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Abstract

Incident rates of neurodegenerative diseases have steadily increased globally, but there is no
therapeutic access available. We newly prescribed medicinal herbal remedy including five
different herbal plants called, Chen-Ma-Dan-Sam-Ga-Mi-Bang (CMST), purposed to prove for
pharmacological properties and corresponded actions on hippocampus neuronal cell injury by
hypoxia-induced mice model. Mice were adapted to normoxia or hypoxia with or without CMST
for 5 days. We gathered pharmacological effects of CMST on cell injury by enhancement of
dihydroethidium and 4-hydroxynonenal signals which were correlated with abnormal redox status
in the protein or gene expression levels (abnormal elevations of nitric oxide, reactive oxygen
species, lipid peroxidation and deteriorations of total glutathione, total antioxidant capacity, and
activities of superoxide dismutase and catalase) due to hypoxia. CMST also notably exerted to
attenuates molecules for neuronal cell injury markers such as p-tau, cleaved caspase-3 due to DNA
oxidations (53bpland phosphor-histone H2AX), inflammatory cytokines, and hemeoxigenase-1.
We further figured out the underlying actions of CMST by in vitro experiment through inactivation
of microglial cell which can mediate neuronal cell injury. Collectively, CMST prevented from
hippocampal neuronal cells via inactivation of microglial cell with normalization of redox status

on hypoxia-induced hippocampus neuronal cell injury.

Key words: Traditional Korean Medicine, Hippocampus, Neuronal Cell death, Oxidative stress,
Medicinal herbs
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Introduction

Brain tissue is one of the most important organs that plays major roles for learning, controlling
locomotive functions, modulating of homeostasis for physiological condition through whole body
and psycho-emotional status, and physical stress response [1-6]. Physiologically, the brain tissue
is elaborately evolved for defensing against pathological conditions, especially brain cell damages
condition by neurodegenerative disease [7, 8]. Once brain tissue was damaged, various cell types
are complicatedly associated with response to specific cell types to accelerate tissue damages [9-
11].

The brain tissue is well known for the most susceptible bio-organism tissue to damage by
oxidative stress owing to highly oxygen consumption rate, plenty of iron and peroxidation of fatty
acids, and equipped as lower concentration of endogenous antioxidants [12-14]. Continuous
oxidative stress condition is deeply associated with inflammatory reactions by enhancement of
pro-inflammatory cytokine secretions, including tumor necrosis factor (TNF)-a, interleukin (IL)-
6, and IL-1p, and deteriorations of 1L-10, mainly from unexpected microglial cells activation [15,
16]. These pathological alterations are mainly characterized by the neurodegenerative diseases
including Alzheimer’s disease, Parkinson’s diseases, Huntington’s diseases, and stroke,
respectively [17]. Although the morbidity of neuronal degenerative diseases has steadily increased
every year in worldwide [18], the exact pathophysiological mechanisms still remain unclearly and
no therapeutic access available.

On the other hand, according to traditional Korean medicine (TKM), the above pathological
status is mainly provoked by unbalance between blood and gi streams. Therefore, some of specific
medicinal herbs or their combinations have been candidate to treat neurodegenerative diseases

underlying pharmacological mechanisms.
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In the clinical practice of TKM, numerous medicinal herbs have been generally treated or
administrated to the patients with neurodegenerative diseases. Based on emerging experience of
prescribing herbal medicines, we finally selected five pivotal medicinal herbal combinations to
treat various neurogenerative dieses especially with neuronal cell damages.

Therefore, we purposed to investigate the pharmacological effects of a medicinal herbal
mixture, Chen-Ma-Dan-Sam-Ga-Mi-Bang (CMST), which is composed of five herbal plants
including Gastrodia elata Blume, Codonopsis lanceolata (Siebold & Zucc.) Benth. & Hook.f. ex
Trautv., Angelica gigas Nakai, Curcuma longa L. (Zingiberaceae), and Astragalus mongholicus
Bunge and its underlying actions against neurodegenerative of pre-clinical model specifically

adaption of hypoxia-induced neuronal cell damages.
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2. Material and methods

2.1. Chemicals

The dulbecco’'s Modified Eagle's Medium (DMEM : Gibco BRL, U.S.A.), fetal bovine serum
(FBS : Gibco BRL, U.S.A)), penicillin-streptomycin (Sigma, U.S.A.), antibiotic-antimycotic
(Sigma, U.S.A.), lipopolysaccharide (LPS : Sigma, U.S.A.), nitric oxide detection kit (Intron

Biotechnology, Korea), and dulbecco's phosphate buffered saline (DPBS : Welgene, Korea).

2.2. Preparations of CMST and chemical composition analysis

The CMST, which is a new persribed herbal mixture with water extract, is composed of same
amount of five different herbal plants including G. elata Blume, C. lanceolata (Siebold & Zucc.)
Benth. & Hook.f. ex Trautv., A. gigas Nakai, Curcuma longa L. (Zingiberaceae), and A.
mongholicus Bunge, respectively. All herbal plants were obtained from the Dunsan Oriental
Hospital of Daejeon University under the inspection of the Herbology professor (Daejeon, South
Korea). The herbal mixtures (total weights were 500 g) were boiled with distilled water (DW) at
100°C for 4 hrs and filtered with 300 mesh filter (50 um). Condensing during lhr of extraction,
sample was placed under -70°C for at least 3 hrs for the frozen extract processing. The frozen
lyophilization was performed over than 72 hrs and sample was collected and weighed. The final

yield was 7.82 % (w/w).

To identify the chemical features and reproducibility of the CMST, fingerprinting analysis was
performed using high-performance liquid chromatography-diode array detector-mass
spectrometry (HPLC-DAD-MS) for either CMST or its reference compounds; especially for G.

elata Blume for gastrodin, A. gigas Nakai for nodakenin and decursin, and A. mongholicus Bunge
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for formonetin, respectively. Briefly, after the dissolution (20 mg of CMST and 0.01 mg of 2
standards in 1 mL 50% methanol) with filtration, and then these formulations were subjected to
HPLC analysis of Agilent 1100 series (Agilent Technologies, Santa Clara, CA). The HPLC system
consisted of a SCL-10A system controller, LC-10AD pump, SPD-10MVP diode array detector,
and CTO-10AS column temperature controller (Shimadzu, Kyoto, Japan). A Phenomenex Prodigy
C18 (4.6 x 250 mm; particle size 5 um; Phenomenex, Torrance, CA) column was eluted with
solvents A (10% acetonitrile in water containing 0.1% formic acid) and B (DW) at a flow rate of
0.4 mL/min. Solutions of 15% A and 85% B were changed to 60% B for 30 min, 40% B for 40 min,
and 0% B for 60 min. The histograms and quantification analysis were obtained under the

condition of 280 and 330 nm (Fig. 1).

2.3. Animal experiment

A total 46 heads of male Balb/C mice (16 weeks old, 26 to 28g) were purchased from Daehan
Biolilnk (Choong-buk, South Korea). Mice were housed 6 to 8 per each cage with serving of
standard chow diet with distilled water ad libitum, and kept under a 12 h light/dark cycle (lights
on from 07:30 am to 07:30 pm) under the a constant temperature (23 £1<C) and relative humidity
(55 £5%). After 7 days of adaption period, mice were randomly divided into 6 groups including
normoxia (n = 6), hypoxia, CMST 25, CMST 50, CMST 100, and Vit C 100 (n = 8 for each)
groups, respectively. Mice were transferred into a gas chamber flushed with one of the following
mixtures (balance N2): 11% %1 O for hypoxia condition or 21% =1 O for normoxia condition
during 4 hours for 5 days after drug administrations. Mice were housed in (40 cm length <40 cm
width %30 cm height) transparent acrylic boxes. This hypoxia chamber (IEC266-L.ife, version 1.3)

was manufactured in Vision Science. The total gas flow through the chamber was measured using
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a portable LCD touch controller with an O sensor adjusted to O concentrations 11%
(programming setting 11% =1). Temperature was maintained at 23 to 26 <C, and humidity was
maintained at 30 to 70%. Mice were housed in cages in hypoxia chamber with standard bedding

and given unlimited access to food and water.

Animal treatment and maintenance were conducted in accordance with the Animal Care and
Use Guidelines issued by Chungnam National University. All experimental protocols were
approved by the Institutional Animal Care and Use Committee of Chungnam National University

(CNU-00955).

2. 4. Cell cultures, generations of hypoxia, and drug treatments

The HT-22 cells (mouse hippocampal neuronal cell line) and BV-2 cells (mouse microglial
cell line) were provided from the Department of anatomy from Medical Schoool of Chung-Nam-
National University (Especially, served by professor Dong-Woon Kim, Daejeon, South Korea).
The cells were cultured in DMEM with 10% FBS and antibiotics (100 U/mL penicillin G and
100 pg/mL streptomycin). The cells were maintained under humidified conditions at 37<C in 5%
COz. The hypoxia condition in the cell line was cultured in hypoxic conditions (O2 1%) ina 37<C
CO2 incubator (Thermo Fisher Scientific, Waltham, MA, USA) to perform experiments. The
hypoxic condition was generated with BD GasPak™ EZ Anaerobe Gas Generating Pouch System

(Becton, Dickinson and Company, Franklin Lakes, NJ, USA).

To investigate protective effects of CMST against hypoxic-induced hippocampus neuronal cell

damage, we pre-treated CMST (0 to 100 jg/mL) and transferred to normoxia or hypoxia condition
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for 24 hrs. For verifying microglial cells activation affect to hippocampus neuronal cell damage,
we treated LPS (0.2 ug/mL) to BV-2 cells with INF-y (Thermo Scientific, 100 U/mL) after pre-
treatment with the CMST and incubated for 24 hours under the condition of 37<C in 5% COz in

the cell incubator.

2.5. Immunostaining

Mice were anesthetized with intraperitoneal sodium pentobarbital (50 mg/kg) and trans-
cardinally perfused with heparinized phosphate-buffered saline (PBS, pH 7.4), followed by
perfusion with 4% paraformaldehyde in PBS. The brains were removed, immersed in the same
fixative overnight, and cryoprotected in a 10%, 20%, and 30% sucrose solution. The brains were
embedded in tissue freezing medium and frozen rapidly in 2-methyl butane precooled to its

freezing point with liquid nitrogen.

The primary antibodies used for IF analysis, free-floating sections prepared one and applied
to as follows; anti-rabbit cleaved caspase-3 antibody (CST, #9664) , anti-rabbit 53bpl antibody
(Abcam, Cabbridge, UK, ab36823), and anti-rabbit yH2AX antibody (CST, #7631), respectively.
After overnight of primary for overnight and washing then applied secondary were incubated with
secondary antibody which was goat-anti rabbit Alexa 488 fluorescence conjugated antibody then
the nucleus was detected by hochest staining. For immunocytochemistry for cells, we followed to
standard protocol for detecting fluorescence signals including anti-rabbit HIF-10o antibody (CST,
#3716, 1:100) with anti-mouse cytochrome c antibody (Thermo Fischers, # 33-8500, 1:100), anti-
rabbit cleaved caspase-3 antibody, anti-mouse 4-HNE antibody (Abcam, #ab48506, 1:100), and
anti-mouse SOD2 antibody (Santa Cruz Biotechnology, #sc-133134, 1:100), respectively. The

signals of fluorescence were detected using goat-anti mouse Alexa 594 fluorescence conjugated
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antibody (Thermo Fischers, # A32742, 1:200) and donkey-anti rabbit Alexa 488 fluorescence
conjugated antibody (Thermo Fischers, # A32790, 1:200). Nuclear staining was performed with
Hoechst 33342 (H3570; Invitrogen). For quench the signals of oxidative stressor, DHE (D1168;
Invitrogen) and Cell ROX Green Reagent (C10444; Thermo Fisher Scientific) were applied as
well. All immunoreactions were observed under Axiophot microscope (Carl Zeiss) and confocal

laser scanning microscope.

2.6. Immunoblot analysis

Tissue protein and cell lysates were collected by scraping, and the pellet was solubilized in
lysis buffer (1>RIPA buffer, No. 9806; Cell Signaling). After centrifugation, protein
concentrations were determined in supernatants using MicroBCA protein assay kits. Aliquots
containing 30 |g protein were resolved by 10% sodium dodecyl sulfate/polyacrylamide gel
electrophoresis. The blot was incubated with the primary antibodies: anti-p-Tau (1:1000, SC-
101817; Santa Cruz Biotechnology), anti-p-p65 (1:1000, No. 3033S; Cell Signaling), anti-p65
antibody (1:1000, CST), anti-IkBa (1:1000, No. MA5-15132; Thermo Fisher Scientific), anti-HO-
1 (1:1000, SC-10789; Santa Cruz Biotechnology), respectively. Membranes were washed and
incubated for 2 h with a peroxidase-labeled secondary antibody. After three more washes,
immunolabeled proteins were detected by chemiluminescence using a SuperSignal enhanced

chemiluminescence (ECL) kit

2.7. Biochemical analysis
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Total GSH content was determined by the previous method [19], and briefly, 50 uL of brain
tissue homogenate which were diluted in 10 mM PBS (pH 7.2) or GSH standard was mixed with
a total 80 uL of DTNB/NADPH mixture (10 uL 4 m DTNB with 70 uL 0.3 mM NADPH) into a
96-well microplate. Then, transferred 20 i (0.06 U) of GSH-Rd to the same wells and final
detectable products were determined under the condition of 412 nm absorbance using a

spectrophotometer (Molecular Devices).

Total antioxidant capacity (TAC) in the brain tissue was assessed according to previous method
which was published elsewhere the using myoglobin solution with 2,2’-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) [20]. The mixtures of
myoglobin/ABTS solution and samples were reacted for 2 min at 25 <C, then 2.5 mM H.0> was
added as stop solution for 5 min and measured absorbance at 600 nm using a spectrophotometer.

TAC was expressed as Trolox acid equivalent antioxidant capacity.

SOD activity was analyzed using a SOD assay kit (Millipore-Sigma), according to the
manufacturer’s protocol. Briefly, 20 L of homogenate was mixed with 200 L of WST-1 working
solution in a 96-well plate. Then, 20 uL of working enzyme solution was added, and the plate was
incubated for 20 min at 37C. Absorbance was measured at 450 nm using a UV spectrophotometer
(Molecular Devices). A serial dilution of bovine erythrocyte SOD (Sigma) ranging from 0.01 to

50 U/mL was used as the standard.

Catalase activity was assayed as previously described [21]. Briefly, 30 L of phosphatase
buffer (250 mM, pH 7.2), 50 piL of 12 mM methanol, and 10 pL of 44 mM H»O> were mixed with
60 L of each homogenate sample or standard solution in a 96-well microplate. The reactions were

allowed to proceed for 10 to 20 min and were stopped with the addition of 90 L of Purpald
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solution (22.8 mM Purpald in 2 N potassium hydroxide). The mixture was kept at 25 <C for 20
min, followed by the addition of 30 L of potassium periodate (65.2 mM potassium periodate in
0.5 N potassium hydrate). The absorbance of the purple formaldehyde adduct that formed was

measured at 550 nm using a spectrophotometer (Molecular Devices).

For measuring of caspase-3 and 7 activities, protein and cellular lysates were acquired followed

by manufacture’ protocol (CaspACE™ Assay System, Colorimetric, Promega).

2.8. Determination of cytokine levels

Protein levels of TNF-a, IL-6, IL-1b, and IL-10 in brain tissue were measured using
commercial enzyme-linked immunosorbent assay kits (BioSource, San Jose, CA; R&D Systems),

following the manufacturer’s protocols.

2.9. Gene expression analysis by quantitative real-time PCR

Expression of the genes encoding for endogenous antioxidant related gene was measured by
quantitative real-time PCR. Total RNA was isolated from brain tissue in RNAlater using an
RNeasy Midi Kit (QIAGEN, CA, USA). The cDNA was synthesized by using a High-Capacity
cDNA reverse transcription kit (Ambion, Austin, TX, USA). The real-time PCR was performed
by using SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA), and PCR
amplification was performed using a standard protocol with the 1Q5 PCR Thermal Cycler (Bio-
Rad, Hercules, CA, USA). GAPDH was use as housekeeping gene and sequences for the used in

the present study were summarized in Table 1.

2.10. Statistical analysis
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All data are expressed as the mean = standard error mean (SEM). Statistically significant
differences between the groups were analyzed by one-way analysis of variance (ANOVA)
followed by post hoc multiple comparison Fisher's LSD t-test using the IBM SPSS statistics 20.0
(SPSS Inc. Chicago, IL, USA). Differences at p < 0.05, p < 0.01, or p < 0.001 were considered

statistically significant.
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Results

3.1. Chemical composition analysis of CMST
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Plant name Chemicals Wavelength (nm)  Retention time (min) ~ Concentration (ug/mL)

G.elata Blume Gsatrodin 280 22.8 0.59 +0.004
A. mongholicus Bunge Formonetin 280 48.7 1.83£0.021
. Nodakenin 330 20.8 91.19=0.164
A. gigas Nakai
Decursin 330 43.4 79.02 £ 0.141

Figure 1. Histogram of Chemical Composition analysis of CMST. Fingerprinting analysis was
performed by high-performance liquid chromatography - diode array detector for detecting chemical
composition analysis of CMST. Histogram major compounds from the CMST were detected by 280 nm (A)
and 330 nm (B). The retention time and qualifications of each compounds were calculated (C).

Chemical compositional analyses for reference chemicals compounds from CMST were
performed using HPLC-DAD. The histogram of CMST detected that four different chemical
compounds, including gsatrodin, formonetin, nodakenin, and decrusin under the wavelength of
280- and 330-nm respectively (gsatrodin from G.elata Blume and formonetin from A. mongholicus
Bunge were detected at 280 nm; nodakenin and decrusin were from A. gigas Nakai were detected
at 330 nm, respectively). The retention time of gasdtrodin was for 22.8 min, and formonetin was

for 48.7 min under the 280 nm of detection condition. Under the 330 nm of wavelength condition,
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two of compounds such as nodakenin and decrusin from A. gigas Nakai were observed at the
retention time of 20.8- and 43.4-min, respectively (Fig. 1-A and B). The quantification analysis
data showed that gasdtrodin for 0.59 +£0.004 pg/mL, formonetin for 1.83 +0.021 pg/mL,
nodakenin for 91.19 +0.164 pg/mL, and decrusin for 79.02 £0.141 pg/mL, respectively (Fig. 1-

C).
3.2. CMST Attenuates Hippocampus Neuronal Damages by Oxidation
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Figure 2. Pathological alterations of brain tissue and effects of the CMST on the oxidative
stress during hypoxia. Histopathological analysis of brain tissue damage was captured by H&E
staining (A) and detection of superoxide radicals by quenching of DHE staining (E),
immunofluorescence analysis against 4-HNE (C), respectively. Hippocampal neuronal protein
levels of NO (D), ROS (E), and TBARS (F) were also measured. Data were expressed mean +
S.E.M. (n = 6 to 8). *p< 0.001 for Normoxia vs. Hypoxia only; “p < 0.05 and “p < 0.01 for
Hypoxia only vs. CMST or Vit C 100. The images for H&E stains were captured under the light
microscopy environment (40 >xor 100 xmagnification) and fluorescence signals were captured by
fluorescence filters equipped microscopy condition (40 x<magnification).
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We examined histopathological analysis whether CMST improved the hypoxic condition-induced
brain injury or not. Our H&E staining results displayed that hippocampus area, especially CA2
and CA3 zones, and dentate gyrus (DG) area were severely altered by hypoxia. Administration
with CMST, however, the above tissue injuries were notably recovered (Fig. 2-A). In addition,
CMST exerted to diminish the above pathological alterations of brain tissue injuries due to
excessive oxidative stress droning hypoxic condition which were evidenced by acceleration of
DHE signals and IF analysis against 4-HNE in the brain tissue (especially 100 mg/kg of treatment
group, Fig. 2-B and C, part of red fluorescence). Biochemical analysis of oxidative stress
parameters, such as ROS and NO were drastically increased by 2.9- and 3.4-fold, and final product
of oxidative stress, lipid peroxidation levels which was measured by TBARS in the present study
were approximately 4.5-fold altered in an increase mode as compared with normoxia group;
whereas administration with CMST significantly decreased the pathological alterations (Fig. 2-D

and F, p <0.05 for NO, p < 0.01 for ROS and TBARS, respectively).

Administration with Vit C (100 mg/kg) showed similar properties of CMST (100 mg/kg) in
histopathological analysis of H&E staining, DHE assay and IF against 4-HNE. The protein levels
of ROS and TBARS were significantly attenuated by Vit C, but not NO levels (p < 0.05 vs.

Hypoxia only).

3.3. CMST Prevented from Deterioration of Atioxidant components in Neuronal Cell Injury

Severe depletion of endogenous antioxidant components in hippocampal neuronal cells were
observed in hypoxia group; deteriorations of the total GSH contents, TAC, SOD activities, and

catalase activities were decreased approximately 0.34-, 0.36-, 0.31-, and 0.29-fold as compared



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 November 2019

with normoxia group. Administration with CMST, especially 100 mg/kg, however significantly

reduced and prevented from oxidative stress and antioxidant depletion from hypoxia condition

(Fig. 3-Ato D, p < 0.05 for SOD activities and catalase activities, p < 0.01 for TAC, respectively).

The antioxidant components were significantly blocked the deteriorations of antioxidant

components which were similar effects as CMST (p < 0.05 vs. Hypoxia only).
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Figure 3. Effects of the CMST on the Endogenous antioxidants and inflammatory cytokines in the
hippocampaus neuronal cells. Protein levels of endogenous antioxidants including total GSH (A), TEAC
(2), SOD activities (C), and catalase activities (D) were measured. Pro-inflammatory cytokines including
TNF-a (E), IL-1B (F), IL-6 (G), and anti-inflammatory cytokine such as IL-10 (H) were analyzed in the
hippocampus. Data were expressed mean =S.E.M. (n = 6 to 8). ###p< 0.001 for Normoxia vs. Hypoxia
only; * p< 0.05 and **p < 0.01 for Hypoxia only vs. CMST or Vit C 100.

3.4. CMST Improved Inflammatory Reactions during Hypoxic Condition

Pro-inflammatory cytokines inducing TNF-a, IL-1B, and IL-6 were drastically increased

around 3.7-, 1.8-, and 3.8-fold as compared with normoxia group, whereas administration with
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CMST significantly led to reduce the abnormal elevations of pro-inflammatory cytokines
(Especially CMST 100 group; Fig. 3-E to G, p < 0.05 for TNF-a and p < 0.01 for IL-1p and IL-6,
respectively). The anti-inflammatory cytokine, IL-10, was decreased by hypoxia as 0.3-fold
comparing to normoxia group; however, administration with 100 mg/kg of CMST improved the

alterations with statistical significance (Fig. 3-H, p < 0.05).

Administration with VitC 100 also showed beneficial effects on the inflammatory reactions

similarly to CMST as compared with hypxia group (Fig. 3-E to H, p < 0.05).

3.5. Effects of CMST on the Hippocampus Neuronal Cell Death
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Figure 4. Representative IF analysis of DNA fragment and programmed cell death related molecules,
and Western blot analysis for brain neurodegenerations and inflammation. Representative
immunofluorescence analysis against cleaved caspase-3 (A), 53bpl (B), and yH2AX (C) in the
hippocampus neuronal cells areas. Western blot analysis for p-Tau, p-p63, p65, IxkBa, HO-1, and B-actin
was used as inner control (D). The images for fluorescence signals were captured by fluorescence filters
equipped microscopy condition (100 xfor dentate gyrus and 400 x<for CA3 zone, respectively).
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We next addressed to cell death related molecules which is cleaved form of caspase-3,
especially programmed cell death called apoptosis in the hypoxia model. As our expectation, the
DG regions of hippocampus area were enhanced positive signals of cleaved form of caspase-3,
and DNA fragmentation markers such as 53bp1 and YH2AX signals in the nucleic area in the DG
and CA3 zones of hypxia only group were drastically increased as compared with normoxia group
(Fig. 4-Ato C, Part of green fluorescence). The above abnormal alterations were notably reduced

by CMST administrations (Fig. 4-A to D).

Western blot analysis for neuronal cell injury molecule, p-Tau, were considerably increased in
hypoxia group, and key molecules for oxidation and inflammatory reactions such as NF-«B and
IkBa were also abnormally altered according our expectation. Additionally, an enzyme which can
regulate antioxidant status by various stress reactions in the brain tissue, called HO-1 was
drastically depleted in hypoxia only group as compared with normoxia group. The above

alterations were notably improved by administration with CMST (Fig. 4-E).

VitC 100 also showed beneficial effects on the hypoxic condition as similar with CMST (Fig.

4-A 10 E).

3.6. CMST Attenuated Hippocampus Neuronal Cell Death via Regulation of Oxidative Stress

Our cell based in vitro experiment using mouse derived hippocampus neuronal cell line, HT-
22 cells, were well represented hypoxia condition by enhancement of HIF-1a (part of green
fluorescence) and apoptotic cell death markers of cytochrome c positive cells (part of red

fluorescence, Fig. 5-A). These results are well matched with higher signals of pro-apoptosis
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molecules, cleaved-caspase 3, and increases of 4-HNE positive cells (Fig. 5-B and C). Whereas,
SOD-2 positive signals were decreased in hypoxia condition as compared with normoxia group
(Fig. 5-D). Cellular levels of caspase-3/7, ROS, TBARS were abnormally elevated, while total
GSH contents, SOD activities, and catalase activities were decreased by hypoxia as compared with
normoxia (Fig. 5-E to J, p < 0.05 or 0.01 for CMST 50 or 100 ug/mL). Gene expression levels of
antioxidant components including Gss, Grd, Sodl, Sod2, Sod3, and Cat were lowered as 0.27-,
0.26-, 0.31-, 0.26, and 0.24-fold lowered than that of normoxia group, and these alterations were

significantly normalized (Fig. 5-K, p <0.05 or 0.01 for CMST 50 or 100 pg/mL).

Vitamin C (100 pg/mL) also showed similar effects on the HT-22 cells which were induced

by hypoxia (p < 0.01or p <0.001, Fig. 5-A to J).
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Figure 5. In vitro analysis of hippocampal neuronal cell damage using mouse derived hippocampal
cell line, HT-22 cells under the hypoxic-condition. Representative immunofluorescence images for HIF-

la and cytochrome ¢ (green fluorescence for HIF-1a and red fluorescence for cytochrome ¢ (A), cleaved
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caspase-3 (B), 4-HNE (C), and SOD-2 (D). Cellular protein levels of caspase-3/7 activities (E), intracellular
ROS (F), TBARS (G), total GSH contents (H), SOD activities (I), and catalase activities (J). Gene
expression analysis was performed using gPCR and GAPDH was used as a house keeping gene (K). The
immunostainings were captured by fluorescence filters equipped microscopy condition (630 X
magnification). Data were expressed mean =S.E.M. (n = 6 to 8). *#p< 0.001 for Normoxia vs. Hypoxia

only; “p < 0.05 and “p < 0.01 for Hypoxia only vs. CMST or Vit C 100.

3.7. CMST Attenuated Hippocampus Neuronal Cell Death via Regulation of Oxidative Stress
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Figure 6. In vitro analysis of microglial cells activation using mouse derived hippocampal cell line,
BV-2 cells. Mouse derived microglia cells, BV-2 cells, were artificially activated by lipopolysaccharide
(LPS, 0.2 pg/mL) with interferon-y (100 units/mL) for 18 hours with/without condition of CMST in a
various dose 4 hours before treatment. The images for fluorescence signals were captured by fluorescence
filters equipped microscopy condition (630 <magnification). Representative immunofluorescence analysis
for detection of DHE (A) and CellRox (B). Cellular levels of NO (C), TNF-a (D), IL-1p (E), IL-6 (F), and
IL-10 were analyzed. Data were expressed mean =S.E.M. (n = 6 to 8). *#p< 0.001 for Normal vs. Control;
“p< 0.05 and “p < 0.01 for Control vs. CMST or Vit C 100.
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To assess the underlying actions of CMST on the neuronal cell death during hypoxic condition,
especially microglial activations-mediated condition, we induced microglial activations by LPS
treatment with IFN-y stimulations. We detected ROS signals using DHE and Cell ROX in the
above condition, and CMST drastically reduced these abnormal elevation of ROS signals (Fig. 6
- A and B). In addition, the level of NO from the supernatant was also decreased by CMST (Fig.
6-C). Pre-treatment with CMST also significantly reduced pro- or anti-inflammatory cytokines
including IL-1pB, IL-6, and 1L-10 as compared with control group (Fig. 6-D to G, p < 0.05, p <

0.01, and p < 0.05 in the CMST treated group as compared with control group).

The above alterations were also well normalized by pre-treatment with VitC 100 pg/mL with

statistical significance (p < 0.01 or p <0.001, Fig. 6-A to G).
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Discussion

We purposed to demonstrate pharmacological properties and underlying actions of a new
prescribed-medicinal herbal remedy, called CMST, against a severe neurodegenerative disease
condition. Among the various preclinical animal models of neurogenerative diseases, we selected
hypoxia-induced brain injury model, which can accelerate neuronal cell injury with enhancement
of cell death signaling via excessive generations of oxidative stress [22-24] than other animal
models. Herein we also observed neuronal cell injury in the brain tissue with severe enhancement
of oxidative stress, by performance of H&E staining and DHE, and IHC analysis against 4-HNE,

especially hippocampus areas, respectively (Fig. 2- A to E).

Emerging evidences mentioned that excessive generations of free radicals (i.e, ROS and NO)
lead to accelerations brain tissue injuries [25-27]. Above pathological conditions were well
correlated with depletion of non-enzymatic antioxidant components as well as enzymatic-
antioxidant in the hippocampus area of brain tissue (Fig. 3-A to D). Administrations with CMST
not only notably reduced oxidative stress, but also efficiently prevented from depletions of
antioxidant components comparing to hypoxia only group (especially in 100 mg/kg, p < 0.05 or
0.01). Damages from oxidative stress is deeply associated with inflammations and coordinates for
stimulating of cell death signaling pathways. We supplemented that CMST significantly
normalized against abnormal status of pro- and anti-inflammatory cytokines (especially in 100

mg/kg, p <0.05 or 0.01, Fig. 3-E to H).

Eventually, accumulation of oxidative stress promotes cellular damages via enhancing of cell
death related molecules by oxidative stress provoked DNA fragmentations [28, 29]. Programmed

cell death was generated during hypoxia [25, 30, 31], and CMST drastically exerted to reduce
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cleaved caspase-3 in the hippocampus area, especially DG zones (Fig. 4-A). Moreover, this
pharmacological property was also well adapted to decreases positive signals of DNA
fragmentation which were evidenced by enhancement of 53bp1 and YH2AX, respectively (Fig. 4-
B and C). In the present study, the pharmacological effects of CMST also reached out
normalization of p-Tau in the hippocampus protein, and it normalized pivotal factors of
inflammatory reactions, such as p-NF«kB and IkBa as well. Additionally, another critical enzyme

against various types of stress responses was also improved by CMST (Fig. 4-D).

Under the hypoxic-condition, oxidation and inflammation coordinate cell death as well as
microglial activations [32, 33]. We further examined that CMST ameliorated hypoxia mediated
neuronal cell death and oxidations by IF analysis (Fig. 5-A to D), and these properties were well
supported cellular protein and gene expression levels in prompt manners (p < 0.05 or 0.01 for 50
or 100 pug/mL Fig. 5-E to K). Regarding microglial activations by hypoxia [32-34], CMST
considerably attenuates generations of ROS as well as inflammatory cytokines (Fig. 6-Ato G, p <
0.05 or 0.01,). Consistent with anti-inflammatory effects, pre-treatment with the CMST also
atteunated oxidative stress signaling by detection of NO levels in media, and DHE and CellRox
signaling (Fig. 6-Ato C, p <0.05, p<0.01, and p < 0.05 in the CMST treated group as compared

with control group for NO levels).

Unfortunately, there is no effective therapeutics for treating neurodegeneration in recent days
and pathophysiological mechanisms remains still unclear. Therefore, many of study groups have
tried to reveal the exact mechanism and develop drug remedy worldwide. In the present study, we
also considered the above critical issue and finally prescribed new combinations of medicinal herbs,
CMST, which is purposed to treat the patients with neurodegenerative diseases in clinical practice

of TKM area. We provided the pharmacological effects of CMST on the hippocampus neuronal
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cell damages by prevent from cell death signaling as well as inhibition of microglial activations.
The pharmacological actions of CMST would be explained their major compounds; gsatrodin
(from G. elata Blume,) is known for elimination of free radicals in a cognitive dysfunction by
oxidative stress of ischemia rats [35], and it protected apoptotic dopaminergic neurons [36].
Formotenin affected to the various brain improved memory functions and endogenous redox status
[14, 37, 38]. Evidenced by previous studies documented that decrusin and nodakein showed
protective effects on primary cultured rat cortical cells from glutamate-induced neurotoxicity [39]

and cognitive functional abilities [40].

Collectively, we convince that CMST shows its main pharmacological properties by
modulations of endogenous redox system in neuronal cells, it also blocked inflammatory response
due to microglial activation. The above actions then efficiently block neuronal cell death during
hypoxia. Taken together, CMST would be applying to the various neurodegenerative diseases and

further study will need to reveal its efficacies in the clinical trial applications.
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Table 1. Sequence of the primers used in real-time PCR analysis

Gene list Primer sequencing Product size Annealing
(Forward and Reverse) (base pair) temperature (<C)
5’-CTG GGA TCT TGT GGG AAA CAA-3’ 100 58
Catalase
5’>-GTG AGT CTG TGG GTT TCT CTT CTG-3’
5’-ACC GAA GGC TGT TTATGG ATG A-3’ 100 59
Glutathione-synthase
5’-AGG CGT GCT TCCCAG TTC T-3’
5’-CGA TGT ATC ACG CTG TGACC-3’ 120 58
Glutathione-reductase
5’-GGT GAC CAG CTC CTC TGA AG-3’
5’-TGT CAG GAC AAATTA CAG GAT TAACTG-3”
SOD-1 100 60
5’-AAA TGA GGT CCT GCACTG GTA CA-3’
5’-CCCAGACCTGCCTTACGACTAT-3’
SOD2 112 58
5’-GGTGGCGTTGAGATTGTTCA-3’
5’-GGT GGA TGC TGC CGA GAT-3’
SOD-3 101 59

5’-GCT GCC GGA AGA GAA CCA A-3’

5’-TCA CTC AAG ATT GTC AGC AAT GC-3’ 100 53
GAPDH

5’-GGC CCC GGC CTT CTC-3°




