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A B S T R A C T

Ginsenosides have been reported to improve memory impairments. However, the effects of metabolized minor
ginsenosides on neuronal damage and cognitive function remain unclear. We investigated the effects of SGB121,
ginsenoside F1 enriched ginseng extract, on scopolamine-induced cytotoxicity and cognitive deficits in vitro and
in vivo, respectively. We observed that SGB121 reversed the scopolamine-induced apoptosis; mitochondrial
membrane potential reduction; and dephosphorylation of Akt, glycogen synthase kinase-3beta (GSK3β), and
extracellular signal-regulated kinases (ERK) in SH-SY5Y cells. Oral SGB121 administration in ICR-mice once-
daily for 7 days significantly recovered scopolamine-induced memory impairment analyzed using Y-maze test
and passive avoidance task. In mouse hippocampi, SGB121 restored scopolamine-induced decrease in ERK and
cAMP response element-binding protein (CREB) phosphorylation and brain-derived neurotrophic factor (BDNF)
expression. Furthermore, SGB121 decreased acetylcholinesterase expression both in SH-SY5Y cells and in mouse
hippocampi. SGB121 demonstrated protective effects against neurotoxicity and memory impairments, sug-
gesting its potential as oral therapeutics in neurodegenerative diseases.

1. Introduction

Neurodegenerative diseases caused by the loss of neurons and sy-
napses in the central nervous system have arisen as serious global
health problems (Ross & Poirier, 2004). Alzheimer's disease (AD) is the
most common neurodegenerative disease, characterized by initial
memory impairment and cognitive decline, affecting behavior, speech,
and the motor system. Cholinergic deficit caused by cholinergic neu-
ronal degeneration significantly contributes to the memory loss and
cognitive decline and is correlated with the severity of AD (Giacobini,
1990). Accordingly, AD treatments have been focused on the restoring
the cholinergic function by enhancing the availability of acetylcholine
(Ach) released into the synaptic cleft. The commonly available phar-
macological agents for AD are acetylcholinesterase (AChE) inhibitors,
including rivastigmine, tacrine, donepezil, and galanthamine. However,
these drugs present some limitations, such as short half-lives and severe

side effects including vomiting, insomnia, nausea, and muscle cramps
(Bores et al., 1996). Therefore, developing highly effective therapeutic
agents with fewer side effects, in particular natural product-based
drugs, is crucial.

There are several signaling pathways associated with the patho-
genesis of neurodegenerative diseases. The mitogen-activated protein
kinases (MAPK) signaling pathways, including extracellular signal-
regulated kinases (ERKs), are mainly activated in response to extra-
cellular stimuli and play an important role in mediating intracellular
responses to the stimuli (Cargnello & Roux, 2011). ERKs are one of the
major molecular signaling pathways involved in different kinds of
processes, such as learning, long-term potentiation (LTP), and neuronal
plasticity (Moosavi, Khales, Abbasi, Zarifkar, & Rastegar, 2012). Ach
release leads to the phosphorylation of ERK in the hippocampus, and in
turn ERK phosphorylation induces the expression of learning-related
proteins in LTP experiments (Giovannini, 2006). Previous studies have
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reported that the activation of the cAMP response element-binding
protein (CREB) plays a critical role by promoting the expression of the
brain-derived neurotrophic factor (BDNF), which is associated with
long-term memory formation (Alonso et al., 2005; Finkbeiner et al.,
1997; Jeon et al., 2011). Indeed, CREB dysfunction and decreased
BDNF levels are observed in the brains of AD patients as well as
transgenic mice (Dickey et al., 2003; Ferrer et al., 1999; Phillips et al.,
1991). In addition, the Akt/PI3k signaling molecule is another im-
portant signal associated with learning and memory. Akt is involved in
the synaptic process and hippocampal LTP induction (Horwood,
Dufour, Laroche, & Davis, 2006; Karpova, Sanna, & Behnisch, 2006),
and the inhibition of PI3K/Akt is related to impairment in the passive
avoidance task (Barros et al., 2001). Several studies have shown that
scopolamine decreases the phosphorylation of Akt, ERK, and CREB, and
the expression of BDNF in in vitro and/or in vivo models (Baral et al.,
2015; Ko, Kwon, Lee, & Jang, 2019; Moosavi et al., 2012; Puangmalai
et al., 2017).

Ginseng is a well-known traditional oriental medicine; the roots,
stems, and leaves of ginseng have been used for thousands of years as
therapeutic agents. The major components of ginseng are ginsenosides,
which reportedly possess pharmacological effects, such as im-
munomodulation, anti-inflammation, anti-cancer, anti-diabetic, and
memory improvement (Christensen, 2008). In an AD rat model, ginse-
noside Rd reportedly improved memory function and attenuated cog-
nitive impairment (Liu et al., 2012). Similarly, ginsenoside Rg1 en-
hanced the cognitive function in a senescence-accelerated mouse model
(Shi et al., 2010). Recently, ginsenoside Rb1 was reported to recover
the memory impairments induced by anticancer drug cisplatin in rat
brain (Chen et al., 2019) and protect against glutamate-induced neu-
rodegeneration in cultured cortical cells (Kim, Kim, Markelonis, & Oh,
1998). Following oral administration, major ginsenosides such as gin-
senoside Rg1 and Rd are deglycosylated by hydrolysis of the 6- and 20-
glycoside bond in the intestinal microflora, thereby generating minor
ginsenosides, which are then absorbed into the body (Hasegawa, 2004;
Tawab, Bahr, Karas, Wurglics, & Schubert-Zsilavecz, 2003). Non-me-
tabolized major ginsenosides are minimally absorbed in the body and
their metabolism in the intestinal microflora is low (Liu et al., 2009).
Additionally, microflora variation among individuals induces differ-
ences in the therapeutic effects of major ginsenosides. In contrast,
minor ginsenosides report a high absorption rate in the intestine and
demonstrate the actual effects. Recently, it has been reported that
ginsenoside F1 ameliorates spatial working memory and reduces the
amyloid β plaques in APP/PS1 mice (Han et al., 2019). Ginsenoside F1
is a minor ginsenoside, glycosylated from major ginsenoside Rg1 (Kim,
Cui, Yoon, Kim, & Im, 2012). Despite the potential beneficial effects of
minor ginsenoside F1, the purification of a single minor ginsenoside is
technically challenging and has high manufacturing costs. Therefore,
we developed SGB121, a mixture of minor ginsenosides including an
enriched ginsenoside F1, produced by ginsenoside-transforming process
using the β-glucosidase (MT619) (Cui, Jeon, Fu, Im, & Kim, 2019).

Scopolamine, a muscarinic Ach receptor antagonist, impairs the
process of learning acquisition and short-term memory in animals and
humans (Baral et al., 2015; Beatty, Butters, & Janowsky, 1986; Pariyar,
Yoon et al., 2017). Furthermore, scopolamine increases the AChE levels
in the cortex and hippocampus (Kwon et al., 2010; Lee, Yun, In, & Sung,
2011). Therefore, it has been widely used to induce experimental an-
imal models of memory impairments to screen anti-amnestic drugs. At
cellular levels, scopolamine induces neuronal cell death along with
cholinergic dysfunction, implicating the loss of neurons in neurode-
generative diseases (Puangmalai et al., 2017). In this study, we used
scopolamine to examine whether SGB121 protects against neuronal cell
death in the in vitro cellular levels and/or ameliorates memory im-
pairments in the in vivo animal models.

2. Materials and methods

2.1. Chemical materials

Dulbecco's Modified Eagle Medium (DMEM) and fetal bovine serum
(FBS) were purchased from Gibo (Carlsbad, CA). Anti-PARP, anti-p-Akt
(Ser 473), anti-Akt, anti-p-CREB, anti-p-p44/42 MAPK (ERK1/2)
(Thr202/Tyr 204), anti-p44/42 MAPK (ERK1/2) (Thr202/Tyr 204),
anti-p-GSK3β, anti-GSK3β, and anti-GAPDH antibodies were obtained
from Cell Signaling Technology (Danvers, MA). Anti-BDNF and anti-
caspase-3 antibodies were obtained from Abcam (Cambridge, UK) and
Santa Cruz Biotechnology (Dallas, TX), respectively. The Tetramethyl
rhodamine ethyl ester (TMRE) Mitochondrial Membrane Potential
Assay Kit (Fluorometric) (K288-200) was purchased from BioVision
(Milpitas, CA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), (-)-scopolamine hydrobromide (scopolamine), and 9-
amino-1,2,3,4-tetrahydroacridine hydrochloride hydrate (tacrine) were
purchased from Sigma (St. Louis, MO). For animal administration,
scopolamine was dissolved in 0.9% saline, and tacrine was dissolved in
distilled water.

2.2. Preparation of SGB121

The SGB121, a ginsenosides mixture, was prepared by the bio-
transformation process of major ginsenoside Rg1 in ginseng extracts to
minor ginsenoside F1. For enriched ginsenoside F1 production, the
enzymatic deglycosylation of ginsenosides process was performed by
the immobilized whole cells designed to overexpress the β-glucosidase
(MT619) in Corynebacterium glutamicum ATCC 13032 (Cui et al., 2019).
The total ginseng extract was carried out the biotransformation of
ginsenoside Rg1 to F1 by the β-glucosidase (MT619) and the bio-
transformed products was filtrated, concentrated, and dried out for the
production of SGB121. The SGB121 solution was prepared in distilled
water for oral administration.

2.3. High-performance liquid chromatography (HPLC) analysis

SGB121 was determined using an Agilent 1260 series HPLC system
with a UV detector. (Agilent Technologies, Palo Alto, CA, USA). The
chromatographic separation of ginsenosides was achieved using a YMC-
Triart C18 column (4.6 × 250 mm, S-5 μm; YMC Co., Kyoto, Japan).
The mobile phase consisted of water (solvent A) and acetonitrile (sol-
vent B). The flow rate of the mobile phase was 1.6 mL/min. The solvent
composition was initially set at 20% B solvent, with gradient elution as
0–10 min, 20%; 10–40 min, 32%; 40–48 min, 42%; 48–60 min, 45%;
60–83 min, 75%; 85–95 min, 100%; 95–95.01 min, 20%; and
95.01–100 min, 20% of solvent B. The injection volume was 30 μL, and
the UV detection wavelength was set at 203 nm.

2.4. Cell culture

Human neuroblastoma SH-SY5Y cells were purchased from the
Korean Cell Line Bank (Seoul, Republic of Korea) and cultured in
DMEM with 10% FBS. The cells were maintained in a humidified at-
mosphere of 5% CO2/95% air at 37 °C. The cells were seeded in 96-well
plates and 6-well plates at densities of 1 × 105 cells/well and 2 × 106

cells/well, respectively.

2.5. MTT assay

Cell viability was measured using the MTT assay as previously re-
ported (Baral, Pariyar, Kim, Lee, & Seo, 2017). In brief, SH-SY5Y cells
were seeded in 96-well plates and the cells were pretreated with
SGB121 for 1 h and then co-treated with scopolamine for 24 h. After the
treatments, the MTT solution (1 mg/mL) was added to each well. The
plates were then incubated at room temperature for 2 h. Later, the MTT
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solution was carefully removed and the formazan crystals were solu-
bilized using 100 μL of dimethyl sulfoxide (DMSO). The absorbance was
then measured at 540 nm using a microplate ELISA reader (SPEC-
TRAmax 190, Sunnyvale, CA).

2.6. Cell morphology

SH-SY5Y cells were seeded in 6-well plates at a density of 2 × 106

cells/well and incubated for 24 h. The cells were pretreated with 50 μg/
mL SGB121 for 1 h and then co-treated with scopolamine for 24 h.
Then, cell morphology was examined using inverted phase-contrast
microscopy (Nikon eclipse TS100 FL), and images were captured under
20 × magnification.

2.7. Mitochondrial membrane potential (MMP) measurement

MMP was measured according to the manufacturer's instructions
provided in the TMRE Mitochondrial Membrane Potential Assay Kit
(Fluorometric) (BioVision, Milpitas, CA, USA). TMRE is a cell-perme-
able, positively charged, red-orange dye that readily accumulates in

active mitochondria due to their relative negative charge. Depolarized
or inactive mitochondria have decreased membrane potential and fail
to sequester TMRE. SH-SY5Y cells were seeded at 1 × 105 cells per well
in 96-well plates and incubated for 24 h. The cells were pretreated with
SGB121 for 1 h and then co-treated with scopolamine for 24 h, where
20 μM carbonyl cyanide 4-(trifluoromethoxy) phenylhydrazon (FCCP)
was used as the negative control. Next, cells were incubated with
200 nM of the fluorescent TMRE dye solution for 20 min and the
fluorescence was measured at 549/575 nm of excitation/emission wa-
velengths using a fluorescence microplate ELISA reader.

2.8. Animals

Six-week-old male ICR mice (weighing 25–30 g) were purchased
from SAMTAKO (Osan, Korea). Mice were housed in controlled tem-
perature (20 ± 3 °C), 55% humidity, on a 12:12 h light: dark cycle,
with free access to food and water. All animal experiments were con-
ducted according to the protocol approved by the Animal Ethics
Committee of Wonkwang University, Korea (Approval No. WKU19-35).

Fig. 1. Effect of SGB121 on scopolamine-induced cytotoxicity in SH-SY5Y neuroblastoma cells. (A) HPLC analysis of SGB121 produced by enzymatic bio-
transformation. (i) Ginsenoside F1 standard; (ii) SGB121 produced by a biotransformation process. (B) SH-SY5Y cells were treated with scopolamine in various doses
(1 mM, 2 mM, and 5 mM) for 24 h and cell viability was measured by the MTT assay. (C) SH-SY5Y cells were pretreated with 25 or 50 μg/mL SGB121 for 1 h,
followed by 5 mM scopolamine co-treatment for 24 h, and then cell viability was measured using the MTT assay, (D) morphological changes were observed under
inverted phase-contrast microscopy and scale bar was 10 μm. The representative data from at least three independent experiments are shown. Each bar represents the
mean percentage alterations above or below the control (± S.D.) (n = 5). Differences were statistically significant at **p < 0.01 and ***p < 0.001 as compared
with control and ##p < 0.01 as compared with the scopolamine-treated group.
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2.9. Y-Maze test

The Y-maze is a three-arm horizontal maze
(40 cm × 12 cm × 3 cm), in which the arms are symmetrically dis-
posed at 120° to each other. The maze was composed of dark opaque
polyvinyl plastic. The mice were administered SGB121 (50, 100, or
200 mg/kg, p.o.), tacrine (10 mg/kg, p.o.), or the same volumes of
distilled water, once a day for 7 days using gavage to ensure that mice
get right amount of sample/drugs. Scopolamine (1 mg/kg, i.p.) was
administered to induce memory impairments 30 min after the SGB121
or tacrine treatment. Control group mice were injected with the same
volumes of 0.9% saline. After 30 min, the mice were initially placed in
the center of the Y-maze and the sequence (e.g., ABCCAB) and the
numbers of arm entries were manually recorded for each mouse over an
8 min period. An actual alternation was defined as entries into all three
arms on consecutive choices (ABC, CAB, or BCA but not ABA). Maze
arms were thoroughly cleaned using a water spray between tasks to
eliminate residual odors and residues. For each mouse, the definition of

alternation score (%) was the actual numbers of alternations divided by
the possible number (defined as the total number of arm entries minus
two) multiplied by 100, as shown in the following equation: %
Alternation = [No. of alternations/(total arms entry-2)] × 100%. After
the Y-maze test, the mice were immediately sacrificed by cervical dis-
location and the hippocampi were dissected to measure protein or
mRNA expression.

2.10. Passive avoidance task

The passive avoidance task was performed in identical illuminated
and non-illuminated compartments (20 cm × 20 cm × 20 cm), with an
electrifiable grid floor of 2 mm stainless steel rods. These compartments
were separated by an entrance (5 cm × 5 cm) shutter. The mice were
administered SGB121 (50, 100, or 200 mg/kg, p.o.), tacrine (10 mg/kg,
p.o.), or distilled water, once a day for 7 days. On the 6th day, memory
impairment was induced by scopolamine treatment (1 mg/kg, i.p.)
30 min after SGB121 or tacrine administration. Control group mice

Fig. 2. Effect of SGB121 on scopolamine-induced loss of MMP and alterations in the ERK, Akt, and GSK3 signaling pathways. SH-SY5Y cells were pretreated with 25
or 50 μg/mL SGB121 for 1 h, followed by 5 mM scopolamine co-treatment for 24 h, then (A) MMP was measured using the TMRE-MMP assay kit, (B) Western blot
analysis of cleaved-PARP and cleaved-caspase-3 were performed, with GAPDH used as the loading control. (C) Similarly, 25 or 50 μg/mL SGB121 pretreated for 1 h,
followed by 5 mM scopolamine co-treatment for 1 h, and western blot analysis of p-ERK, ERK, p-Akt, Akt, p-GSK3β, and GSK3β. Quantification was performed based
on densitometric analysis using the ImageJ software. The representative data from at least three independent experiments are shown. Each bar represents the mean
fold alterations above or below control (± S.D.) (n= 3–5). Differences were considered as statistically significant at *p < 0.05, **p < 0.01 and ***p < 0.001 as
compared with control and #p < 0.05, ##p < 0.01 and ###p < 0.001 as compared with scopolamine-treated group.
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were injected with the same volume of 0.9% saline. For the acquisition
trial, after 30 min the mice were initially placed in the illuminated
compartment and the shutter was opened after 10 s of an acclimatiza-
tion period. When the mice entered the dark compartment, the shutter
was closed and an electric foot shock (1 mA, 3 s) was delivered through

the stainless steel rods. After 23 h, the mice were orally administered
SGB121, tacrine, or saline and again placed in the illuminated com-
partment for a retention trial 1 h later. In both acquisition and retention
trials, the time taken for a mouse to enter the dark, non-illuminated
compartment after the door opened was measured as the latency time.

Fig. 2. (continued)

Fig.3. Effect of SGB121 on scopolamine-modulated AChE and ChAT expression in SH-SY5Y cells.SH-SY5Y cells were pretreated with 25 or 50 μg/mL SGB121 for 1 h,
followed by 5 mM scopolamine co-treatment for 24 h, then (A) mRNA expression levels of AChE, and (B) ChAT detected using real-time PCR analysis. The
representative data from at least three independent experiments are shown. Each bar represents the mean fold alterations above or below control (± S.D.) (n = 3).
Differences were considered as statistically significant at *p < 0.05 as compared with control and #p < 0.05 as compared with the scopolamine-treated group.
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If a mouse did not enter the dark compartment within 180 s, it was
assumed that the mouse remembered the single training trial.

2.11. Western blot analysis

SH-SY5Y cells or the dissected hippocampi were homogenized in the
radioimmunoprecipitation assay (RIPA) buffer (150 mM NaCl, 1%
Triton X-100, 1% sodium deoxycholate, 0.1% SDS, 50 mM Tris-HCL,
and 2 mM EDTA), supplemented with a protease inhibitor cocktail and
phosphatase inhibitors (Roche, Basel, Switzerland). Protein concentra-
tions were determined using the BCA assay kit (Thermo Scientific).
Equal quantities of the protein were subjected to the SDS-PAGE in 10%
gels and transferred to polyvinylidene difluoride membranes (Millipore
Corp.) After blocking in 5% skim milk, the membranes were incubated
with antibodies specific for PARP, caspase-3, ERK1/2, phosphorylated
ERK1/2 (T202/Y204), Akt, phosphorylated Akt, phosphorylated CREB,
phosphorylated GSK3β, GSK3β, BDNF, and GAPDH (dilution 1:1000),
followed by the corresponding secondary antibodies(dilution 1:5000),
and finally developed by using chemiluminescent reagents (Thermo
Scientific). The relative intensities of specific protein bands were
quantified using the ImageJ software.

2.12. Real-time reverse transcription-polymerase chain reaction (RT-PCR)

SH-SY5Y cells or the dissected hippocampi were homogenized in
1 mL of TRIzol reagent (Invitrogen) and then the extracted RNA dis-
solved in RNase-free water was used for the reverse transcription re-
action to obtain cDNA. Using 1 μg RNA, the reaction was performed to
synthesize cDNA using the High Capacity RNA-to-cDNA kit (Thermo
Fisher Scientific). The mRNA expression level of each gene was quan-
tified by real-time PCR using the SYBR Green PCR Master Mix (Applied

Biosystems) with StepOnePlus™ Real-Time PCR system (Applied
Biosystems), according to the manufacturer’s instructions. The fol-
lowing PCR primer pairs were designed using primer-BLAST in the
NCBI website to detect each gene: primers specific to human AChE- F:
5′-CCT CCT TGG ACG TGT ACG AT-3′, AChE-R: 5′- AAA CAG CGT CAC
TGA TGT CG-3′; choline acetyltransferase (ChAT)-F: 5′-ATC GCT GGT
ACG ACA AGT CC-3′; ChAT-R: 5′-ATC AGC TTC CTG CTG CTC TG-3′,
GAPDH-F: 5′-TGC ACC ACC AAC TGC TTA GC-3′, GAPDH-R: 5′-GGC
ATG GAC TGT GGT CAT GAG-3′ and primer specific to mouse AChE-F:
5′-GGT ATC CCC TGC ATA CAC CT-3′; AChE-R: 5′-TGG GCT CTG GTG
GCA TAA AT-3′; GAPDH-F: 5′-TGT GTC CGT CGT GGA TCT GA-3′;
GAPDH-R: 5′-TTG CTG TTG AAG TCG CAG GA-3; BDNF-F: 5′-GTT CGA
GAG GTC TGA CGA CG-3′; BDNF-R: 5′-TGT TTG CGG CAT CCA GGT
AA-3′. The reaction conditions were as follows: 95 °C for 5 min, 40
cycles at 95 °C for 10 s, 60 °C for 15 s, and 72 °C for 20 s. The elongation
condition was 75 °C for 7 min. The fold changes in mRNA levels were
determined relative to the GAPDH mRNA level.

2.13. Statistics

All data, except behavioral tests, were expressed as the
mean ± S.D.; mouse behavioral data were displayed as
mean ± S.E.M. The presented figures are representative of the series of
experiments. Statistical significance of differences was determined
using a one-way analysis of variance (One-way ANOVA), with Tukey
posthoc test for comparing the paired sets of data. Statistical sig-
nificance of the difference between 2 points was determined using the
Student t-test. A p-value < 0.05 was considered significant.

Fig.4. Effect of SGB121 on the scopolamine-induced memory impairments in the Y-maze test. (A) Schematic diagram of drug treatment, tissue preparation, and
behavioral tests. The mice in different groups were orally administered SGB121 (50, 100, or 200 mg/kg), tacrine (10 mg/kg), or water, once a day for 7 days. After
30 min, memory deficits were induced by intraperitoneal scopolamine injection (1 mg/kg). The control group was injected with 0.9% saline. Y-maze trial was
performed 30 min later. The numbers of spontaneous alternations (B) and arm entries (C) were recorded. Data are represented as means ± S.E.M. (n = 6/group).
Statistical significance was determined using one-way ANOVA, followed by Tukey's post hoc test. **p < 0.01 vs. control group, #p < 0.05 vs. scopolamine-treated
group.
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3. Results

3.1. SGB121 demonstrates protective effects against scopolamine-induced
cytotoxicity in SH-SY5Y cells

SGB121 was prepared by the biotransformation process of major
ginsenosides Rg1 to F1 in ginseng extract. The bioconversion process
was performed using the GRAS host, Corynebacterium glutamicum,
overexpressing the β-glucosidase (MT619) as previously reported (Cui
et al., 2019). Minor ginsenoside F1 was identified one of the major
components in SGB121 (Fig. 1A). The SGB121 was standardized to
ginsenoside F1 content of 5 mg/g and the major component of SGB121
was assigned as ginsenoside F1 based on retention time matching by
HPLC analysis.

Previously, it has been reported that scopolamine shows cytotoxic
effects in various neuronal cell types, along with cholinergic dysfunc-
tion (Puangmalai et al., 2017). To investigate the cytotoxic effect of
scopolamine in SH-SY5Y neuroblastoma cells, the cells were treated
with various concentrations of scopolamine for 24 h; Subsequently, cell
viability was measured using the MTT assay, and the percentage of
viable cells was calculated relative to that in the untreated control. As
shown in Fig. 1B, 5 mM scopolamine approximately induced a 40% loss
in cell viability, confirming that scopolamine is cytotoxic to SH-SY5Y
cells. Hence, further experiments were conducted using 5 mM scopo-
lamine to determine the effects of SGB121 on scopolamine-induced
cytotoxicity. SH-SY5Y cells were pretreated with 25 μg/mL or 50 μg/mL
of SGB121 for 1 h and then co-treated with 5 mM scopolamine for 24 h.
Cell viability was measured using the MTT assay. The scopolamine-in-
duced reduction in cell viability was significantly alleviated by 50 μg/
mL SGB121 (Fig. 1C). The cell viability of 50 μg/mL SGB121 alone-

treated group also little increased as compared with control. However,
it does not have the statistical significance (p > 0.05). Scopolamine
treatment gradually altered the cellular morphology as shown in
Fig. 1D. SH-SY5Y cells shrank and detached from the dish, their den-
drites vanished, and outlines were convoluted; however, these observed
effects were prevented by pre-treatment with 50 μg/mL SGB121. These
results suggest that scopolamine exerts cytotoxic effects in SH-SY5Y
cells and SGB121 protects the cells against scopolamine.

3.2. SGB121 prevents the scopolamine-induced loss of MMP and alteration
of ERK, Akt, and GSK3 signaling pathways in SH-SY5Y cells

To investigate whether the SGB121-induced protective effects were
mediated through the inhibition of mitochondrial apoptotic pathways,
we measured MMP in SH-SY5Y cells, a major hallmark of apoptosis. As
shown in Fig. 2A, scopolamine induced a significant loss in MMP, which
recovered with SGB121 treatment, whereas the treatment of SGB121
alone did not change MMP as compared with control. Additionally,
scopolamine treatment increased the cleavage of PARP and caspase-3,
while SGB121 treatment significantly prevents the scopolamine-in-
duced cleavage of PARP and caspase-3 (Fig. 2B). Collectively, these
results suggest that SGB121 protects SH-SY5Y cells from scopolamine-
induced cytotoxicity by reducing mitochondrial dysfunction and in-
hibiting apoptotic signal transduction.

To elucidate the molecular signaling pathway involved in the neu-
roprotective effect of SGB121 against scopolamine, we analyzed well-
known signal transduction pathways that promote cell survival, growth,
proliferation, such as MAPK, Akt, and GSK3 pathways. Western blot
analysis demonstrated that scopolamine significantly decreased the
phosphorylation levels of ERK, Akt, and GSK3β, whereas the total

Fig.5. Effect of SGB121 on the scopolamine-induced memory deficits in the passive avoidance task. (A) Schematic diagram of drug treatment and behavioral tests.
The mice in different groups were orally administered SGB121 (50, 100, or 200 mg/kg), tacrine (10 mg/kg), or water, once a day for 7 days. On 6th day, memory
deficits were induced by intraperitoneal scopolamine injection (1 mg/kg) 30 min after the treatment with SGB121 or tacrine. The acquisition trial was conducted
30 min later, and the retention trial was performed 24 h after the acquisition trial. SGB121, tacrine, or water was orally administered 1 h before the retention trial.
The latency times entering the dark compartment in the acquisition and retention trial (B) were recorded and the percentage ratio of the retention trial latency to
acquisition trial latency for each mouse (C) was calculated. Data are represented as mean ± S.E.M. (n = 7/group) and statistical significance was determined using
one-way ANOVA, followed by Tukey's post hoc test. **p < 0.01 and ***p < 0.001 as compared with control group, #p < 0.05 and ##p < 0.01 as compared with
scopolamine-treated group.

T. Bastola, et al. Journal of Functional Foods 74 (2020) 104165

7



protein expressions were unaffected (Fig. 2C). SGB121 treatment re-
versed the scopolamine effects on the phosphorylation of ERK, Akt, and
GSK3β. These results suggest that SGB121 activates the ERK, Akt, and
GSK3β signaling pathways in SH-SY5Y cells. Reportedly, these signaling
pathways also play significant roles in the vital process of learning and
memory and modulation of cholinergic function (Peng, Zhang, Zhang,
Wang, & Ren, 2010; Y.-Y. Wu et al., 2013; Zhou et al., 2018).

3.3. SGB121 restores the scopolamine-induced AChE expression in SH-
SY5Y cells

It is well documented that scopolamine up-regulates AChE activity
and down-regulates choline acetyltransferase (ChAT) activity in vitro
and in vivo, thus modulating cholinergic function(Lin et al., 2016; Min
et al., 2015; Puangmalai et al., 2017). Thus, we examined the effect of
SGB121on the gene expression of AChE and ChAT in scopolamine-
treated cells using quantitative PCR. Scopolamine significantly in-
creased the mRNA expression of both AChE and ChAT genes (Fig. 3).
Scopolamine-induced AChE expression was attenuated following
SGB121 co-treatment, while SGB121 demonstrated no significant effect
on the scopolamine-induced ChAT expression. These results suggest
that SGB121 could ameliorate scopolamine-induced cholinergic dys-
function by reducing AChE expression.

3.4. SGB121 ameliorates scopolamine-induced memory impairment in the
Y-maze test

To investigate SGB121 effects on cognitive function, we first per-
formed the Y-maze test using a scopolamine-induced memory impair-
ment mouse model (Fig. 4A). Each mouse was allowed to explore the Y-

maze freely for 8 min, the entries into each arm were scored, and the
spontaneous alternation percentage was used to examine spatial short-
term working memory (Kim et al., 2007; Klinkenberg & Blokland, 2010;
Moosavi et al., 2012). As shown in Fig. 4B, the spontaneous alternation
percentage in scopolamine (1 mg/kg, i.p.) treated mice was sig-
nificantly lower than that in mice treated with the vehicle. The lowered
spontaneous alternation induced by scopolamine was significantly re-
versed by 100 or 200 mg/kg SGB121. Interestingly, the effect of
100 mg/kg SGB121 on spontaneous alternation behaviors was higher
than that of 200 mg/kg SGB121 or tacrine. No significant difference
was observed in the total number of arm entries across all experimental
groups (Fig. 4C), demonstrating that the general locomotor activity was
not affected (Parada-Turska & Turski, 1990; Pellow, Chopin, File, &
Briley, 1985). Furthermore, there was no correlation observed between
the total number of arm entries and Y-maze alternation, indicating that
the difference in the total number of arm entries did not impact the
quantification of spontaneous alternation in the Y-maze.

3.5. SGB121 restores scopolamine-induced memory impairment in the
passive avoidance task

We assessed the effect of SGB121 on scopolamine-induced cognitive
dysfunction using the step-through passive avoidance task, used to
evaluate learning and long-term memory in mice models (Fig. 5A).
During the acquisition trial, each mouse placed in a brightly lit com-
partment quickly moved into the dark compartment habitually and
received a foot shock. The retention trial was conducted 24 h after the
acquisition trial and the latency time to reenter the dark compartment
was recorded. During the acquisition trial, no significant differences
were observed in latency time between groups (Fig. 5B). However, in

Fig.6. Effect of SGB121 on phosphorylation of ERK, CREB, and Akt, and BDNF expression in the mouse hippocampus. Hippocampi from randomly selected mice in
different groups were used for western blot analysis and real-time PCR. We used specific antibodies to detect the protein levels of (A) p-ERK1/2, ERK1/2, p-CREB,
GAPDH, (B) p-Akt, and Akt. (C) BDNF mRNA expression levels were detected using real-time PCR analysis, with GAPDH used as the endogenous control. (D) The
protein expression of BDNF and GAPDH were detected. Representative blots and quantification graphs are shown (n = 4). Densitometry was used to quantify p-
ERK1/2 relative to total ERK1/2, p-CREB relative to GAPDH, p-Akt relative to total Akt, and BDNF relative to GAPDH. Each bar shows the mean fold alterations
above or below the control group (± S.D). Differences were considered as statistically significant at *p < 0.05, **p < 0.01 and ***p < 0.001 as compared with
control group, ##p < 0.01 and ###p < 0.001 as compared with scopolamine-treated group.
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the retention trial, the latency time of the scopolamine-treated group
was significantly shorter than that of the control group, indicating
memory impairment. This impairment was markedly reduced by pre-
treatment with 100 or 200 mg/kg SGB121. Similar to the Y-maze test,

the 100 mg/kg SGB121-treated group demonstrated better cognitive
functions than the other SGB121-treated groups in the passive avoid-
ance task.

Fig.6. (continued)
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3.6. SGB121 modulates the phosphorylation of ERK and CREB and the
expression of BDNF in the hippocampus

To determine the molecular mechanisms underlying the memory
improvement effects of SGB121, we examined the phosphorylation of
ERK1/2, CREB, and Akt, and protein and mRNA expression of BDNF in
the mouse hippocampal lysates. As shown in Fig. 6A, scopolamine
treatment dephosphorylated ERK and CREB when compared with the
control. SGB121 administration significantly reversed the scopolamine-
induced dephosphorylation of ERK and CREB in the mice hippocampi.
However, we failed to demonstrate a significant difference in the Akt
phosphorylation between the hippocampi of each group (Fig. 6B). The
administration of 100 mg/kg SGB121 significantly increased BDNF
mRNA expression when compared to the control group, while no sig-
nificant differences were observed in the BDNF mRNA expression
among other groups (Fig. 6C). Western blot analysis showed that BDNF
protein expression was decreased following scopolamine treatment,
which was significantly ameliorated following 100 mg/kg SGB121
treatment (Fig. 6D). These results indicate that SGB121 restores the
scopolamine-induced reduction in ERK and CREB phosphorylation, as
well as BDNF expression in the mouse hippocampi, which could be
associated with the alleviation of memory impairment.

3.7. SGB121 modulates the expression of AChE in the hippocampus

As SGB121 increased AChE expression in SH-SY5Y cells (Fig. 3A),
we examined AChE mRNA expression in the mouse hippocampal ly-
sates. As shown in Fig. 7, a minimal increasing tendency was observed,
with no significant changes in the relative mRNA expression of AChE in
scopolamine-treated mice when compared with the control. However,
50 mg/kg SGB121 significantly decreased the AChE mRNA expression.
This result indicates that SGB121 demonstrates some effects on AChE
expression in mice hippocampi, which might be associated with the
alleviation of cholinergic dysfunction.

4. Discussion

In the present study, we demonstrated that SGB121 provides pro-
tection against scopolamine-induced cytotoxicity in SH-SY5Y cells and
ameliorates scopolamine-induced impairments in learning and memory
in mice. Furthermore, we discovered the possible underlying molecular
mechanism by which SGB121 exerts protective effects in both in vitro
and in vivo models. The phosphorylation of ERK and CREB are common
signaling pathways associated with the protective effects of SGB121,

both in cells and in the mouse brain. However, the Akt/GSK3β signaling
pathway is only involved in mediating the effects of SGB121 on SH-
SY5Y cells.

Previously, several ginsenosides have been reported to ameliorate
learning and memory impairments in animal models. Major ginsenoside
Rd and Rg1 improve cognitive function in an AD rat model and se-
nescence mouse model, respectively (Liu et al., 2012; Shi et al., 2010).
Despite the potential of developing major ginsenosides as nootropic
agents, low absorption rates and individual differences in the metabolic
processes are still challenges that need to be addressed. Indeed, ginse-
noside Rd and Rg1 are administered usually by intraperitoneal injec-
tion, rather than orally, in animal models (Liu et al., 2012; Shi et al.,
2010; Liu et al., 2009). However, SGB121 produced by the bio-
transformation of ginsenosides was orally administered and exerted
protective effects in the mouse brain. This could be attributed to the
higher absorption rates of minor ginsenosides which is enriched in
SGB121.

Minor ginsenoside F1 was identified as one of the major components
in SGB121 (Fig. 1A). Recently, ginsenoside F1 reportedly improved
short-term spatial memory in the APP/PS1 transgenic mouse, analyzed
by the Y-maze test (Han et al., 2019). However, ginsenoside F1 shows
no effect on fear-conditioned memory impairment performed by con-
textual fear conditioning, indicating that F1 has no effect on hippo-
campal-dependent long-term memory in the AD mouse model. More-
over, ginsenoside F1 decreased amyloid plaques in the cortex and
increased the phosphorylation level of CREB in the hippocampi. Simi-
larly, SGB121 ameliorated scopolamine-induced learning and memory
impairments, not only in the Y-maze test but also in the passive
avoidance task (Figs. 4 and 5). SGB121 also increased the phosphor-
ylation of CREB in the mouse hippocampi (Fig. 6A). Ginsenoside F1 is
unable to improve long-term memory despite the increased CREB
phosphorylation in the hippocampi; however, SGB121 recovered both
short-term and long-term memory in the mouse brain. As SGB121
consists of several ginsenosides including minor ginsenoside F1, these
compounds might demonstrate additive or synergistic effects. One of
the major components in SGB121 was determined as gypenoside 17,
which is also a minor ginsenoside, glycosylated from major ginsenoside
Rb1 (Data not shown). In addition to ginsenoside F1 (Han et al., 2019),
gypenoside 17 was also reported to exert cognitive improvement effect
in APP/PS1 Alzheimer’s model mice (Meng et al., 2016). The major
therapeutic mechanism of gypenoside 17 against Alzheimer’s disease is
to promote amyloid β clearance through restoring autophagy flux.
Therefore, SGB121 might enhance amyloid β clearance in Alzheimer’s
disease. Further study will be needed to fully elucidate the neuropro-
tective effects of SGB121.

In the basal forebrain, cholinergic neuronal cell death is closely
associated with the pathogenesis of neurodegenerative diseases
(Ghezzi, Scarpini, & Galimberti, 2013). In neuronal cells, scopolamine
treatment was reported to activate the mitochondrial intrinsic apoptotic
pathway (Puangmalai et al., 2017; Venkatesan, Subedi, Yeo, & Kim,
2016). Indeed, scopolamine decreased cell viability and MMP, and in-
creased caspase-3 activation and PARP cleavage in SH-SY5Y cells
(Figs. 1 and 2), indicating neuronal apoptosis through mitochondrial
dysfunction. However, SGB121 treatment prevented scopolamine-in-
duced apoptotic cell death, as revealed by the increased cell viability
and reduced cleavage of caspase-3 and PARP. Additionally, SGB121
increased the scopolamine-induced reduction of MMP, suggesting the
attenuation of mitochondrial impairments. Furthermore, SGB121 re-
versed the scopolamine-induced dephosphorylation of Akt, GSK3β, and
ERK (Fig. 2C). Akt and its downstream target, GSK3β, are the key sig-
naling pathways involved in various cellular processes, including cell
proliferation and survival (Chen et al., 2004; Romorini et al., 2016;
Schroeter et al., 2002). The inhibition of GSK3β, induced by the
phosphorylation of Akt, suppresses neuronal loss by suppressing pro-
apoptotic proteins (King, Bijur, & Jope, 2001). ERK activation is asso-
ciated with the survival of neuronal cells (Di Monte, Sandy, Ekstrom, &

Fig.7. Effect of SGB121 on AChE mRNA expression in the mouse hippocampus.
Hippocampi from randomly selected mice in different groups were used for
real-time PCR analysis. We used the specific primers for AchE, and GAPDH was
used as the endogenous control. Each bar shows the mean fold alterations above
or below the control group (± S.D) (n = 4). Differences were considered sta-
tistically significant at *p < 0.05 as compared with the control group.
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Smith, 1986; Schroeter et al., 2002; Zhu et al., 2007). Previously, we
have demonstrated that inhibition of neurotoxicity was associated with
the restored phosphorylation of Akt, GSK3β and ERK (Pariyar,
Lamichhane, Jung, Kim, & Seo, 2017). Therefore, the protective effects
of SGB121 against scopolamine-induced cytotoxicity might be mediated
by the Akt/GSK3β and ERK signaling pathways.

One of the most important findings in this study was that 100 or
200 mg/kg SGB121 ameliorated scopolamine-induced memory im-
pairments, as examined by the Y-maze test and passive avoidance task
(Figs. 4 and 5). The Y-maze test is used to measure short-term spatial
working memory (Sarter, Bodewitz, & Stephens, 1988) and the passive
avoidance task is a useful tool for estimating standard learning and
long-term memory (Myhrer, 2003). In both behavioral tests, 100 mg/kg
SGB121 demonstrated a similar or even superior effect than 10 mg/kg
tacrine. Furthermore, SGB121 reversed the scopolamine-induced re-
duction in the phosphorylation of ERK and CREB and the expression of
BDNF in mouse hippocampi (Fig. 6). Consistently, SGB121 treatment
also increased ERK phosphorylation in the SH-SY5Y cells (Fig. 2C). The
ERK/CREB/BDNF signaling pathway is well-known to regulate the
learning process and memory formation (Kelleher Iii, Govindarajan,
Jung, Kang, & Tonegawa, 2004; Li et al., 2017; Park et al., 2012). The
activation of ERK is crucial for LTP and memory consolidation (Porto
et al., 2018). ERK activates the transcription factor CREB to bind to the
promoter regions of various genes related to memory formation and to
induce the expression of those genes (Benito & Barco, 2010; Restivo,
Tafi, Ammassari-eule, & Marie, 2009). Among those genes, BDNF plays
a critical role in neuronal survival, differentiation, and synaptic plas-
ticity (Lipsky & Marini, 2007). In the hippocampus, PI3K/Akt is another
signaling molecule involved in memory formation and synaptic plasti-
city (Bekinschtein, Cammarota, & Medina, 2014; Kelly & Lynch, 2000).
As shown in Fig. 2C, SGB121 increased Akt phosphorylation in scopo-
lamine-treated SH-SY5Y cells. However, SGB121 failed to alter Akt
phosphorylation in the hippocampus, suggesting that the PI3K/Akt
signaling pathway is not associated with the anti-amnestic effects of
SGB121 in the hippocampi. This discrepancy between the in vivo and in
vitro results could be attributed to metabolism and/or differences in
treatment time and concentration. Further studies are crucial to clarify
this issue.

Interestingly, in both behavioral tests, the 100 mg/kg SGB121-
treated group demonstrated enhanced effects on scopolamine-induced
memory deficits than the 200 mg/kg SGB121-treated group. These data
suggest that SGB121 reversed the scopolamine-induced memory im-
pairments with an inverted U-shaped dose-response curve. As no dif-
ferences were observed in the locomotor activity, the inverted U-shaped
dose-response curve was not derived from the sedative effect. The dose-
response curve for scopolamine-induced amnesia has been reported for
several cholinesterase inhibitors (Braida et al., 1996; Calabrese, 2008;
Park et al., 2012) and in the case of several natural product extracts
(Pariyar, Yoon et al., 2017; Soodi, Naghdi, Hajimehdipoor, Choopani, &
Sahraei, 2014). It is generally assumed that markedly increased Ach
activates the presynaptic auto-receptors, which further inhibits Ach
release, thereby resulting in reduced drug efficacy with inverted U-
shaped dose-response curves (Braida et al., 1996). Although we failed
to ascertain the Ach levels in the synaptic cleft, it is speculated that the
inverted U-shaped dose-dependent effect of SGB121 could be attributed
to its cholinomimetic properties. Surprisingly, the alteration of the
ERK/CREB/BDNF signaling pathway in the hippocampus mimicked the
inverted U-shaped dose-response curve (Fig. 6). These results reinforce
our hypothesis that the learning and memory improvement effects of
SGB121 were mediated by the ERK/CREB/BDNF signaling pathway.

Ach is considered a critical neurotransmitter involved in the
memory process (Hasselmo, 2006). Ach is synthesized by ChAT within
cholinergic neurons and is hydrolyzed by AChE in the synapses. The
expression levels of AChE and ChAT regulate the concentration of Ach
in the cholinergic synapses, which plays a crucial role in the memory
process (Ballard, Greig, Guillozet-Bongaarts, Enz, & Darvesh, 2005;

Konar et al., 2011; Li et al., 2005). The AChE inhibitors, clinically used
for AD treatment, increase the Ach levels in the synaptic cleft, and
ameliorate memory and thinking deficits. Previous studies have re-
ported that scopolamine increased both the activity and the expression
of AChE in the in vitro and in vivo models (M.-S. Kim et al., 2018;
Pandareesh & Anand, 2013; Puangmalai et al., 2017; Wu et al., 2019).
Therefore, we investigated the effect of SGB121 on the gene expression
of AChE and ChAT in scopolamine-treated SH-SY5Y cells. Consistent
with a previous report (Pandareesh & Anand, 2013), scopolamine in-
creased AChE gene expression in SH-SY5Y cells, while SGB121 pre-
treatment significantly reversed the scopolamine-induced AChE ex-
pression in SH-SY5Y (Fig. 3A). However, ChAT expression was
increased by scopolamine treatment and this increased expression was
not altered by SGB121 co-treatment (Fig. 3B). Consistently, the oral
administration of 50 mg/kg SGB121 decreased AChE expression in the
mouse hippocampi (Fig. 7). Although it is difficult to explain why only
the 50 mg/kg SGB121 demonstrated this effect, it is probable that other
molecular mechanisms regulating AChE expression switch on at a high
dose of SGB121. Additionally, scopolamine failed to induce a sufficient
increment in AChE expression. As the hippocampi were dissected
30 min after scopolamine injection, it is speculated that 30 min might
be insufficient time for increasing AChE expression. The decreased
AChE expression and the maintained ChAT expression induced by
SGB121 treatment might conclusively result in the increased Ach level
in the synapses, indicating that SGB121 has therapeutic potential for
cholinergic dysfunction, as well as in AD. To clarify the SGB121 effects
on the cholinergic system, further investigations, such as the mea-
surement of Ach levels or AChE activity, need to be undertaken.

In conclusion, our study, for the first time, demonstrated the pro-
tective effects of SGB121 against scopolamine-induced cytotoxicity in
the in vitro cell model and against scopolamine-induced memory im-
pairments in the in vivo mouse model. SGB121 inhibited scopolamine-
induced apoptotic cell death, accompanied by the increased MMP and
the increased phosphorylation of Akt/GSK3β and ERK in SH-SY5Y cells.
Furthermore, SGB121 ameliorated scopolamine-induced memory im-
pairments as examined by the Y-maze test and passive avoidance task,
along with the increased ERK and CREB phosphorylation and BDNF
expression in mouse hippocampi. Moreover, SGB121 decreased AChE
mRNA expression both in SH-SY5Y cells and in the hippocampi. These
results suggest that SGB121 could be registered as a novel promising
candidate for the treatment of memory impairments.
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