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Neuroprotective Effect of the Water-insoluble fraction of Root Barks of
Dictamnus dasycarpus 70% Ethanolic Extract on Glutamate-Induced
Oxidative Damage in Mouse Hippocampal HT22 Cells

Hyun-Gyu Choi”, Dong-Sung Lee®, Bin Li, Ki-Yong Jun, Gil-Saeng Jeongl* and Youn-Chul Kim”*
Standardized Material Bank for New Botanical Drugs, College of Pharmacy,
Wonkwang University, Iksan 570-749, Republic of Korea
!College of Pharmacy, Keimyung University, Dae-gu 704-701, Republic of Korea

Abstract — Oxidative stress or accumulation of reactive oxygen species (ROS) leads neuronal cellular death and dysfunction,
and it contributes to neuronal degenerative disease such as Alzheimer’s disease, Parkinson’s disease and stroke. Glutamate is
one of the major excitatory neurotransmitter in the central nervous system (CNS). Glutamate contributes to fast synaptic trans-
mission, neuronal plasticity, outgrowth and survival, behavior, learning and memory. In spite of these physiological functions,
high concentration of glutamate causes neuronal cell damage, acute insults and chronic neuronal neurodegenerative diseases.
Heme oxygenase-1 (HO-1) enzyme plays an important role of cellular antioxidant system against oxidant injury. NNMBS020,
the water-insoluble fraction of the 70% EtOH extract of root barks of Dictamnus dasycarpus, showed dominant neuroprotective
effects on glutamate-induced neurotoxicity in mouse hippocampal HT22 cells by induced the expression of HO-1 and increased
HO activity. In mouse hippocampal HT22 cells, NNMBS020 makes the nuclear accumulation of Nrf2 and stimulates extra-
cellular signal-regulated kinase (ERK) pathway. The ERK MAPK pathway inhibitor significantly reduced NNMBS020-induced
HO-1 expression, whereas the JNK and p38 inhibitors did not. In conclusion, the water-insoluble fraction of the 70% EtOH
extract of root barks of D. dasycarpus (NNMBS020) significantly protect glutamate-induced oxidative damage by induction
of HO-1 via Nrf2 and ERK pathway in mouse hippocampal HT22 cells.
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o] o3l &4EAF (reactive oxygen species, ROS)
o] AAE Tt AW ROS®| S22 7}gh Akshi-g/d- Ak
3} Alz="l9] 7]5 AE} Al AFsl 2Ed| 2 (oxidative stress)
£ oML N F7A] 0] B ATEe] mEd 415k
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Alef 2 717] —~DMEM BiX]9} trypsin-ethylenediaminetetraacetic
acid (EDTA)+= Gibco LaboratoriesAFoll A -9 3151 2.,
fetal bovine serum (FBS)= Hyclone Laboratories*}ollX] -
A 3R . L-glutamate, Trolox$} 3'-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT)= SigmaA}ollA]
TY3ATh 96-Well tissue culture plates2} 7]E} tissue
culture dishes= NuncAl A|EFES o] &3t 3 =&
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BioRad*}¢] Microplate ReaderS ©]-8-3} 243|590}, TLC
plate= MERCKAF] Silica gel 60 Fs, plateS ©]-8-3F34 T
AZR M= - 98] 50 g& 70% olekS =89 300 ml 2
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S 3 DMEMHIA| O] £53813L 5% CO, w71 WellA]
37°CollAM 247 7F wj et o, 2] AR 89 (25, 50,
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Devices, Sunnyvale, CA, U.S.A)E =743}t (excitation
wave length: 490 nm; emission wave length : 525 nm).
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22k Az, WAv)e] 70% Jehe 25 (NNMBS019)2+
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Fig. 1. Cytoprotective effect of NNMBS019 ~021 against
glutamate-induced cytotoxicity in HT22 cells. (A) Cytotoxicity
was assessed after 12h incubation period with SmM of
glutamate. (B) ROS production was assessed after 12h
incubation period with 5mM of glutamate. Each value
represents the mean = S.D. of three experiments. Significantly
different from the control; *»<0.05. Trolox (50 uM) was used
as a positive control.
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Fig. 2. Effects of NNMBS019 ~ 021 on HO-1 expression in HT22 cells (A, C, E). Cells were incubated with NNMBS019 ~ 021
for 12 h. HO activity was determined via bilirubin formation at 12 h after treatment with various concentration of NNMBS019 ~
021 (B, D, F). Expression of HO-1 was determined by Western blot analysis. Each value represents the mean +S.D. of three
experiments. Significantly different from the control; *»<0.05.
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Fig. 3. Effects of HO-1 induction by NNMBS020 on glutamate-induced oxidative neurotoxicity. (A) Cells were treated with 100
and 200 pg/ml of NNMBS020 or 50 uM SnPP and then exposed to 5 mM glutamate for 12 h. (B) ROS production was assessed
after 12 h incubation period with 100 and 200 pg/ml of NNMBS020 or 50 M SnPP and then exposed to 5 mM glutamate. Each
bar represents the mean =+ S.D. of three experiments. *p<0.05 vs. glutamate (5 mM), **p<0.05 vs. same treatment plus SnPP.
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43} HO-19] &3 7ke] 22l HAE Lol 7] ),
HO-1 28 oA A|¢] SnPPE o] &3l A ZAYES AFS &)

Attt HO-1 &&d A A2l SnPPE NNMBS020 (100 pg/
ml, 200 pg/ml)z A 12A17F EF A2l sk AolA] A
¥ BT g3} A=, ROS 275 T3 1Hidhs AS
RISt (Fig. 3). o9t 22 AE 53l Alshy 2Ed
22 32E YeERE NNMBS0202] Al ZAZ8 5712} ROS
AQAAISo] HO-1 T d s} 3 oS SRl slsint.

HO-1 ghizl 2&o) dodsi= MAYUZ = nuclear factor-
E2-related factor 2 (Nrf2)2] & Wj2o] AAPr} vf$- F a3k
AALZ Zg-strha gE A AT HAF JAAZA 9] Nr2E

S NNMBS020 (200pg/mI)

§ 0.5h 1.0h 1.5h (Time)
Cytosolic Nrf2 | e =
B-Actin w—— E—— — —
NuclearNrf2 | - . |
Lamin B we— ey s s

Fig. 4. Effects of NNMBS020 on nuclear translocation of
Nrf2. Cells were treated with 200 pg/ml of NNMBS020 for
0.5, 1.0 and 1.5 h. The nuclei were fractionated from the
cytosol using PER-Mammalian Protein Extraction buffer as
described in Experimental part. Nrf2 protein was detected by
Western blot analysis, and representative blots of three
independent experiments are shown.
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HO-13 722 34tsl dald f-72)o)] EA)3k= antioxidant
response element (ARE)*| A3l o]& F-AA}e] W& 3}
il S FRIAFI O =M 4bshA AEg 2] tigh A
Aol 71 el A gahe gt NNMBS0200]
o5k Nrf2¢] FA} -5 Lot 7] 91t 200 pg/ml &%
°] NNMBS020-2 AJZHE =2 % 2|8k Western blotS ©]-§
stod EAEEAATE AlZke] A2l met Al 24 o] Nr2e
AR 7Heske v, 9 W] N2 Sk s B
ol Zo= Hol Nr29] 8 W 29] AL o] FAH &S
I 4 AT (Fig. 4).

2bshA ZEAE X UE oy 2EH S QQ1E
mitogen-activated protein kinase (MAPK) AEA S A=
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2 dgete] AE W Bke-g sl 8% 93
™ extracellular signal-regulated kinase (ERK), p38, c-Jun
N-terminal kinase (JNK) €] A|7}A] family®2 € ch. Y
AA7EA] o] oA AF-Eol ¢ MAPK 9A] HO-1 Zd
o AFA #HAZ s Aoz w4 Jrp P
NNMBS0202] HO-1 2ol MAPKZ} WA= B3 go}
17] 918 NNMBS0202 200 pg/ml =2 2]kl o7]
o] Z}zke] MAPK®] Ael% AAAE T 2]ttt p38
o] JAAIQ] SB2035803 INKe] JAAIQ] SP6001255 5
A A Aol HO-19] Edd} AERS gl & F
S WA AR, ERKe] AAIA|Q] PDIS05YE A&
& Aloll= HO-19] Hio] Zo 50 AER TS B3t 7}
ZEhs ZE FEIT (Fig. 5). Wb B d7=2 S35 o)
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Fig. 5. Effects of NNMBS020-induced ERK pathway activation on HO-1 expression and glutamate-induced neurotoxicity. (A) Cells
were incubated with 200 pg/ml of NNMBS020 for 12h in the presence or absence of PD98059 (40 uM), SB203580 (20 uM) and
SP600125 (25 uM). Western blotting was then performed with HO-1 antibody. (B) Cells untreated or treated with NNMBS020
(200 pg/ml) in the presence or absence of each specific inhibitor for 12 h were exposed to 5 mM glutamate for 8 h. Trolox (50 M)
was used as positive control. Each bar represents the mean + S.D. of three experiments. *»<0.05 vs. glutamate (5 mM), **p<0.05

vs. same treatment plus SnPP.
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