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Neuroprotective Effects of Cheongnoemyeongsin-hwan against
Hydrogen Peroxide-induced DNA Damage and Apoptosis in Human
Neuronal-Derived SH-SY5Y Cells

Guk Hyun Pi, Won Deuk Hwang"

Department of Korean Internal Medicine, College of Korean Medicine,
Dong—FEui University

ABSTRACT

Objectives : Oxidative stress due to excessive accumulation of reactive oxygen species (ROS) is one of the risk
factors for the development of several chronic diseases, including neurodegenerative diseases.

Methods : In the present study, we investigated the protective effects of cheongnoemyeongsin-hwan (CNMSH)
against oxidative stress-induced cellular damage and elucidated the underlying mechanisms in neuronal-derived
SH-SY5Y cells.

Results : Our results revealed that treatment with CNMSH prior to hydrogen peroxide (H202) exposure significantly
increased the SH-SY5Y cell viability, indicating that the exposure of the SH-SY5Y cells to CNMSH conferred a
protective effect against oxidative stress. CNMSH also effectively attenuated H202-induced comet tail formation,
and decreased the phosphorylation levels of the histone YH2AX, as well as the number of apoptotic bodies and
Annexin V-positive cells. In addition, CNMSH exhibited scavenging activity against intracellular ROS generation and
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restored the mitochondria membrane potential (MMP) loss that were induced by H202, suggesting that CNMSH
prevents H202-induced DNA damage and cell apoptosis. Moreover, H202 enhanced the cleavage of caspase-3

and degradation of poly (ADP-ribose)-polymerase, a typical substrate protein of activated caspase-3, as well as

DNA fragmentation; however, these events were almost totally reversed by pretreatment with CNMSH. Furthermore,

CNMSH increased the levels of heme oxygenase-1 (HO-1), which is a potent antioxidant enzyme, associated with
the induction of nuclear factor-erythroid 2-related factor 2 (Nrf2). According to our data, CNMSH is able to protect

SH-SY5Y cells from H202-induced apoptosis throughout blocking cellular damage related to oxidative stress
through a mechanism that would affect ROS elimination and activating Nrf2/HO-1 signaling pathway.

Conclusions :

Therefore, we believed that CNMSH may potentially serve as an agent for the treatment and

prevention of neurodegenerative diseases caused by oxidative stress.

Key Words : Cheongnoemyeongsin-hwan(CNMSH), Oxidative stress, reactive oxygen species,
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Table 1. Antibodies used in the present study

Santa Cruz

Antibody Origin Company

p—vH2AX fouse Cell Signaling Technology Inc.
monoclonal

vH2AX foouse Cell Signaling Technology Inc.
monoclonal

Caspase—3 rabbit Santa Cruz Biotechnology Inc.
polyclonal

rabbit . .

PARP Cell Signaling Technology Inc.
polyclonal

Nrf2 fouse Santa Cruz Biotechnology Inc.
monoclonal

HO-1 frouse Santa Cruz Biotechnology Inc.
monoclonal

Actin rabbit Santa Cruz Biotechnology Inc.
polyclonal
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Figure 2. Protection of H;O,—induced DNA damage

by

pretreated with 600 pg/ml CNMSH for 1 h

for 24 h.

(A) To detect cellular DNA

CNMSH in SH—SY5Y cells. SH—SY5Y cells were
and then incubated with or without 100 uM H>0,
damage, the comet assay was performed and

representative pictures of the comets were taken using a fluorescence microscope (original

magnification, 200X).

(B) The cells were lysed and then equal amounts of cell lysates were

separated on SDS—polyacrylamide gels and transferred to nitrocellulose membranes. The membranes were

probed with specific antibodies

against vH2AX and p—vH2AX,

and the proteins were

visualized using an ECL detection system. Actin was used as an internal control.

4, A3lA 2E#2 23 SH-SYSY AlE apoptosis

fride] "X = FHEAES] G
AsA ~EfAE DNA A4S ofy] A7lozA
Axe] F5& Fddhe R I d#A Jon,
Hy0,9F 22 Absha] 2B 2o o3 Az F52
R aske A AFEel dFQl apoptosis B S

57

(2]

2 A7} apoptosis A S

k1, o83 AS A

A3t ol



tigkete]s wiAsls]A] 253 A1 (20174 2)
Herb. Formula Sci. 2017;25(1):51~68

apoptosic body®] A % flow cytometry analysis
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Figure 3. Attenuation of HyOs—induced apoptosis by CNMSH in SH—-SY5Y cells.
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Figure 4. Inhibition of HsOs—induced mitochondrial dysfunction by CNMSH in SH—SY5Y cells. Cells were
pretreated with 600 pug/ml CNMSH for 1 h and then stimulated with or without 100 pM H,O,
for 24 h. The values of MMP were evaluated using a flow cytometer. The data represent the

average of two independent experiments.
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Figure 5. Effects of CNMSH on H;O,—induced ROS generation in SH—SY5Y cells. Cells were pretreated
with 600 pg/ml CNMSH for 1 h and then stimulated with or without 100 uM HyO, for 30

min. The cells were incubated at

37°C

in the dark for 20 min with culture medium

containing 10 pM DCF—DA to monitor ROS production. ROS generation was measured by flow
cytometry. The data represent the average of two independent experiments.
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Figure 6. Prevention of H;Os—induced cleavage of caspase—3 and degradation of PARP by CNMSH in
SH—SY5Y cells. SH—SY5Y cells were pretreated with the indicated concentrations of CNMSH
for 1 h and then stimulated with or without 100 uM H>O, for 24 h. (A) The cells were lysed
and then equal amounts of cell lysates were separated on SDS—polyacrylamide gels and
transferred to nitrocellulose membranes. The membranes were probed with specific antibodies
against caspase—3 and PARP, and the proteins were visualized using an ECL detection
system. Actin was used as an internal control. (B) DNA fragmentation was analyzed by
extracting the fragmented DNAs and separating them by electrophoresis in a 1.5% agarose
gel containing EtBr.
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Figure 7. Induction of Nrf2 and HO—1 expression by CNMSH in SH—SY5Y cells. Cells were incubated
with 600 pg/ml of CNMSH for the indicated periods. (A) Total cellular proteins were
separated on SDS—polyacrylamide gels and then transferred onto nitrocellulose membranes.
The membranes were probed with the specified antibodies. Proteins were visualized using an
ECL detection system. Actin was used as an internal control of total cellular and nuclear
proteins. (B and C) The relative expression of Nrf2 (B) and HO—1 (C) represent the average
densitometric analyses as compared with actin.
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