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Neuroprotective Effect of the Water-insoluble fraction of Roots of Sophora
flavescens 70% Ethanolic Extract on Glutamate-Induced Oxidative Damage
in Mouse Hippocampal HT22 Cells

Young Sook Lee*
College of Pharmacy, Wonkwang University, Iksan 570-749, Republic of Korea

Abstract — Oxidative stress or the accumulation of reactive oxygen species (ROS) leads neuronal cellular death and dys-
function, and it contributes to neuronal degenerative disease such as Alzheimer’s disease, Parkinson’s disease and stroke.
Glutamate-induced oxidative injury contributes to neuronal degeneration in many central nervous system (CNS) diseases, such
as epilepsy and ischemia. Heme oxygenase-1 (HO-1) enzyme plays an important role of cellular antioxidant system against oxi-
dant injury. The expression of HO-1 has cytoprotective effects in glutamate-induced oxidative cytotoxicity in HT22 cells. The
induction of HO-1 is primarily regulated at the transcriptional level, and its induction by various inducers is related to the
nuclear transcription factor-E2-related factor 2 (Nrf2). Nrf2 is a master regulator of the antioxidant response. NNMBSO008, the
water-insoluble fraction of the 70% EtOH extract of roots of Sophora flavescens, showed dominant neuroprotective effects on
glutamate-induced neurotoxicity in mouse hippocampal HT22 cells by induced the expression of HO-1 and increased HO activ-
ity. In mouse hippocampal HT22 cells, NNMBS008 makes the nuclear accumulation of Nrf2 pathway. In conclusion, the water-
insoluble fraction of the 70% EtOH extract of roots of S. flavescens (NNMBS008) significantly protect glutamate-induced oxi-
dative damage by induction of HO-1 via Nrf2 pathway in mouse hippocampal HT22 cells. These results suggest that these
extracts could be the effective candidates for the treatment of ROS-related neurological diseases.
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AleF & 7|7] —DMEM HiA] 9} trypsin-ethylenediamin-
etetraacetic acid (EDTAY= Gibco Laboratorier}ol|4] 481
© ™, fetal bovine serum (FBS)+<= Hyclone LaboratoriesA}ol]
A Y439, L-glutamate, Trolox®} 3'-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT)+= SigmaAlell
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BioRadAF2] Microplate Readers ©|-8-5ld 743194t} TLC
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P 5L AR OIS i ol U9
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100, 200 pg/mh#} 5 mM ZEEF | ES M]3t T 124]
7+ FRF 5% CO, ¥ WellA vkt o, Al 2AES
S MITH S &8st SAsIAoH, FINxF=E2=
Trolox 50 uME AME3I T Egt, B8 AFX|= Uizl
ek A EZHTE-S meantS.D.E FA3IN ST, 2t} 3] wt
5 AR E o&sto] ALtelditt.

ROS &N - uY¥ A X5 PBSE AF3 &, 10 uM
2',7'-dichlofluorescein diacetate (DCFDA, 35845)% X 3$}3}
+ Hank’s balanced salt &4 30 &<t Shalol|A] w3
A F M 2] 34 (SpectramaxGemini XS, Molecular
Devices, Sunnyvale, CA, U.S.A)E =7 3}31 T} (excitation
wavelength: 490 nm; emission wave length : 525 nm).

Western Blot Analysis — HT22 Al ZE 60 mm dish®]l
3x10° cells/well WEZ 24217F WiF3E 5 Z}42}0) X8E &
= d s A7 HE g gtk HT22 Al £ RIPA
bufferE 3718 o}, 4°C, 14,000xg oA 2587F YA

galal dsdS EE°ﬂ =4 T e BSA ©hl
o] &AL Zh7te] AlRE 12% SDS-
polyacrylamide gel®ll 4] %53} 3L nitrocellulose membrane
(NC membrane)2-Z HASFTE ZIALE NC membrane2
5% F A Wf7F 23HE 412438 blocking buffer (0 1%
Tween 20 in Tris-buggered saline) |41 blockingdt & HO-
1 antibodyZ 1:10002-2 3]4{3}e] Q1 A7} FOF uk-g-A]

ZAt}. 2] 22} antiboby (Anti-mouse IgG)E 1:1000°-Z ]
AMale] Y3 AZF F2F vkgSE T, ECL 892 1112 &

23ox] NC membrane Qo] 7¥sted wgA]7| L kAo X
N Do 7+3s & AAsodh e W O 2 actin
antibodyS ©]-&3}q acting =7 g}

Heme Oxygenase Activity — HO &4 €732 Tenhunen
5o WPl o) o3t 2ol st AIZERE
A o7 microsome®l] nicotinamide adenine dinucleotide
phosphate (NADPH)2} 21€] 7} cytosolelA] L7l biliverdin
reductaseE X85l WHE-2-921 100 mM PBS, 2 mM
MgCl,, 3mge] #2] 7k cytosol, 0.8 mM NADPH, 2 mM
glucose-6-phosphate 0.2 U2] glucose-6-phosphate dehydro-
genase 5= F718lIaL 71 ZEA] heming 20 uM 23t
37°CoA 1/\]7 F 53t oA wkeSt 5 1 mi chloroform
S} 450 nmoll A =5 =45}

st MIZR 2&lo| 22| — HT22 A|22ol] protease inhibitor
cocktail 13} 1 mM phenylmethylsulfonyl fluoride (PMSF)
£ #7FeF PER-mammalian protein extraction buffers %7}
slo] A3FEIAL 4°ColA] 15,0002 £ °W‘$—El skt 10
B7F Aaite] & A5dS AEE E80 8 AREal] ¢
3tod -80°CellA AdstiTt. U A Z];Q 2 PBSE A% %}
< RIPA buffer [150 mM NaCl, 1% NP-40, 0.5% sodium
deoxycholate, 0.1% SDS, 50 mM Tris-HCI (pH 7.4), 50 mM
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glycerophosphate, 20 mM NaF, 20 mM ethylene glycol
tetraacetic acid (EGTA), 1 mM dithiothreitol (DTT), 1 mM
Na,;VO,, protease inhibitors}E H7F81al 4°CollA 1587 &
&3 3 4°C, 16,000xgol A 158-7F LA1E] 3l o] &
o] e ok A3k western blotting *HS ©]-&3+
1=

SAXME -2 A FAAZ = GraphPad Prism,
version 3.03 (GraphPad Software Inc., San Diego, CA)S
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Fig. 1. Cytoprotective effect of NNMBS007 ~ 009 against
glutamate-induced cytotoxicity in HT22 cells. (A) Cytotoxicity
was assessed after 12 h incubation period with 5 mM of
glutamate. (B) ROS production was assessed after 12 h
incubation period with 5 mM of glutamate. Each value
represents the mean = S.D. of three experiments. Significantly
different from the control; *p<0.05. Trolox (50 pM) was used
as a positive control.
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Fig. 2. Effects of NNMBS007 ~ 009 on HO-1 expression in HT22 cells. Cells were incubated with NNMBS007 ~ 009 for 12 h.
Expression of HO-1 was determined by Western blot analysis, and representative blots of three independent experiments are shown.
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Fig. 3. Effects of NNMBS007 ~ 009 on HO activity in HT22 cells. Cells were incubated with NNMBS007 ~ 009 for 12 h. HO
activity was determined via bilirubin formation at 12 h after treatment with various concentration of NNMBS007 ~ 009. Each value
represents the mean + S.D. of three experiments. Significantly different from the control; *»<0.05.
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342 (reactive oxygen species : ROS) &7 &35 UE}
Wtk (Fig. 1B). NNMBS008¢] 2] H=7} Z7Fgk] uh
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Fig. 4. Effects of NNMBS008 on HO-1 expression and HO
activity in HT22 cells. (A) Cells were incubated for indicated
periods with 80 pg/ml of NNMBSO008. Expression of HO-1
was determined by western blot analysis, and representative
blots of three independent experiments are shown. (B) HT22
cells were treated with 80 pg/ml of NNMBSO008, and HO
activity was measured at the indicated time points.
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Fig. 5. Effects of HO-1 induction by NNMBS008 on glutamate-
induced oxidative neurotoxicity. (A) Cells were treated with 10
and 80 pg/ml of NNMBS008 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 10 and 80 pg/ml of
NNMBS008 or 50 uM SnPP and then exposed to 5mM
glutamate. 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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activity 941 WH3l7} Q11T (Fig. 3A and 3C). ©]ol] Hks}oq,
H|=8-4] B3 E(NNMBS008)S A7 3l31S wj= HO-1
o] W¥o] Tk oJEX o= FHsH St el (Fig. 2B),
o2} fARHAl HO activity 4] S7FS UERAT (Fig. 3B).
A 70% ollehE FEEC] 84 = (NNMBS008)
< A2 g HT22 M2EollA] 6A1ZHEE HO-1 W o] A2t
o] 18AI7 A H 3L Fol meete] Hx} W o] 7Has)
+ S BkFig. 3). HO activity G4 18A1771A] A
7ol HlE|sle] AR} S718IAL 18417 o] Tl - 7Has)
At (Fig. 4). HO-19] &} HO activity 574 A3 ol=
HO-19] =522 4#Z CoPP 20 pMS A tizok=
2 ARSI NNMBS0082] HAE B& a3e}l ROS &
A &3 HO-19] Fa7ke] 221 IAIE dotrr] 9
3le], HO-1 &) AAAIQl SnPPE o]-8-3F A =S 4
&2 399tk HO-1 2 9JAIA191 SnPPE NNMBS008 (10
~ 80 pug/ml)Z Al 12417 &<t A2)gh AFelA] HA X
B3 a3 JQAEH, ROS &A% &3 7Hhsl=s AL &
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Fig. 6. Effects of NNMBS008 on nuclear translocation of
Nrf2. Cells were treated with 80 pg/ml of NNMBS008 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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