells however, significant increase in HO-1
protein was observed with 2.5-10 µM of OTBK, in comparison with either
9

unstimulated cells or with cells stimulated with LPS + IFN (Figure 9B). These results
suggest that OTBK produces Nrf2-mediated increase in the levels of the antioxidant
HO-1 protein.
Following results showing that OTBK activated Nrf2 in BV-2 microglia and based on
our previous studies which demonstrated that anti-inflammatory activity of
compounds such as tiliroside is dependent on Nrf2 [9, 14, 28], we used a known Nrf2
inhibitor, trigonelline to investigate whether OTBK would retain its anti-inflammatory
activity in the presence of the inhibitor. Treatment of LPS + IFN stimulated BV-2
microglia with OTBK (10 µM) resulted in suppression of both TNFα and nitrite
production, while anti-inflammatory activity was not observed when the cells were
pre-treated with trigonelline (100 µM) prior to LPS + IFN stimulation. However,
following treatment of LPS + IFN-activated BV-2 microglia with trigonelline (100 µM)
prior to OTBK (10 µM) we observed that the anti-inflammatory effects of the
compound on TNFα and nitrite production were partially reduced (Figures 10A and
10B). These results appear to suggest that inhibition of Nrf2 by trigonelline reduced
the ability of OTBK to exert anti-inflammatory activity in BV-2 microglia. Several
studies have reported that trigonelline is a potent inhibitor of Nrf2; experiments in
cellular models have revealed that trigonelline interfered with Nrf2 activation, and
suppressed induction of Nrf2/ARE-dependent gene expression [29-32]. Also,
inhibition of Nrf2 by trigonelline in mice was shown to produce similar effects to Nrf2
knockout in attenuating hypertension, renal injury, as well as tubulointerstitial fibrosis
[33]. Consequently, our results in BV-2 cells indicate that OTBK probably produces
anti-inflammatory activity through mechanisms requiring activation of Nrf2.
Kaempferol and tiliroside, which are similar compounds to OTBK have been reported
to produce inhibition of neuroinflammation in BV-2 microglia. For instance similar to
OTBK, kaempferol has been reported to suppress LPS-induced nitric oxide
production in BV-2 microglia [34-36]. It has been suggested that the
anti-inflammatory effect of kaempferol on NO (as well as PGE2, TNFα, IL-1β and
ROS) production in LPS-stimulated BV-2 may be related to its modulatory effect on
NF-B activation and p38 MAPK, JNK and AKT phosphorylation [37]. However,
unlike what was observed with OTBK, AMPK- and Nrf2-dependent anti-inflammatory
activity in BV-2 microglia has not been reported for kaempferol. With regards to
tiliroside however, we have earlier reported similar Nrf2-mediated anti-inflammatory
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activity in BV-2 microglia (8, 9). However, unlike OTBK it is not yet known if its ability
to inhibit neuroinflammation is related to activation of AMPK in the microglia.
4. Conclusions
Our study has demonstrated for the first time that 3-O-[(E)-(2-oxo-4-(p-tolyl)-but-3en-1-yl] kaempferol inhibits neuroinflammation and neuroinflammation-mediated
neurotoxicity. Furthermore, the compound produced activation of AMPKα and Nrf2 in
BV-2 microglia which possibly contribute to its anti-inflammatory activity. These data
suggest that 3-O-[(E)-(2-oxo-4-(p-tolyl) but-3-en-1-yl] kaempferol is a potential small
molecule for preventing microglia-mediated inflammation.
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Figure Legends
Figure 1
Structure of OTBK
Figure 2
OTBK reduced levels of TNFα (A), IL-6 (B), PGE2 (C) and nitrite (D) in culture
supernatants of BV-2 microglia stimulated with LPS (100 ng/ml) and IFN (5 ng/ml)
for 24 h. All values are expressed as mean ± SEM for three independent
experiments. Data were analysed using one-way ANOVA for multiple comparisons
with post-hoc Tukey test. *p<0.05, **p<0.01, ***p<0.001 in comparison with LPS/
IFN control.
Figure 3
Inhibition of LPS/ IFN-induced increase in protein levels of COX-2 and iNOS in BV-2
microglia by OTBK. Cultured cells were treated with OTBK prior to stimulation with
LPS (100 ng/ml) and IFN (5 ng/ml) for 24 h. Cell lysates were immunoblotted using
COX-2 and iNOS antibodies (A). Densitometric analyses of three independent
experiments are shown for COX-2 (B) and iNOS (C). Data were analysed using oneway ANOVA for multiple comparisons with post-hoc Tukey test. *p<0.05, **p<0.01,
***p<0.001 in comparison with LPS/ IFN control.
Figure 4
Treatment of BV-2 microglia with OTBK (2.5, 5 and 10 µM), followed by stimulation
with LPS (100 ng/ml) and IFN (5 ng/ml) for 24 h did not reduce cell viability. Data
were analysed using one-way ANOVA for multiple comparisons with post-hoc Tukey
test. ***p<0.001 in comparison with untreated control.
Figure 5
Protection against microglia-induced neuronal damage by OTBK. HT22 neurons
were incubated with conditioned culture medium obtained from BV-2 microglia that
were stimulated with LPS and IFN for 24 h (A). MTT assay revealed an increase in
HT22 viability in cells treated with OTBK, in comparison with control. OTBK
treatment caused a reduction in cellular ROS generation in HT22 cells (B). Data
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were analysed using one-way ANOVA for multiple comparisons with post-hoc Tukey
test. *p<0.05, **p<0.01, ***p<0.001 in comparison with LPS/ IFN stimulation.
Figure 6
OTBK suppresses neuroinflammation by interfering with NF-B activity through
inhibition of p65 phosphorylation (A), nuclear accumulation of p65 sub-unit of NF-B
(B) and inhibition of DNA binding of NF-B (C) in BV-2 cells stimulated with LPS
(100 ng/ml) and IFN (5 ng/ml). Data were analysed using one-way ANOVA for
multiple comparisons with post-hoc Tukey test. **p<0.01, ***p<0.001 in comparison
with LPS/ IFN or TNFα stimulation.
Figure 7A & 7B
OTBK directly increased levels of phospho-AMPKα in BV-2 microglia following
incubation for 24 h (A), and reversed dephosphorylation of AMPKα induced by
stimulation with LPS (100 ng/ml) and IFN (5 ng/ml) for 24 h (B). Cell lysates were
analysed using immunoblotting for phospho-AMPKα and total AMPKα.
Representative blots and densitometric analyses of three independent experiments
are shown (Mean ± SEM; **p<0.01, ***p<0.001; one way ANOVA for multiple
comparisons with post-hoc Tukey test).
Figure 7C & 7D
Inhibition of neuroinflammation by OTBK was diminished in the presence of
dorsomorphin. BV-2 cells were treated with either OTBK (10 µM) and LPS
(100 ng/ml) + IFN (5 ng/ml), dorsomorphin (10 µM) and LPS (100 ng/ml) + IFN
(5 ng/ml), or dorsomorphin (10 µM), followed by OTBK (10 µM) and LPS (100 ng/ml)
+ IFN (5 ng/ml) for 24 h. Cells were analysed for TNFα (C) and nitrite (D). Data
were analysed using one-way ANOVA for multiple comparisons with post-hoc Tukey
test. ***p<0.001; untreated control versus LPS/ IFN stimulation. p<0.01; OTBK +
LPS + IFN treatment versus LPS + IFN only. &p<0.05; dorsomorphin + OTBK +
LPS/IFN treatment compared with OTBK + LPS/ IFN treatment (n=6).
Figure 8
OTBK (5 and 10 µM) treatment significantly increased nuclear Nrf2 in the absence
(A) and presence of LPS + IFN stimulation (B) in BV-2 microglia. Nuclear extracts
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were analysed using immunoblotting for Nrf2 and lamin B. Representative blots and
densitometric analyses of 3 independent experiments are shown. OTBK (5 and
10 µM) treatment without (C) and with LPS + IFN stimulation (D) increased DNA
binding of Nrf2 to immobilised ARE consensus binding site in BV-2 microglia. Values
are mean ± SEM; *p<0.05, **p<0.01, ***p<0.001; one way ANOVA for multiple
comparisons with post-hoc Tukey test).
Figure 9
OTBK (5 and 10 µM) treatment significantly increased HO-1 protein in the absence
(A) and presence of LPS + IFN stimulation (B) in BV-2 microglia. Representative
blots and densitometric analyses of 3 independent experiments are shown (Mean ±
SEM; ***p<0.001; one way ANOVA for multiple comparisons with post-hoc Tukey
test).
Figure 10
Inhibition of neuroinflammation by OTBK was diminished in the presence of
trigonelline. BV-2 cells were treated with either OTBK (10 µM) and LPS (100 ng/ml)
+ IFN (5 ng/ml), trigonelline (100 µM) and LPS (100 ng/ml) + IFN (5 ng/ml), or
trigonelline (100 µM), followed by OTBK (10 µM) and LPS (100 ng/ml) + IFN
(5 ng/ml) for 24 h. Cells were analysed for TNFα (A) and nitrite (B). Data were
analysed using one-way ANOVA for multiple comparisons with post-hoc Tukey test.
***p<0.001; untreated control versus LPS/ IFN stimulation.  p<0.001; OTBK + LPS
+ IFN treatment versus LPS + IFN only. &p<0.05; trigonelline + OTBK + LPS/IFN
treatment compared with OTBK + LPS/ IFN treatment (n=6).
.
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Supplementary Data 1
(E)-1-Bromo-4-(p-tolyl)but-3-en-2-one

To a stirred solution of (E)-4-(p-tolyl)but-3-en-2-one (1.02 g; 6.25 mmol) in dry
tetrahydrofuran (60 mL), was added slowly pyrrolidone hydrotribromide (3.71 g; 7.49
mmol) at room temperature over 1 h under an inert N2 atmosphere. The reaction
mixture was left to stir for 24 h. After this time, excess pyrrolidone hydrotribromide
was removed by filtration and the filtrate was evaporated under reduced pressure.
The resulting residue was dissolved in diethyl ether (20 mL) and then washed with
brine (15 mL × 2). The organic layer was dried (MgSO4) and then solvents were
removed by rotary evaporation under reduced pressure. The crude product was
purified by flash silica chromatography (ethyl acetate: petroleum ether, 2:1), affording
the title compound as a yellow solid (0.9 g, 61 %, Rf = 0.29). Melting point: 94-95 ºC.
1H

NMR (400 MHz, CDCl3) δ ppm 7.69 (1H, d, J = 16.1 Hz, CH=CH), 7.49 (2H, d, J

= 7.8 Hz, Ar), 7.23 (2H, d, J = 7.8 Hz, Ar), 6.91 (1H, d, J = 16.1 Hz, CH=CH), 4.10
(CH2), 2.40 (CH3).
13C

NMR (100 MHz, CDCl3) δ ppm 191.0 (C=O), 145.5 (CH), 141.8 (C), 131.2 (C),

129.8 (CH), 128.7 (CH), 121.3 (CH), 33.2 (CH2), 21.6 (CH3).
IR (neat) max 2983, 2933, 1685, 1667, 1564, 1511, 1386, 1326, 1182, 1153, 1063,
976, 891, 860, 840, 710, 643, 517.
Previously reported.
3-O-[(E)-(2-Oxo-4-(p-tolyl)but-3-en-1-yl] kaempferol.

To a solution of kaempferol (0.025 g; 0.09 mmol) in dry 1,4-dioxane (4 mL), was
added potassium carbonate (0.013 g; 0.09 mmol) and the mixture was heated at
33

reflux under an N2 atmosphere at 80 ºC for 1.5 h. After this time, a solution of (E)-1bromo-4-(p-tolyl)but-3-en-2-one (0.04 g; 0.15 mmol) in 1,4-dioxane (2 mL) was
added drop-wise to the reaction mixture over 5 minutes and the reaction mixture was
heated at 80ºC for 48 h. The solvents were removed by rotary evaporation under
reduced pressure. The crude product was purified by flash silica chromatography
(dichloromethane/ methanol; 10:1), affording the title compound as a yellow solid
(0.013 g, 34 %, Rf = 0.36).
1H

NMR (400 MHz, CD3OD-d4) δ ppm 8.01 (2H, d, J = 8.7 Hz, Ar), 7.68 (1H, d, J =

16.1 Hz, CH=CH), 7.55 (OH), 7.53 (OH), 7.51 (OH), 7.47 (1H, d, J = 8.0 Hz, Ar),
7.25 (2H, d, J = 8.0 Hz. Ar), 6.97 (2H, d, J = 16.1 Hz, CH=CH), 6.88 (2H, d, J = 8.7
Hz, Ar), 6.39 (1H, d, J = 1.8 Hz, Ar), 6.18 (1H, d, J = 1.8 Hz, Ar), 5.10 (2H, s, CH2),
2.35 (3H, s, CH3).
13C

NMR (100 MHz, CDCl3) δ ppm 195.6 (C), 178.0 (C), 164.5 (C), 161.7 (C), 160.4

(C), 156.9 (C), 156.3 (C), 143.9 (CH), 141.3 (C), 136.5 (C), 131.6 (C), 130.4 (CH),
129.3 (CH), 128.4 (CH), 121.1 (C), 120.5 (CH), 115.1 (CH), 104.4 (C), 98.4 (CH),
93.4 (CH), 75.2 (CH2), 20.1 (CH3).
MS (ES)+: m/z [M - H] 443.2.
HRMS: [M] for C26H20O7 calculated 444.1209, found 444.1204.
Previously reported (Qin et al., 2011).
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