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Abstract
Physalis alkekengi var. francheti is an indigenous herb well known for its anti-inflammatory, sedative, antipyretic, and expec-
torant properties. However, the information regarding the impacts of P. alkekengi fruits (PAF) in modulation of oxidative stress
and learningmemory are still unknown. This study therefore evaluated the antioxidant properties of ethyl acetate (EA) fraction of
PAF and its impacts on learning and memory. The antioxidant activities of PAF were evaluated in LPS-induced BV2 microglial
cells. The potent EA fraction then investigated and confirmed for its involvement of HO-1 pathway using hemin (HO-1 inducer)
and ZnPP (HO-1 inhibitor) throughWestern blotting, DCFH-DA, and/or Griess assay. The involvements of PI3K/Akt, MEK, and
p38 MAPK also investigated. Furthermore, we applied EA fraction to the animals at 100 and 200 mg/kg doses to check if the
extract could improve scopolamine-induced memory deficits in passive avoidance and elevated plus maze tests. Our results
demonstrated that the fractions from PAF significantly inhibited the generation of intracellular reactive oxygen species (ROS)
induced by LPS in concentration-dependent manners. In comparison to other fractions, the EA fraction exhibited potent effect in
suppressing intracellular ROS generation. Besides, EA fraction also induced the expression of HO-1 in time- and concentration-
dependent manners. ZnPP significantly reversed the suppressive effect of EA fraction on LPS-induced ROS generation and NO
production, which confirm the involvement of HO-1 signaling in EA-fraction-mediated antioxidant activities. Consistently,
blocking of PI3K/Akt, MEK, and p38 MAPK pathways by PAF-EA suppressed the production of intracellular ROS, indicating
their potential participation. In addition, one of the major constituents of EA fraction, luteolin-7-O-β-D-glucoside, also demon-
strated HO-1-dependent antioxidant effects in BV2 cells. Further, the EA fraction significantly (p < 0.05) improves scopolamine-
induced memory deficits in mice. Taken together, our findings highlight the antioxidant effects of EA fraction of PAFwhich may
be beneficial in treatment of different neurodegenerative diseases associated with free radicals.
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Abbreviation
HO-1 Heme oxygenase 1
AD Alzheimer’s disease
CNS Central nervous system
LPS Lipopolysaccharide
ROS Reactive oxygen species
H2O2 Hydrogen per oxide
PAF Physalis alkekengi fruit
MAPKs Mitogen-activated protein kinases
DCF-HAD 2′,7′-dichloro dihydro fluorescein

diacetate
MTT 3-(4,5-dimethyldiazol-2-yl)-2,5-diphenyl

tetrazolium bromide
DMEM Dulbecco’s modified eagle’s

medium
FBS Fetal bovine serum
DMSO Dimethyl sulfoxide
NO Nitric oxide
EPM Elevated plus maze
ZnPP Zinc protoporphyrine

Introduction

Dementia is a global problem characterized by a progressive
decline in cognition, which especially affects elderly peoples
in their regular activities including memory as well as aging
(Terry et al. 2011). Substantial scientific evidence revealed
that aging and loss of memory are associated with excessive
neuronal death due to the destruction of synapses, oxidative
stress, and neuroinflammation. These are the most common
features observed in the brain of Alzheimer’s disease (AD)
patients, thought to result from the functional alterations of
the non-neuronal cells including astrocytes and microglia
(Morrison and Hof 1997; Reiter 1995; Nie et al. 2009).
Microglia are the brain macrophages play critical role in the
immune system of the central nervous system (CNS). In re-
sponse to different pro-inflammatory stimuli generated by
neuronal injury, environmental factors (lipopolysaccharide
(LPS), rotenone, paraquat), and endogenous peptides (amy-
loid beta, alpha-synuclein), microglia undergo morphological
changes and consistently generate reactive oxygen species
(ROS) including hydroxyl radical, superoxide anion, peroxyl,
nitric oxide, and hydrogen peroxide. Excessive production of
these radical species further triggers neurotoxicity leading to a
self-propagating cycle of neuronal death (Barron 1995; Block
and Hong 2005; Balmus et al. 2016).

The inducible heme oxygenase-1 (HO-1) also known as
heat shock protein-32 (Hsp-32) (Ryter et al. 2002) is a phase

2 antioxidant enzyme, gets upregulated in response to cellular
injury, oxidative stress, and diseases. Following stress, HO-1
gets dissociated and induces the conversion of cellular heme
into carbon monoxide, biliverdin, and free iron. These three
by-products act as antioxidant and anti-inflammatory enzymes
and reported alleviating extent of oxidative stress and related
disorders (Otterbein et al. 2000; Ryter et al. 2006; Syapin
2008). In support, Kim et al. found that induction of HO-1
can protect primary cultured rat cortical cells from oxidative
stress induced by hydrogen per oxide (H2O2) and xanthine/
xanthine oxidase (Kim et al. 2017). Therefore, HO-1 emerged
as one of the prime targets to treat oxidative and cellular stress
as well as its associated neurological disorders.

Physalis alkekengi L. var. franchetii (PA; Family:
Solanaceae) also known as Chinese lantern or winter cherry
is a very popular medicinal herb in different Asian and
European countries. All parts of this plant, especially its fruits,
are widely used in the traditional medicine of these countries
in treatment of insomnia, inflammation, rheumatism, tooth-
ache, sore throat, fever, heat and cold, fungal infection, and
diabetes (Kranjc et al. 2016; Moniruzzaman et al. 2016; Li
et al. 2018). Accordingly, researchers have validated the ben-
eficial impacts of PA fruits on gastric ulcer, wound, and im-
mune system (Asilbekova et al. 2016; Yang et al. 2014).
Previously, we have shown that the ethyl acetate fraction from
P. alkekengi fruit (PAF) inhibits LPS-induced pro-inflamma-
tory mediators in BV2 microglial cells, which involves sup-
pression of Akt and MAPK phosphorylations as well as inhi-
bition of nuclear translocation of Nf-κB. These events also
produced a positive impact on the anti-inflammatory effects
of this extract in different inflammatory pain models in mice
(Moniruzzaman et al. 2016). In the present study, we investi-
gated the antioxidant effects of P. alkekengi fruits and tried to
elucidate possible involvement of HO-1, Akt, and MAPKs as
underlying mechanisms. We also justified the effectiveness of
PAF against scopolamine-induced memory impairment in
mice.

Materials and methods

Chemicals and reagents

LPS (E. coli, serotype 0111:B4), 2′,7′-dichloro dihydro fluo-
rescein diacetate (DCFH-DA), 3-(4,5-dimethyldiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT), and anti-β-actin,
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Horseradish peroxidase (HRP)-conjugated anti-rabbit immu-
noglobulin G, LY294002, and U0126 were purchased from
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Cell Signaling Technology (Danvers, MA, USA). Anti HO-1
antibody was obtained from Enzo life sciences (Seoul, South
Korea). SB203580 was purchased from Calbiochem
(Darmstadt, Germany). Dulbecco’s modified eagle’s medium
(DMEM) and 0.05% trypsin-EDTA were procured from
Thermo Scientific (Rockford, IL, USA). Fetal bovine serum
(FBS) and antibiotic-antimycotic agents were purchased from
Gibco BRL (Grand Island, NY, USA). Dimethyl sulfoxide
(DMSO) was obtained from Junsei Chemical Co. Ltd.
(Tokyo, Japan).

Sample collection and extraction

The fruits of Physalis alkekengi were obtained from a tradi-
tional herb store of the Republic of Korea and identified by
Professor Young-Won Chin from Dongguk University. A
voucher specimen (No. CYWDU-KP0006) has been deposit-
ed in the Pharmacognosy Lab, College of Pharmacy,
Dongguk University-Seoul for further reference. Dried fruits
of 1.9 kg was macerated with 2 L of methanol, which yields
564 g of crude extract after in vacuo evaporation. Then, the
crude extract was dissolved in water and fractionated with
n.hexane, chloroform, ethyl acetate (EA), and n.butanol, re-
spectively. The fridge-dried fractions were then stored at −
20 °C for further use.

Cell culture and measurement of cell viability

BV2 cells were maintained in DMEM containing heat-
inactivated 10% FBS and 1% antibiotic-antimycotic agents.
Cells were grown in a humidified atmosphere containing 5%
CO2 and having a constant temperature of 37 °C. The cells
were plated in a 24-well plate and incubated for 24 h to
achieve at least 70% confluence. Following serum starvation
for 4 h, the cells were treated with different fractions of PAF at
the indicated concentrations or luteolin-7-O-β-D-glucoside
(10 μM) in absence or presence of LPS (1 μg/ml) and incu-
bated for 24 h. Then, the cell viability was determined using
MTT assay as described previously (Kim et al. 2014).

Measurements of intracellular ROS

DCFH-DA assay was employed to determine the intracellular
ROS. Briefly, cells in 24-well plate were pretreated with PAF
fractions, PAF-EA (100 μg/ml) + ZnPP (2 μM), luteolin-7-
O-β-D-glucoside (10 μM) + ZnPP, and/or signaling inhibitors
(10 μM) for 1 h and then incubated for 24 h in absence or
presence of LPS. Following gentle washing with phosphate-
buffered saline (PBS), the cells were treated with 10 μM
DCFH-DA for 30min at 37 °C. The generation of intracellular
ROS was then determined through the fluorescence detection
of microplate reader (Spectra Max M2e, Molecular Devices)

with excitation and emission wavelengths of 490 and 520 nm
(Kim et al. 2014).

Measurement of nitric oxide (NO)

Following 24-h treatments, the level of NO in the culture
medium was determined using Griess reagent from Promega
Corporation (Madison, USA) following manufacturer’s in-
structions (Lin et al. 2008).

Western blot analysis

To investigate HO-1 expression, the cells were lysed with
normal lysis buffer containing protease and phosphatase in-
hibitors as described previously. An equal amount of proteins
was resolved in SDS-PAGE and electrophoretically trans-
ferred to nitrocellulose membrane (GE Healthcare UK Ltd.,
Buckinghamshire, UK). Following blocking with 5%
skimmed milk, the membranes were incubated with primary
antibodies for overnight at 4 °C. Membranes were then
washed thoroughly and incubated with HRP-conjugated sec-
ondary antibody for 90 min. After washing and application of
enhanced chemiluminescence reagents (Bio-Rad, Hercules,
CA, USA), the membranes were scanned using Bio-Rad
ChemiDoc XRS imaging system (Kim et al. 2014).

Animals

Male ICR mice weighing 28–32 g were purchased from
Daehan Biolink (Chungbuk, Korea). The mice were kept un-
der standard laboratory conditions at a temperature of 22 ±
2 °C and relative humidity (55–60%) with a 12-h light-dark
cycle. The animals were allowed to have free access to food
(standard chow diet) and water ad libitum. Mice were accli-
matized with laboratory environment at least for 1 week be-
fore experiments.

Passive avoidance test

The passive avoidance test instrument is a rectangular box
consisting of two identical chambers (20 × 20 × 20 cm3), one
chamber illuminated with a 50-W bulb. The two chambers
were separated by a guillotine door (5 × 5 cm2). The floor of
the non-illuminated compartment was composed of 2-mm
stainless steel rods spaced 1 cm apart and connected with an
electric grid as described previously (Jung et al. 2016). Mice
were administered with PAF-EA (100 or 200 mg/kg, p.o.) or
donepezil (10 mg/kg, p.o.) 1 h before an acquisition trial. The
control group received 10% PEG in saline instead of PAF-EA.
Mice were treated with scopolamine (3 mg/kg, i.p.) or 0.9%
saline 30 min before the acquisition trial. Following desired
treatments, animals were placed in the illuminated compart-
ment and allowed them to explore. The guillotine door was
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opened 10 s later and closed automatically when the animals
entered into the dark compartment. An electrical foot shock
(0.5 mA) was then delivered to the animals for 5 s through the
stainless steel rods. The retention trial was conducted 24 h after
the acquisition trial by returning the individual mice to the illu-
minated compartment. In both trials, latency was defined as the
time it took for themouse to enter the dark compartment after the
door was opened. During the acquisition trial, the mice that did
not enter the non-illuminated compartment within 60 s of the
door opening the door were gently introduced into the dark
chamber, and the latency was recorded as 60 s. Latencies were
recorded for up to 300 s during the retention trial.

Elevated plus maze test

The elevated plusmaze (EPM) consists of two closed arms (15 ×
5 × 5 cm3) and two open arms (15 × 5 cm2) extended from the
central platform (5 × 5 cm2). The plusmazewas placed in a stand
50 cm above the ground. Thirty minutes after the oral adminis-
tered with PAF-EA (100 or 200 mg/kg) or 10% PEG in saline
(0.1 ml/mouse) or donepezil (10 mg/kg), animals received

scopolamine (3 mg/kg in saline; i.p.). Then, the animals were
placed on the open arm of EPM following 30 min of scopol-
amine injection, and the latency to enter into the closed arm was
recorded. The animals were allowed to explore more 2 min and
return them to the home cage. After 24 h of the first reading
(acquisition trial), the transfer latency was observed again as an
index of retrieval (Sharma and Kulkarni 1992; Deb et al. 2015).

HPLC-NMR analysis of PAF-EA fraction

HPLC analysis of PAF-EAwas conducted to identify luteolin-
7-O-β-D-glucoside as a marker compound (Qiu et al. 2008).
This compound was obtained from the precipitate of PAF-EA
fraction and confirmed using NMR spectroscopy. One milli-
gram of the tested sample as well as the standard luteolin-7-
O-β-D-glucoside were dissolved in methanol to prepare the
stocks. The standard was then serially diluted to 5, 10, 50, and
100 μg/ml concentrations to make the calibration solutions.
All solutions were then filtered using a 0.45-μm hydrophobic
PTFE filter, and 20 μl of each was injected through an INNO
C18 column (4.6 × 250 mm, 5 μm; Innopia, Seongnam, South
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Fig. 1 The ethyl acetate (EA) fraction from PAF is potentially non-toxic
and has highest potential to suppress LPS-induced production of intracel-
lular ROS. Cells were treated with different fractions of PAF (10, 30, and
100 μg/ml) for 24 h, and then, viability was checked using MTT assay
(a). Cells were pretreated with total, EA, or butanol fractions at indicated

concentrations for 1 h and then incubated in absence or presence of LPS
(1 μg/ml) for 24 h. Then, the intracellular ROS was determined using
DCFH-DA as a fluorescent probe (b) and cell viability using MTT assay
(c). Data represent the mean ± SEM of at least three independent exper-
iments (*p < 0.05 vs. control group; #p < 0.05 vs. LPS group)
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Korea) in the HPLC (Gilson, USA). Formic acid of 0.1% v/v
in acetonitrile (A) and 0.1% (v/v) formic acid in water (B)
were used as the mobile phases with a flow rate of 1 ml/min
as follows: 10% (A) isocratic for 10 min, 10–20% (A) for
20 min, 20% (A) isocratic for 30 min for post-run column
reconditioning.

Statistical analysis

Data are presented as mean ± SEM and analyzed using one-
way ANOVA followed by Dunnett’s post hoc test using SPSS
software. Calculations were done using Microsoft Excel, and
figures were drawn using GraphpadPrism softwares.
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Fig. 2 PAF-EA exhibited antioxidant activity potentially through HO-1
pathway. Cells were incubated with EA fraction (100 μg/ml) for 0–24 h.
Cell lysates were prepared and then Western blot was conducted using
antibody specific for HO-1 (a). Cells were treated with different concen-
trations of EA fraction for 24 h. Western blot analysis was executed for
cell lysates using HO-1 specific antibody (b). Cells were pretreated with
5 μMHemin for 1 h and then incubated for 24 h in absence or presence of

LPS (1μg/ml) (c). Cells were pretreated with 100 μg/ml of EA fraction in
the absence or presence of 2 μM ZnPP for 1 h and then incubated with
1 μg/ml LPS for 24 h. The amount of NO production in the medium was
measured using the Griess reaction (d) and ROS was determined using
DCFH-DA as a fluorescent probe (e). Data represent as the mean ± SEM
of at least three independent experiments (*p < 0.05)
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Results and discussion

This study evaluated the antioxidant potential of PAF in BV2
microglial cells as well as its impacts on learning memory in
mice. BV2 cells are the widely used in vitro system originally
derived from immortalized neonatal microglia and behave as
the primary microglial culture (Moniruzzaman et al. 2016).
However, before going to the main experiments, we have
tested different fractions of PAF in the BV2 microglial cells
if they produce cytotoxicity to the cells. The results demon-
strated that the n.hexane and chloroform fractions produced
significant toxicity of the BV2 cells where the total extract

only at higher concentration reduced cell viability (Fig. 1a).
Interestingly, the ethyl acetate and butanol fraction did not
affect the viability, and therefore, we used these two non-
toxic fractions in our next experiments. Moreover, we also
included the total extract in our experiments to compare the
effects. From the DCFH-DA experiment, it is clear that LPS
significantly (p < 0.05) induced the production of intracellular
ROS in BV2 cells which contributes to the oxidative stress
accompanying the inflammatory process (Block and Hong
2005). Although all fractions at all concentrations (10, 30,
and 100 μg/ml) showed significant (p < 0.05) suppression,
the EA fraction produced maximum inhibition of LPS-
induced ROS in BV2 cells (Fig. 1b). Therefore, we checked
whether these changes are due to the cytotoxicity of cells
induced by co-treatments with LPS and extracts. We found
that LPS produced significant (p < 0.05) toxicity to the cells
which has been protected by the extracts (except total extract
at 100 μg/ml) in a concentration-dependent manner. Although
LPS markedly reduced cell viability, the levels of intracellular
ROS were significantly higher (Fig. 1b, c). Moreover, we
found that PAF-EA is also able to suppress H2O2 and Aβ(25–

35)-induced intracellular ROS in BV2 cells (data not shown).
These, therefore, influenced us to elucidate the underlying
mechanisms behind EA fraction-mediated antioxidant effects.

Several studies have been suggested that HO-1 plays a
pivotal protective role in inflammatory responses because of
its capability to inhibit pro-inflammatory mediators such as
NO (Takagi et al. 2010; Wu et al. 2011). Other studies re-
vealed that the HO-1 gene is regulated by the nuclear tran-
scription factor Nrf2 which is necessary for HO-1 in
diminishing oxidative insults, thus offering protection against
inflammatory diseases due to oxidative stress (Ishii et al.
2000). Therefore, it would be worth to focus on HO-1 as a
potential therapeutic target in treatment of different inflamma-
tory neurodegenerative diseases. It has been asserted that the
inhibition or knockdown of HO-1 reverses the inhibitory ef-
fects of negative regulators on LPS-induced NO production
(Chien et al. 2012). This implies that up-regulation of HO-1
expression would significantly decrease NO production. To
confirm the HO-1 expression-mediated regulation of NO pro-
duction and generation of intracellular ROS, we investigated
whether EA fraction can induce the expression of HO-1 in
BV2 microglial cells. Treatment of BV2 microglia with
100 μg/ml of EA fraction resulted in a significant increase in
HO-1 protein expression in a time-dependent manner, and its
maximal expression was found at 24 h (Fig. 2a). Moreover,
Western blot analysis showed that this fraction increased HO-
1 expression in a concentration-dependent manner where EA
fraction only at 100 μg/ml significantly (p < 0.05) increase the
level of HO-1 protein. In contrast, the lower concentrations
possessed moderate effect, compared to that untreated control
group (Fig. 2b). To further scrutinize the functional activity of
HO-1, we used the HO-1 inducer, hemin, and evaluated
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whether it can affect the regulation of LPS-stimulated NO
production. We found that pretreatment with Hemin signifi-
cantly suppressed LPS-induced production of NO, which sug-
gest that the expression HO-1 can decrease NO production
(Fig. 2c). On the other hand, the HO-1 inhibitor (ZnPP)

reversed EA fraction-mediated inhibition of NO and intracel-
lular ROS in the LPS-activated BV2 microglia (Fig. 2d, e),
implying that inhibition of HO-1 expression sensitized LPS-
induced NO production and generation of ROS. These find-
ings indicate that EA fraction-induced HO-1 expression is
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intimately associated with the down-regulation of LPS-
induced NO and ROS production.

Previously, we have reported that LPS induces the activa-
tion of Akt, MEK1/2, ERK1/2, and p38 MAPK in BV2 cells,
where the pretreatment with PAF-EA results in a subsequent
suppression of these signaling pathways to show its anti-
inflammatory effects (Moniruzzaman et al. 2016). Therefore,
we sought to understand whether inhibition of these signaling
pathways also contribute in the antioxidant effects of the EA
fraction. Our results demonstrated that inhibition of Akt,
MEK1/2, ERK1/2, and p38 MAPK pathways using their spe-
cific inhibitors LY294002, SB203580, or U0126 significantly
(p < 0.05) suppressed LPS-induced generation of intracellular
ROS (Fig. 3) and revealed possible participation of these sig-
naling pathways in EA fraction-mediated antioxidant effects.

Learning and memory are complex processes and thought
not to be regulated by only one muscarinic receptor subtype
(Herrera-Morales et al. 2007). Scopolamine, a non-selective
muscarinic receptor antagonist, has been reported to cause
oxidative stress in the hippocampus and impair both acquisi-
tion and long-term memory formation (Herrera-Morales et al.
2007; Fan et al. 2005). In the passive avoidance task, there

were no significant differences observed in the latency times
during the acquisition trial across all groups. However, there
were significant group effects in terms of step-through latency.
A reduction in step-through latency was observed in the
scopolamine-injected group, and the decreased latency in-
duced by scopolamine was significantly reversed following
the administration of PAF-EA (100 and 200 mg/kg, p < 0.05,
Fig. 4). In addition, PAF-EA produced similar effects in the
elevated plus maze test. None of the treatments produced any
significant differences in the acquisition trial; however, signif-
icantly (p < 0.05) ameliorated scopolamine-induced amnesia
in the retention trial (Fig. 5). Therefore, these results suggest
that the PAF-EA ameliorates scopolamine-induced memory
deficits possibly through the restoration of redox imbalance
induced by scopolamine.

From HPLC analysis of EA fraction, luteolin-7-O-β-D-
glucoside emerged as a major constituent (1.78%) at
48.4 min (Fig. 6, Suppl Fig. 1) (Moniruzzaman et al. 2016).
It has been found that luteolin-7-O-β-D-glucoside possesses
antioxidant properties through scavenging free radicals as well
as inhibiting lipid peroxidation (Gamal-Eldeen et al. 2004). It
has also been reported to show strong antioxidant activity
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Fig. 7 Luteolim-7-O-β-D-glucoside (compound) exhibited antioxidant
activities potentially through HO-1 pathway. Cells were incubated with
Luteolim-7-O-β-D-glucoside (10 μM) in absence or presence of LPS
(1 μg/ml) for 24 h and then viability was checked using MTT assay (a).
Cells were pretreated with 10 μM of Luteolim-7-O-β-D-glucoside in the

presence or absence of 2 μMZnPP for 1 h and then co-treated with 1 μg/
ml LPS for 24 h. The amount of NO production in the culture medium
was measured using the Griess reaction (b) and ROS was determined
using DCFH-DA as a fluorescent probe (c). Data represent as the mean
± SEM of at least three independent experiments (*p < 0.05)
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through modulation of Akt and MAPK pathways as well as
induction of HO-1 in RAW264.7 cells (Song and Park 2014).
In PC12 cell line, a widely used model of dopaminergic neu-
ron, luteolin-7-O-β-D-glucoside, shows a protective role
against 6-hydroxydopamine toxicity (Hanrott et al. 2006).
Therefore, we tried to understand whether luteolin-7-O-β-D-
glucoside is responsible behind the HO-1-dependent antioxi-
dant effects of PAF-EA in BV2 microglial cells. The results
revealed that the compound at 10 μM concentration signifi-
cantly (p < 0.05) suppressed LPS-induced production of NO
and intracellular ROS which have been reversed by the treat-
ment with ZnPP (the HO-1 inhibitor) (Fig. 7). Based on these
evidences, it is clear that being one of the active components
in PAF-EA, luteolin-7-O-β-D-glucoside plays critical role in
HO-1-dependent antioxidant effects which also could be im-
plicated in the observed anti-amnestic activities of PAF-EA.

Conclusion

In conclusion, the present study strongly demonstrated HO-1-
dependent antioxidant effects of the ethyl acetate fraction of
PAF which may confer neuroprotection in scopolamine-
induced oxidative damage and supported its traditional uses.
Therefore, these results suggest that PAF-EA could be used as
a potential therapy in treatment of neurological disorders such
as dementia.
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