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ABSTRACT

Background: Previous studies have shown the cognitive effect of the
embryo of Nelumbo nucifera on scopolamine-induced memory impairment
and neuroprotective effect against glutamate-injured neurotoxicity in HT-22
cells. Objectives: The present study was designed for the purpose of
evaluating the neuroprotective activity of compounds isolated from the
embryo of N. nucifera seeds on glutamate-induced cell death in HT-22 cells.
Materials and Methods: \We isolated compound from the embryo of N.
nucifera using various chromatograms and confirmed chemical structure by
various spectroscopy. The neuroprotective effects of the compounds against
glutamate-induced cell death in HT-22 cells were investigated using an
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
Results: e isolated 6 compounds, 1,2,3,4-tetrahydro-78-isoquinolinediol (1),
1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl)  methyll-2-methyl-6,7-Isoquinoline
diol (2), 1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl) methyl]-2-methyl
-7-1soquinolinol(3),1-(3,4,5-trihydroxyphenyl)-ethanone(4),
1-(2,3,5,6-tetrahydroxyphenyl)-ethanone(5),3-(prop-1-enyl)
benzene-1,2,4,5-tetrol (6) from the embryo of N. nucifera. Among
these compounds, 1,2,3,4-tetrahydro-7.8-isoquinolinediol and
1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl)methyl]-2-methyl-6,7-Isoquino
linediol significantly decreased glutamate-induced cell death in HT-22
cells. In addition, these compounds exacerbated the reactive oxygen
species level and intracellular Ca?* accumulation. Conclusion: The
neuroprotective efficacy of 1,2,3,4-tetrahydro-78-isoquinolinediol and
1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl)methyll-2-methyl-6, 7-Isoquinolinediolmay
be related to their antioxidative effect.

Key words: 1,2,3,4-tetrahydro-7,8-isoquinolinediol, Ca?* accumulation,
embryo of Nelumbo nucifera seeds, neuroprotective effect, reactive
oxygen species level

SUMMARY

* Two compounds isolated from Nelumbo nucifera,
1,2,3,4-tetrahydro-7,8-isoquinolinediol and 1,2,3,4-tetrahydro-1-[(4-hydroxy
phenyl) methyl]-2-methyl-6, 7-isoquinolinediol, showed potent neuroprotective
activity in HT-22 cells by the inhibition of reactive oxygen species level and
Ca?* concentration.

INTRODUCTION

Neurodegenerative disorders are characterized by the loss
of neuronal structure and function including cell injury and
memory dysfunction.”! The most common disease result from
neurodegenerative disorder is Alzheimer’s disease (AD), and it is
associated with pathogenesis, such as amyloid-beta plaque formation
and neurofibrillary tangles deposits.?! Oxidative stress such as lipid
peroxidation, free radical synthesis, and protein and DNA oxidation
contribute to the development of AD.!

Glutamate is an excitatory neurotransmitter and contributes to
neurodegenerative diseases such as AD and Parkinson’s disease.
Excessive glutamate can be excitotoxic and result in oxidative stress by
increasing the amount of reactive oxygen species (ROS) and intracellular
calcium (Ca?*) concentration.”
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Nelumbo nucifera Gaertneris an aquatic plant from the Nelumbonaceae
family and is conventionally used in Korean, Chinese, and Japanese
medicine and food to alleviate fever and arrest bleeding.!’ Almost all
parts of N. nucifera, such as leaves, flowers, and rhizomes are used as
medicine. In a previous study, the embryo of N. nucifera seeds has
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shown a sedative effect in the mouse.” The embryo of N. nucifera
seeds consists of bisbenzylisoquinoline alkaloids, benzylisoquinoline
alkaloids, aporphine, and proaporphine alkaloids.®!!! Neferine
(bisbenzylisoquinoline alkaloid) is known as the major active compound
in the embryo. Previous studies have determined neferine to have
anti-cancer, anti-amnesic, anti-depressant, and anti-fibrotic effects.['>*!
In addition, neferine has been reported to attenuate the amount of
mutant huntingtin and its toxicity in PC-12 cells.!"!

In the previous study, we found that the embryo of N. nucifera seeds
attenuated scopolamine-induced memory impairment in mice due
to acetylcholinesterase inhibition and protected HT-22 neuronal cells
from glutamate-induced oxidative stress through the reduction of ROS
production and the inhibition of intercellular Ca** accumulation.!"”
Here, we isolated compounds from the embryo of N. nucifera seeds
and evaluated investigated their neuroprotective activity to confirm the
active compounds.

The immortalized mouse hippocampal cell line, HT22, provided an
in vitro experimental model with which to elucidate the mechanisms
related to glutamate-induced cell death.!'¥ The neuroprotective effect of
fractions of the embryo of N. nucifera seeds and the isolated compounds
were evaluated on glutamate-induced cell death in HT-22 cells using an
MTT assay.

MATERIALS AND METHODS

Plant material

The embryos of N. nucifera seed were obtained from Wildlife
Genetic Resources Center, National Institute of Biological Resources
(Incheon, Korea). Plant material was authenticated by Dr. Hee Jeong Yang,
a professor of the College of Pharmacy, Kangwon National University
(Chuncheon, Korea) and voucher specimens (NO. CJ129M) were been
deposited in Kangwon National University (Chuncheon, Korea).

Extraction and isolation

The embryo of N. nucifera seed (15.75 g) was extracted in 1.57 L
of 80% methanol for 90 min in 2 L volumetric flask. This extraction
was performed in ultrasonicator (Branson 5510, 40 KHz) with three
times by ultrasonication-assisted extraction at room temperature. The
extract was evaporated and suspended in water. The suspension was
partitioned with n-hexane, CHCI3V and ethyl acetate (EtOAc). Then,
the respective n-hexane (0.76 g), CHCI, (1.00 g), and EtOAc (3.06 g)
fractions were obtained. The EtOAc fraction (36.86 g) was loaded to
Sephadex LH-20 chromatography under the condition of the mobile
phase of MeOH: Water (4:1) to obtain five fractions (A-E). Compounds
1-3 were isolated from fraction C by preparative high-performance
liquid chromatography (HPLC) on an YMC C , (250 mm x 10 mmI.D.
S-5 wm) column. The mobile phase consisted of water and acetonitrile
with gradient system.

Compounds 4-6 were isolated from fraction D by preparative HPLC
on a LUNA (250 mm x 10 mmI.D. S-5 um) column. The mobile phase
consisted of 0.1% Trifluoroacetic acid (TFA) and acetonitrile with
gradient system.

Cell viability

HT-22 cells, mouse hippocampal cells, were cultured in Dulbeccos
Modified Eagle Medium (DMEM) media filtered through 0.25 um
membrane filters, added with 10% (v/v) fetal bovine serum as a
supplement, 1% penicillin/streptomycin as antibiotics, NaHCO, (2 mg/
ml), and 15 mM HEPES. The cells were incubated at 37°C. CO, incubator
containing 5% of CO, was used to incubate HT-22 cells.
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Cell viability was evaluated by MTT assay as reported by the previous
method with minor modifications. HT-22 cells were seed in 48 wells plate
at a density of 6.7 x 10* cells/300 uL and cultured for 24 h at 37°C/5%
CO,. After incubation, 1, 10, and 100 uM of compounds and 50 p1g/ml
of Trolox (positive control) and glutamate were treated and incubation
for 24 h. Then, 1 mg/ml of MTT solution was added in the HT-22 cells.
After 3 h, dimethyl sulfoxide was treated to dissolve MTT-formazan
crystals in each well and the optical density of viable cells was measured
at 570 nm by ELISA reader. Cell viability was evaluated by the relative
protection ratio (%). Relative protection (%) was obtained from the
following formula: (OD of glutamate + drug-treated group — OD of
the glutamate-treated group)/(OD of the control group — OD of the
glutamate-treated group).

Reactive oxygen species generation

ROS production was evaluated using 2‘7‘-dichlorofluorescein diacetate
dye (DCF-DA). HT-22 cells were added onto 48-well plate, and 1, 10, and
100 uM of compounds were treated with 2 mM glutamate for 8 h. Then,
DMEM media were changed to DMEM without phenol red and 10 uM
of DCF-DA was treated to the cells for 30 min. After incubation, cells
were cleaned with PBS buffer. After that, cells were extracted with Triton
X-100 (1%) in PBS buffer for 10 min at 37°C. Fluorescence was measured
with the following excitation at 490 nm and emission at 525 nm.

Calcium (Ca?*) measurement

Cytosolic Ca** concentration was evaluated using the fluorescent dye,
Fura-2AM in HT-22 cells. Cells were loaded onto 48-well plate and
cultured for 24 h. After incubation, 1, 10, and 100 uM of compounds,
2 uM Fura-AM and glutamate was treated to each well for 20 min. Then,
cells were washed with HEPES buffer and stored for 1 h. Ca** level was
evaluated by fluorescence (excitation wavelength at 380 nm and fixed
emission at 510 nm).

Statistics

The results were described as means + standard error of the mean and
statistical analysis was accomplished with one-way analysis of variance
with subsequent Tukey’s post hoc test. As a result, statistical significance
was evaluated at P < 0.05, 0.01, and 0.001.

RESULTS

Isolation and characterization of compounds from
embryo of Nelumbo nucifera seed

Three isoquinolinediols and three phenolic compounds were
isolated from the EtOAc fraction of the embryo of N. nucifera seeds.
The structures of the compounds were elucidated using 1D-NMR
experiments and were identified by comparison of the spectral data with
those from the Pubchem database and previous studies.!”??! The six
compounds were identified as 1,2,3,4-tetrahydro-7,8-Isoquinolinediol
(1),1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl) = methyl]-2-methyl-6,7
-Isoquinolinediol(2),1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl)
methyl]-2-methyl-7-Isoquinolinol(3),1-(3,4,5-trihydro
xyphenyl)-ethanone (4), 1-(2,3,5,6-tetrahydroxyphenyl)-ethanone (5)
and 3-(prop-1-enyl) benzene-1,2,4,5-tetrol (6) [Figure 1 and Tables
1-6].

Neuroprotective activity of compounds on
glutamate-injured neurotoxicity in HT-22 cells

We investigated the neuroprotective effect of the partitioned fractions
(n-hexane, CHC13, and EtOAc) on HT-22 cells treated with glutamate.
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Figure 1: Chemical structure of compounds extracted from
Nelumbo  nucifera  seeds. 1,2,3,4-tetrahydro-7,8-isoquinolinediol

(1),  1,2,3/4-tetrahydro-1-[(4-hydroxyphenyl) ~ methyl]-2-methyl-6,7-
Isoquinolinediol (2), 1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl) methyl]
-2-methyl-7-Isoquinolinol (3), 1-(3,4,5-trihydroxyphenyl)-ethanone (4),
1-(2,3,5,6-tetrahydroxyphenyl)-ethanone (5), 3-(prop-1-enyl) benzene
-1,2,4,5-tetrol (6)

Among the partitioned fractions, the EtOAc fraction showed
significant protective effects against glutamate-induced cell death, with
arelative protective ratio of 83.05 + 12.64% at 10 pug/ml) [Figure 2]. We,
therefore, isolated six compounds from the EtOAc fraction. Evaluation
of the neuroprotective effect of six compounds was performed in
HT-22 cells. Among these, 1,2,3,4-tetrahydro-7,8-Isoquinolinediol
and 1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl) methyl]-2-methyl-6,7-
Isoquinolinediol exhibited a significant neuroprotective effect on
the glutamate-induced neurotoxicity in HT-22 cells, with relative
protection of 34.48 + 7.58% and 18.18 + 6.58% at 1 UM, respectively
[Figure 3].

Effect of compounds on reactive oxygen species
production

Here, we also investigate the effect of
1,2,3,4-tetrahydro-7,8-Isoquinolinediol ~ and  1,2,3,4-tetrahydro-1
-[(4-hydroxyphenyl)methyl]-2-methyl-6,7-Isoquinolinediolon the
inhibition of ROS production using the fluorescent dye, DCF-DA.
We found that ROS levels were increased by glutamate treatment
in  HT-22  cells. 1,2,3,4-tetrahydro-7,8-Isoquinolinediol ~ and
1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl)methyl]-2-methyl-6,7-
Isoquinolinediol effectively ~decreased glutamate-induced ROS
production by 116.74 + 4.35% (1 uM) and 121.50 + 5.37% (1 uM)
[Figure 4].

Effect of compounds on intracellular Ca*
production

Intracellular Ca** production was investigated using Fura-AM to
demonstrate whether 1,2,3,4-tetrahydro-7,8-Isoquinolinediol and
1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl)methyl]-2-methyl-6,7-
Isoquinolinediol inhibited intracellular Ca** concentration in HT-22
cells. 1,2,3,4-tetrahydro -7,8-Isoquinolinediol (116.24 + 2.42% at 1 uM)

Pharmacognosy Magazine, Volume 16, Issue 69, April-June 2020

Table 1: 1,2,3,4-tetrahydro-7,8-isoquinolinediol NMR data

Chemical shift (ppm)

H-1 NMR data
OH aromatic C-OH 9.82
OH aromatic C-OH 9.42
NH 2.0
CH, 3.81
CH 1-benzene 2.36
CH 1-benzene 6.56
CH, 2.97

C-13 NMR data
Cl 144.1
C2 142.1
C3 433
C4 443
C5 124.2
C6 130.1
C7 114.2
C8 121.5
C9 28.4

Table 2: 1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl)
methyl]-2-methyl-6,7-Isoquinolinediol NMR data

Chemical shift (ppm)

H-1 NMR data
OH aromatic C-OH 9.48
OH aromatic C-OH 9.48
OH aromatic C-OH 9.43
CH 4.29
CH, 2.74,2.64
CH 1-benzene 6.70
CH 1-benzene 6.81
CH 1-benzene 7.26
CH 1-benzene 7.12
CH 1-benzene 6.81
CH 1-benzene 7.12
CH 1-benzene 6.70
CH 1-benzene 7.12
CH, 2.77,2.73
CH, 0.86
CH, 1.37
C-13 NMR data
Cl 142.6
C2 144.1
C3 155.7
C4 64.6
C5 47.5
Cé6 129.8
C7 128.1
C8 132.0
C9 115.8
C10 113.5
Cl1 114.5
C12 130.2
C13 115.8
Cl4 130.2
C15 27.3
Cl6 42.5
C17 39.7
and 1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl) methyl]-2-methyl-6,7-

Isoquinolinediol (112.29 + 5.39% at 1 uM) significantly decreased
intracellular Ca** concentration in HT-22 cells [Figure 5].
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Figure 2: Neuroprotective effect of the fractions (hexane, chloroform,
ethyl acetate, butanol) of Nelumbo nucifera seeds. Data represent the
mean + standard error of the mean of three independent experiments.
#P < 0.01 versus the control group; *P < 0.05, **P < 0.01 and ***P < 0.001
versus the glutamate-treated group

DISCUSSION

We confirmed the cognitive enhancing effect of the embryo of
N. nucifera seeds in the mouse.”’ Neuroprotective effect is correlated
with cognitive enhancing effect. We isolated compounds in
the embryo of N. nucifera seeds to identify neuroprotective
compounds. EtOAc fraction was separated to obtain six compounds,
1,2,3,4-tetrahydro-7,8-Isoquinolinediol ~ (1),  1,2,3,4-tetrahydro-1-
[(4-hydroxyphenyl)  methyl]-2-methyl-6,7- Isoquinolinediol  (2),
1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl) methyl]-2-methyl-7-Isoquinolinol
(3),1-(3,4,5-trihydroxyphenyl)-ethanone (4), 1-(2,3,5,6-tetrahydroxyphenyl)
-ethanone(5), 3-(prop -1-enyl) benzene-1,2,4,5-tetrol (6) from embryo
of N. nucifera seed.

Six compounds were the first to be isolated from the embryo of
N. nucifera seeds; however, these have not been reported to have
neuroprotective effects. The present study demonstrates that compounds
isolated from the extract of the embryo of N. nucifera seeds excert potent
neuroprotection on glutamate-injured mouse hippocampal HT-22 cells
by oxidative stress.

Glutamate inhibits cystine uptake through the cystine/glutamate
antiporter and reduces antioxidants and glutathione levels.”*! ROS
generation and Ca?" influx into neuronal cells via N-methyl-D-aspartate
(NMDA) receptors are also involved.?*?*! Increased activation of NMDA
receptors elevates the intracellular Ca?* concentration and results in the
depolarization of the mitochondrial membrane by ROS production.?
Accumulation of ROS can result in DNA impairment, protein oxidation,
and lipid peroxidation in neuronal cells.?”? Oxidative stress is known
to cause DNA damage, which eventually activates poly (ADP-ribose)
polymerase-1 (PARP-1). This accelerates the transfer of ADP-ribose
groups to acceptor proteins by nicotinamide adenine dinucleotide
(NAD)* metabolism. 2%

1,2,3,4-tetrahydro-7,8-Isoquinolinediol ~ and  1,2,3,4-tetrahydro-1-
[(4-hydroxyphenyl)methyl]-2-methyl -6,7-Isoquinolinediol reduced
ROS production and intercellular Ca** accumulation in the present study,
indicating that the neuroprotective effect of these two compounds may
be related to their inhibition of ROS and intracellular Ca*" production.

1,5-Isoquinolinediol prevented cognitive deficits and the aforementioned
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Figure 3:Neuroprotective effect of 1,2,3,4-tetrahydro-7,8-isoquinolinediol
(1) and 1,2,34-tetrahydro-1-[(4-hydroxyphenyl) methyl]-2-methyl
-6,7-Isoquinolinediol (2) on glutamate-induced cell death in HT-22
cells. Data represent the mean + standard error of the mean of three
independent experiments. #P < 0.01 versus the control group; *P < 0.05,
**P < 0.01, and *** P < 0.001 versus the glutamate-treated group

Table 3: 1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl)
methyl]-2-methyl-7-Isoquinolinol NMR data

Chemical shift (ppm)

H-1 NMR data
OH aromatic C-OH 9.43
OH aromatic C-OH 9.43
CH 4.29
CH, 2.74,2.64
CH 1-benzene 6.52
CH 1-benzene 6.70
CH 1-benzene 6.98
CH 1-benzene 7.07
CH 1-benzene 7.12
CH 1-benzene 6.70
CH 1-benzene 7.12
CH, 2.77,2.73
CH, 0 2.26
CH, 3.06, 2.81
C-13 NMR data

C1 153.9
C2 155.7
C4 64.6
@5 47.5
C5 137.2
C6 127.3
C7 132.0
C8 114.3
C9 115.8
C10 108.1
Cl11 128.8
C12 130.2
C13 115.8
Cl4 130.2
Cl15 27.0
Cl6 42.5
C17 39.7

neurochemical alterations through oxidative stress-PARP pathway
in the Hippocampus.””)  1,2,3,4-tetrahydro-7,8-Isoquinolinediol

Pharmacognosy Magazine, Volume 16, Issue 69, April-June 2020
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Figure 4: (a and b) Effect of 1,2,3,4-tetrahydro-7,8-isoquinolinediol (1) and 1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl) methyl]-2-methyl-6,7-Isoquinolinediol
(2) on reactive oxygen species production in HT-22 cells. Data represent the mean + standard error of the mean of three independent experiments. #P < 0.01
versus the control group; *P < 0.05, **P < 0.01, and ***P < 0.001 versus the glutamate-treated group
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Figure 5: (a and b) Effect of 1,2,3,4-tetrahydro-7,8-isoquinolinediol (1) and 1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl) methyl]-2-methyl-6,7-Isoquinolinediol
(2) on intracellular Ca?* influx in HT-22 cells. Data represent the mean + standard error of the mean of three independent experiments. #P < 0.01 versus the
control group; *P < 0.05, **P < 0.01 and ***P < 0.001 versus the glutamate-treated group

Table 4: 1-(3,4,5-trihydroxyphenyl)-ethanone NMR data

Table 5: 1-(2,3,5,6-tetrahydroxyphenyl)-ethanone NMR data

Chemical shift (ppm)

Chemical shift (ppm)

H-1 NMR data H-1 NMR data
OH aromatic C-OH 8.73 OH aromatic C-OH 13.78
OH aromatic C-OH 9.48 OH aromatic C-OH 9.48
OH aromatic C-OH 9.48 OH aromatic C-OH 13.78
CH 1-benzene 6.84 OH aromatic C-OH 9.48
CH 1-benzene 6.84 CH 1-benzene 6.35
CH, 2.50 CH, 2.50

C-13 NMR data C-13 NMR Data
C1 140.4 Cl1 145.3
C2 146.1 C2 141.2
C4 146.1 C4 145.3
C5 132.1 C5 141.2
C5 108.5 C5 114.5
C6 108.5 C6 110.8
C7 197.0 Cc7 203.5
C8 26.6 C8 32.8

is pheylethylamine-derived alkaloids, such as  -7,8-Isoquinolinediol and 1,2,3,4-tetrahydro-1 -[(4-hydroxyphenyl)

1,5-isoquinolinediol. Therefore, we suggested that the effect of
1,2,3,4-tetrahydro-7,8-Isoquinolinediol is associated with oxidative
stress-PARP overactivation cascade on the hippocampus

However, a lower concentration (I mM) of 1,2,3,4-tetrahydro

Pharmacognosy Magazine, Volume 16, Issue 69, April-June 2020

methyl]-2-methyl-6,7-Isoquinolinediol ~showed a more potent
neuroprotective effect than the higher concentration, meaning that the
neuroprotective effects of these compounds were not simply due to an
increased concentration.
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Table 6: 3-(prop-1-enyl) benzene-1,2,4,5-tetrol NMR data

Chemical shift (ppm)

H-1 NMR data
OH aromatic C-OH 9.82
OH aromatic C-OH 9.48
OH aromatic C-OH 9.82
OH aromatic C-OH 9.48
CH 1-benzene 6.14
CH, 1.80

C-13 NMR data
Cl 142.1
C2 140.9
C4 142.1
C5 140.9
C5 106.1
Cé6 80.9
C7 95.4
C8 4.8

Serotonin and norepinephrine are monoamine

neurotransmitters, high doses of which induced neuronal cell
death in a previous study.*® The present data suggest that the
monoamines, 1,2,3,4-tetrahydro-7,8-isoquinolinediol and
1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl) methyl]-2-methyl-6,7-
Isoquinolinediol may produce toxicity or failed to protect neuronal cells
at a high concentration. In addition, the presence of alkyl or carboxylic
groups in the aromatic ring of 1,2,3,4-tetrahydro-7,8-isoquinolinediol
and 1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl) methyl]-2-methyl-6,7-
Isoquinolinediol slightly may increase the neuroprotective effect.

CONCLUSION

The embryo of N. nucifera seeds protects neuronal cells from
glutamate-induced cell death. Six compounds
from the embryo of N. nucifera seeds and the neuroprotective
effect of 1,2,3,4-tetrahydro-7,8-Isoquinolinediol and
1,2,3,4-tetrahydro-1-[(4-hydroxyphenyl)methyl]-2-methyl-6,7-
Isoquinolinediol was much higher than that of the other compounds.
These two compounds may exert a neuroprotective effect through the
reduction of ROS levels and intracellular Ca** accumulation. Further
studies will demonstrate the possible mechanism of the neuroprotective
effect of 1,2,3,4-tetrahydro-7,8-isoquinolinediol and 1,2,3,4-tetrahydro
-1-[(4-hydroxyphenyl) methyl]-2-methyl-6,7-isoquinolinediol.

were isolated
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