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Abstract

Several studies provide evidence that reactive emygpecies (ROS) are key
mediators of various neurological disorders. Anffamins are polyphenolic compounds and
are well known for their anti-oxidant and neuropative effects. In this study, we
investigated the neuroprotective effects of anthaoys (extracted from black soybean)
against lipopolysaccharide (LPS)-induced ROS-mediat neuroinflammation and
neurodegeneration in the adult mouse cortex. Iatregmeal injection of LPS (250g/kg) for
7 days triggers elevated ROS and oxidative stnebg;h induces neuroinflammation and
neurodegeneration in the adult mouse cortex. Treattwvith 24 mg/kg/day of anthocyanins
for 14 days in LPS-injected mice (7 days before @ardhys co-treated with LPS) attenuated
elevated ROS and oxidative stress compared to thatereceived LPS-injection alone. The
immunoblotting results showed that anthocyaninsiced the level of the oxidative stress
kinase phospho-c-Jun N-terminal Kinase 1 (p-JNKJe immunoblotting and morphological
results showed that anthocyanins treatment significeeduced LPS-induced-ROS-mediated
neuroinflammation through inhibition of various imflmatory mediators, such as 151
TNF-o and the transcription factor NfB. Anthocyanins treatment also reduced activated
astrocytes and microglia in the cortex of LPS-itgdcmice, as indicated by reductions in
GFAP and Iba-1, respectively. Anthocyanins alsove@né overexpression of various
apoptotic markers, i.e., Bax, cytosolic cytochro@e cleaved caspase-3 and PARP-1.
Immunohistochemical fluoro-jade B=JB) and Nissl staining indicated that anthocyanin
prevent LPS-induced neurodegeneration in the moadex. Our results suggest that dietary
flavonoids, such as anthocyanins, have antioxidadt neuroprotective activities that could

be beneficial to various neurological disorders.
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1. Introduction

In brain inflammation, the innate immune systentially protects against central nervous
system (CNS) insults. Therefore, the temporary gudegion of inflammatory responses in
the CNS is natural and has no detrimental effectnearonal cells. However, long-term
upregulation of inflammatory processes may causgoaegeneration (Serhan et al., 2007,
Delegge and Smoke 2008). Elevated reactive oxygeaias (ROS) are a key mediator in the
etiology of neurological disorders (Reynolds et 2007). It has been shown that systemic
administration of lipopolysaccharide (LPS), an dondm that is a potent inducer of
inflammation, triggers the activation of microglitkat later release pro-inflammatory
mediators, such as cytokines and ROS. These mesliate involved in neuroinflammation
and neurodegeneration (Gibertini et al., Dantzed.etLl998; Kobayashi et al., 2002; Ozato et
al., 2002; Hayley et al., 2002; Liu et al. 2002lddlet al., 2005; Block et al., 2007; Qin et al.,
2007). ROS from various cellular reactions are kmdav cause damage to DNA, lipids and
proteins (Thannickal et al., 2000). Several stugesposed that elevation of ROS and
increased oxidative stress is associated with varigpes of nervous system damage i.e.,
neuro-inflammation and certain neurodegeneratigerders, such as (AD) (Olanow 1993;

Castegna et al., 2002; Ali et al., 2015; Ullahlet2015).

The increased prevalence of neurological disordatsthe lack of specific therapies for
neurological disorders suggest that changes in difde, such as exercise and dietary
supplements, might be beneficial in preventing alegical diseases. Notably, plant-derived
polyphenolic flavonoids have been acknowledged asinly bioactivity against various
neurological disorders (Williamson et al., 2005;IWiet al., 2009; 2010; Williams et al.,
2012; Vauzour et al., 2015). Among the importaavdnoids are anthocyanins, which are

found in various fruits, vegetables and beverageshocyanins are water soluble and give
4



blue, red and purple colors to different plant uess particularly flowers and fruits, and
protect the body from various toxins (Sun et @99; Benvenuti et al., 2004). Many studies
have shown that anthocyanins have strong antiokiolaperties (Scalbert et al., 2000; He et
al., 2010). Additionally, it has also been reportbdt anthocyanins reduce the level of
inflammatory mediators in inflammatory disease ned@suda et al., 2002; Rosi et al.,
2003). Previously, our group investigated the nprotective effect of black bean
anthocyanins against various CNS-insults, bethvitro and in vivo (Ullah et al., 2013;
Badshah et al.,, 2015). Recently, Rehman et al.6 20Lnd that anthocyanins reverse
oxidative stress and neuroinflammation in D-galsettreated rats (Rehman et al., 2016).
However, the effects of black bean anthocyaninsnagd PS-induced oxidative stress are
still not known. In this study, we hypothesized ttl@athocyanins intraperitoneally (1.P)
administered at a dose of 24 mg/kg for 14 days ge\LPS-induced-oxidative stress,

neuroinflammation and neurodegeneration in thetadalise cortex.

2. Materials & Methods

2.1.1 Chemicals

Anthocyanins used in the current study were ex¢thftom Korean black soybeans as
previously described (Badshah et al., 2015). LP8 2n 7-dichlorodihydrofluorescein

diacetate (DCFH-DA) were purchased from Sigma Cheah@o (St. Louis, MO, USA).

2.1.2. Miceused in the experiments



Eight-week-old wild-type male C57BL/6N mice (25-8) were purchased from
Samtako Bio (Osan, Korea). Mice were habituateddioe week in the university animal
house under a 12-h/12-h light/dark cycle at a teatpeof 23°C with 60% humidity. All
animals were provided with food and water ad lilmitu Attempts were made to minimize
the number of mice used and theiffeting. All experimental procedures were carried out
according to the animal ethics committee of theidhim of Applied Life Sciences,

Department of Biology at Gyeongsang National Ursitgr South Korea.

2.1.3. Mice grouping and their treatments

Mice were randomly divided into the following thrgeoups: (i) Control (C) saline
injected as a vehicle for 14 days; (ii) saline augel for 7 days, following LPS injection of the
mice at a dose of 250 pg/kg for an additional 7sdayd (iii) mice injected with LPS (250
pna/kg) for 7 days and anthocyanins 24 mg/kg fodays (7 days prior to LPS and 7 days co-

treated with LPS (LPS+Antho).

Anthocyanins were dissolved in dimethyl sulfoxid®SO), and the administered
volume was given in normal saline. Anthocyaninsemvatraperitoneally (I.P.) administered
to the mice at a dose of 24 mg/kg of body weight/fta 14 days, and similarly, LPS was

dissolved in saline and administered I.P. at a 6250 ug/kg) for 7 days.

2.1.4. In vivo reactive oxygen species (ROS) assay



The ROS assay based on the conversion @#@ichlorodihydrofluorescein diacetate
(DCFH-DA) to 2 7'-dichlorofluorescein (DCF) was performed as desdripeviously (Ali

et al., 2015).

2.1.5. In vivo lipid peroxidation (L PO) assay

The LPO assay, an indicator of oxidative stress rmedsure of the LPO biomarker
malondialdehyde (MDA), was performed according ke tmanufacturer’s instructions

(catalog # K739-100) from Biovision Incorporated98035 USA.

2.1.6. Protein extraction from mousebrain

For Western blot (Immunoblot) analysis, brains weapidly isolated, and cortex
tissue was properly separated, frozen in liquidoggn vapours, and stored -&80°C. The
cortex tissue was homogenized in 0.2 M PBS withsphatase and protease inhibitors and
then centrifuged at 10,000 g for 25 min at 4°C.eAftentrifugation the supernatants were

collected and kept ai80°C until further processing.

2.1.7. Assessment of cytosolic/mitochondrial cytochrome C

Mitochondrial and cytosolic fractions of cortex hogenates were separated using a
Mitochondria/Cytosol Fractionation Kit accordingttee manufacturer’s instructions (catalog

# K256-25) Biovision Incorporated, A 95035 USA.



2.1.8. Western blots analysis

Western blot was performed according to the preshpdescribed protocol (Shah et
al., 2016). Briefly, quantification of the proteif Western blot analysis was assessed by a
BioRad protein assay kit, BioRad Laboratories, @Ad USA. After protein quantification,
equal amounts of protein (20-30 pg) were electrogdex using 4-12% BoltTM Mini Gels
(Novex, Life Technologies). Then, membranes wexh®#d in 5 % (w/v) skim milk to
reduce non-specific binding and incubated with pmynantibodies overnight at 4°C at a
1:1000 dilution. After reaction with a horserad@troxidase-conjugated secondary antibody
as appropriate, the proteins were detected usingCGln detection reagent according to the
manufacturer’s instructions (Amersham Pharmeciadgio, Uppsala, Sweden). X-ray films
were scanned, and the optical densities of the darete analyzed through densitometry

using the computer-based Sigma Gel program, vels(SPSS, Chicago, IL, USA).

2.1.9. Primary antibodies used in the Western blotting

The primary antibodies used in this study were-easpase-3 ( SC-7148), anti-TNF-
(52746), anti-IL-B ( SC-7884 ), anti-Bcl2 ( SC-492), anti-Bax ( SGY%nti-p-JNK ( SC-
6254), anti-p-NF-kB 65 (101749), anti-lba-1(SC-98)6anti-Cytochrome C ( sc-8385 ),
anti-PARP-1(SC-8007) and aftiActin ( SC-47778) from Santa Cruz, Biotechnolo@a,

USA.

2.1.10. Tissue sample preparation for morphological analysis



After completion of drug treatments, mice were peetd transcardially with 4% ice-
cold paraformaldehyde, and the brains were postfior 48-72 hr in 4% paraformaldehyde
and transferred to 20% sucrose for 72 hr. Braineevi®zen in an O.C.T compound (A.O,
USA), and 14-um coronal sections of the cortex veerteusing a CM 3050C cryostat (Leica,

Germany). The sections were thaw-mounted on probghe charged slides (Fisher, USA).

2.2. 1.mmunofluor escence staining

Immunofluorescence staining was performed accorttinghe previously described
protocol with a few changes (Ahmad et al., 2016; élal., 2015a; 2015b; Badshah et al.,
2016). In brief, tissue slides were air dried ovghty after air drying the tissue slides were
washed twice in  0.01 M PBS for 10 minutes, followey incubation for 1 hr in blocking
solution containing 2% normal serum according dhtibody treatment and 0.3% Triton X-
100 in PBS. After blocking, the slides were incaohbvernight at 4°C in primary antibodies
(rabbit polyclonal COX2 ( sc-7951), mouse THF-goat-Cyt.C, mouse-GFAP (SC-6170),
mouse-p-NRB from Santa Cruz Biotechnology, USA, and 8-oxogmar(MA3560 ) from
Millipore, USA). The antibodies were diluted 1:1@® blocking solution and incubated
overnight. After incubation with primary antibodje¢ke sections were incubated for 2 hr in
secondary TRITC/FITC-labeled antibodies (1:50) (&abruz Biotechnology, USA). After
secondary antibody incubation the slides were wahdhéce for 5 minutes. Slides were
mounted with 4 6-diamidino-2-phenylindole (DAPI) and Prolong Antia Reagent
(Molecular Probe, Eugene, OR, USA). Stained sliese examined using a confocal laser-

scanning microscope (Flouview FV 1000, Olympusadap



2.2.2. Immunohistochemical fluoro-jade B (FJB) staining

Immunohistochemical FJB staining was performedrasipusly described (Badshah
et al., 2014; Ali et al., 2015) with minor modifteans. After overnight air-drying, the tissue
slides were washed twice for 5 minutes in 0.01 M5PBollowing washing, the tissue slides
were immersed in a solution of 1% sodium hydroxadd 80% ethanol for 5 min. Then, they
were immersed in 70% alcohol and distilled water 2omin each. Tissue slides were
transferred to a solution of 0.06% potassium pegaaate for 10 min, rinsed with distilled
water and then immersed in a solution of 0.1% ecatid and 0.01% FJB for at least 20
minutes. The slides were washed with distilled wated allowed to dry for 10 min. Glass
cover slips were mounted using a DPX non-fluoresogmunting medium, and images were
obtained with a confocal laser scanning microso@jpeuview FV 1000, Olympus, Japan).

Stained slides were analyzed using the Image Jgmog

2.2.3. Immunohistochemical Cresyl violet staining

Cresyl violet (Nissl) staining was used for thetdlisgical examination to evaluate the
extent of neuronal cell death. Tissue slides ofibdsections were washed twice for 15 min
in 0.01 M PBS and stained with a 0.5% cresyl vigelution (containing a few drops of
glacial acetic acid) for 10-15 minutes. Then, sewiwere washed with distilled water and
dehydrated in a graded ethanol series (70%, 95%1.88%), placed in xylene, covered with
a coverslip using mounting medium and finally exasoi with a fluorescent light microscope.

The results were evaluated with the Image J program

2.2.4. Statistical analysis
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Western blot bands were scanned and analyzedevisitdmetry using the Sigma
Gel System (SPSS, Inc., Chicago, IL). Then, thesiigerwalues were expressed as the means
+ standard error mean (SEM). Image-J software wasd ufor immunohistological
guantitative analysis. One-way analysis of varia(@BIOVA) followed by a two-tailed
independent Student’s t-test were used for compasi®f the LPS-injected groups and the
control saline-injected group, as well as the LR®eated group alone and
LPS+Anthocyanins-treated groups. Calculations araplis were made using Prism 5
software (Graph-Pad Software, Inc., and San Di€&). P values less than 0.05 were
considered to be statistically significant. An aste (*) indicates that a result was
significantly different from the saline-injectedritml group, while a hash tag (#) indicates

that a result was significantly different from thieS-injected group.*P < 0.05.B#< 0.05.

3. Results

3.1. Anthocyanins overcome LPS-induced ROS elevation and oxidative stress in the

cortex of adult mice

Exposure to LPS induces mitochondrial ROS and axieatress, which increases the
expression level of pro-inflammatory mediators apldys a central role in various
neurodegenerative disorders (Block et al., 200k et al., 2013). Here, we performed
ROS and LPO assays to assess the antioxidant pespef anthocyanins against-LPS-
induced ROS elevation. Our results showed thabcamyanins (24 mg/kg for 14 days)
treatment significantly reduced the increased |@dROS and MDA (a marker of oxidative
stress) compared with the LPS treated group (FAg&B). For further confirmation, we

also performed immunofluorescence staining to amatie expression level of 8-oxoguanine
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(8-Ox0G), an oxidative stress marker primarily egsed in the brain of AD and PD patients
(lida et al.,, 2002; Hamilton et al.,, 2012). Besidéske ROS and LPO assays, our
immunofluorescence results also showed that an#miey can reduce the expression level of

8-0Ox0G in the adult mouse cortex (Fig. 1C).

3.2. Anthocyanins reduced the expression of p-JNK protein in the cortex of LPS-

injected mice

JNK or C-Jun N-terminal kinase is a well-known ss@activated kinase that is
usually overexpressed under elevated ROS condifidiasining et al., 2003). Its activation
causes neuroinflammation and neurodegeneration @faal., 2004; Ullah et al., 2015).
Therefore, we examined the activation of JNK thitoitg phosphorylation (p-JNK) level by
Western blotting. Our results showed that anthoicyareduced the activated p-JNK level in

LPS treated mice (Fig. 2).

3.3. Anthocyanins prevent activated astrocytes and microglia in the cortex of LPS-
injected mice

The systemic administration of LPS leads to actidgamicroglia and astrocytes
(Badshah et al., 2015a). Here, our Western blo#iscamfocal microscopy results indicated
that anthocyanins treatment significantly reduc&$iinduced glial fibrillary acidic protein

(GFAP) from activated astrocytes and ionized cahchinding adapter molecule 1(lba-1)

from activated microglia in the cortex of adult mig-ig. 3 A & B).
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3.4. Anthocyanins decreased L PS-induced NF-¢B activation in the cortex of adult mice

The mammalian NF&family has five members and is implicated in tlanscription
of various inflammatory genes and in the respoosaxidative stress-induced DNA damage
(Hayden et al., 2004). In our study, we also ingastd the expression level of p-NB-65
through Western blot and confocal microscopy. Sny| our results showed that LPS
treatment for 7 days increased the expression mmeunofluorescence reactivity of p-NF-
kB65, while anthocyanins treatment for 14 days $icgmtly reversed and reduced its
expression level as well as immunofluorescencetixggcin the cortex of LPS-injected mice

(Fig. 4 A & B).

3.5. Anthocyanins reduced LPS-induced expression of inflammatory mediators in the

cortex of adult mice

Research has shown that both inflammation andiveagliosis are implicated in the
pathogenesis of important neurodegenerative diseaseh as AD and Parkinson’s disease
(PD) (Nguyen et al., 2002). It has also been regtthat exposure to LPS activates microglia
cells, which in turn release pro-inflammatory mealia to enhance neuro-inflammation and
neurodegeneration (Hauss-Wegrzyniak et al., 1888ger et al., 2001; Rossi et al., 2003;
Rosi et al., 2004a; 2004b). Here, we also invesgdyshe levels of important inflammatory
markers, such as TNé- IL-1p and COX-2. Our Western blot results show that LPS
treatment significantly increased the level of TWFand IL-13, whereas anthocyanins
prevented LPS effects and significantly reducedirthexpression (Fig. 5A). The

immunofluorescence results of TMFand COX-2 also show that anthocyanins reduced the
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immunofluorescence reactivity of TNdFand COX-2 in the cortex of LPS-treated mice (Fig.

5B & C).

3.6. Anthocyanins inhibit apoptosis and neurodegeneration in the cortex of LPS

injected mice

It is known that Bax and Bcl-2 are cytoplasmic pnos$ that take part in the regulation
of apoptosis. These proteins are involved in mibochial membrane disruption during the
apoptotic process. Bax is pro-apoptotic and in@eabe permeability of mitochondrial
membranes, whereas Bcl-2 is an anti-apoptotic pr¢Mattson 2000). Activation of Bax
and its oligomeric form with BaK on the mitochoralrmembrane enhances the permeability
of mitochondrial membrane transition pores whidedaesults in the release of cytochrome
C (Cyt.C) into the cytoplasm, ultimately leadingdell death (Garcia et al., 1992; Vander-
Heiden et al., 1999). Therefore, we used Westentiihg to study the effect of anthocyanins
against LPS on the expression level of Bax and2B€@ur results showed that LPS treatment
significantly increased Bax oligomeric form comphr® controls, whereas anthocyanins
reduced Bax oligomeric form in the cortex of LP&ated mice (Fig. 6A). Similarly,
anthocyanins also increased anti-apoptotic Bclthéncortex of LPS-treated mice (Fig. 6A).
In addition, Western blotting was performed to ass¢éhe mitochondrial and cytosolic
fractions of the Cyt.C protein levels in the trehigroups. Our results showed that LPS
treatment significantly decreased the level of ohitmdrial Cyt.C compared with the control
group, while administration of anthocyanins reglilie an increase in the expression of
mitochondrial Cyt.C protein in the cortex of LP®8dted mice (Fig. 6B). Consequently, in the

cytosolic fraction, LPS treatment increased thell®f Cyt.C, while anthocyanins treatment
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reversed the LPS-induced expression of cytosolicCCgrotein in the cortex of LPS-treated
mice (Fig. 6B). We also observed an increased inofluorescence reactivity of Cyt.C in the
cortex of LPS-treated mice, which was reversedheyanthocyanins treatment. These results
showed that anthocyanins inhibit the mitochondajpbptotic pathwayn vivo and have an

antiapoptotic effect against LPS-induced neuroampt(Fig. 6 A, B & C).

Several studies have confirmed that caspases aented mediators as well as
executors of apoptosis (Li et al., 1997; Thornbatal., 1998). After the release of Cyt.C
into the cytoplasm, it activates the caspase pratascade, including caspase-9 and caspase-
3 which finally induces neuronal cell death. ToeassLPS-induced apoptosis in the mouse
cortex, we examined the cleaved caspase-3 protarkeamusing a Western blot. Our result
showed that LPS treatment significantly increasedexpression level of cleaved caspase-3,
whereas anthocyanins reversed their induction ayrdfisantly reduced the cleaved caspase-
3 level in in the cortex of LPS-treated mice (F6@\). Moreover, we also examined the level
of elevated poly (ADP-ribose) polymerase 1 (PARPHIy well known that elevated cleaved
PARP-1 is responsible for DNA damage and also pkaysey role in excitotoxicity and
neuronal death (Ali et al., 2015; Zhang et al., 4,98landir et al., 2000; Chaitanya et al.,
2010). Our, Western blot results showed that LR&ttnent significantly increased the
expression of cleaved PARP-1, whereas anthocyaatirss dose of 24 mg/kg significantly
reduced the cleaved PARP-1 expression in the coftéS-treated mice (Fig. 6A). Next to
determine the extent of neurodegeneration, we pedd FJB staining, an
immunohistochemicalfluorescence technique that stdins degenerating neurons (Schmued
et al., 2000). The results showed that the numb&dB-positive neurons was greater in the

cortex region of LPS-injected mice compared to ¢betrol group. However, anthocyanins
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treatment significantly attenuated the number @-pdsitive neuronal cells in the cortex of

LPS-injected mice (Fig. 6D).

Furthermore, we performed Nissl staining to exammneronal loss. Our result
showed that treatment with LPS significantly redlitee number of surviving neuronal cells,
whereas anthocyanins at a dose of 24 mg/kg maedaine number of surviving neuronal

cells and prevented LPS-induced neurodegeneratitreicortex of adult mice (Fig. 6E).

4. Discussion

In this study, we investigated the anti-oxidant ameuroprotective effects of
anthocyanins against LPS-induced ROS-mediated imflammation and neurodegeneration
in the adult mouse brain cortex. Anthocyanins awg/phenolic flavonoids that found in
various flowers, fruits and vegetables and havesrgoantioxidant and anti-inflammatory
activities (Tsuda et al., 2002; Rossi et al., 2&man et al., 2016). Numerous studies have
reported on the anti-atherosclerotic, anti-hypesitenn and anti-carcinogenic activity of

anthocyanins extracted from plants (Mortensen 280&n et al., 2007).

Recently, several studies have reported that tiesattiof LPS bothn vivo andin vitro
causes loss of neurons as well as activates miaroghis subsequently produces a massive
amount of pro-inflammatory cytokines, prostanoiB)S and nitric oxide (NO) that later
cause neuronal damage (Boje et al., 1992; Metrdl.e1992; Banati et al., 1993; Bronstein
et al., 1995; Minghetti et al., 1998; Gonzalez+t8na et al., 1999; Liu et al., 2001; 2002;

Ling etal.,2002; Wang etal., 2004 ).

16



LPS has been implicated as a potent inducer cdnmfhatory responses, which in turn
causes the release of ROS from mitochondria and ad@ other cell mediators from
monocytes and macrophages (Gibertini et al., Dardzal., 1998; Kobayashi et al., 2002;
Ozato et al., 2002; Hayley et al., 2002; Liu et28l02; Ulloa et al., 2005; Qin et al., 2007).
Elevated levels of ROS are responsible for prodyeiarious pathological events, such as
peroxidation of lipids, DNA and proteins (Tucsekaét 2011). Anthocyanins exist in various
fruits, vegetables, and beans as well as othert gdants and have strong antioxidant
properties (Mortensen 2006; Kwon et al., 2007).iiry, in the present study we also found
that cortex tissues of LPS-treated mice showedifgigntly increased levels of ROS and
oxidative stress (elevated MDA and 8-oxoguanindlisTcould be reversed in LPS-treated

mice by treatment with anthocyanins at a dose ahg/4kg for 14 days.

Several CNS insults, such as ethanol, D-galactodd_BS, induce the overactivation
of p-JNK, an important stress kinase and a key atedin the activation of microglia and
astrocytes as well as various inflammatory medsaf@li et al., 2015a; Badshah et al.,
2015a). Furthermore, activation of p-JNK is implezh in the promotion of apoptosis and
neurological disorders (Walton et al., 1998; Kimakt 2004; Waetzig et al., 2005; Pablos et
al., 2006). Here we observed that LPS treatment fibays increased the expression of p-JNK,
which was overcome and significantly attenuatedahthocyanins treatments in the LPS-

injected mouse brain cortex.

Systemic administration of LPS is a potent neurnataxgent and causes neuro-
inflammation in animal models (Shaw et al., 2005n @t al., 2007; Lee et al., 2008).
Evidence from bothin vivo and in vitro studies indicates that activation of glial cells
(microglia and astrocytes) leads to the increaggdession of inflammatory mediators, while

different polyphenolic flavonoids, such as curcumirhibit reactive gliosis (Zhang et al.,
17



2010;Badshah et al.,, 2015a; Cho et al.,, 2015; €kiapt al., 2016). Our systemic
administration of LPS for 7 days also triggered dlegvation of microglia and astrocytes in
the mouse cortex. Anthocyanins administration fdr days prevented the activation of
microglia and astrocytes in the cortex of the LR&ted mice. Previously, both vitro and

in vivo studies showed that LPS activated various inflatorganarkers, such as TNE-IL-

13 and COX-2 (Zhang et al., 2010; Badshah et al.580Cho et al., 2015; Czapski et al.,
2016). Similarly our systemic administration of LRISo induced NkB transcription factors
and other inflammatory markers, such as T&NAL-13 and COX-2, which might trigger
neuroinflammation in the LPS-treated mouse bramego(Badshah et al., 2015a; Cho et al.,
2015; Czapski et al., 2016). Treatment with anyaoms reduced the expression level of
TNF-a and IL-18 and the immunoreactivity of COX-2 in the LPS-teshadult mouse brain

cortex.

It has been reported that activated p-JNK and atifeammatory mediators play a
key role in the overexpression of downstream apaptoarkers, such as Bax, cytochrome-C,
cleaved caspase-3 and PARP-1 level (Ali et al. 5380Badshah et al., 2015a; Ullah et al.,
2015). Badshah et al., 2015a also showed thatrsistdministration of LPS induced these
apoptotic markers in the adult mouse brain (Badsttahl., 2015a). In our study we also
observed that systemic LPS administration signifigaboosted the expression level of
apoptotic markers i.e., Bax, cytosolic Cyt.C, ckwaspase-3 and PARP-1 level, while
administration of anthocyanins (24 mg/kg for 14 gjaeversed the toxic effects of LPS and
markedly alleviated apoptosis by reducing the esgiom levels of Bax, cytosolic Cyt.C,
cleaved caspase-3 and PARP-1 (Badshah et al.,, ROABmg with the above apoptotic
markers, our immunohistochemical staining with Nigsd FJB also indicated that daily

anthocyanins administration for 14 days reducedLfP8-induced neurodegeneration in the
18



cortex of adult mice. All of our immunoblots andrnmanohistochemical results indicate that
anthocyanins are potent anti-oxidant flavonoids aewgkoprotective agents that prevent LPS-
induced apoptotic neurodegeneration in the corfeadalt mice. Figure 7 shows a schematic
of the neuroprotective effect of anthocyanins (2¢/kg for 14 days) versus LPS-injected

mice.

In conclusion, our results demonstrate that blaeknbanthocyanins inhibit LPS-
induced ROS elevation and oxidative stress mediatedroinflammation as well as
neurodegeneration in the adult mouse cortex. RgcdrRéndeiro et al. reviewed the direct
and indirect mechanisms of the beneficial effe¢tlavonoids and their derivatives in the
brains of humans and animal models (Rendeiro €2@L5). Our results also suggest that the
daily intake of anthocyanins existing in variousiifs and beans may be beneficial for

humans and protect against various CNS-insult-iadueurological disorders.
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Figurelegends

Fig. 1. Anthocyanins overcome LPS-induced ROS ¢ilewand oxidative stress in the cortex
of adult mice. (A & B) Representative ROS and LP€3ay graphs showing comparative
ROS and MDA levels, respectively, in the cortexadult mice (5 mice/group). Number of
experiments=3. (C) A representative image of imnflueoescence staining of 8-Oxoguanine
in the cortex region of mice. The data are presergéative to the control. Magnified 10x.
Scales bar = 100 pm.* significantly different frothe saline-injected; # significantly

different from LPS-injected. Significance = *P €08, #P < 0.05.

Fig. 2. Anthocyanins reduced the expression of K-{kbtein in the cortex of LPS-injected
mice. Western blot band of p-JNK was quantifiedngsSigma Gel software, and the
differences are represented by a histogfaactin was run as a loading control. The density
values are expressed in arbitrary units (A.U) asnieans £ SEM for the respective indicated
protein extracted from the cortex of mice (7 micelg). * Significantly different from the
saline-injected; # significantly different from LR§ected. Significance = *P < 0.05, #P <

0.05.
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Fig. 3. Anthocyanins prevent activated astrocyte$microglia in the cortex of LPS-injected
mice. (A) Western blot band of Iba-1 was quantifiexing Sigma Gel software, and the
differences are represented by a histogfaactin was run as a loading control. The density
values are expressed in arbitrary units (A.U) asntleans £ SEM for the respective indicated
protein extracted from the cortex of mice (7 micelg). (B) Immunofluorescence reactivity
of GFAP in the experimental mice (5 mice/group)eTdata are presented relative to the
control. Magnified 10x. Scales bar = 100 um.* sfigaintly different from the saline-injected;

# significantly different from LPS-injected. Sigitiince = *P < 0.05, #P < 0.05.

Fig. 4. Anthocyanins decreased LPS-inducedcBIfactivation in the cortex of adult mice. (A)
The Western blot bands of NB- were quantified using Sigma Gel software, and the
differences are represented by a histogrimactin was run as a loading control. The
density values are expressed in arbitrary unit¥JJAs the means + SEM for the respective
indicated protein extracted from the cortex of n{i¢emice/group). (B) Immunofluorescence
reactivity of the NR:B in the experimental mice (5 mice/group). The data presented
relative to the control. Magnified 10x. Scales bar00 pum.* significantly different from the
saline-injected; # significantly different from LRS§ected. Significance = *P < 0.05, #P <

0.05.

Fig. 5. Anthocyanins reduced LPS-induced expressibmflammatory mediators in the
cortex of adult mice. (A) The western blot analysfisL-1 and TNFe. in the cortex of mice.
The bands were quantified using Sigma Gel softwemnd, the differences are represented by
a histogram $-Actin was used as a loading control. The densdjues are expressed in
arbitrary units (A.U) as the means = SEM for thepextive protein extracted from the cortex

of mice (7 mice/group). (B & C) Immunofluoresceneactivity of TNFa and COX-2 in the
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experimental mice (5 mice/group) respectively. @h&a are presented relative to the control.
Magnified 10x. Scales bar = 100 um.* significantlifferent from the saline-injected; #

significantly different from LPS-injected. Signiéiace = *P < 0.05, #P < 0.05.

Fig. 6. Anthocyanins inhibit apoptosis and neuraegation in the cortex of LPS-injected
mice. (A) Western blot analysis of the mouse cottsixng Bcl2, Bax, cleaved caspase-3 and
PARP-1 antibodies. The bands were quantified uSiggha Gel software, and the differences
are represented by a histogrdivactin was used as a loading control. The densilyes are
expressed in arbitrary units (A.U) as the meanEMSor the respective indicated cortex
proteins extracted from the cortex of mice (7 ngocedp). (B) Western blot analysis of the
mitochondrial Cyt. C and cytosolic Cyt.C using ©ytantibody. The bands were quantified
using Sigma Gel software, and the differences epeesented by a histografractin was
used as a loading control. The density values apeessed in arbitrary units (A.U) as the
means = SEM for the respective indicated cortexegms extracted from the cortex of mice
(7 mice/group). (C) Immunofluorescence reactivityGyt.C in the experimental mice (5
mice/group). The data are presented relative tadmérol. Magnified 10x. Scales bar = 100
pm. (D). Images of FJB staining in the cortex rega the mouse brain. The data are
presented relative to the control. Magnification x40Scale bar = 50 pum. (E).
Photomicrograph of Nissl staining in the cortexioegof the mouse brain. The data are
presented relative to the control. Scale bar = 1®0* significantly different from the saline-

injected; # significantly different from LPS-injext. Significance = *P < 0.05, #P < 0.05.

Fig. 7. The proposed pathway of neuroprotectiomrmhocyanins treatment (24 mg/kg/day

I.p., 14 days) against LPS-injected (250 pg/kgiday7days) mice.
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Highlights

Anthocaynains ( 24 mg/kg, i.p. 14days) reduce oxidative stressin the LPS-injected
mice

Anthocyanins ameliorates activated microglia and astrocytes in the LPS-injected
mice

Anthocyanins attenuates various inflammatory mediators in the LPS-injected mice

Anthocyanins prevents apoptosis and neurodegeneration in the LPS-injected mice



