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Inflammation and oxidative stress are key to the progressive neuronal degeneration common to chronic pathologies, traumatic
injuries, and aging processes in the CNS. The proinflammatory cytokine tumor necrosis factor-alpha (TNF-a) orchestrates cellular
stress by stimulating the production and release of neurotoxic mediators including reactive oxygen species (ROS). NADPH oxidases
(NOX), ubiquitously expressed in all cells, have recently emerged as pivotal ROS sources in aging and disease. We demonstrated the
presence of potent NOX inhibitors in wild Alaska bog blueberries partitioning discretely into a nonpolar fraction with minimal
antioxidant capacity and largely devoid of polyphenols. Incubation of SH-SY5Y human neuroblastoma cells with nonpolar blue-
berry fractions obstructed the coalescing of lipid rafts into large domains disrupting NOX assembly therein and abolishing ROS
production characteristic for TNF-« exposure. These findings illuminate nutrition-derived lipid raft modulation as a novel thera-

peutic approach to blunt inflammatory and oxidative stress in the aging or diseased CNS.

1. Introduction

Persistent inflammation and oxidative stress is largely
accountable for the progressive degeneration of neuronal
connectivity and neurons ultimately contributing to cogni-
tive decline associated with many CNS pathologies and aging
processes [1]. Intensive research supports the emerging
potential of nutrition in particular fruits and vegetables, as an
epigenetic measure to retard, halt, or even prevent neurode-
generation and cognitive decline associated with aging and
disease [2—4]. A diet rich in blueberries improved memory,
learning, and motor skills of aging animals and reduced mar-
kers of inflammatory and oxidative stress [5-8]. Blueberry
supplementation provided considerable neuroprotection in
an ischemia model greatly reducing neuronal loss [9]. Kriko-
rian and colleagues demonstrated in human subjects a sub-
stantial improvement of verbal memory tasks after blueberry
juice consumption [10]. Although many of the benefits of
blueberries and other foods were correlated to polyphenolics
and their inherent high antioxidant capacities, recent find-
ings provided convincing evidence that health benefits of

phytochemicals reach far beyond and include specific mod-
ulation of biochemical mechanisms and associated cellular
targets [11-16].

The proinflammatory cytokine tumor necrosis factor-
alpha (TNFa) is key to orchestrating inflammatory and oxi-
dative stress in the CNS [17, 18]. In various cell types includ-
ing neurons, TNFa stimulates a rapid accumulation of the
neurotoxic lipid messenger ceramide and a massive overpro-
duction of reactive oxygen species (ROS), primarily through
NADPH oxidase (NOX) activities [19-21]. The prototypical
NOX isoform is a multisubunit protein complexes composed
of two membrane subunits (NOX 1-3 and gp22Ph°¥), at
least three cytosolic subunits (p67Ph°x, p47Phox and p4ophox),
and the regulatory small GTPase Racl or Rac2 [22, 23].
These NOX isoforms generate ROS via an intricate assembly
between the cytosolic and membrane subunits at the plasma
membrane in conjunction with lipid activators such as cera-
mide metabolites and arachidonic acid [24, 25]. Only recen-
tly have members of the NOX family (homologous of plasma
membrane protein gp91Ph°*) emerged as pivotal sources of
oxidative stress in a plethora of chronic diseases and aging



responsible for oxidative damage to proteins, lipids, and
nucleic acids [26-28]. Regardless, current pharmacology
against NOX activities either lacks specificity or is highly
cytotoxic [29]. In lieu of the demonstrated antioxidant and
anti-inflammatory properties of blueberries, we hypothe-
sized that wild Alaska bog blueberries might possess the
capability to blunt NOX activities. Previously, we demon-
strated that SH-SY5Y human neuroblastoma cells responded
to TNFa exposure with a rapid increase in intracellular
superoxide generated by NOX2. This ROS response required
prior activation of a Mg?*-dependent neutral sphingomyeli-
nase and ceramide generation [30]. Utilizing this cellular
model of neuroinflammation as our bioassay, we set out to
determine (i) whether wild Alaska bog blueberries contained
NOX inhibitory potency at all, and (ii) to potentially enrich
this potency. Due to the presence of multiple ROS sources in
cells, we assessed NOX activity not only by measuring ROS
generation but also quantifying the translocation to and
increased association of the cytosolic p67°Ph°* subunit with
neuronal plasma membranes. Indeed, incubation of SH-
SY5Y human neuroblastoma cells with crude blueberry ex-
tracts abolished NOX-mediated ROS production upon ex-
posure to TNFa. This NOX inhibiting bioactivity in crude
blueberry extracts partitioned into a polyphenol-devoid frac-
tion lacking virtually any antioxidant capacity, and prevented
proper assembly of the multisubunit NOX complex. More-
over, this nonpolar and non-antioxidant NOX-inhibiting
bioactivity interfered with the coalescence of large lipid raft
domains typically observed in SH-SY5Y cells exposed to
TNFa. These findings demonstrate the presence of natural
products in wild Alaska bog blueberries, and likely other phy-
tosources, as novel NOX inhibitors and support for a poten-
tial nutrition-derived epigenetic therapy to confine or blunt
inflammatory and oxidative stress in the aging or diseased
CNS.

2. Methods and Materials

2.1. Reagents. DMEM and penicillin/streptomycin solution
were obtained from Mediatech (Herndon, VA). GlutaMAX-
1, trypsin/EDTA solution, 3, 3’, 5, 5'-tetramethylbenzi-
dine (TMB), 2, 7'-dihydrodicholorfluorecein diacetate
(H,DCFDA), Alexa Fluor 555 Lipid Raft labeling kit, and
NuPAGE running and transfer buffers were purchased from
Invitrogen (Carlsbad, CA). 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) Cell Growth assay
kit was from Millipore (Temecula, CA). Primary anti-
p67phox and antiphospho p40Ph°* antibodies were obtained
from Abcam (Cambridge, MA) and Santa Cruz Biotechnol-
ogy (Santa Cruz, CA), respectively. BCA Protein assay kit
and 1-step NBT/BCIP were from Pierce (Rockford, IL). Fetal
bovine serum was received from Atlanta Biologicals (Atlanta,
GA). Recombinant human TNFa was received from ProSpec
(Rehovot, Israel), and PMA was from Biomol (Plymouth,
PA). All other reagents were purchased from Sigma Aldrich
(St. Louis, MO).

2.2. Cell Culture. SH-SY5Y human neuroblastoma cells
were grown in DMEM medium supplemented with 10%
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fetal bovine serum, 100 U/mL penicillin, 100 U/mL strep-
tomycin, and 1% GlutaMax-1, (humidified atmosphere,
5% CO;, 37°C) in 100mm dishes (Falcon). For ampli-
fication, SH-SY5Y cells were incubated with trypsin
(0.5mg/mL)/EDTA (0.2 mg/mL) in PBS, washed off, briefly
triturated, and replated (1:3 dilution) in 100 mm dishes
(Falcon). For experiments, SH-SY5Y cells were harvested
after trypsin/EDTA treatment, triturated, and plated onto
poly-D-lysine-coated glass cover slips inserted in 35 mm
dishes (confocal microscopy) or on to tissue culture treated
6-well or 96-well plates. Cells were grown for 24 hours to
40% (confocal microscopy) or 80% confluency (biochem-
ical assays), and serum starved overnight in DMEM, 1%
GlutaMax-1, 100 U/mL penicillin, and 100 U/mL strepto-
mycin (humidified atmosphere, 5% CO,, 37°C) prior to
assays.

2.3. Blueberry Extract Preparation. Alaska Wild Bog Blueber-
ries (Vaccinium uliginosum) were harvested in the vicinity of
Fairbanks, AK, and stored frozen (—20°C). Next, blueberries
were lyophilized and crushed to a powder. Approximately
20 g of blueberry powder was fractionated over a silica col-
umn in 500 mL fractions with a mobile phase of 80/20
dichloromethane/methanol. Fractions were filtered, rotova-
porized at 40°C to remove volatile organics, frozen, and then
lyophilized again. The powder extracts were stored at —20°C
until reconstituted immediately prior to use in a 70:30
acetone-water solution, and diluted 1: 20 into deionized (18
mega ()) water as our stock solutions of nonpolar and polar
blueberry fractions. Final assay concentration of 5pug/mL
of crude extracts or fractions exhibited full potency with
no apparent cytotoxicity. Considering that only 10-12% of
blueberries account as dry weight, 5 yg/mL in 10 mL of med-
ium equates to 0.4-0.5mg wet weight or approximately 5
whole berries or less.

2.4. Quantification of Reactive Oxygen Species Production.
SH-SY5Y cells were grown in 6-well plates, serum starved
overnight, and then loaded with 1 yM H,DCFDA (1 h, 37°C)
in the presence or absence of 10uM diphenyl iodo-
nium (DPI), 1mM N-acetyl-L-cysteine (NAC), 1 mM 4-
(2-aminoethyl) benzenesulfonyl fluoride (AEBSF), 13.8 yM
GW4896, or 5 ug/mL nonpolar or polar blueberry fractions.
After washing with serum-free medium, SH-SY5Y cells were
exposed to 200 ng/mL TNF«, 400 ng/mL PMA (phorbol-12-
myristate 13-acetate ester), or vehicle in serum-free medium
(1h), washed with PBS, and lysed (2 M Tris-Cl pH 8.0, 2%
SDS, 10 nM Na3VOy). Lysates were cleared by centrifugation,
100 L aliquots were transferred to black 96-well plates
(Falcon), and total DCF fluorescence intensity was quantified
using a Beckman Coulter Multimode DTX 880 microplate
reader (495 nm excitation filter, 525 emission filter). All data
were adjusted to total protein concentration (BCA assay) and
normalized to control condition to account for unspecific
fluorescence and/or autofluorescence artifacts.

2.5. Choline Oxidase Assay. Addition of choline to a mixture
of choline oxidase, horseradish peroxidase, and Amplex Red
generates hydrogen peroxide and subsequently the formation
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of the fluorescent product resorufin. To assay for hydrogen
peroxide scavenging, blueberry fractions at 5pug/mL or
75 pg/mL, catalase (2000 U/mL), or vehicle were added to the
above reaction mixture, incubated for 15 min, and then sup-
plemented with 50 uM choline for 15 min at 37°C. Resorufin
fluorescence was measured at 590nm using a Beckman
Coulter Multimode DTX 880 microplate reader.

2.6. Cytotoxicity Assay. Cell viability was determined using a
MTT assay according to manufacturer’s instructions (Milli-
pore). Briefly, serum-starved SH-SY5Y cells were incubated
with increasing amounts of blueberry fractions (5, 30, or
75 ug/mL) or H,O, and incubated for 48 h. Cultures were
washed and incubated with MTT. Generation of insoluble
formazan generation was measured using a Beckman Coulter
Multimode DTX 880 microplate reader.

2.7. Cytochrome C Reduction Assay. Superoxide production
was measured as cytochrome C reduction sensitive to SOD
inhibition as detailed in Li and Shah with minor modifi-
cations [31, 32]. SH-SY5Y cells grown in 6-well plates to
90% confluency were serum-starved overnight, incubated
with pharmacological inhibitors (10 mM DPI, 2 mM AEBSE,
2mM NAC), or blueberry fractions (5 yg/mL, 1 h), and then
exposed to TNFa (200 ng/mL) for 30 min. SH-SY5Y cells
were harvested in Hank’s balanced salt solution, lysed by
sonication, and centrifuged (1000 Xgmay, 5 min) to removed
nuclei and intact cells. Aliquots were removed to determine
total protein concentration (BCA assay). Lysates (150 uL)
were supplemented with 10 uM FAD, 200 uM NADPH, and
100 uM cytochrome C and either 200 U/mL SOD or vehicle
(total volume 200 L), and absorbance at 550 nm was mea-
sured using a Beckman Coulter Multimode DTX 880 micro-
plate reader. All measurements were adjusted to total protein
concentration and normalized to control conditions.

2.8. ELISA Assay for P67°2* and Phosphor P40P"%, SH-SY5Y
cells grown in 100 mm dishes to 80% confluency were serum-
starved overnight, incubated in the presence or absence of
blueberry fractions (5 yg/mL, 1 h), and then stimulated (1 h)
with TNFa (200 ng/mL) or PMA (400 ng/mL). SH-SY5Y
cells were harvested and lysed (sonication) in a 0.33M
sucrose buffer (20 mM Tris-HCL pH 8.0, 2mM EDTA, 0.5
EGTA, 2mM AEBSE, 25 yg/mL Leupeptin), and centrifuged
(25,000 Xgmax, 15min). Supernatants (cytosolic fraction)
were removed and pellets were resuspended in 20 mM Tris-
HCL pH 8.0, 2 mM EDTA, 0.5 mM EGTA, and 2 mM AEBSE.
After centrifugation (25,000 Xgmax, 15min), supernatants
were collected (membrane fraction) and aliquots were
removed to determine total protein concentration (BCA
assay). Next, 96-well high protein absorbent plates (Falcon)
were incubated with 20 yg/mL of total membrane protein
in TBST (12h, 25°C). After blocking with 5% w/v BSA
in TBST (1h), wells were incubated with rabbit anti-
p67Ph or phospho p40P"** polyclonal antibodies (3 yg/mL,
4°C, overnight), rinsed with TBST, and incubated with a
secondary goat anti-rabbit IgG antibody conjugated to HRP
(1:2000, 45 min, 25°C). After a wash step (TBST), 100 uL

TMB (tetramethylbenzidine) was added and absorbance at
620 nm measured 10 min later using a Beckman Coulter
Multimode DTX 880 microplate reader.

2.9. Gel Electrophoresis and Western Blotting. Equal amounts
of total protein (5ug) were loaded onto a 10% SDS-poly-
acrylamide gel and separated (125V, 50 W, 40 mA) using
NuPAGE MES running buffer. Proteins were transferred onto
nitrocellulose membranes (100V, 350 mA, 50 W, 1 hr) using
NuPAGE transfer buffer and then blocked (1 h) with 5% w/v
BSA in TBST. Membranes were incubated overnight with a
goat anti-p67P"°* antibody (1:500 in TBST, 4°C), washed
with TBST, and then incubated with the corresponding
secondary antibody conjugated to alkaline phosphatase
(1:5000 in TBST, 1h, RT). Immunoreactivity was detected
by colorimetric detection using NBT/BCIP.

2.10. Confocal Microscopy. SH-SY5Y cells grown on poly-D-
lysine-coated glass cover slips (0.13 mm thick German glass)
were serum starved overnight. Cultures were incubated (1 h)
with blueberry fractions (5 yg/mL) prior to addition of TNFa«
(200 ng/mL) or PMA (400 ng/mL). Cultures were labeled
with Alexa Fluor Lipid Raft Labeling kit 555 (Invitrogen)
according to manufactures instructions. After fixation with
4% paraformaldehyde (20 min, 4°C), cells were permeabi-
lized with 0.3% Triton-X-100 in PBS (20 min, 4°C) and then
blocked with 1% normal goat serum in PBS. Cultures were
incubated with rabbit anti-p67Ph* antibody (1 :200, over-
night, 4°C) in 0.1% TX-PBS, washed (PBS), and incubated
with secondary FITC-conjugated goat-anti-rabbit antibody
(1:200, 2h, RT). After rinsing (TBS), cover slips were
mounted with PVA-DABCO (overnight, RT), and stored at
4°C until inspection. Images were acquired (63x, oil, Plan
Fluor) with a Zeiss confocal microscope LSM 510 equipped
with a He/Ne laser and an Argon laser using filter combi-
nations for Alexa 555 (554 excitation, 570 emission) and
FITC (494 excitation, 517 emission). Zeiss LSM Software was
used for image acquisition and analysis. For each treatment
condition, random fields of view were used to analyze 3 cells
from two independent sets of experiments (n = 6).

2.11. Statistical Analysis. Significant differences between
treatments and within multiple groups (*P < 0.05) were cal-
culated using analysis of variance (ANOVA) followed by
Tukey’s post hoc analyses using Statistical Analysis System
(SAS) software. Data were collected from at least four inde-
pendent experiments and are presented as mean + standard
deviation unless indicated otherwise.

3. Results

Utilizing human SH-SY5Y neuroblastoma cells exposed to
TNFa or PMA as a cellular model of neuroinflammation,
we investigated whether crude extracts obtained from wild
Alaska bog blueberries (AK-BB) harbor the potential to blunt
NOX activity by disrupting the protein subunit assembly
rather than scavenging ROS. Previous studies in SH-SY5Y
cells revealed that TNFa elicited superoxide generation
through NOX2 activation derived from quantitative analyses



using the superoxide-specific fluorescence indicator dihy-
droethidium in combination with the peroxide-sensitive
fluorescence indicator DCF [21]. In the following studies
we relied on DCF measurements in lieu of the cytotoxicity
of dihydroethidium and potential concentration-dependent
artifacts.

3.1. A Nonpolar Blueberry Fraction Blunts NOX-Mediate ROS
Formation in Neuronal Cells Exposed to TNFa or PMA.
SH-SY5Y cells were incubated either with pharmacological
inhibitors, crude blueberry extract, or blueberry fractions
prior to exposure to 200 ng/mL TNFa« or 400 ng/mL PMA.
Increases in ROS were quantified using the oxidation sensi-
tive fluorescence indicator DCF due to minimal cytotoxicity.
All data was adjusted to total cellular protein and normalized
to control conditions to account for unspecific fluorescence.
Pretreatment of SH-SY5Y cells with 5 yg/mL AK-BB extracts
diminished TNFa-mediated ROS formation (1.06+0.06, n =
4) to control levels (1.00 £ 0.25, n = 4) and AK-BB ex-
tracts did not alter basal levels of ROS formation in SH-
SY5Y cells (0.96 + 0.1, n = 4). As expected, TNFa in the
absence of AK-BB extracts (1.85 + 0.25, n = 4, *P <
0.05) evoked significant ROS formation (Figure 1(a)). Next,
AK-BB extracts were fractionated according to increasing
polarity with polyphenolics concentrating in the most polar
fractions (see inset Figure 1(b)). Using a bioassay approach,
each fraction was tested for its capacity to negate TNFa-
mediated ROS formation. As shown in Figure 1(b), the most
nonpolar fraction (NPgg, colorless) at 5 yg/mL potently sup-
pressed ROS formation in SH-SY5Y cells exposed to
200 ng/mL TNFw (1.03 + 0.04, n = 4) to levels indistinguish-
able from control (0.99 + 0.07, n = 4) as opposed to TNFa
alone (1.91 + 0.06, n = 4, *P < 0.05). In sharp contrast, a
highly polar fraction (POsgg, dark coloration) at 5 yg/mL was
ineffective in suppressing TNFa-mediated ROS formation
(253 £ 0.1, n = 4, *P < 0.05). As expected, inhibition of
NOX activity with 10 uM DPI (1.07 + 0.06, n = 4) or 1 mM
AEBSF (0.99 + 0.04, n = 4) both negated ROS generation
in SH-SY5Y cells in response to 200 ng/mL TNFa as did
scavenging ROS with 1 mM NAC (0.9+0.06, n = 4). Blocking
Mg?*-nSMase activity with 13.8 uM GW4896 also negated
TNFa-stimulated ROS formation (0.68 + 0.26, n = 4). Acti-
vation of NOX in SH-SY5Y cells upon TNFa exposure requ-
ires a preceding stimulation of Mg?*-nSMase [30]. The phor-
bol ester PMA is a well-documented and potent NOX acti-
vator bypassing many TNFa-dependent upstream signaling
events. Exposing SH-SY5Y cells to 400 ng/mL PMA evoked
ROS formation (1.93 + 0.30, n = 4, *P < 0.05) compared to
control (1.00 + 0.08, n = 4) sensitive to inhibiting NOX with
10 uM DPI or 1 mM AEBSF (0.84 + 0.16, n = 4 and 0.52 =
0.13, n = 4, resp.) as well as ROS scavenging with 1 mM NAC
(0.96 +0.22, n = 4) (Figure 1(c)). Preincubation of SH-SY5Y
cells with 5 yg/mL NPgjp also inhibited PMA-stimulated ROS
formation (1.07 = 0.16, n = 4) as opposed to 5 yg/mL POgg,
which was ineffective (1.85 = 0.25, n = 4, *P < 0.05) as
in the case of TNFa. Neither pharmacological inhibitors nor
antioxidants significantly suppressed basal ROS levels in SH-
SY5Y cells (data not shown). Taken together, these find-
ings indicated that extracts obtained from Alaska wild bog
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blueberries inhibited NOX-dependent ROS formation in
neuronal cells exposed to TNFa or PMA. Moreover, this
inhibitory potency exhibited an exclusive partition into a
nonpolar fraction suggesting the presence of specific natural
compounds.

3.2. Nonpolar Blueberry Fractions Exhibit Minimal ROS Scav-
enging Capacity. Blueberries exhibit an exceptionally high
antioxidant capacity compared to other berry fruits, fruits,
and vegetables [33, 34]. Since quantitative measurements of
ROS formation in our assay rested on the oxidation of the
fluorescence indicator DCF by peroxide, it was imperative
to determine the antioxidant capacity of blueberry fractions
tested [16]. We employed a choline oxidation assay linking
ROS formation produced by choline oxidase to the produc-
tion of the fluorescent product resorufin (4.08 = 0.05, n = 5,
*P < 0.05) (Figure 2). NPgp at 5 ug/mL exhibited minimal
ROS scavenging capacity (2.92 = 0.27,n = 5, *P < 0.05) and
even at a 15-fold increase in concentration (75 ug/mL) was
ineffective (3.16 = 0.25, n = 5, *P < 0.05) at ROS scavenging
compared to control (no choline, 1.00+0.07, n = 5) or a pre-
sence of 2000 U/mL catalase (0.98 + 0.04, n = 5). However,
POgg fractions at 75 yg/mL revealed strong ROS scavenging
capacity (1.9 + 0.25, **P < 0.05) compared to 75 ug/mL
NPgg fractions, which was not observed for POgg fractions
at concentrations of 5ug/mL (3.08 = 0.15, n = 5). Neither
NPgg nor POgg fractions compromised neuronal viability
at concentration between 5 yg/mL and 75 pg/mL (Figure 3).
In summary, the potency of NPgp fractions to inhibit NOX-
dependent ROS formation was neither attributable to a signi-
ficant ROS scavenging capacity nor an impairment of neu-
ronal viability but rather suggested a possible interference
with the functional assembly of NOX protein subunits.

3.3. Nonpolar Blueberry Fractions Interfere with Functional
NOX Assembly in Plasma Membranes of SH-SY5Y Cells.
Generation of superoxide anions by NOX2 requires the func-
tional assembly of three cytosolic subunits (p67Phox, p40Ph°",
and p47P"°*) and two membrane subunits (NOX2, previ-
ously gp91Pho%, and p22Pho¥) as well as the ancillary small
GTPases Racl or Rac2 [26]. We investigated whether NPgp
fractions would specifically interfere with superoxide gen-
eration by disrupting proper assembly of NOX2 subunits.
Since the oxidation-sensitive, fluorescent indicator DCF is
sensitive to several distinct ROS, we employed a cytochrome
C reduction assay in combination with SOD sensitivity to
determine superoxide production in SH-SY5Y cells exposed
to TNFa (Figure4(a)). Exposure of SH-SY5Y cells to
200 ng/mL TNFa stimulated superoxide production (1.48 =
0.1, n = 2) as indicated by its sensitivity to SOD (200 U/mL
SOD, 1.00 + 0.19, n = 2) compared to control (no SOD:
0.99+0.09, n = 2; with SOD: 1.00+0.11, n = 2). Importantly,
incubation of SH-SY5Y cells with 5pug/mL NPgg prior to
TNFa exposure (200 ng/mL, 30 min) potently blocked super-
oxide production (0.84 + 0.02, n = 2) with no further sup-
pression in the presence of SOD (0.87 + 0.14, n = 2). In
contrast, POgp fractions were ineffective in reducing TNFa-
mediated superoxide production (1.19 + 0.02, n = 2) as
demonstrated by SOD sensitivity (0.92 + 0.05, n = 2). As
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FIGURE 1: A nonpolar blueberry fraction inhibits oxidative stress in neuroblastoma cells exposed to TNFa and PMA. SH-SY5Y human
neuroblastoma cells were loaded with 50 yM H,DCFDA (1 h) in the presence or absence of pharmacological inhibitors, nonpolar blueberry
fractions (NPgg), or polar blueberry fractions (POgg). Following exposure to 200 ng/mL TNFa or 400 ng/mL PMA (1 h), maximum DCF-
fluorescence intensities were measured in whole cell lysates. For the quantification of ROS formation, all measurements were adjusted to total
protein and normalized to the average maximum DCF-fluorescence intensity under control conditions. (a) TNFa stimulated a significant
increase in relative maximum DCF-fluorescence in SH-SY5Y cells (filled bar) indicative of ROS formation compared to basal ROS levels
in controls (open bar). Preincubation with crude blueberry extract (5ug/mL) negated ROS formation upon exposure to TNFa without
affecting basal ROS levels (grey bars). (b) Fractionation of crude blueberry extracts according to increasing polarity produced nonpolar
colorless fractions and polar, strongly colored fractions enriched in polyphenolics (insert). Preincubation of SH-SY5Y cells with 5 yg/mL
NPgg completely suppressed ROS formation upon exposure to TNFa to control levels (open bar) whereas preincubation with 5 yg/mL
POgg was ineffective. TNFa-stimulated ROS formation was also negated when inhibiting NOX (10 uM DPI, 1 mM AEBSF), scavenging ROS
(I mM NAC), or blocking ceramide production (13.8 uM GW4869) (gray bars). (c) PMA exposure of SH-SY5Y cells also induced significant
ROS formation (filled bar), which was blocked with 5 yg/mL NPgg, 10 uM DPI, 1 mM AEBSEF, or 1 mM NAC compared to control (open
bar). PMA-evoked ROS formation was not disrupted by preincubation with 5 ug/mL POgg. All data represent the mean of at least four
independent experiments + standard deviations (SD), and statistical significance was determined at * P < 0.05 (ANOVA and Tukey’s post hoc
analysis).

expected, the presence of NOX inhibitors (10uM DPI or  p67Ph* (0.92 + 0.06, n = 4) indistinguishable from con-
2mM AEBSF) or ROS scavengers (2mM NAC) completely  trol (1.00 £ 0.07, n = 4) in contrast to TNFa expo-
negated TNFa-mediated superoxide production (DPI: 0.89 + sure alone (1.60 = 0.28, n = 4, *P < 0.05). POgg frac-
0.06, n = 2; AEBSF: 1.16 = 0.05, n = 2; NAC: 0.78 + 0.06, tions (5 pug/mL) were ineffective in disrupting a TNFa-stimu-
n = 2) to control levels with no further suppression by  lated increase in plasma membrane-associated p67P"°* (1.8 +
a presence of SOD (DPI: 0.73 + 0.26; AEBSF: 0.98 + 0.14;  0.06, n = 4, *P < 0.05). Utilizing the same experimental
NAC: 0.81 £ 0.01, resp., all n = 2). This study revealed that  paradigm, we directly stimulated NOX assembly using
TNFa« elicited preferentially a NOX-dependent superoxide ~ 400 ng/mL PMA (Figure 4(c)). Indeed, incubation of SH-
production (values representing mean of 2 independent  SY5Y cells with 5ug/mL NPgg fractions also abolished
experiments =+ range). Using an ELISA assay, we quantified =~ PMA-mediated increases in plasma membrane-associated

relative increases in the plasma membrane association of  p67PP°* (1.14 + 0.14, n = 8) to levels similar to control
p671’h°X in response to TNFa exposure, a commonly accepted (1.00 = 0.11, n = 8). In contrast, POgp fractions (5 yg/mL)
indicator for NOX assembly and thus function. As shown in were ineffective (2.00 = 0.21, n = 8, *P < 0.05) in
Figure 4(b), incubation of SH-SY5Y cells with 5 yg/mL NPgg disrupting association of p67PP°% at plasma membrane
fraction prior to TNFa exposure (200 ng/mL, 30 min) com-  compared to PMA in the absence of blueberry fractions

pletely abolished an increase in plasma membrane-associated ~ (2.10 £ 0.2, n = 8, *P < 0.05). Data obtained by
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F1GURE 2: Nonpolar blueberry fractions exhibit minimal ROS scav-
enging capacity. Peroxide generation was quantified via Amplex Red
in a direct choline oxidation assay, the conversion of choline to
betaine and peroxide by choline oxidase. All fluorescence mea-
surements were normalized to an omission of choline, our control
(CON). Addition of choline (CHO) caused significant peroxide
formation compared to control (*P < 0.05). Neither 5 yg/mL nor
75 pg/ml nonpolar blueberry fraction (NPgg) in the choline oxida-
tion assay displayed any peroxide scavenging capacities compared
to 2000 U/ml catalase (CAT) or controls. Note that the lower con-
centration of NPpg (5 ug/ml) completely abolished ROS formation
in SH-SY5Y cells exposed to TNFa or PMA. In contrast, 75 ug/ml
of polar blueberry fraction (POgg, **P < 0.05, significantly
different from 75pug/ml NPgg) exhibited considerable peroxide
scavenging capacity, which was not observed at a fifteenfold lower
concentration (5 yg/ml). Both NPgg and POgg at 5 yg/ml caused an
overall reduction of Amplex Red fluorescence (*P < 0.05), which
could imply an interference with Amplex Red fluorescence rather
than peroxide scavenging. All data represent the mean of at least
four independent experiments + standard deviations, and statistical
significance was determined at *P < 0.05 (ANOVA and Tukey’s post
hoc analysis).

ELISA were corroborated by quantitative western blotting of
the relative p67P"°* content in plasma membrane fractions
obtained from SH-SY5Y cells (Figure 5(a)). As anticipated,
incubation of SH-SY5Y cells with 5pug/mL NPgp fractions
abolished increases in relative levels of plasma membrane-
associated p67P"** in the presence of 200 ng/mL TNFa« or
400 ng/mL PMA (1.07 £ 0.23, n = 3,and 1.07 £ 0.14, n = 3,
resp.) as opposed to TNFa or PMA exposure alone (4.77 +
0.74, n = 3, and 2.80 + 0.50, n = 3, resp., *P < 0.05).
Again, POgp fractions (5ug/mL) were unable to prevent a
TNFa or PMA-mediated increase in relative levels of plasma
membrane-associated p67Ph°X (3.3 +0.65,n = 3and 3.4 =
0.12, n = 3, resp., *P < 0.05).

Since functional activation of NOX2 also requires phos-
phorylation of the cytosolic subunits p40PP** and p47phox,
we tested whether blueberry fractions would interfere with
the phosphorylation of p40Ph** (Figure 5(b)). Notably, the
extent of p40Ph°* phosphorylation in SH-SY5Y cells exposed
to PMA was significantly increased regardless of a prior
incubation with 5 pyg/mL NPgg (1.36+0.26, n = 4, *P < 0.05)
compared to control (1.00 + 0.1, n = 4) yet indistinguishable
to preincubation with buffer (1.25 + 0.18, n = 4, *P < 0.05).
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F1Gure 3: Nonpolar and polar blueberry fractions are not cytotoxic.
Serum-free cultures of SH-SY5Y cells were supplemented with 5, 30,
and 75 pg/mL of nonpolar blueberry fraction (NPgg) or polar blue-
berry fraction (POgg) for 48 h. Cell viability was measured using
an MTT assay, and all values were normalized to control (CON).
Neither NPgg nor POgg blueberry fractions compromised cell viabi-
lity compared to our positive control (H,O,, 48h). Notably, all
NPps or POgg concentrations tested potently negated ROS for-
mation in SH-SY5Y cells exposed to TNFa (200 ng/mL) or PMA
(400 ng/mL). Data represent the mean of eight independent experi-
ments + standard deviations, and statistical significance was deter-
mined at *P < 0.05 (ANOVA and Tukey’s post hoc analysis).

Taken together, these findings suggested that NPgp frac-
tions potently inhibited superoxide generation by NOX re-
sulting from a disruption of the proper assembly of NOX
protein subunits at the plasma membrane rather than inter-
fering with upstream signaling pathways responsible for the
phosphorylation of cytosolic subunits.

3.4. Nonpolar Blueberry Fractions Disrupt Functional Assem-
bly of NOX in Lipid Rafts of Neuronal Cells Exposed to TNFa
or PMA. Recent evidence obtained in diverse cell types sug-
gests a functional assembly of NOX protein subunits
in lipid raft microdomains in response to various extrinsic
stimuli [35, 36]. To address NOX assembly in lipid rafts
and the potential interference by blueberry fractions, SH-
SYS5Y cells were immunostained against GM1 (a lipid raft
marker) and p67P"** following incubation with blueberry
fractions (5pg/mL NPpg or POgg, 1h) and exposure to
TNFa (200 ng/mL, 30 min) or PMA (400 ng/mL, 30 min)
(Figure 6).

Confocal microscopy revealed basal levels of lipid rafts
in SH-SY5Y cells under control conditions, small in size and
organized in discontinuous domains, and little colocalization
of p67PPX (Figure 6(a)). Neither the presence of NPgp nor
POg;g altered the extent and size of lipid raft domains or the
degree of p67Ph°x colocalization with lipid raft domains (Fig-
ures 6(b) and 6(c)). However, TNFa exposure of SH-SY5Y
cells increased both the extent and size of lipid rafts resulting
in large, often continuous domains and virtually comp-
rehensive colocalization with p67PP** (Figure 6(d)). PMA
exposure also caused the formation of large lipid raft macro-
domains and extensive p67PP°* colocalization yet partial ap-
pearance of punctate staining suggested the presence of



Oxidative Medicine and Cellular Longevity 7

£ 15
k3]
g £
= = 2 *
o g2 *
3 £ g ;
g 55
(%] g o
= 1 48
£ BEN ;
s =
o) =
2 =
2
0.5 + 4 4 0
CON TNF-a DPI AE NAC NPgpg NPpp POBB POBB CON TNF-a NPgp POgp
TNF-a TNF-a TNF-a TNF-« TNF-« TNF-«a TNF-«
(a) (b)
*
= *
£ ]
2

ER: l

s B

; ]

B

1

22 |

s

=

)

~

0
CON PMA NPgp POgp
PMA PMA

(c)

F1GURE 4: Nonpolar blueberry fractions block superoxide production and abolish p67P"** accumulation at plasma membranes in response to
TNFa. Serum free cultures of SH-SY5Y were incubated with pharmacological inhibitors or blueberry fractions (NPgg or POgg; 5 ug/mL each,
1 h) prior to TNFa (200 ng/mL) or PMA (400 ng/mL) exposure (30 min) and subjected either to a cytochrome C reduction assay or an ELISA
targeting plasma membrane associated p67Ph°*. (a) Cytochrome C reduction was assayed in whole cell lysates. TNFa exposure of SH-SY5Y
cells caused an increase in superoxide production (black bar) as indicated by its sensitivity to a presence of 200 U/mL SOD (hatched bars
in all conditions) compared to control (open bar). Preincubation of SH-SY5Y cells with 10 uM DPI, 2 mM AE (AEBSF), or 2mM NAC all
inhibited TNFa-mediated superoxide production (light grey bars). Also, pretreatment of SH-SY5Y cells with nonpolar blueberry fractions
(NPgg) negated superoxide production upon exposure to TNFa« (dark grey bars) as suggested by SOD sensitivity. In contrast, pretreatment
of SH-SY5Y cells with polar blueberry fractions (POgg) was ineffective in abolished TNFa-mediated superoxide production. All data was
normalized to control and represent the mean of two independent experiments + range. (b and c) Plasma membrane-associated p67°"* was
quantified (20 yg/mL total membrane protein) using an ELISA (see Section 2) after sucrose gradient centrifugation of cell lysates to obtain a
plasma membrane fraction. (b) TNFa exposure of SH-SY5Y cells significantly increases plasma membrane-association of p67Ph* (filled bar)
compared to control (open bar). Preincubation of SH-SY5Y cells with NPgg completely blocked an association of p67PP* with plasma
membranes upon addition of TNFa whereas preincubation with POgp was ineffective (grey bars). (c) PMA also stimulated an increase
in p67P"* association with plasma membranes (filled bar) in SH-SY5Y cells compared to control (open bar). As in the case of TNFa,
preincubation of SH-SY5Y cells with NPgy successfully negated an association of p67°"* with plasma membranes (grey bars) compared to
control (open bar). Preincubation of SH-SY5Y cells with POy did not negate PMA-mediated p67°"* plasma membrane association. All
values were normalized to control, data represent the mean of at least four independent experiments + standard deviations, and statistical
significance was determined at *P < 0.05 (ANOVA and Tukey’s post hoc analysis).

spatially discrete domains (Figure 6(g)). Importantly, pre-
treatment of SH-SY5Y cells with NPgg almost completely
abolished the formation of a lipid raft continuum with
p67PPX colocalization upon exposure to TNFa or PMA (Fig-
ures 6(e) and 6(h)). Punctate appearance of lipid raft and
greatly diminished p67Ph**colocalization resembled control
conditions. In contrast, incubation of SH-SY5Y cells with

POgg revealed no interference with the formation of lipid
raft macrodomains and p67P"* colocalization in response to
TNFa or PMA (Figures 6(f) and 6(i)).

In summary, these findings demonstrate that nonpolar
blueberry fractions potently interfere with the formation and
congealing of large lipid raft macrodomains in response to
TNFa or PMA. Moreover, this apparent modulation of lipid
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FiGURE 5: Nonpolar blueberry fraction inhibits association of p67°h** into plasma membranes without disrupting phosphorylation of
p40PhoX, Serum free cultures of SH-SY5Y cells were incubated with nonpolar (NPpp) and polar (POgg) blueberry fractions (5 ug/mL each, 1 h)
prior to insult with 200 ng/mL TNF« or 400 ng/mL PMA (30 min). (a) After cell lysis and subcellular fractionation, equal amounts of
total plasma membrane protein were subjected to SDS gel electrophoresis followed by western blotting, immunoreactivity against p67P
(colorimetric detection) was quantified by densitometry (ImageJ64), and all values were normalized to control. TNFa and PMA (filled bars,
resp.) induced significant association of p67°h°* in plasma membrane fractions compared to control (open bar). Preincubation of SH-SY5Y
cells with NPy prevented p67P"** plasma membrane association regardless of stimulus (TNFa or PMA) whereas preincubation with POy
was ineffective. Note that incubation of SH-SY5Y cells with POgg alone but not NPy resulted in a significant increase in p67P"** plasma
membrane association. (b) Immunoreactivity against phosphorylated p40P"** was determined in whole cell lysates (ELISA). All data was
adjusted total cellular protein (BCA assay) and normalized to controls. Exposure to 400 ng/mL PMA significantly stimulated phosphorylation
of p40Pho* (solid bar), necessary for NOX activity, compared to control (CON, open bar). Importantly, pretreatment of SH-SY5Y cells with
5 ug/mL NPy had no effect on the extent of p40P"** phosphorylation (grey bar). All data represent the mean of at least four independent
experiments =+ standard error of the mean (SEM), and statistical significance was determined at *P < 0.05 (ANOVA and Tukey’s post hoc

analysis).

raft domains also interfered with the plasma membrane asso-
ciation of p67P"°* indicative for disrupting NOX assembly.

4. Discussion

Here, we report for the first time that wild Alaska bog blue-
berries (Vaccinium uliginosum) harbor the capacity to effec-
tively obstruct coalescing of lipid rafts into larger platforms
hence impeding the assembly of NOX2, specifically the
association of the cytosolic p67P"°* subunit with NOX2 and
gp21Pho% in plasma membranes, and thus disrupt ROS gen-
eration. This capacity discretely partitioned into a non-
polar fraction (NPgg) and was not only equally effective as
DPI or AEBSF in inhibiting NOX2 but also not cytotoxic.
We demonstrated previously that superoxide generated by
NOX2 is the principal source of ROS in SH-SY5Y neuroblas-
toma cells exposed to TNFa [21]. ROS quantification using
both DCF and dihydroethidium, a superoxide-specific fluo-
rescence indicator, revealed the exclusive oxidation of dihy-
droethidium. Since dihydroethidium exhibits considerable
cytotoxicity and potential concentration-dependent arti-
facts, we quantified ROS generation in this study relying on
DCE To corroborate superoxide formation in SH-SY5Y cells
exposed to TNFa, we employed a cytochrome C reduction
assay using whole lysates either in the presence or absence of
exogenous SOD (Figure 4(a)). Importantly, nonpolar blue-
berry fractions (NPgg) potently abolished NOX-dependent
superoxide production in sharp contrast to polar blueberry

fractions (POgg). Several findings strongly suggested a non-
antioxidant action of this NOX inhibitor in suppressing
NOX-dependent ROS generation. First, the NOX inhibitor
discretely partitioned into the most nonpolar milieu suggest-
ing a nature of compounds other than polyphenolics, which
collected in more polar fractions. Second, the NOX inhibitor
impeded the association of the cytosolic subunit p67Ph at
the plasma membrane, a critical step in the assembly of
a functional NOX complex. And third, the NOX inhibitor
exhibited minimal if any ROS scavenging capacity. Although
NOX inhibitory concentrations (5 yg/mL) in NPgg reduced
peroxide production (Amplex Red detection) in our choline
oxidation assay, no additional antioxidant capacity was
apparent at fifteenfold higher concentrations (75 yg/mL). In
sharp contrast, polar fractions (POgg) composed largely of
polyphenolic compounds did exhibit antioxidant capacity at
fifteenfold higher concentrations [33, 34]. Thus it might be
plausible that blueberry fractions partially interfered with
the Amplex Red fluorescence per se and not ROS production.
To account for decreased NOX activity due to cytotoxic
effects of both blueberry fractions, we measured the cell
viability of SH-SY5Y cells treated with nonpolar or polar
fractions. Neither fraction compromised cell viability rang-
ing from experimental concentration (5ug/mL) up to fif-
teenfold higher concentrations (75ug/mL). Moreover, the
inhibitory potency of nonpolar fractions is insensitive to
heating (5 min, boiling waterbath) implying a small molecu-
lar weight, nonprotein compound (data not shown). Present
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FiGURE 6: Nonpolar blueberry fraction inhibits the association of p67°h°* to the plasma membrane by modulating lipid raft platforms. SH-
SYS5Y cells were grown on polylysine-coated glass cover slips and following serum starvation (overnight), incubated with nonpolar (NPgg)
or polar (POgg) blueberry fractions (5 ug/mL each, 1 h) prior to insult (200 ng/mL TNF« or 400 ng/mL PMA, resp., 30 min). Live cultures
were stained for lipid rafts (Alexa Fluor 555 lipid raft labeling kit), then fixed with 4% paraformaldehyde, immunostained against p67°h°x,
and mounted with PVA-DABCO. Images were acquired (Zeiss LSM510 confocal microscope) under rhodamine illumination (lipid rafts)
and fluorescein illumination (p67°"°). Image overlay demonstrated colocalization of p67°Ph* and lipid rafts (yellow, arrow heads). SH-
SY5Y cells under control conditions displayed very little colocalization of p67P"** with lipid rafts and the punctate staining is indicative of
small dimension lipid raft domains (a). SH-SY5Y cells treated with NPyp revealed a lipid raft-p67°Ph°* colocalization indistinguishable from
controls (b). In contrast, SH-SY5Y cells treated with POgg exhibited increased colocalization of p67P"** and lipid rafts (c). As expected,
TNFa exposure induced the formation of large, virtually continuous lipid raft macrodomains and almost complete colocalization with
p67°hox (d). Preincubation of SH-SY5Y cells with NPgg potently interfered with the formation of lipid raft macrodomains with virtually no
p67Phox colocalization upon exposure to TNFa (e) and the punctate, discontinuous staining patterns strongly resembled control conditions.
Treatment of SH-SY5Ywith POgg prior to TNFa insult had no effect on lipid raft-p67P"* colocalization or lipid raft macrodomain
formation (f). Similarly, SH-SY5Y cells responded to PMA exposure with the formation of lipid raft macrodomains and substantial p67°Ph°x
colocalization although to a lesser extent compared to TNFa« (g). Treatment of SH-SY5Y cells with NPgg prior to PMA insult diminished the
formation of lipid raft macrodomains and p67°h°* colocalization albeit less potently compared to a TNFa insult (h). POgg preincubation of
SH-SY5Y was ineffective (i) (scale bar = 20 ym).

pharmacology (DPI, AEBSF) against NOX activities suffers
from considerable cytotoxicity and lack of specificity [29].
Only a few natural products thus far are reported to block
NOX-dependent ROS generation likely via non-antioxidant
mechanisms. The plant phenol apocynin interferes with
NOX assembly although it failed to inhibit several NOX iso-
forms [37-39]. Prodigiosin, a microbial pigment, and some

derivatives suppressed NOX activity most likely by disrupting
Rac function, and inhibition of NOX by the alkaloid sino-
menine is unclear at best [40-42]. In our case, complete
isolation and characterization of the NOX inhibiting natural
compound present in extracts of wild Alaska bog blueberries,
specifically NPpp fractions, was beyond the realm of this
study.
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Next we investigated whether the blueberry-derived NOX
inhibiting bioactivity could alter the plasma membrane pro-
perties such as lipid rafts. In many cell types, extrinsic
stimuli including TNFa induce NOX assembly in lipid raft
platforms, microdomains of distinct lipid, and protein com-
position serving as redox signaling platforms [25, 35, 43—
45]. Both PMA and TNF«a mediate NOX activation at least
partially through increases in the bioactive lipids arachidonic
acid and ceramide. Lastly, the NOX-inhibiting bioactivity
was nonpolar in nature and exhibited minimal antioxidant
capacity. Both ELISA and western blotting revealed increase
plasma membrane association of p67PP* in response to
TNFa or PMA and complete interference by preincubation
of SH-SY5Y cells with NPgg. In sharp contrast, phospho-
rylation of the cytosolic subunit p40P"*%, also essential for
NOX activation, was not impaired in SH-SY5Y cells treated
with NPgg prior to PMA exposure. Together these findings
strongly argue for NPgg interfering at the level of plasma
membrane organization as opposed to disrupting intracel-
lular kinase signaling. Interestingly, treatment of SH-SY5Y
cells with 5 yg/mL POgg alone revealed a significant increase
in p67PP°X plasma membrane association in sharp contrast to
NPgg treatment indicative of a modest activation of NOX by
POg;g fractions. Yet consistent failure to measure ROS output
in SH-SY5Y cells treated with POgp could simply indicate
that p67PP°* plasma membrane association without a rep-
resentative ROS measurement is insufficient to claim NOX
activation. Alternatively, this finding could reveal a hormetic
NOX stimulation by blueberries, a modest output of ROS
utilized rapidly for redox regulation and thus remaining un-
detectable [46—48]. Modest oxidative stress is documented
to enhance antioxidant defense of cells possibly mediated by
Nrf2 or NFxB [49]. Since both ELISA and western blotting
lacked sufficient signal strength to analysis p67PP°* content
in relation to lipid rafts, we employed immunocytochemistry
in combination with confocal microscopy. Binding of cholera
toxin to the ganglioside GM1, a distinct lipid raft marker, was
used to reveal the presence of lipid rafts [50]. As expected,
SH-SY5Y cells displayed a basal level of lipid raft density in
plasma membranes under control conditions. The predomi-
nant fine punctate appearance of staining was interpreted as
spatially distinct, small dimension lipid rafts. The minimal
colocalization of p67Ph°* with small lipid rafts would support
basal NOX activity potentially contributing to physiological
redox signaling. However, upon exposure to TNFa, SH-SY5Y
cells displayed extensive cholera toxin staining suggesting the
coalescing of small dimension lipid rafts into large platforms
as well as a substantial colocalization of p67Ph°* within large
lipid raft platforms. Most significantly, treatment of SH-
SY5Y cells with nonpolar blueberry fractions, containing
NOX inhibitory potency, prior to TNFa« exposure only obs-
tructed the coalescing of small lipid rafts into larger plat-
forms and colocalization of p67Ph* within, with no apparent
effect on the presence and density of small lipid rafts whereas
polar fractions were ineffective. Methyl-S-cyclodextrin (a
cholesterol-sequestering agent) also blocked TNFa-mediated
NOX activation [51]. Yet in stark contrast to our non-
polar blueberry fraction, methyl-3-cyclodextrin completely
depleted lipid rafts of all dimensions even under control con-
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ditions likely explaining its high cytotoxic (data not shown).
The bioactive lipid ceramide plays a key role in establishing
a membrane microenvironment conducive to the formation
of lipid raft structures. Sphingomyelin, an abundant lipid
in neuronal plasma membranes, is hydrolyzed by sphingo-
myelinases constituting a principal source of ceramide gen-
eration aside from de novo synthesis. We have demon-
strated that TNFa exposure of SH-SY5Y cells stimulates a
Mg?*-dependent neutral sphingomyelinase activity, which
precedes ROS generation by NOX2 [30]. It is noteworthy
that pretreatment of SH-SY5Y cells with wild Alaska bog
blueberry extracts or NPgg (5 pg/mL each) inhibited neutral
sphingomyelinase activity in neurons exposed to TNFa with
minimal antioxidant capacity [16]. Alteration of membrane
properties by natural products has been demonstrated in
vitro and in vivo and dietary intake of EPA, DHA, and other
lipids reportedly alter lipid rafts. Our own studies demon-
strated that increasing glucosylceramide content in plasma
membrane of SH-SY5Y cells negated NOX activation in res-
ponse to TNFa likely by altering membrane properties [52].
However, the extraction conditions employed in our exper-
iments eliminate the presence of these compounds in non-
polar blueberry fractions [53, 54].

A plethora of studies demonstrates significant health
benefits of nutrient rich fruits as well as vegetables and
mounting evidence attributes the potential of epigenetic
modulation for intervention of aging processes or complex
pathologies such as inflammation, cancer, obesity, and chro-
nic CNS diseases [2, 4, 14, 55]. Dietary intake of blueberries
increased resilience of neurons to acute CNS insult and im-
proved memory and cognition in aging animals and humans
[8-10, 56]. Although much research focuses on polyphenolic
compounds and their antioxidant properties, particularly
flavonoids, more recent evidence has supported direct
actions on cellular targets including transcription factors,
kinases, and lipases [3]. We demonstrated the presence of a
nonpolar bioactivity in extracts of wild Alaska blueberries,
which negated a functional NOX assembly and hence dec-
reased ROS production in SH-SY5Y human neuroblastoma
cells exposed to TNFa. This inhibition was likely not antioxi-
dant in nature yet appeared to result from an obstruction of
plasma membrane reorganization into large lipid raft plat-
forms. Members of the NOX family have gained interest as
sources of oxidative stress in aging processes, mild cognitive
disorders, and a number of chronic pathologies. These
studies indicated for the first time the presence of potent
NOX inhibitory bioactivity in wild Alaska bog blueberries.
The implied action of lipid raft modulation could illuminate
novel therapeutic approaches to potentially blunt inflam-
matory and oxidative stresses associated with an aging or
diseased CNS.
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