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Abstract: In this study, Sophora flavescens (SF) from Yeongcheon (YSF) and Mt. Jiri (JiSF), and Angelica
gias (AG) from Yeongcheon (YAG), Mt. Jiri (JiAG), and Jecheon (JeAG) were extracted using three
concentrations of ethanol, 95% (95Et), 70% (70Et), and 50% (50Et), and hot water (DW) to evaluate the
inhibitions of monoamine oxidases (MAQOs; MAO-A and B), cholinesterases (ChEs; AChE and BChE)
and (-secretase (BACE1) for targeting depression and neurodegenerative diseases. There were no
significant differences in constituent compounds depending on herbal origins, except that YSF-95Et
and JiSF-95Et showed a distinct non-polar spot upper maackiain position, and JiAG and JeAG showed
a higher amount of decursin than YAG. Ethanolic YAG and JeAG extracts showed the highest MAO-A
inhibition, and YSF-95Et mostly inhibited MAO-B. JiSF-95Et showed the highest AChE inhibition
and YSF-70Et, JiSF-95Et, and -70Et showed the highest BChE inhibition. Interestingly, ethanolic AG
extracts showed extremely potent BACE1 inhibition, especially for JiAG-95Et and JeAG-50Et, whereas
there have been no reports about BACEL1 inhibition of decursin, the major compound, or AG extracts
in other studies. All extracts were nontoxic to MDCK and SH-SY5Y with a low toxicity to HL-60.
The results showed a different pattern of inhibitory activities of the extracts toward target enzymes
depending on the origins, and multi-target abilities, especially for MAO-B and BChE by YSF-95Et, for
ACHE and BChE by JiSF-95Et, and for MAO-B and BACE1 by JiAG-95Et. It is suggested that those
extracts are potential candidates for finding novel compounds with multi-target inhibitory activities,
and herbal origin is an important factor to be considered in selection of the plants.

Keywords: Sophora flavescens; Angelica gigas Nakai; extraction; multi-target inhibition; neurodegenerative
diseases

1. Introduction

Alzheimer’s disease (AD) is the most prevalent neurodegenerative disease, leading
to dementia, which causes memory and cognitive dysfunction [1]. It brings about loss of
neurons and degenerative changes of various neurotransmitter systems [2]. Most studies
report that aggregation of amyloid-3 (Af3) and tau are considered the key pathologies in
AD [3]. To date, most of the treatments to relieve symptoms of AD employ cholinesterase
(ChE) inhibitors, which maintain the level of acetylcholine, a neurotransmitter involved
in cognitive functions [4]. Recently, aducanumab, the monoclonal antibody for targeting
the Af, received FDA approval for the first time as a treatment for AD [5]. In addition,
there was a finding that elevated level of monoamine oxidase (MAO)-B, catalyzing oxida-
tive deamination of monoamine neurotransmitters, was observed at neuronal cell of AD
patients, and thus MAO-B was identified as a multi-target treatment (ChE and MAO-B
inhibitors) for AD [6].

Parkinson’s disease (PD) is the second most common neurodegenerative disease, and
causes movement disorder [7]. PD patients show a significant decrease in dopamine level
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caused by the death of the dopaminergic neuron in the substantia nigra [8]. Due to this
fact, efforts to maintain the level of dopamine are employed for the treatment of PD such
as dopamine agonists [9] and MAO-B inhibitors [10].

Depression is the most common psychiatric symptom, causing sadness, discourage-
ment, and despair [11]. Depression is caused by a decrease in monoamine level, especially
serotonin (5-HT) [12]. Based on the observations that MAO-A levels were elevated in
patients of depression and that MAO-A is deeply involved in the breakdown of serotonin,
MAO-A inhibitors have been employed for the treatment of depression [13].

MAO (EC 1.4.3.4) is a mitochondrial outer-membrane enzyme that catalyzes the oxida-
tion of monoamine into aldehyde [14]. MAO has two isoforms, MAO-A and MAO-B; MAO-
A has specificity for 5-HT and MAO-B has specificity for benzylamine and phenylethy-
lamine [15]. It is known that MAO-A is associated with depression and cardiovascular
diseases, and MAO-B is associated with neurodegenerative diseases such as AD and
PD [16].

Cholinesterase (ChE) is classified into acetylcholinesterase (AChE, EC 3.1.1.7) and
butyrylcholinesterase (BChE, EC 3.1.1.8). Because acetylcholine (ACh) exists in the synapse
of the cerebral cortex and plays an important role as a neurotransmitter, especially in
memory function, a selective inhibitor for AChE is a more efficient candidate for the
treatment of AD [17]. In addition, a BChE inhibitor also showed increased choline levels
and could be a candidate for the treatment of AD [18].

Beta-site amyloid precursor protein-cleaving enzyme 1 (BACE1, EC 3.4.23.46) cleaves
the amyloid precursor protein (APP), which exists in the neuronal cell membrane, to cause
Ap aggregation. APP is cleaved by BACEL followed by y-secretase to form Af3, which can
be aggregated to form amyloid plaque [19,20]. On the basis of these facts, inhibitors of
BACE1 and A3 aggregation can be potential candidates for the treatment of AD [21,22].

On the other hand, Sophora flavescens (SF) is distributed in parts of east Asia such as
Korea, China, and Japan, and is traditionally used as a medicine for allergy, inflammation,
diarrhea, and gastrointestinal hemorrhage [23]. Maackiain, isolated from SF, has been
studied with respect to numerous biological activities such as anti-inflammation [24] and
anti-tumor [25]. Our previous study reported selective inhibition of maackiain for MAO-B,
which can be used for AD and PD treatments [26].

Angelica gigas Nakai (AG) was traditionally used as sedative and blood tonic [27]. The
biological activities of AG extract have been actively studied, and include anti-allergic [28]
and antioxidant activity [29]. Decursin, well known as a main component of AG, has
been reported to possess diverse biological activities, such as anti-tumor [30] and anti-
inflammation [31]. In addition, our previous study revealed that decursin showed selective
inhibition of MAO-A [32] and anti-depressant-like activity in mouse behavioral tests [33].

With this background, we extracted SF and AG using ethanol and water, analyzed
their components, and evaluated their inhibitory activities against MAO-A, MAO-B, AChE,
BChE, BACE1, and A3 aggregation.

2. Materials and Methods
2.1. Materials

Prethanol A (95% ethanol, EtOH) was purchased from Duksan Science Corporation
(Seoul, Korea). MAO-A, MAO-B, AChE, BChE, kynuramine, benzylamine, acetylthio-
choline iodide (ATCI), S-butyrylthiocholine iodide (BTCI), 5,5'-dithiobis(2-nitrobenzoic
acid) (DTNB), thioflavin T (ThT), and p-secretase (BACE1) activity detection kit (fluo-
rescent) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Dimethyl sulfoxide
(DMSO), 2-mercaptoethanol (2-ME) were also obtained from Sigma Aldrich. 2,2-Diphenyl-
1-picrylhydrazyl (DPPH) was purchased from Thermo Fisher Scientific (Middlesex, MA,
USA). SF from Yeongcheon (YSF) in Gyeongbuk and AG from Jecheon in Chungbuk
(JeAG) were purchased from Hanyakjae market (https:/ /www.hanyakjae.net, accessed on
8 September 2021, Namyangju, Gyeonggi-do, Korea). SF (YSF) and AG from mountain
Jiri (Mt. Jiri, JiAG) in Sancheong in Gyeongnam were purchased from Jirisan Herb Food
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(https:/ /www jirisanherbfood.com, accessed on 8 September 2021, Sancheong, Gyeong-
nam, Korea). AG from Yeongcheon in Gyeongbuk (YAG) was purchased from Hands Herb
(https:/ /www.handsherb.co.kr, accessed on 8 September 2021, Yeongcheon, Gyeongbuk,
Korea). Beta-amyloid (1-42)/HFIP (hexafluoroisopropanol) was purchased from AnaSpec
(Fremont, CA, USA). Madin-Darby canine kidney cells (MDCK; KCLB No. 10034), human
promyelocytic leukemia cells (HL60; KCLB No.10240), and human neuroblastoma cells
(SH-SY5Y; KCLB No.22266) were purchased from the Korean Cell Line Bank (KCLB, Seoul,
Korea). Dulbecco’s Modified Eagle’s minimum essential medium (DMEM), minimum
essential media (MEM), Roswell Park Memorial Institute (RPMI) 1640, fetal bovine serum
(FBS), penicillin/streptomycin solution, and trypsin-EDTA solution were purchased from
Hyclone Laboratories (Logan, UT, USA). Cell counting kit-8 (CCK-8) was acquired from
Dojindo Laboratories (Kumamoto, Japan).

2.2. Extraction of SF and AG

Extraction was performed as described previously [26], i.e., the dried roots of SF or AG
were ground to obtain each powder. The powder (20 g each) was added in 200 mL of three
concentrations of prethanol A (95%, 70%, and 50% EtOH) or distilled water. In the case of
95%, 70%, and 50% EtOH extracts (95Et, 70Et, and 50Et, respectively), 20 g of powder was
added in 200 mL of 95%, 70%, and 50% EtOH, respectively, and sonicated with medium
level for 1 h at room temperature by using ultrasonic cleaner (POWERSONIC 520, 40 kHz,
Hwashin Tech Corporation, Seoul, Korea). It was centrifuged at 6000 g for 15 min, the
supernatant was collected and the respective 95%, 70%, and 50% EtOH was added onto
the residual pellet to sonicate again. This process was performed 3 times. Until EtOH is
gone, it was concentrated under rotary vacuum concentration at 45 °C and followed by
60 °C for the concentration of water. To obtain distilled water extract (DW), powder in
distilled water was heated at 80 °C for 2 h, and then centrifuged at 6000x g for 15 min. The
supernatant was collected, and the distilled water was added onto the residual pellet, and
it was heated again. This procedure was repeated 3 times. The collected supernatant was
filtered by Whatman No. 1 filter (GE healthcare, Uppsala, Sweden) and concentrated by
vacuum at 65 °C.

All extracts were lyophilized to obtain dried extracts and their yields were calculated.

2.3. Thin-Layer Chromatography (TLC)

Thin-layer chromatography (TLC) was performed as described previously [34], with
slight modifications to analyze active compounds in the extracts. Each extract was dissolved
to be a concentration of 10 mg/mL in methanol, and 50 ug of the extract was loaded onto
Prep TLC plates (PTLC Silica gel 60 Fjs4, 0.5 mm, Merck, Darmstadt, Germany) and
methanol (MeOH), ethyl acetate (EtOAc), and toluene (Tol) were used for developing
solvents with different ratios. The extracts were developed in developing solvents (SF-95Et,
MeOH:EtOAc:Tol = 1:2:7; SF-70Et, MeOH:EtOAc:Tol = 1:1:8; SF-50Et, MeOH:EtOAc:Tol
=1:1:8; AG-95Et, MeOH:EtOAc:Tol = 2:1:7; AG-70Et, MeOH:EtOAc:Tol = 1:1:8; AG-50Et,
MeOH:EtOAc:Tol = 1:1:8) for 5 cm height and the spots were observed at 312 nm.

2.4. Enzyme Assays

MAO-A and MAO-B inhibitions were assayed as described previously [26,35] with
slight modification. Briefly, MAO-A and MAO-B were reacted with 0.06 mM kynuramine
and 0.3 mM benzylamine, respectively, in 50 mM sodium phosphate (pH 7.2). The ex-
tracts were dissolved with 10 mg/mL in DMSO and added to a final concentration of 5
to 50 pg/mL in the assay mixture. To avoid the organic solvent effect, the DMSO was
combined with less than 1% in the assay mixture. The reaction was observed by a spec-
trophotometer (OPTIZEN, K-Lab, Daejeon, Korea); the absorbances of MAO-A and MAO-B
assay mixtures were observed at 316 nm and 250 nm, respectively, in kinetic mode for
30 min.
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The activity assays of AChE and BChE were performed according to the Ellman
method [36] with slight modification [37]. In brief, AChE or BChE was reacted with 0.5 mM
substrate (ATCI or BTCI, respectively) with 0.5 mM DTNB in 100 mM sodium phosphate
(pH 7.5), and absorbance was observed at 412 nm for 15 min in the kinetic mode of the
spectrophotometer.

For BACEL assay, the BACE1 Activity Detection Kit (Fluorescent) (Sigma Aldrich,
Saint Louis, MO, USA) was used as described previously [34,38]. BACEL1 (0.3 units/uL)
was added into the fluorescent assay buffer and reacted with 7-methoxycoumarin-4-acetyl-
[Asn®70, Leu671]-amyloid (3 / A4 precursor protein 770 fragment 667-676-(2,4 dinitrophenyl)Lys-
Arg-Arg amide trifluoroacetate salt (BACE1 substrate). The fluorescent unit was observed
at 320 nm for excitation and 405 nm for emission by fluorospectrophotometer (Fluoromate
FS-2 Fluorospectrometer, Scinco, Seoul, Korea). After observing the time-zero value, the
assay solution was incubated at 37 °C for 2 h and fluorescent units were observed to
calculate the BACE1 activity.

2.5. DPPH Radical Scavenging Activity

DPPH radical scavenging activity was analyzed for observing antioxidant activity; a
mixture of the extract (100 pg/mL) and DPPH (0.1 mM) was preincubated with ethanol,
and after 15 min of preincubation, absorbance was measured at 517 nm [34,39].

2.6. AByy Aggregation Assay

For measuring A4 aggregation, a ThT assay was employed [40]; the extract (10 pg/mL)
was incubated with 40 uM of A4 and 0.5 mM of ThT at 37 °C, and the mixture was moved
to fluorescent unit of fluorospectrophotometer (Synergy H1, BioTek, Winooski, VT, USA),
and then fluorescence was measured at excitation 440 nm/emission 484 nm at every 5 min
for2 h.

2.7. Cell Culture and Viability

The cells, MDCK, HL60, and SH-SY5Y, were cultured in RPMI 1640, MEM, or DMEM,
respectively, supplemented with 10% FBS, 100 units/mL penicillin/streptomycin solution,
and 2-ME (50 uM), in a humidified atmosphere at 37 °C with 5% CO,. The cell viability was
determined by CCK-8 assay [41]. Briefly, MDCK (1 x 10%), HL-60 (5 x 10%), and SH-SY5Y
(5 x 10%) cells were seeded in 96 well plates, and then 1, 3, 10, and 30 pg/mL of the extract
were added to the wells. The plate was then incubated for 24 h at 37 °C with 5% CO,. After
that, 10 pL. of CCK-8 solution was added to the wells and the cells were incubated for 3 h
further. The absorbance was detected at 450 nm with a Micro Plate Reader (VersaMax,
Molecular Devices, Sunnyvale, CA, USA). The cell viability was expressed as a percentage
of the control culture.

3. Results
3.1. Yields of the Extracts

Two SF and three AG samples from different provinces were extracted with four
solvents, 95Et, 70Et, 50Et, and DW. For SE, YSF-70Et showed the highest yield in YSF,
14.24%, and JiSF-DW showed the highest yield in JiSF, 15.30%. YSF and JiSF showed the
lowest yield at 95Et (2.36% and 5.09%, respectively). For AG, all DW extracts showed a
higher yield (21.60~23.35%) than 95Et (7.10~11.50%). In addition, YAG-70 or -50Et, JeAG-70
or -50Et, and JiAG-70Et showed the highest yield (28.00~33.82%), except JIAG-50Et (20.39%)
(Table 1).
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Table 1. Comparison of the yield of extract according to the plant, origin, and solvent.

Plant Origin Solvent Yield (%) Abbreviation

95% EtOH 2.36 YSF-95Et

Yeongcheon 70% EtOH 14.24 YSF-70Et

50% EtOH 10.74 YSF-50Et

DW 12.82 YSE-DW

Sophora flavescens

95% EtOH 5.09 JiSF-95Et

Jiri 70% EtOH 12.37 JiSF-70Et

50% EtOH 8.09 JiSF-50Et

DW 15.30 JiSE-DW
95% EtOH 7.10 JeAG-95Et
Jecheon 70% EtOH 28.00 JeAG-70Et
50% EtOH 31.10 JeAG-50Et

DW 23.35 JeAG-DW

95% EtOH 8.00 JiAG-95Et

Angelica gigas Nakai Jiri 70% EtOH 33.82 JiAG-70Et
50% EtOH 20.39 JiAG-50Et

DW 21.60 JiIAG-DW

95% EtOH 11.50 YAG-95Et

Yeongcheon 70% EtOH 33.78 YAG-70Et

50% EtOH 31.24 YAG-50Et

DW 21.70 YAG-DW

3.2. TLC Analysis of the Extracts

In TLC analysis of SF, there were no significant differences in YSF and JiSE, and it
was revealed that SF extracts contained small amount of maackiain (Figure 1A-C). As the
ethanol concentration decreased, polar components with low Rf values decreased due to
the solvent polarity, as shown in Figure 1A-C with orange arrows. Interestingly, YSF-95Et
and JiSF-95Et showed a distinct non-polar spot at the upper position of maackiain, which
was not found in 70Et and 50Et.

In AG, all extracts showed that decursin was the main compound. However, JiAG
and JeAG showed significantly higher amounts of decursin than YAG (Figure 1D-F).
Interestingly, YAG contained a unique non-polar spot in YAG-95Et or -70Et, as shown in
Figure 1D,E with a blue arrow. Furthermore, there were some differences in spots such as
non-polar spots showing fluorescence. When the compounds were eluted from the spots
using PTLC, no MAO-A inhibition was observed.

For all the DW extracts, the mobilities of the compounds were extremely low in the
solvent systems used. For the best analysis, additional fractionation using organic solvents
should be needed in further experiments. However, their inhibitory activities against the
target enzymes were very low. Therefore, we decided to avoid the TLC analysis for the
DW extracts.

3.3. Inhibition of Enzymes by the Extracts

The inhibitory activities of extracts against MAOs and ChEs were assayed at 20 ug/mL,
except for BACE1, which was assayed at 10 pg/mL.

In MAO-A inhibition analysis, JiSF-95Et and YSF-95Et showed effective inhibitory
activity with the residual activities of 26.77% and 51.97%, respectively (Figure 2). As the
concentration of DW increased, the inhibitory activity decreased. For AG, JeAG-70Et,
YAG-70Et, and JiAG-50Et showed significant inhibition with the residual activities of 8.93%,
11.37%, and 16.22%, respectively (Figure 2). The ethanolic extracts of YAG and JeAG
showed much higher inhibition (i.e., 95Et, 70Et, and 50Et of JeAG showed the residual
activities of 11.59%, 8.93%, and 13.51%, respectively, and them of YAG showed 12.38%,
11.37%, and 14.11%, respectively) than that of JiAG (i.e., the residual activities of 57.38%,
53.02%, and 16.22%, respectively). In particular, JJAG-95Et and -70Et showed low MAO-A
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inhibition. All the DW extracts did not show effective inhibitory activities with the residual
activities of 86.69~98.41%. Overall, MAO-A inhibitory activity of AG was higher than that
of SF and the activity increased when concentration of EtOH was 50% or higher in AG.

YSF-95Et JiSF-95Et M YSF-70Et JiSF-70Et YSF-50Et  JiSF-50Et
(A) (B) ©
JeAG-95Et JiAG-95Et YAG-95EL JeAG-70Et JiAG-70Et YAG-70Et JeAG-50Et JiAG-50Et YAG-50Et
(D) (E) (F)

Figure 1. TLC analysis of SF (A-C) and AG (D-F) extracts. The standard compounds used for SF
and AG extracts were maackiain and decursin, respectively. Amounts of extracts and standards
loaded were 50 pg and 10 ug, respectively. Solvent compositions were established using methanol
(MeOH), ethyl acetate (EtOAc), and toluene (Tol): (A) MeOH:EtOAc:Tol = 1:2:7; (B) MeOH:EtOAc:Tol
= 1:1:8; (C) MeOH:EtOAc:Tol = 1:1:8; (D) MeOH:EtOAc:Tol = 2:1:7; (E) MeOH:EtOAc:Tol = 1:1:8;
(F) MeOH:EtOAc:Tol = 1:1:8. SF from Yeongcheon (YSF) and Mt. Jiri (JiSF), and AG from Yeongcheon
(YAG), Mt. Jiri (JiAG), and Jecheon (JeAG) were extracted using hot water (DW) and three concen-
trations of ethanol, 95% (95Et), 70% (70Et), and 50% (50Et). The red arrows represent the standard
compounds maackiain or decursin. The orange lines and arrows represent polar components with
low Rf values in the solvents (A). The blue arrows represent the unique spots of the YAG extracts
(D,E). M, maackiain; D, decursin.

In the MAO-B inhibition study, YSF-95Et, YSF-70Et, JiAG-95Et, and YSF-50Et showed
effective inhibitory activity, with residual activities of 6.43%, 20.79%, 29.07%, and 42.08%,
respectively (Figure 3). YSF showed significant MAO-B inhibition, and the inhibition
increased with increasing EtOH concentration. For AG, JiAG-95Et showed the highest
MAO-B inhibition, whereas it showed lower MAO-A inhibition compared to other AG
EtOH extracts.
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Figure 2. Inhibition of MAO-A by the extracts. The different concentrations of DMSO were used
as solvent for dissolving extracts due to their solubility, i.e., all the 95Et extracts in 100%; YSF-70Et,
YSE-50Et, JiAG-70Et, JiAG-50Et, JeAG-70Et, and JeAG-50Et in 80%; JiSF-70Et, YAG-70Et, and YAG-
50Et in 50%; and JiSF-50Et in 30% DMSO. All the DW extracts were dissolved in water. Activity of
MAO-A was observed as the procedure described in the ‘Materials and Methods’ section, by adding
the extract (20 pg/mL) to the reaction mixture containing 0.06 mM of kynuramine.
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Figure 3. Inhibition of MAO-B by the extracts. Activity of MAO-B was observed as the procedure
described in the ‘Materials and Methods’ section, by adding the extract (20 pug/mL) to the reaction
mixture containing 0.30 mM of benzylamine.

In AChE inhibition, JiSF-95Et showed the highest inhibitory activity, with a residual
activity of 36.73%, followed by YSF-95Et with a residual activity of 57.01% (Figure 4). For
AG, JeAG-95Et, JeAG-50Et, and YAG-50Et showed relatively effective inhibitory activity
against AChE, with residual activities of 69.39%, 68.59%, and 71.33%, respectively, indicat-
ing that AG extracts showed significantly lower AChE inhibition than SF extracts. Other
extracts did not exhibit effective AChE inhibitory activity.

In BChE inhibition, YSF-70Et, JiSF-95Et, JiSF-70Et, and YSF-95Et showed effective
inhibitory activity, with residual activities of 33.26%, 34.16%, 36.28%, and 45.54%, respec-
tively (Figure 5). SF showed higher BChE inhibition than AG, and 95Et and 70Et showed
the highest BChE inhibition, compared to 50Et or DW (Figure 5).

In BACEL inhibition, YAG-70Et showed effective inhibition, with a residual activity of
28.17% at 10 pg/mL (Figure 6A). Under these conditions, JiAG-95Et, JiAG-70Et, JiAG-50Et,
JeAG-70Et, and JeAG-50Et gave negative values of the residual activities. Interestingly,
when 1.0 pg/mL was used, JiAG-70Et, JiAG-50Et, JeAG-70Et, and JeAG-50Et showed
extremely potent inhibition with the residual activities of 58.85%, 55.42%, 64.13%, and
3.15%, respectively (Figure 6B). Furthermore, JIAG-95Et showed the highest inhibition,
with a residual activity of 35.5% at 0.5 pg/mL.
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3.4. DPPH Radical Scavenging Activity and AB Aggregation Assay of the Extracts

In DPPH and A aggregation assay, there were no significant inhibitions, with the
highest inhibitions for DPPH being achieved by JiSF-70Et (18.83%) and A3 aggregation by
YSF-95Et (28.63%). In A3 aggregation observations, JiSF-70Et, JiSF-50Et, JeAG-70Et, and
JiAG-50Et showed negative values of % inhibition, probably due to interference of their
components with the detection wavelength used in the assay (Table 2).

120.00 -
'
g 10000 1 _ T L
e T . - ol
© T T L
3= 8000 { T 1 r T L
T
£ 2 6000 4
=
T <
S % 4000 -
]
=]
o
5 20,00 -
L]
&

0.00

[ra s s B v s B es S s s (s ) s s S B (s (s s B4
SREAIBRBAIZERIBAIBR BALRIER B A
YSE JiSE JeAG JAG YAG

Figure 4. Inhibition of AChE by the extracts. Activity of AChE was observed by Ellman method as
described in the “Materials and Methods’ section, by adding the extract (20 pg/mL) to the reaction
mixture containing ATCI and DTNB (0.5 mM each).

120.00 -

100.00 - - = - T T

=]
=
o
[=5]
e
5 8000 T _
< H
g?iﬁu.oo-
=]
R
S " 40.00 -
w
=
o
z 20.00
QY
~

0.00

[rs e B B s s s B < s s B B s s s B [ (= s - <
SERLERIBIAIZRREBAIZEREBAIER R A
YSF JiSE JeAG JiAG YAG

Figure 5. Inhibition of BChE by the extracts. Activity of BChE was observed by Ellman method as
described in the “Materials and Methods’ section, by adding the extract (20 pg/mL) to the reaction
mixture containing BTCI and DTNB (0.5 mM each).

3.5. Cell Toxicity of the Extracts

MDCK was selected as a normal cell line, widely used for toxicity evaluation. HL-60
and SH-SY5Y were selected as human cell lines. To evaluate the toxicity of the extracts,
cells were treated for 24 h and the CCK-8 assay was applied. None of the extracts showed
significant toxicity to MDCK at any of the concentrations tested for each extract (Figure 7A).
In addition, none of the extracts showed significant toxicity to SH-SY5Y with slight toxicity,
from 85.79% viability by JiSF-95Et or higher at a high concentration of 30 pg/mL (Figure 7C).
However, interestingly, JiSF-95Et and JiAG-95Et showed significant toxicity to HL-60, with
viabilities of 32.68% and 23.94%, respectively, at a concentration of 30 ug/mL (Figure 7B).
On the basis of these results, it could be confirmed that the extracts were non-toxic to the
three cells in the range of concentration up to 20 ug/mL.
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Figure 6. Inhibition of BACE1 by the extracts at 10 pg/mL (A) and 1.0 or 0.5 pg/mL (B). Activity of
BACEI1 was observed by FRET-assay using the BACE1 activity detection kit. ND, not-detectable due

to its negative value.

Table 2. Inhibitions of the extracts for DPPH radical scavenging activity and A3 aggregation.

Inhibitions at 20 pug/mL (%)

Extracts
DPPH Ap Aggregation

YSF-95Et 8.02 + 0.97 28.63 +3.35
YSE-70Et 84+239 12.45 £ 0.05
YSF-50Et 461 +1.73 0.08 +1.25
YSE-DW 1225 £0.22 22.68 £1.26
JiSF-95Et 6.45 +2.13 28.19 +1.58
JiSF-70Et 18.83 £ 0.73 —1.85 4+ 0.00
JiSF-50Et 3.57 +2.66 —8.69 £ 0.56
JiSE-DW 091+1.73 4.64 £5.16
JeAG-95Et 2444222 12.26 £1.21
JeAG-70Et 1723 £2.22 —2.36 £ 0.00
JeAG-50Et 4.89 +4.16 6.07 £ 6.12
JeAG-DW —4.51 £ 1.06 25.74 +1.11
JiIAG-95Et 2224421 12.96 £ 1.25
JiIAG-70Et 3.13+£0.80 8.09 £5.46
JiIAG-50Et 1.16 £ 3.50 —7.85£0.73
JIAG-DW 17.64 £2.35 9.21 +4.25
YAG-95Et 0.323 £ 2.70 6.62 +2.45
YAG-70Et 0.72 £ 0.31 2.354+3.33
YAG-50Et 3.26 +0.97 17.10 +3.31
YAG-DW 3.60 +3.41 9.37 £ 1.69
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Figure 7. Effect of the extracts on the viability of three cell lines of MDCK (A), HL-60 (B), and SH-SY5Y (C). The cells were treated with the extracts (1, 3, 10, and
30 ng/mL) for 24 h. Culture supernatants were removed, and cell counting kit-8 (CCK-8) was applied. Viability was quantified using the micro plate reader. Data
are presented as mean = SD from three independent experiments.
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4. Discussion

Recently, SF extracts have been reported with respect to their antibacterial activi-
ties [42], metabolomic characterization [43], and toxicological evaluation [44]. Maackiain
has been actively investigated with respect to its biological activities, with include anti-
inflammation [24] and anti-tumor [25]. We reported that maackiain isolated from SF showed
selective inhibition of MAO-B in the previous study [26]. Therefore, SF was selected as the
subject of this study, and extracted with three concentrations of ethanol and distilled water.
Interestingly, extracts of SF showed different patterns in enzyme inhibition, depending on
the origin of the plants. YSF-95Et and YSF-70Et had strong MAO-B inhibition with residual
activities of 6.43% and 20.79%, respectively, as we expected. However, JiSF-95Et exhibited
lower MAO-B inhibition than YSEF, with a residual activity of 51.22%. JiSF-95Et showed
MAO-A, AChE, and BChE inhibitions with the residual activities of 26.77%, 36.73%, and
34.16%, respectively, whereas YSE-95Et and YSE-70Et showed BChE inhibition with residual
activities of 45.54% and 33.26%, respectively. These differences might be a result of changes
in their effective components due to different conditions of soils in their origins, similar to
the case reported at Daphnes Cortex (Daphne giraldii Nitsche) in China [45]. We tracked
differences of their major compounds by TLC; however, the content of maackiain was
found to be present in low amount in both regions (Yeongcheon and Mt. Jiri), and there was
no significant difference in other components. In addition, we observed that the inhibitory
ability to MAO-B increased as the ethanol content of the extraction solvent increased, and
the ratio of non-polar substances in the extracts also increased. These results suggest that
the differences of inhibition pattern between the origins might be contributed by other
minor compounds in the extracts, not by maackiain. A study reported that methanol extract
of SF showed MAO-A and MAO-B inhibitions, contributed by formononetin and kushenol
F, not by maackiain [46]. In addition, prenylated flavonoids from SF extract showed BACE1
inhibition [47], whereas our experiments did not exhibit BACE1 inhibition by SF. This
difference might be a result of the extraction conditions, such as solvent, i.e., methanol
vs. ethanol or water. These results also suggest that SF is a potential material for finding
multi-target inhibitors of MAO-B, AChE, and BChE, which are attractive for the treatment
of AD.

AG extracts have also been extensively investigated for medical applications such as
anti-allergic [28] and antioxidant activity [29]. Decursin, which is a coumarin derivative
and a main compound of AG, has been extensively investigated for biological activities
such as anti-tumor [30] and anti-inflammation [31]. Recently, it was reported that selectivity
of MAO inhibition of coumarin derivatives varied with their substituents [48]. In our
previous study, decursin, isolated from AG, showed selective inhibition of MAO-A [32] and
showed anti-depressant-like activities in mouse behavioral tests such as tail suspension test
and forced swimming test [33]. In this study, AG was selected as a source, and its extracts
were used in evaluation of inhibitory activities for target enzymes. Some of the ethanol
extracts, such as YAG-95Et, YAG-70Et, YAG-50Et, JeAG-95Et, JeAG-70Et, and JeAG-50Et,
showed significant MAO-A inhibition, with residual activities from 8.93% to 14.11%, as
we predicted. However, JiAG-95Et and JiAG-70Et showed less MAO-A inhibition, with
residual activities >50% compared to other ethanolic extracts. Interestingly, the results
of TLC showed that the amount of decursin in YAG was lower than that of JeAG and
JiAG, contrary to our prediction of decursin-dependent MAO-A inhibition. These results
suggest that other components contribute to MAO-A inhibition, for example, a spot at
upper position of decursin of YAG-95Et or -70Et in the TLC. The spot should be identified
in further study. On the other hand, JiAG-95Et showed effective MAO-B inhibition with a
residual activity of 29.07%, whereas other AG extracts did not. Furthermore, [IAG-95Et
and JeAG-95Et showed significant BACE1 inhibition. There have been no other reports of
BACE]1 inhibition by AG extracts. On the other hand, coumarin derivatives from Angelica
decursiva have shown BACE1 and AChE inhibition; however, there was no description
about decursin [49]. Furthermore, BACEI inhibition of natural coumarin derivatives has
been reported; however, it was also mentioned that decursin and decursinol did not show
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BACE]1 inhibition, with IC5y of >500 pM [50]. In addition, there have been no reports of
BACE]1 inhibition by AG extracts. Therefore, we can expect the potential novel compound
having extremely effective BACEL1 inhibition from JiAG and JeAG extracts. From these
results, we concluded that AG extracts could be potential candidates for finding novel
compounds with multi-target inhibition such as MAO-A, MAO-B, and BACEL.

The extracts were not effective for AChE and BChE inhibition, except JiSF-95Et for
AChE, and JiSF-95Et, -70Et, and YSF-70Et for BChE inhibition. In the DPPH radical
scavenging assay for antioxidant activity and A3 aggregation inhibition assay, no significant
activities were observed for the extracts.

On the other hand, the extracts were non-toxic to the normal cell line and neuroblast
cell line, MDCK and SH-SY5Y, respectively, at all concentrations tested. However, 95%
extracts such as JiSF-95Et and JiAG-95Et showed significant toxicity toward the cancer cell
line HL-60 at a high concentration of 30 pug/mL.

There have been many studies on natural extracts aiming to find novel compounds
in pharmacological applications for neurodegenerative diseases. For example, Woodfordia
fruticose (L.) Kurz extract had AChE, BChE, and BACE1 inhibitory activities that could
be potentially used for the AD treatment [51]. African mistletoe (Tapinanthus bangwensis
Lor) from Moringa and Almond host plants showed MAO-A inhibition and antioxidant
activity that could be used for multi-target inhibitor against depression [52]. These studies
also stimulated interest in the people expecting novel medicines with multi-target inhibitor
for neurodegenerative diseases. Those cases are similar to the extracts in this study, such
as YSF-95Et, which inhibited MAO-B and BChE; JiSF-95Et, which inhibited AChE and
BChE; and JiAG-95Et, which inhibited MAO-B and BACE1. We also previously reported on
biologically active compounds using natural extracts, showing inhibitory activities against
target enzymes such as MAOs, ChEs, and BACE1 from endogenous lichen fungi [34,53,54],
marine bacteria [55,56], algae [37], and medicinal plants [57-60]. However, our previous
studies focused on selective inhibitions of target enzymes by single compounds isolated
from single origin and single extraction solvent, except that ellagic acid showed AChE and
MAO-B inhibition [60], and glycyrol showed BChE and MAQO-B inhibition [57]. Further-
more, we did not report BACEL1 inhibitor from natural extracts. In this study, we observed
inhibitory activities of the extracts of two plants, SF and AG, against the target enzymes,
and compared them using the plant extracts derived from different origins, two and three
sites, respectively. SF ethanolic extracts showed MAO-B, AChE, and BChE inhibitions, and
AG extracts showed MAO-A, MAO-B, and BACE]1 inhibitions and their inhibitory activities
varied with their origins. We plan further studies to trace the reason these differences were
occurred through identification of compounds using HPLC and other analytical methods.

From these results, AG and SF are suggested as potential herbal sources for the
treatment of depression and neurodegenerative diseases, and it is suggested that we
should consider not only the plant, but also its origin, when choosing a plant as an
experimental source.

5. Conclusions

In this study, AG and SF were extracted using three concentrations of EtOH and
distilled water. Ethanolic extracts of SF exhibited MAO-B, AChE, and BChE inhibitions
and AG showed MAO-A, MAO-B, and BACEI inhibition. In particular, YSF-95Et, which
showed inhibitions of MAO-B and BChE, and JiSF-95Et, which exhibited AChE and BChE
inhibitions, could be potential extracts for finding novel compounds with multi-target
inhibition for the treatment of AD. In addition, JiAG-95Et showed effective MAO-B and
extremely potent BACE1 inhibitory activities, which has not been reported in other studies,
guiding to further experiments to find novel multi-target inhibitors. We used prethanol
(95% ethanol) and distilled water, which is edible and can be used for making functional
foods, contrary to other studies using methanol extraction. All these extracts were non-toxic
to normal and neuroblast cells, thus making them safe. From these results, we suggest
that AG and SF are promising candidates for the reservoirs of effective compounds to



Processes 2022, 10, 880 14 of 16

be isolated further or for making functional foods for the treatment of depression and
neurodegenerative diseases, and that herbal origins should be seriously considered in these
experiments and applications.
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