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Abstract

Background

Ashwagandha, a traditional Indian herb, has been known for its variety of therapeutic activi-

ties. We earlier demonstrated anticancer activities in the alcoholic and water extracts of the

leaves that were mediated by activation of tumor suppressor functions and oxidative stress

in cancer cells. Low doses of these extracts were shown to possess neuroprotective activi-

ties in vitro and in vivo assays.

Methodology/Principal Findings

We used cultured glioblastoma and neuroblastoma cells to examine the effect of extracts

(alcoholic and water) as well as their bioactive components for neuroprotective activities

against oxidative stress. Various biochemical and imaging assays on the marker proteins of

glial and neuronal cells were performed along with their survival profiles in control, stressed

and recovered conditions. We found that the extracts and one of the purified components,

withanone, when used at a low dose, protected the glial and neuronal cells from oxidative

as well as glutamate insult, and induced their differentiation per se. Furthermore, the combi-

nations of extracts and active component were highly potent endorsing the therapeutic

merit of the combinational approach.

Conclusion

Ashwagandha leaf derived bioactive compounds have neuroprotective potential and may

serve as supplement for brain health.
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Introduction
Ashwagandha (Withania somnifera; Solanaceae) is one of the most commonly used herbs in
Ayurveda, an Indian system of traditional home medicine in practice for thousands of years to
sustain general health spectrum on one hand, and to treat many kinds of disorders on the
other. It is widely regarded as the number one adaptogenic tonic. The major constituents of
Ashwagandha extracts, from various parts of the plant including leaves, shoots and roots, are
withanolides (steroidal alkaloids and lactones with ergaostane skeleton) [1] of which witha-
none, withaferin A, withanolide A and withanolide D constitute the major fractions, and have
recently been studied for their anticancer, immunomodulatory and neuroregenerative activi-
ties. Anticancer activity of withaferin A and withanone has been shown to be mediated by acti-
vation of tumor suppressor proteins, induction of oxidative stress and its deteriorating effects
on cell skeleton and metabolism [2–16]. Withanolides were shown to stimulate cell-mediated
immunity in several models including drug-induced myelosuppression in mice [17,18]. Witha-
ferin A was proposed as a natural anti-inflammatory agent based on its inhibitory activity on
IkappaB phosphorylation and degradation causing cytoplasmic retention of NFkappaB and
hence inhibition of its transcriptional activation function [19]. On the other hand, it was
shown that the phytochemicals from Ashwagandha could scavenge free radicals generated by
gentamicin and result in recovery of gentamicin-induced nephrotoxicity and liver function in
mouse model [20]. Alcoholic extracts of Ashwagandha leaves offered protection against sco-
polamine-induced amnesia by recovering cholinergic blockade and oxidative stress in brain
and brain-derived cells, as determined by increase in expression of BDNF, GFAP, ARC, NF-
200, MAP2, PSD-95 and GAP-43 [21,22]. Low doses of alcoholic and water extracts of Ashwa-
gandha were shown to induce differentiation in glial and neuroblastoma cells [23–26], and
hence proposed as natural differentiation inducing therapeutic agents for brain cancer. Taken
together, experimental evidence suggested potentials of Ashwagandha phytochemicals for can-
cer therapy as well as treatment of neurodegenerative disorders. However, comparative study
on the therapeutic potential, such as neuroprotective effect, in alcoholic and water extracts has
not been reported.

Glutamate, a major excitatory neurotransmitter in the central nervous system, is involved in
brain functions including cognition, memory and learning. It articulates signaling network that
regulates brain development, differentiation and functioning of synapses. Whereas an optimal
dose of glutamate is essential for normal brain physiology, its low and high doses trigger neuro-
toxic or excitotoxic cascades [27–29]. Its physiological and pathological effects are mediated
mainly via two types of ionotropic glutamate receptors, the NMDA (N-methyl-D-aspartate) re-
ceptor and the non-NMDA (α-amino-3-hyroxy-5-methylisoxazole proprionic acid (AMPA))
or metabotropic (mGlu1-mGlu8) receptors [30,31]. Activation of NMDA receptors by patho-
logically high level of glutamate causes influx of extracellular Ca2+ leading to activation of
number of enzymes that lead to neuronal death (called excitotoxicity) [29,32], a common fea-
ture of neurodegenerative disorders in the central nervous system (CNS) including Alzheimer’s
disease (AD), Parkinson disease (PD), amyotrophic lateral sclerosis (ALS) and multiple sclero-
sis (MS) [27,33]. Excitotoxicity is also involved in spinal cord injury, stroke and trauma and
cause oxidative stress, an imbalance in the generation and disposal of ROS [34].

Oxidative stress has been implicated and closely connected to neurodegenerative disorders
[35–37]. Molecular mechanisms of glutamate-induced neurotoxicity and excitotoxicity have
not been completely understood. They are frequently linked to oxidative stress as the free radi-
cal-scavenging agents, and antioxidants, such as vitamin E, have been shown to have protective
impact on glutamate-toxicity [38]. We had earlier reported that the alcoholic extract of Ashwa-
gandha leaves (i-Extract) protects normal human fibroblasts against oxidative stress caused by
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hydrogen peroxide and an industrial toxin, methoxyacetic acid (MAA) [39,40]. In the present
study, we investigated the therapeutic potential of leaf extracts against oxidative stress and glu-
tamate-toxicity in brain derived cells. We demonstrate that the (i) alcoholic (i-Extract) and
water (WEX) extracts of Ashwagandha leaves cause protection against oxidative stress and glu-
tamate toxicity. The extracts induce differentiation in glioblastoma and neuroblastoma cells,
(ii) combinations of the active components from two types of extracts were highly effective.

Results

Ashwagandha leaf extracts protected neuroblastoma and glioblastoma
against oxidative- and DNA damage-stress caused by hydrogen
peroxide
Human neuroblastoma (IMR32) and rat glioblastoma (C6) cells, pretreated with Ashwa-
gandha-reagents for 24 h, were exposed to H2O2 (300 μM) for 2 h. The cells were then incubat-
ed in control or test medium supplemented with either the alcoholic (i-Extract) or water
(WEX) extracts or their active components (withanone or withaferin A) as indicated. After
24 h of recovery, MTT assays revealed that the cell viability was reduced to about 40% in re-
sponse to the H2O2 treatment. On the other hand, recovery of cells in the presence of i-Extract,
withanone or WEX resulted in an increase in viability by 20–30%. Cells recovered in the pres-
ence of withaferin A-supplemented medium did not show protective effect for both C6 and
IMR32 cells (Fig. 1A and 1B). The data was further confirmed by LDH assay. Cells exhibited
increase in LDH release when treated with H2O2, implicating its cytotoxic effect. As shown in
Fig. 1C and 1D, LDH release was significantly reduced in cells when recovered in the presence
of either i-Extract or withanone or WEX in the culture medium. Similar to the viability assay,
LDH assay also showed least protective effect in case of withaferin A-treated cells. Further-
more, cell morphology endorsed that the i-Extract, withanone and WEX protected IMR32 and
C6 cells against H2O2 stress (Fig. 1E).

In order to investigate whether i-Extract, withanone and withaferin A protected the cells
against oxidative or DNA damage stress, we examined the level of ROS and γH2AX, respective-
ly, in cells recovered in control and test reagents (as indicated). As shown in Fig. 2A, H2O2

treated C6 cells showed increase in ROS as well as γH2AX suggesting that it caused both oxida-
tive and DNA damage stress. The cells recovered in test medium containing either i-Extract or
withanone or WEX showed significant reduction in ROS as well as γH2AX implying their pro-
tective effect. Cells recovered in withaferin A-supplemented medium showed least recovery
based on the level of expression of either ROS or γH2AX. Similar results were obtained for
IMR32 cells (data not shown).

Ashwagandha leaf extracts instigated protection of differentiated glial
and neuronal cells against H2O2 stress
Based on the protection of oxidatively-challenged glioblastoma and neuroblastoma by Ashwa-
gandha extracts as described above (Figs. 1 and 2), we next examined whether these phyto-
chemicals could protect the differentiated C6 and IMR32 cells against the oxidative stress. The
cells were first differentiated by retinoic acid (RA) treatment as described in the material and
methods and then exposed to H2O2 followed by their recovery in the test medium as indicated.
As shown in Fig. 3A, the cells recovered in either i-Extract or withanone or WEX-supple-
mented medium showed differentiated cell morphology that was further confirmed by immu-
nostaining with glial cell marker, GFAP (Fig. 3A). Immunoblotting assay revealed that the level
of GFAP expression was downregulated in H2O2-challenged cells but recovered when these
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stressed cells were cultured in either i-Extract- or withanone- or WEX-supplemented medium.
Cells recovered in withaferin A-supplemented medium showed an insignificant increase in
GFAP as observed by Western blotting and immunostaining (Fig. 3A and 3B). Similar to the
differentiated glial cells, RA-differentiated neuronal cells when exposed to oxidative stress by
exposure to H2O2 showed toxicity and death as seen in Fig. 4A. Cells recovered in the test me-
dium as indicated (Fig. 4A) showed differentiated cell morphology in the presence of i-Extract
or withanone or WEX. Based on the morphological observations and the expression levels of
the neuronal differentiation markers, NF-200 (axonal marker) and MAP2 (dendritic marker),
withaferin A-treated cells showed least protection (Fig. 4A and 4B).

Fig 1. Cell viability (A and B) and cell death (C and D) as determined by MTT and LDH assays,
respectively, in human neuroblastoma (IMR32) and rat glioblastoma (C6) cells treated with H2O2 and
recovered either in the absence (control) or presence of Ashwagandha reagents-supplemented
medium is shown.Morphology of control and treated cells is shown in E. Values are presented as mean ±
SEM of three independent experiments. Statistical significance (P values) between the control and H2O2-
treated group recovered either in i-Extract, (1 μg/ml for C6 and 0.4 μg/ml for IMR32), withaferin A (0.3 μg/ml
for C6 and 0.2 μg/ml for IMR32), withanone (5 μg/ml for C6 and 2 μg/ml for IMR32) andWEX 1%
supplemented medium for 24 h are shown. Statistical significance with P<0.05 was considered significant.

doi:10.1371/journal.pone.0120554.g001
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Ashwagandha leaf extracts protected the differentiated state in
glutamate-challenged glial and neuronal cells
Based on the above data, we investigated the effect of Ashwagandha extracts on glutamate-in-
duced cytotoxicity in differentiated glial and neuronal cells. Cells were differentiated with reti-
noic acid for 5 days, followed by incubation in Ashwagandha reagents for 24 h, and then
challenged with glutamate (250 μM for IMR32 and 500 μM for C6) for 24 h. As shown in
Fig. 5A, cells recovered in either i-Extract or withanone or WEX-supplemented medium
showed higher viability as compared to the control cells. Furthermore, combination of i-Ex-
tract and WEX resulted in enhanced recovery. In agreement with the increase in viability, LDH

Fig 2. Oxidative stress and DNA damage response as determined by staining of Reactive Oxygen
Species (A) and γH2AX (B) in control and H2O2 treated C6 cells.Whereas H2O2 treated cells showed
increase in ROS and γH2AX, cells recovered either in the presence of i-Extract, withanone, WEX or
combination of i-Extract andWEX showed decrease.

doi:10.1371/journal.pone.0120554.g002

Fig 3. Morphology (A) and GFAP protein level (B) of C6 glioblastoma cells treated with H2O2 and
recovered in either control or Ashwagandha reagents (as indicated) supplementedmedium.Whereas
the level of GFAP expression decreased in cells stressed with H2O2 treatment, it increased in cells recovered
in the presence of i-Extract, withanone andWEX. Quantitation of theWestern blot is shown on the right.
Statistical significance with P<0.05 was considered significant. NS denotes not significant.

doi:10.1371/journal.pone.0120554.g003
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release significantly decreased when cells were recovered in i-Extract or withanone or WEX-
supplemented medium. The LDH release was lowest in the presence of i-Extract and WEX
combination. As shown in Fig. 5C, glutamate-treated cells were rounded and with shrunken
morphology. The cells pretreated and recovered in the presence of i-Extract, withanone, WEX
or a combination of i-Extract and WEX showed considerable protection. We examined the ex-
pression of neuronal differentiation markers and found that the expression of both NF-200
and MAP2 was protected in i-Extract-, withanone- or WEX-supplemented medium (Fig. 5, D-
F). We also investigated if such protection of the differentiated state of cells was (i) associated
with protection against the oxidative and DNA damage or (ii) associated with increase in dif-
ferentiation potential of cells pre se. As shown in Fig. 6A, there was an increase in ROS and
γH2AX in glutamate-challenged cells. The cells recovered in medium supplemented with Ash-
wagandha extracts (as indicated in Fig. 6) showed recovery from both oxidative and DNA
damage stress. Of note, similar to the findings on maintenance of differentiation stage, i-Ex-
tract, withanone and WEX treated cells showed better recovery than the cells treated with with-
aferin A alone suggesting that the maintenance of differentiation was associated with
protection against the oxidative and DNA damage stress. Furthermore, the combination of i-
Extract and WEX showed best recovery as supported by very low levels of ROS and γH2AX,
and high levels of differentiation marker protein, NF-200 (Figs. 5, D-E and 6A). In order to in-
vestigate the induction of differentiation by Ashwagandha-extracts per se, we used retinoic acid
(RA)-induced differentiation as control and examined the expression of NF-200. As shown in
Figs. 5D and 6C, i-Extract, WEX, withanone and RA-treated cells showed increase in NF-200.
Of note, the RA-differentiated cells showed the nuclear localization of mortalin in agreement
with the report by Shih et al [41] that demonstrated mortalin as an essential and early marker

Fig 4. Morphology and immunofluorescence of NF-200 andMAP2 (A) and expression level of these
proteins (B) in IMR32 neuroblastoma cells treated with H2O2 and recovered in the absence (control) or
presence of Ashwagandha reagents in the medium.Quantitation of the protein levels as determined by
three independent experiments is shown in C. Statistical significance with P<0.05 was considered
significant. NS denotes not significant.

doi:10.1371/journal.pone.0120554.g004
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Fig 5. Cell viability (A) and cell death (B) as determined by MTT and LDH assays, respectively in C6
glioblastoma treated with glutamate and recovered either in the absence (control) or presence of
Ashwagandha reagents-supplementedmedium is shown.Morphology of control and treated C6 and
IMR32 cells is shown in C. Immunostaining of control and treated IMR32 cells for NF-200 and immunoblotting
showing its level of expression are shown in D and E, respectively. Quantitation is shown on the right.
Statistical significance with P<0.05 was considered significant. NS denotes not significant. Immunostaining
of cells for MAP2 showing protection of the differentiation state in cells in the presence of Ashwagandha
reagents is shown in F.

doi:10.1371/journal.pone.0120554.g005
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of neuronal differentiation. Furthermore, similar to the RA-differentiated cells, i-Extract and
withanone-treated cells showed presence of mortalin in the nucleus by immunostaining
(Fig. 6C and 6D) as well as immunoblotting of cell fractions (Fig. 6E). Taken together, the
above data suggested that the Ashwagandha reagents induce differentiation in neuroblastoma
cells.

Discussion
Ashwagandha leaf extracts have earlier been shown to possess anticancer activities [2–4, 24,
42] in a variety of human cancer cells. Whereas high doses of the alcoholic and water extracts
were shown to cause apoptosis or growth arrest of cancer cells, the low doses were shown to
cause differentiation, and hence were proposed as candidate natural drugs for differentiation
based therapy [23,26]. Low doses of withanone and water extract were also shown to protect
against scopolamine-induced loss of memory function [21,22] and glutamate-induced excito-
toxicity [25], respectively. Comparative study on the effect of alcoholic and water extract in

Fig 6. Induction of oxidative stress (ROS staining) and DNA damage response (γH2AX) in cells
challenged with glutamate followed by their recovery in medium supplemented with Ashwagandha
reagents (A) are shown. IMR32 cells treated with withanone showed differentiated morphology (B) and
molecular markers of differentiation including increase in NF-200 (C) and nuclear translocation of mortalin (C,
D and E). (C) RA-induced neuronal differentiation was used as a control. Along with the increase in NF-200,
RA-treated cells showed presence of mortalin in the nucleus (also indicated by yellow arrows). (D) High-
resolution confocal images showing mortalin staining (red). In the i-Extract- andWithanone-treated cells
mortalin is prominent in the nucleus. Nuclei were stained with Hoechst (blue). (E) Detection of mortalin in the
nuclear fractions byWestern blotting. Decrease in the cytoplasmic, and increase in the nuclear fractions were
observed in cells treated with i-Extract, Withanone andWEX. Actin was used as a loading control.
Quantitation and statistical significance are shown.

doi:10.1371/journal.pone.0120554.g006
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response to oxidative stress (a prime cause of neurodegenerative diseases) and in brain-derived
differentiated cells has not been reported. We addressed these issues in the present study. C6
(glioblastoma) and IMR32 (neuroblastoma) cells were subjected to oxidative stress followed by
recovery in medium-supplemented with either the alcoholic or water extract showed protec-
tion against stress and maintained the differentiation state. It has been reported that in rats, the
Ashwagandha extracts exert in vivo neuroprotection against stress, and is due to the antioxi-
dant properties of its constituents [43]. In cell-based assays, we examined the effect of Ashwa-
gandha extracts on established markers of oxidative stress (ROS) and DNA damage (H2AX). It
has been established that in mammalian cells, phosphorylation of H2AX at Ser139 occurs in re-
sponse to DNA double-strand breaks. The phosphorylated form of H2AX (γH2AX) along with
other DNA damage response proteins (ATM, ATR, CHK-1 and CHK-2), constitute DNA
damage foci in the nucleus that are easily identified by immunostaining with anti-H2AX anti-
body [44]. These assays revealed that Ashwagandha extracts caused reduction in H2O2- and
glutamate-induced accumulation of ROS and γH2AX, suggesting that the neuroprotection was
mediated, at least in part, by their anti-oxidative properties. We found that the protective effect
of the alcoholic and the water extracts was comparable. Furthermore, whereas withanone was
protective against oxidative stress, withaferin A was not effective, at least, at the doses used in
the present study. In order to evaluate the therapeutic potential of these extracts for neurode-
generative diseases, we used differentiated glial and neuronal cells and subjected them to gluta-
mate cytotoxicity, an established cause of neurodegeneration and decline in memory functions
[30]. We found that the glutamate-induced oxidative stress and DNA damage to differentiated
glial and neuronal cells were inhibited when these cells were recovered in i-Extract, withanone
or WEX-supplemented medium. The combination of i-Extract and WEX showed better recov-
ery. The cells showed increase in their survival capacity, reduced accumulation of ROS and
γH2AX foci formation (indicative of DNA damage response) and maintenance/induction of
differentiation. Either H2O2- or glutamate-induced oxidative stress lead to reduction in GFAP
(glial cell differentiation marker), NF-200 (axonal marker) and MAP2 (dendritic marker) sig-
nifying its impact on the major cytoskeletal components (myelinated axons and microtubules),
essential for differentiated neurons. Chronic restraint stress to rats has also been reported to
alter the expression and distribution of MAP2 in cortex and hippocampus [45]. Of note, in the
present study, the cells treated with either i-Extract, withanone or WEX showed increase in
GFAP, NF-200, MAP2 proteins, endorsing the protection and maintenance of functional state
of both the glial and neuronal cells. These data suggested that the extracts of Ashwagandha and
their components possess neuro-protective and neuro-differentiating potential, likely to be me-
diated by activation of NF-200 and MAP2 signaling. We found that withanone was more po-
tent than withaferin A in all the assays, and was not toxic to the differentiated cells per se.
Furthermore, the combination of i-Extract and WEX showed better protection in almost all as-
says suggesting that they may operate by independent pathways and hence a combination
proves to have beneficial outcome. It has been shown that the alcoholic and water extract of
leaves have distinct constituents. Withaferin A and withanone are present in the alcoholic, but
not water, extract; the latter was characterized to possess triethylene glycol [2–4, 42]. Therefore,
it is likely that the better protection by combination treatment is due to the additive effect of
the active components that may work by independent pathways. Molecular characterization of
these pathways warrants further studies. We also found that the i-Extract, WEX and withanone
induce differentiation in neuroblastoma cells per se, as endorsed by nuclear translocation of
mortalin that has been shown to play an essential role in neuronal differentiation [41]. Interest-
ingly, nuclear mortalin, in the absence of retinoic acid (RA), in cancer cells was shown to en-
hance their malignant properties by inactivating p53 and activating telomerase and hnRNP-K
proteins [46]. In RA-treated neuroblastoma, mortalin was shown to translocate into nucleus,
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bind to retinoic acid receptors (RAR) causing reduction in their proteasome-mediated degra-
dation and hence augment their recruitment to the retinoic acid response element (RARE) for
transcriptional activation of downstream effector genes involved in neuronal differentiation.
Knockdown of mortalin was shown to cause a significant decrease in RA-triggered gene ex-
pression implicating a novel function of nuclear mortalin in actively promoting neuronal dif-
ferentiation [41]. Similar to the effect of RA, i-Extract or withanone treatment was seen to
cause nuclear enrichment of mortalin in IMR32 cells implying that these phytochemicals have
neuro-differentiation potential. Based on these findings, such as (i) protection against oxidative
stress, DNA damage and glutamate excitotoxicity, (ii) maintenance and induction of differenti-
ation, Ashwagandha leaf extracts and withanone are proposed as potent natural neurothera-
peutic drugs. Further studies are warranted to resolve the signaling pathways and mechanisms
involved in therapeutic potential of individual and combination of these extracts and
phytochemicals.

Material and Methods

Preparation of the extracts
Extracts were prepared from the dried Ashwagandha leaves, as described previously (2, 42).
Their activities were tested by cell viability assays as described below.

Cell culture
Brain-derived glioma C6 (rat) and neuronal IMR32 (human) cell lines were obtained from Cell
Resource Center for Biomedical Research, Tohoku University, Japan. C6 cells were maintained
in Dulbecco’s Modified Eagle’s Medium (DMEM; Invitrogen)-supplemented with 10% fetal
bovine serum. IMR32 cells were maintained in Minimal Essential Medium (MEM)-supple-
mented with 10% fetal bovine serum and 1% NEAA-nonessential amino acids in a humidified
incubator (37°C and 5% CO2). Equal number of cells was plated in 6-well plates (50,000/well)
or coverslips placed in 12-well (10,000/well) plates for biochemical or visual detection of the in-
dicated protein markers. Cells were grown to achieve 60% confluency and then treated with
low doses of alcoholic extract of Ashwagandha leaves (i-Extract, 1 μg/ml for C6 and 0.4 μg/ml
for IMR32), withaferin A (0.3 μg/ml for C6 and 0.2 μg/ml for IMR32) and withanone (also
called i-Factor, 5 μg/ml for C6 and 2 μg/ml for IMR32) for 24 h. These concentrations were de-
termined from the independent assays on cell viability and determination of IC50 values as de-
scribed earlier (2, 3, 4, 23 and 24). The non-toxic doses were selected. The cells pretreated with
the indicated reagents for 24 h, were stressed with H2O2 (300 μM in C6 and 150 μM in IMR32)
for 1 to 2 h followed by their recovery in medium supplemented with indicated reagents as de-
scribed above. Pre-treatment regime was selected based on independent experiments, including
addition of Ashwagandha reagents to cell culture medium 24 h prior (pre-treatment)/ along
with (co-treatment) or after (post-treatment) the stress (as described below) followed by recov-
ery (as indicated). We found that the pre-treatment was most effective.

For differentiation model, IMR32 or C6 cells were cultured in a medium supplemented with
10 μM retinoic acid for 5 days with change of medium every alternate day followed by treat-
ment with Ashwagandha reagents in retinoic acid medium as described above for 24–48 h. The
cells were then exposed either to glutamate (250 μM in IMR32 and 500 μM in C6) for overnight
or H2O2 (300 μM for C6 and 150 μM for IMR32 cells) for 1–2 h followed by recovery (24 h) in
Ashwagandha components-supplemented medium. Cells were then harvested for molecular
and imaging assays as described below.

Ashwagandha Extracts Protect against Oxidative Stress
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Cell viability assay
Cell viability was measured by the quantitative colorimetric MTT [3-(4, 5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide] assay showing the mitochondrial activity of living cells.
Briefly, assays were performed in 96-well plates (5000 cells/well). Cells were stressed and recov-
ered as described above. MTT (0.5 mg/ml) was added to the cell culture medium at the end of
treatments and incubated for 4 h in a humidified incubator (37°C and 5% CO2). After incuba-
tion, the supernatant was carefully removed and the crystals were dissolved in 100 μl DMSO.
The cell viability was quantitated by the conversion of yellow MTT reagent by mitochondrial
dehydrogenases of living cells to purple formazan. The absorbance was measured at 550 nm
using spectrophotometer (Wallac, ArvoSX). Experiments were done in triplicates and the stan-
dard deviation was estimated from three independent experiments. Statistical significance of
the data was determined by unpaired t-test using GraphPad software.

LDH-cytotoxicity assay
Cell membrane damage/cytotoxicity was determined using LDH release assay. Quantitative
measure of LDH (a stable cytosolic enzyme, present in all cell types that is rapidly released
upon cell membrane damage or cell lysis) in the culture supernatants provides a reliable mea-
sure of cytotoxicity. C6 and IMR32 cells (at about 60% confluency) were treated with indicated
Ashwagandha-reagents in 96-well plates. Culture supernatants were then collected from each
well and assayed for LDH release following the manufacturer’s instructions (Abcam). The ab-
sorbance was measured at 450 nm using a microplate reader (Wallac, ArvoSX). The percent cy-
totoxicity was calculated with reference to untreated and treated control.

Detection of reactive oxygen species
The reactive oxygen species were detected by fluorescence staining using the Image-iT LIVE
Green Reactive Oxygen Species (ROS) Detection Kit (Molecular Probes Inc., USA). Cells
(10,000/well) were plated on glass coverslips placed in 12-well plates. At about 60% confluency,
cells were treated with Ashwagandha reagents for 48 h followed by stress conditions and recov-
ery as indicated. Cells were stained for ROS following the procedure recommended by
the manufacturers.

Immunofluorescence
Cells (10,000/well) were plated on glass coverslips placed in 12-well culture dish. At about 60%
confluency, cells were stressed and recovered as indicated, followed by washings with cold
phosphate-buffered saline (PBS) and fixation with pre-chilled methanol:acetone (1:1 v/v) mix-
ture for 5–10 min. Fixed cells were washed with PBS, permeabilized with 0.2% Triton X-100 in
PBS for 10 min, and blocked with 2% bovine serum albumin (BSA) in PBS for 20 min. Cells
were stained with anti-GFAP (Sigma), anti-NF-200 (Sigma), anti-MAP2 (Sigma), anti-PSD-95
(Santa Cruz), anti-GAP43 (Santa Cruz) and anti-γH2AX (Millipore) antibodies. Immunostain-
ing was visualized by secondary staining with either Alexa-488 or Alexa-594 conjugated anti-
bodies (Molecular probes). After three to four washings with 0.2% Triton X-100 in PBS
(PBST), cells were overlaid with Fluoromount (Difco). Stained cells were examined on a Zeiss
Axiovert 200 Mmicroscope and analyzed by AxioVision 4.6 software (Carl Zeiss). To examine
the presence of mortalin in the nucleus, images were acquired with a confocal laser scanning
microscope (Zeiss LSM 700). The files were transferred to a graphic work station and analyzed
with Imaris software (Bitplane, Zurich, Switzerland).
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Cell fractionation
Cells (5x105) were plated in 10-cm dishes. At about 70% confluency, they were treated as indi-
cated above. Nuclear and cytoplasmic fractions were prepared using the Qproteome Cell Com-
partment kit following manufacturers instructions (Qiagen, Hilden, Germany). Fractions were
examined for mortalin protein by immunoblotting, as described below.

Immunoblotting
Cells (50,000 cells/well) were plated in 6-well plates and were grown to 60–70% confluency for
treatments as described above. For Western blotting, cells were lysed with RIPA lysis buffer for
20 min on ice. Lysates were centrifuged at 15000 rpm for 15 min, and the supernatant (20 μg
protein) was resolved on SDS-PAGE followed by transfer onto a nitrocellulose membrane
(Millipore) using a semidry transfer blotter. Immunoassays were done with anti-GFAP
(Sigma), anti-NF-200 (Sigma), anti-MAP2 (Sigma) and anti-actin (Chemicon International,
Temecula, CA) antibodies. The immunocomplexes formed were visualized with horseradish
peroxidase-conjugated anti-rabbit/mouse immunoglobulin G (IgG; ECL; Amersham Pharma-
cia Biotech, Piscataway, NJ).

Author Contributions
Conceived and designed the experiments: SCK RW. Performed the experiments: N. Shah RS
US N. Saxena AC. Analyzed the data: GK SCK RW. Contributed reagents/materials/analysis
tools: SCK RW. Wrote the paper: SCK RW.

References
1. Kulkarni SK, Dhir A. Withania somnifera: an Indian ginseng. Prog Neuropsychopharmacol. Biol Psychi-

atry 2008; 32:1093–1105. PMID: 17959291

2. Widodo N, Kaur K, Shrestha BG, Takagi Y, Ishii T, Wadhwa R, et al. Selective killing of cancer cells by
leaf extract of Ashwagandha: identification of a tumor-inhibitory factor and the first molecular insights to
its effect. Clin Cancer Res. 2007; 13: 2298–2306. PMID: 17404115

3. Widodo N, Priyandoko D, Shah N, Wadhwa R, Kaul SC. Selective killing of cancer cells by Ashwa-
gandha leaf extract and its component Withanone involves ROS signaling. PLoS One 2010; 5:
e13536. doi: 10.1371/journal.pone.0013536 PMID: 20975835

4. Widodo N, Takagi Y, Shrestha BG, Ishii T, Kaul SC, Wadhwa R. Selective killing of cancer cells by leaf
extract of Ashwagandha: components, activity and pathway analyses. Cancer Lett. 2008; 262: 37–47.
doi: 10.1016/j.canlet.2007.11.037 PMID: 18191020

5. Malik F, Kumar A, Bhushan S, Khan S, Bhatia A, Suri KA, et al. Reactive oxygen species generation
and mitochondrial dysfunction in the apoptotic cell death of human myeloid leukemia HL-60 cells by a
dietary compound withaferin A with concomitant protection by N-acetyl cysteine. Apoptosis 2007; 12:
2115–2133. PMID: 17874299

6. Malik F, Kumar A, Bhushan S, Mondhe DM, Pal HC, Sharma R, et al. Immune modulation and apopto-
sis induction: Two sides of antitumoural activity of a standardised herbal formulation of Withania somni-
fera. Eur J Cancer 2009; 45: 1494–1509. doi: 10.1016/j.ejca.2009.01.034 PMID: 19269163

7. Thaiparambil JT, Bender L, Ganesh T, Kline E, Patel P, Liu Y, et al. Withaferin A inhibits breast cancer
invasion and metastasis at sub-cytotoxic doses by inducing vimentin disassembly and serine 56 phos-
phorylation. Int J Cancer 2011; 129: 2744–2755. doi: 10.1002/ijc.25938 PMID: 21538350

8. Hahm ER, Lee J, Kim SH, Sehrawat A, Arlotti JA, Shiva SS, et al. Metabolic alterations in mammary
cancer prevention by withaferin A in a clinically relevant mouse model. J Natl Cancer Inst 2013; 105:
1111–1122. doi: 10.1093/jnci/djt153 PMID: 23821767

9. Hahm ER, Moura MB, Kelley EE, Van Houten B, Shiva S, Singh SV. Withaferin A-induced apoptosis in
human breast cancer cells is mediated by reactive oxygen species. PLoS One 2011; 6: e23354. doi:
10.1371/journal.pone.0023354 PMID: 21853114

10. Hahm ER, Singh SV. Withaferin A-induced apoptosis in human breast cancer cells is associated with
suppression of inhibitor of apoptosis family protein expression. Cancer Lett. 2013; 334: 101–108. doi:
10.1016/j.canlet.2012.08.026 PMID: 22935676

Ashwagandha Extracts Protect against Oxidative Stress

PLOS ONE | DOI:10.1371/journal.pone.0120554 March 19, 2015 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/17959291
http://www.ncbi.nlm.nih.gov/pubmed/17404115
http://dx.doi.org/10.1371/journal.pone.0013536
http://www.ncbi.nlm.nih.gov/pubmed/20975835
http://dx.doi.org/10.1016/j.canlet.2007.11.037
http://www.ncbi.nlm.nih.gov/pubmed/18191020
http://www.ncbi.nlm.nih.gov/pubmed/17874299
http://dx.doi.org/10.1016/j.ejca.2009.01.034
http://www.ncbi.nlm.nih.gov/pubmed/19269163
http://dx.doi.org/10.1002/ijc.25938
http://www.ncbi.nlm.nih.gov/pubmed/21538350
http://dx.doi.org/10.1093/jnci/djt153
http://www.ncbi.nlm.nih.gov/pubmed/23821767
http://dx.doi.org/10.1371/journal.pone.0023354
http://www.ncbi.nlm.nih.gov/pubmed/21853114
http://dx.doi.org/10.1016/j.canlet.2012.08.026
http://www.ncbi.nlm.nih.gov/pubmed/22935676


11. Yu Y, Hamza A, Zhang T, Gu M, Zou P, Newman B, et al. Withaferin A targets heat shock protein 90 in
pancreatic cancer cells. Biochem Pharmacol. 2009; 79: 542–551.

12. Roy RV, Suman S, Das TP, Luevano JE, Damodaran C. Withaferin A, a steroidal lactone fromWithania
somnifera, induces mitotic catastrophe and growth arrest in prostate cancer cells. J Nat Prod. 2013;
76: 1909–1915. doi: 10.1021/np400441f PMID: 24079846

13. Wadegaonkar VP, Wadegaonkar PA. Withanone as an inhibitor of survivin: A potential drug candidate
for cancer therapy. J Biotechnol. 2013; 168: 229–233. doi: 10.1016/j.jbiotec.2013.08.028 PMID:
23994265

14. Grover A, Priyandoko D, Gao R, Shandilya A, Widodo N, Bisaria VS, et al. Withanone binds to mortalin
and abrogates mortalin-p53 complex: computational and experimental evidence. Int J Biochem Cell
Biol. 2011; 44: 496–504. doi: 10.1016/j.biocel.2011.11.021 PMID: 22155302

15. Grover A, Singh R, Shandilya A, Priyandoko D, Agrawal V, Bisaria VS, et al. Ashwagandha derived
withanone targets TPX2-Aurora A complex: computational and experimental evidence to its anticancer
activity. PLoS One 2012; 7: e30890. doi: 10.1371/journal.pone.0030890 PMID: 22303466

16. Vaishnavi K, Saxena N, Shah N, Singh R, Manjunath K, Uthayakumar M, et al. Differential activities of
the two closely related withanolides, withaferin a and withanone: bioinformatics and experimental evi-
dences. PLoS One 2012; 7: e44419. doi: 10.1371/journal.pone.0044419 PMID: 22973447

17. Gupta MS, Shivaprasad HN, Kharya MD, Rana AC. Immunomodulatory activity of the ayurvedic formu-
lation “Ashwagandha Churna”. Pharmaceutical Biol. 2006; 44: 263–265.

18. Sinha P, Ostrand-Rosenberg S. Myeloid-derived suppressor cell function is reduced byWithaferin A, a
potent and abundant component of Withania somnifera root extract. Cancer Immunol Immunother.
2013; 62: 1663–1673. doi: 10.1007/s00262-013-1470-2 PMID: 23982485

19. Kaileh M, Vanden BergheW, Heyerick A, Horion J, Piette J, Libert C, et al. Withaferin a strongly elicits
IkappaB kinase beta hyperphosphorylation concomitant with potent inhibition of its kinase activity. J
Biol Chem. 2007; 282: 4253–4264. PMID: 17150968

20. Jeyanthi T, Subramanian P. Protective effect of Withania somnifera root powder on lipid peroxidation
and antioxidant status in gentamicin-induced nephrotoxic rats. J Basic Clin Physiol Pharmacol. 2010;
21: 61–78. PMID: 20506689

21. Konar A, Shah N, Singh R, Saxena N, Kaul SC, Wadhwa R, et al. Protective role of Ashwagandha leaf
extract and its component withanone on scopolamine-induced changes in the brain and brain-derived
cells. PLoS One 2011; 6: e27265. doi: 10.1371/journal.pone.0027265 PMID: 22096544

22. Gautam A, Wadhwa R, Thakur MK. Involvement of hippocampal Arc in amnesia and its recovery by al-
coholic extract of Ashwagandha leaves. Neurobiol Learn Mem. 2013; 106: 177–184. doi: 10.1016/j.
nlm.2013.08.009 PMID: 24012642

23. Shah N, Kataria H, Kaul SC, Ishii T, Kaur G, Wadhwa R. Effect of the alcoholic extract of Ashwagandha
leaves and its components on proliferation, migration, and differentiation of glioblastoma cells: combi-
national approach for enhanced differentiation. Cancer Sci. 2009; 100: 1740–1747. doi: 10.1111/j.
1349-7006.2009.01236.x PMID: 19575749

24. Kataria H, Shah N, Kaul SC, Wadhwa R, Kaur G. Water extract of ashwagandha leaves limits prolifera-
tion and migration, and induces differentiation in glioma cells. Evid Based Complement Alternat Med.
2011; 2011: 267614. doi: 10.1093/ecam/nep188 PMID: 20007262

25. Kataria H, Wadhwa R, Kaul SC, Kaur G. Water extract from the leaves of Withania somnifera protect
RA differentiated C6 and IMR-32 cells against glutamate-induced excitotoxicity. PLoS One 2012; 7:
e37080. doi: 10.1371/journal.pone.0037080 PMID: 22606332

26. Kataria H, Wadhwa R, Kaul SC, Kaur G. Withania somnifera water extract as a potential candidate for
differentiation based therapy of human neuroblastomas. PLoS One 2013; 8: e55316. doi: 10.1371/
journal.pone.0055316 PMID: 23383150

27. Hynd MR, Scott HL, Dodd PR. Glutamate-mediated excitotoxicity and neurodegeneration in Alzhei-
mer's disease. Neurochem Int. 2004; 45: 583–595. PMID: 15234100

28. Nakatsu Y, Kotake Y, Takishita T, Ohta S. Long-term exposure to endogenous levels of tributyltin de-
creases GluR2 expression and increases neuronal vulnerability to glutamate. Toxicol Appl Pharmacol.
2009; 240: 292–298. doi: 10.1016/j.taap.2009.06.024 PMID: 19591855

29. Matute C. Glutamate and ATP signalling in white matter pathology. J Anat. 2011; 219: 53–64. doi: 10.
1111/j.1469-7580.2010.01339.x PMID: 21250988

30. Dobrek L, Thor P. Glutamate NMDA receptors in pathophysiology and pharmacotherapy of selected
nervous system diseases. Postepy Hig Med Dosw. (Online) 2011; 65: 338–346. PMID: 21677358

31. Hamilton N, Attwell D. Do astrocytes really exocytose neurotransmitters? Nat Rev Neurosci. 2010; 11:
227–238. doi: 10.1038/nrn2803 PMID: 20300101

Ashwagandha Extracts Protect against Oxidative Stress

PLOS ONE | DOI:10.1371/journal.pone.0120554 March 19, 2015 13 / 14

http://dx.doi.org/10.1021/np400441f
http://www.ncbi.nlm.nih.gov/pubmed/24079846
http://dx.doi.org/10.1016/j.jbiotec.2013.08.028
http://www.ncbi.nlm.nih.gov/pubmed/23994265
http://dx.doi.org/10.1016/j.biocel.2011.11.021
http://www.ncbi.nlm.nih.gov/pubmed/22155302
http://dx.doi.org/10.1371/journal.pone.0030890
http://www.ncbi.nlm.nih.gov/pubmed/22303466
http://dx.doi.org/10.1371/journal.pone.0044419
http://www.ncbi.nlm.nih.gov/pubmed/22973447
http://dx.doi.org/10.1007/s00262-013-1470-2
http://www.ncbi.nlm.nih.gov/pubmed/23982485
http://www.ncbi.nlm.nih.gov/pubmed/17150968
http://www.ncbi.nlm.nih.gov/pubmed/20506689
http://dx.doi.org/10.1371/journal.pone.0027265
http://www.ncbi.nlm.nih.gov/pubmed/22096544
http://dx.doi.org/10.1016/j.nlm.2013.08.009
http://dx.doi.org/10.1016/j.nlm.2013.08.009
http://www.ncbi.nlm.nih.gov/pubmed/24012642
http://dx.doi.org/10.1111/j.1349-7006.2009.01236.x
http://dx.doi.org/10.1111/j.1349-7006.2009.01236.x
http://www.ncbi.nlm.nih.gov/pubmed/19575749
http://dx.doi.org/10.1093/ecam/nep188
http://www.ncbi.nlm.nih.gov/pubmed/20007262
http://dx.doi.org/10.1371/journal.pone.0037080
http://www.ncbi.nlm.nih.gov/pubmed/22606332
http://dx.doi.org/10.1371/journal.pone.0055316
http://dx.doi.org/10.1371/journal.pone.0055316
http://www.ncbi.nlm.nih.gov/pubmed/23383150
http://www.ncbi.nlm.nih.gov/pubmed/15234100
http://dx.doi.org/10.1016/j.taap.2009.06.024
http://www.ncbi.nlm.nih.gov/pubmed/19591855
http://dx.doi.org/10.1111/j.1469-7580.2010.01339.x
http://dx.doi.org/10.1111/j.1469-7580.2010.01339.x
http://www.ncbi.nlm.nih.gov/pubmed/21250988
http://www.ncbi.nlm.nih.gov/pubmed/21677358
http://dx.doi.org/10.1038/nrn2803
http://www.ncbi.nlm.nih.gov/pubmed/20300101


32. Pedrazzi M, Averna M, Sparatore B, Patrone M, Salamino F, Marcoli M, et al. Potentiation of NMDA re-
ceptor-dependent cell responses by extracellular high mobility group box 1 protein. PLoS One 2012; 7:
e44518. doi: 10.1371/journal.pone.0044518 PMID: 22952988

33. Zheng XY, Zhang HL, Luo Q, Zhu J. Kainic acid-induced neurodegenerative model: potentials and limi-
tations. J Biomed Biotechnol. 2011; 2011: 457079. doi: 10.1155/2011/457079 PMID: 21127706

34. Uttara B, Singh AV, Zamboni P, Mahajan RT. Oxidative stress and neurodegenerative diseases: a re-
view of upstream and downstream antioxidant therapeutic options. Curr Neuropharmacol. 2009; 7: 65–
74. doi: 10.2174/157015909787602823 PMID: 19721819

35. Di Carlo M, Giacomazza D, Picone P, Nuzzo D, San Biagio PL. Are oxidative stress and mitochondrial
dysfunction the key players in the neurodegenerative diseases? Free Radic Res. 2012; 46: 1327–
1338. doi: 10.3109/10715762.2012.714466 PMID: 22817279

36. Shukla V, Mishra SK, Pant HC. Oxidative stress in neurodegeneration. Adv Pharmacol Sci. 2011;
2011: 572634. doi: 10.1155/2011/572634 PMID: 21941533

37. Trushina E, McMurray CT (2007) Oxidative stress and mitochondrial dysfunction in neurodegenerative
diseases. Neurosci 145: 1233–1248. PMID: 17303344

38. Saito Y, Nishio K, Akazawa YO, Yamanaka K, Miyama A, Yoshida Y, et al. (2010) Cytoprotective ef-
fects of vitamin E homologues against glutamate-induced cell death in immature primary cortical neu-
ron cultures: Tocopherols and tocotrienols exert similar effects by antioxidant function. Free Radic Biol
Med 49: 1542–1549. doi: 10.1016/j.freeradbiomed.2010.08.016 PMID: 20736061

39. Widodo N, Shah N, Priyandoko D, Ishii T, Kaul SC, Wadhwa R. Deceleration of senescence in normal
human fibroblasts by withanone extracted from ashwagandha leaves. J Gerontol A Biol Sci Med Sci.
2009; 64: 1031–1038. doi: 10.1093/gerona/glp088 PMID: 19587106

40. Priyandoko D, Ishii T, Kaul SC, Wadhwa R. Ashwagandha leaf derived withanone protects normal
human cells against the toxicity of methoxyacetic acid, a major industrial metabolite. PLoS One 2011;
6: e19552. doi: 10.1371/journal.pone.0019552 PMID: 21573189

41. Shih YY, Lee H, Nakagawara A, Juan HF, Jeng YM, Tsay YG, et al. Nuclear GRP75 binds retinoic acid
receptors to promote neuronal differentiation of neuroblastoma. PLoS One 2011; 6: e26236. doi: 10.
1371/journal.pone.0026236 PMID: 22022577

42. Wadhwa R, Singh R, Gao R, Shah N, Widodo N, Nakamoto T, et al. Water extract of ashwagandha
leaves has anticancer activity: identification of an active component and its mechanism of action. PLoS
One 2013; 8: e77189. doi: 10.1371/journal.pone.0077189 PMID: 24130852

43. Jain S, Shukla SD, Sharma K, Bhatnagar M. Neuroprotective effects of Withania somnifera Dunn. in
hippocampal sub-regions of female albino rat. Phytother Res. 2001; 15: 544–548. PMID: 11536389

44. Mah LJ, El-Osta A, Karagiannis TC. γH2AX: a sensitive molecular marker of DNA damage and repair.
Leukemia 2010; 24: 679–686. doi: 10.1038/leu.2010.6 PMID: 20130602

45. Yan J1, Sun XB, Wang HQ, Zhao H, Zhao XY, Xu YX, et al. Chronic restraint stress alters the expres-
sion and distribution of phosphorylated tau and MAP2 in cortex and hippocampus of rat brain. Brain
Res. 2010; 1347: 132–41. doi: 10.1016/j.brainres.2010.05.074 PMID: 20513368

46. Ryu J, Kaul Z, Yoon AR, Liu Y, Yaguchi T, Na Y, et al. Identification and functional characterization of
nuclear mortalin in human carcinogenesis. J Biol Chem. 2014; 289: 24832–44. doi: 10.1074/jbc.M114.
565929 PMID: 25012652

Ashwagandha Extracts Protect against Oxidative Stress

PLOS ONE | DOI:10.1371/journal.pone.0120554 March 19, 2015 14 / 14

http://dx.doi.org/10.1371/journal.pone.0044518
http://www.ncbi.nlm.nih.gov/pubmed/22952988
http://dx.doi.org/10.1155/2011/457079
http://www.ncbi.nlm.nih.gov/pubmed/21127706
http://dx.doi.org/10.2174/157015909787602823
http://www.ncbi.nlm.nih.gov/pubmed/19721819
http://dx.doi.org/10.3109/10715762.2012.714466
http://www.ncbi.nlm.nih.gov/pubmed/22817279
http://dx.doi.org/10.1155/2011/572634
http://www.ncbi.nlm.nih.gov/pubmed/21941533
http://www.ncbi.nlm.nih.gov/pubmed/17303344
http://dx.doi.org/10.1016/j.freeradbiomed.2010.08.016
http://www.ncbi.nlm.nih.gov/pubmed/20736061
http://dx.doi.org/10.1093/gerona/glp088
http://www.ncbi.nlm.nih.gov/pubmed/19587106
http://dx.doi.org/10.1371/journal.pone.0019552
http://www.ncbi.nlm.nih.gov/pubmed/21573189
http://dx.doi.org/10.1371/journal.pone.0026236
http://dx.doi.org/10.1371/journal.pone.0026236
http://www.ncbi.nlm.nih.gov/pubmed/22022577
http://dx.doi.org/10.1371/journal.pone.0077189
http://www.ncbi.nlm.nih.gov/pubmed/24130852
http://www.ncbi.nlm.nih.gov/pubmed/11536389
http://dx.doi.org/10.1038/leu.2010.6
http://www.ncbi.nlm.nih.gov/pubmed/20130602
http://dx.doi.org/10.1016/j.brainres.2010.05.074
http://www.ncbi.nlm.nih.gov/pubmed/20513368
http://dx.doi.org/10.1074/jbc.M114.565929
http://dx.doi.org/10.1074/jbc.M114.565929
http://www.ncbi.nlm.nih.gov/pubmed/25012652


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


